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I. O V E R V I E W  

This rewew ~s an updating through December 1987 of 
the Review of  Particle Properties [Particle Data Group 
(1986)], a compilat ion of  experimental results on the prop- 
ertxes of particles stud,ed in elementary particle physics 
These properties include masses, widths or hfetlmes, 
branching ratios, and other experimentally determined prop- 
ertles Where feasible, we prox lde a suggested "'best" value 
of  each parameter based on our own judgment  using the 
best available data We also provide an extensive summary 
of  searches for hypothesized particles These usually take 
the form of  mass limits under specified assumptions Since 
such hmlts  are often complex functions of  mass and may be 
model dependent  one IS often well advised to consult the 
original papers for detailed information A discussion of 
some of the procedures that we apply and a brief review of  
the historical performance of  averages of  measurements,  
may be found below (Section IV Part D) 

The results of  thLs compdat lon arc presented m two sec- 
tions, the "Summary  Tables of  PartLcle Properties" and lhe 
"Full Lis t ings"  The Summary Tables glxe our estimates of  
the properties of  those states whose existence we consider 
well established Our opinion of  whether or not a particle is 
well established can change as ne,a data become available 
We at tempt to be conserxatlve, so particles awaiting confir- 
mation are not included, even if they may be theoretlcall.~ 
well understood The Summary' Tables also give a con- 
densed version of  search hmlts  for hypothesized particles, 
usually the most restrictive limit is given 

All data used for the numerical estimates in the Sum- 
mary Tables are included in the Full Listings, with refer- 
ences and our comments ,  if any Those measurements  con- 
sldered recent enough or important  enough to mention but 
which for some reason were not used in the averaging, 
appear in a separated section, JUSt underneath the other 
data The Full Listings also contain information on uncon- 
firmed particles and unsuccessful particle searches, as well 
as short "mini-reviews" about subjects of  particular interest 
or data that have particular problems 

In the past, we have at tempted to use the Full Listings 
as an archive of  all reported data on particles of  interest 
Th~s is no longer possible because the growth of  information 
would require a 5 to t0% per year expansion in this Review 
Therefore we refer interested readers to prex lOUS editions 
for references to data considered obsolete 

In this edition we continue with our particle naming 
convent ions  [Barnett (1985) and Wohl (1984)], which 
became our standard in 1986 Their primarily affect meson 
names A few baryon states are renamed as well In the 
Summary Tables of Particle Properties and the Full Listings 
each particle is listed b v its new name, with the old name, if 
different, given below it It is our hope that these conven- 
tions, described in Section III below, f fadop ted  by the com- 
munity will bring order to the chaos of  particle names and 
facilitate discussion and understanding A few minor  
changes are introduced this year to better conform to usage 
or for increased convenience Since there will doubtless be 
a transition period during which the literature may contain 
a m~xture of  both old and new names, we will continue to 
hst the old names with the new for several editions 

We categorize the particles into types, intended to 
correspond roughly to the different types of  data and prob- 
lems encountered 

STABLE PARTICLES All particles stable under the 
strong interaction These include the trul:f stable 
particles as well as those which deca) weakl.~ or elec- 
tromagnet~cally, including the 71, D,  D s (formerly 
called the F) A C I! Z ° , a n d s o o n  

MESONS All meson resonances that decay strongly 
including the ~b, X, and T families 

BARYONS M1 baryon resonances that decay strongly, 
including the resonant ~ and ._X families, dlbaryon 
candidates, and so on 

This classification scheme is used to organize the Summary 
Tables and the Full Ltstlngs 

We include a section of"Mlscel laneous  Tables Figures, 
and Formulae "' These provide a quick reference for the 
practicing elementary particle physicist They normally 
presuppose some understanding of  the subject mailer, and 
do not at tempt to serve as a textbook We welcome all 
suggestions and comments  regarding topLcs for inclusion or 
deletion, any errors or confusing passages etc 

A pocket-sized Particle Properties Data Booklet is avail- 
able This contains the complete Summary Tables of  Parti- 
cle Properties and the most frequently used paris of  the 
Miscellaneous Section but not the Full LLstmgs For North 
and South America, Austraha and the Far Easl, write to 
Techmcal Information Department,  Lawlence Berkeley 
Laboratory, Berkeley, CA 94720 USA For all other areas, 
write to CERN Scientific Information Serxlce CH-1211 
Geneva 23, Switzerland 

We have continued our modernization, begun in 1984, 
of  the procedures used to produce the Review We have 
introduced a new database management system to store our 
data internally, and have made many changes in the format 
of the Full Listings Some of  the details of  these changes 
are given below 

• Use of a modern relational database management sys- 
tem (ORACLE) 

Data entry is clearly separated from entry of  comments  
and footnotes, making errors less hkely, 

Checking is easier (author-name spelling, standard 
names for measurement  techniques, InStitUtiOnS, 

etc ), 
Orgamzatlon is better for modern typesetting (see fol- 

lowing) 
• Format of  Full Listings 

Headings for "'data blocks" are large and easily visible, 
Full Greek, math symbols, and upper/lower case 

Enghsh are now used, 
Our "'best" value (from data average, fit, tightest hmlt, 

estimate, etc ) for the quantity being tabulated (mass, 
width, etc ) is now given at the top of the data block, 

Experimental values which are used in averages, fits 
e tc ,  are hsted in the upper part o f  the block, values 
not used (due to various problems) are put in a 
separate list at the bottom of the block (this means 
that the old scheme involving parentheses around 
unused data is no longer in effect), 

W~thln each of  these two hsts, values from later years 



are given before those from earlier years (references 
at the end of  the particle are also given m reverse 
chronological order), 

Almost all "'best" ~alues appearing m the "Particle 
Summar~ Tables" (near the front of  the book) will 
also appear at the top of  the appropriate block m the 
Full Listings, pre~lousb,  only averages and fits 
tended to be locatable m the Listings 

Value and error are written as "value" + "error" rather 
than depending on column position, 

S~stematlc experimental errors are presented separately 
from statistical errors where possible (the~ are com- 
bined m quadrature for averaging and fitting) 

Asymmetric  experimental errors are presented m stan- 
dard format and are used to compute asymmetric 
final errors, 

Some columns m data blocks ha~e been swapped, but 
all columns are now labeled as to their meaning 

Footnote position and numbering have been standard- 
lzed 

ONE CAVEAT Because we have made so many modif- 
ications to our files m order to bring about the above 
changes, there is an excellent chance that we have mtro- 
duced some errors, despite checking all the substantive 
information as best as we could Thus we would appreciate 
your bringing an~ errors to our attention We would also 
like to have your comments  on the various format changes 
Please send all comments ,  corrections, etc to the appropri- 
ate author, according to the list of  responsibilities below, or 
to 

Particle Data Group, MS 50-308 
Lawrence Berkeley Laborator~y 
Berkeley, CA 94720, USA 

for proper routing Rapid access is obtainable "da computer  
mall to LBL PDG on HEPNET or PDG@LBL on BIT- 
NET We take comments  seriously and will repb to all 
messages 

Thank you 

II. A U T H O R S  A N D  C O N S U L T A N T S  

The primary areas of responsibility of  the authors are as 
follows 

(1) Stable partwle~ R M Barnett, B Cabrera, 
G Conforto, R A Elchler, K Haglwara, K G Hates,  
S Kawabata, G R Lynch, K ~X Olive, R R Ross, 
R H Schmdler, R E Shrock, T G Tnppe,  W P Trower, and 
C G Wohl 

(2) Meson resonances M Aguflar-Bemtez, 
J J Hernandez, L Montanet,  F C Porter, M Roos 
K R Schubert, and N A Tornqvlst  

(3) Baryon resonances R L Crawford, G Hohler, 
D M  Manley, L D  Roper, a n d C G  Wohl 

(4) Miscellaneous table~, figures and ~ lmu lae  
I Hlnchllffe and G P Yost 

(5) Productton B Armstrong, A Rmenberg,  and 
G S Wagman 

Con ~ultant~ 
Of increasing ~mportance to the production of this 

Review is a world-wide network of  consultants experts in 
particular topics We wish to mention the follov~mg people 
with thanks 
• D Anderson (Fermflab) 
• R A ~.rndt (Virginia Pob techmc  lnst and State Umv ) 
• V 1 Balbekov (Serpukhov) 
• R M Balnusams (Um,~ersn~ of Utah) 
• M J Berger (U S National Bureau of Standards) 
• W de Boer (SLAC) 
• G Bnann (CERN) 
• E Browne (LBL) 
• R N Cahn (LBL) 
• J Carr (Umversl t)  of Colorado) 
• M Chanowltz (LBL) 
• F Close (Um~erslt~ of  Tennessee) 
• COMP~XS Group (IHEP Serpukho,~) 
• E D Co mmms  (Umverslty of  Cahfornla, Berkeley) 
• D Coward (SLAC) 
• R H Dahtz (Oxford Um'~erslt~y) 
• J Donoghue (Um~erslt5 of  Massachusetts, Amherst) 
• F Dydak (CERN) 
• J J Eastman (LBL) 
• J Ellis (CERN) 
• V V Ezhela (Serpukho~) 
• D Fmle~ (Fermflab) 
• V Flammlo (Um,,ersn~ of  Plsa) 
• G Gldal (LBL) 
• F J Gilman (SLAC) 
• G Goldhaber (LBL) 
• M Goldhaber (BNL) 
• G Gopal (Rutherford Appleton Lab) 
• N ~X Greenhouse (LBL) 
• H E Haber (University of  Cahforma, Santa Cruz) 
• R Hagstrom (ANL) 
• G Hall (Imperial College, London) 
• C I-teart~ (LBL) 
• R Hemmgwa~ (Carleton University) 
• W Hofmann (LBL) 
• J H Hubbell (U S National Bureau of Standards) 
• J D Jackson (LBL) 
• R Jaffe (MIT) 
• Zhang Jmjun (IHEP Beijmg) 
• R W Kenne~ (LBL) 
• K Klemknecht (Umversl tat  Dortmund) 
• P Langacker (Um~erslt)  of  Pennsylvania) 
• T L Lavlne (SLAC) 
• G M Lewis (University, of  Glasgow) 
• K B Luk (Fermflab) 
• W G Moorhead (CERN) 
• D R O Mornson (CERN) 
• K Mursula (University of  Oulu, Finland) 
• S Ozakl (KEK) 
• S I Parker (University of Hav~an) 
• J M Paterson (SL-XC) 
• J M Peterson (LBL) 
• A Prokapenko (No'~oslblrsk) 
• H S Pru:ys (Zurich Um'mrslt~) 
• F Remes (University o fCahfo rma  Ir,,me) 



• B Renk (Unlvers l ta t  Malnz)  
• D Rice (Cornell Univers i ty)  
• J D Richman  (LBL) 
• N A Roe (SLAC) 
• S Rudaz  (Univers i ty  of  Minnesota)  
• F Scheck (Unl~ers l ta t  Malnz) 
• M Shaevltz (Nevls  L a b o r a t o ~ )  
• T Sh lmada  (Nlels Bohr Insti tute) 
• K H Simpson (LBL) 
• V Soergel (DESY) 
• W J Stirhng (Universi ty  of  Durham)  
• B N Taylor  (U S Nat ional  Bureau of  Standards)  
• J A T h o m p s o n  (Unl~erslt~ of  Plnsburgh)  
• W Tokl (SLAC) 
• G H Trl lhng (LBL) 
• R D Trlpp (LBL) 
• R Voss (CERN) 
• R Waldl (Unlvers l ta t  Heidelberg) 
• R Wlgmans  (NIKHEF,  Amste rdam)  
• L Wolfensteln (Carnegie-Mellon Univers i ty)  

In addit ion,  the Berkeley Particle Data Group  has bene- 
fited from the advice of the PDG -%d'~isory Commi t t ee  
which meets annual ly  to discuss matters  of  impor tance  to 
the group, including the structure and content  of  this 
Review The members  of  the 1987 commit tee  are 
A Kernan (Univers i ty  of  California, Riverside) (chair) 
J Dalrlkl (LBL), J Donoghue (Univers i ty  of  Mas- 
sachusetts), J Dorfan (SLAC). and S Ellis (Unlverslt.~ of  
Washington)  The members  of  the 1986 commit tee  were 
R Thun  (Unlverslt:~ of  Michigan) (chair) S Ellis (Univer-  
sity of  Washington) .  A Kernan (Unl~erslt} of  California, 
Riverside).  D R Llde (National  Bureau of Standards).  and 
C Qulgg (FNAL) 

The usefulness of  this compi la t ion  depends in large part 
on interact ion between the users and the authors  and con- 
sultants  We appreciate commen t s  cri t icisms and sugges- 
t ions for improvemen t s  of  all stages of  data retrieval 
evaluat ion,  and presentat ion 

III.  T H E  N A M I N G  S C H E M E  F O R  H A D R O N S  

"Young  man. t! 1 could l e m e m b o  the names o f  these 
pamcles.  I would have been a botanist " 

Enrico Fermi 

A. Introduct ion  

We int roduced in the 1986 edit ion a new naming  
scheme for the hadrons  Here we summar ize  the rules and  
rat ionale for the scheme 

The virtues sought after were as follows The symbols 
ought to be as few and as simple as possible, with those 
already in c o m m o n  use retained where possible, the sym- 
bols ought to convey unambiguously  the impor tan t  quan-  
tum numbers  of  the particles they name,  and the quark 
model ought  to guide the whole scheme, wi thout  l imit ing it 
Some compromise  between simplicity and long-established 
usage was unavoidab le  

Changes from older terminology affect mainly the 

heavier  mesons Otherwise, the o n b  names that  change are 
+ 

b + becomes D~-,  t + becomes ~ + ,  T O becomes fl0 

(The last is an unconf i rmed baryon ) None of  the llghtest 
pseudoscalar  or vector mesons change names, nor do most  
of the cF or b h  mesons (we do, howe,,er, now use the nota- 
tion X~ for the ~U X states), nor do an t  of  the established 
baryons We ha,,e this year followed the literature and 
adopted spectroscopic names as the pr imary names for most  
of  those ~, T, and X states for which the spectroscopic iden- 
tity is known (see below) We cont inue to use the form of  
the name with the mass as alternate names in these cases, 
and  as pr imary names where the spectroscopic ldentlt~y is 
not  known The Particle Property Summary Tables give 
both the new and old names whenever  a change has 
occurred 

B ~'Neutral-f lavor" m e s o n s  ( S  = C = B = T = 0) 

Table I shows the naming  scheme for mesons having the 
strangeness and all hea~)-fla~ or quan tum numbers  equal to 
zero The naming scheme is designed for all mesons How- 
e,,er, we have assigned names o n b  to those states with 
quan tum numbers  compat ible  with being qq states The 
rows of  the table give the possible q~- content  The columns 
give the possible pari ty/charge-conjugation states, PC = - + ,  
+ - - ,  and + +,  these combina t ions  correspond one-to- 
one with the angu la r -momentum state 2 S" + 1Lj of  the @- 
system being I(L even) j  I(L odd) j  3(L e~en) j  or 
3(L odd) j  * In addit ion,  the spin J is added to the main 
symbol as a subscript except for pseudoscalar and vector 
mesons, and the mass is gl,,en for an t  meson that decays 
strongly (except that  for the lowest mass meson resonances, 
we somet imes  shorten names b~, writing p for p(770) etc ) 

Experimental  de terminat ion  of the mass, quark content  
9where rele,,ant), and  quan tum numbers  I, J P, and 
C (or G) of a meson thus fixes its symbol Converseb ,  
these properties may be inferred unambiguously from the 
symbol 

If the main  symbol cannot  be assigned because the quan- 
tum numbers  are unknown,  the symbol ~," is used tem- 
porarily Somet imes  it is not known whether  a meson is 
mainly the lsospln-0 mAx of UU and d d  or is mainly sT, a 
prime (or symbol 4~) ma~y be used to distinguish two such 
mixing states 

Names  have been assigned for the anticipated I t -mesons  
No suggestmn is made here for names for mesons (should 
any be found) with the "exotic"  quan tum numbers  that a 
q~ system cannot  have, n a m e l y j P C  = 0  - , 0  + , 1-+,  
2 + , 3 -  + Gluon ium states or other mesons that are 
not q~- states are (if  the quan tum numbers  are not exotic) be 
named  just  as the q~- mesons are named  Such non-q~- 
states will probably be difficult to distinguish from qq- states 
and will likely mix with them the name makes no 
a t tempt  to dist inguish the "'mostly g luonium" or "mos t ly"  
q~ nature of  the particles 

° The relations between the quantum numbers are 
p = ( - 1 )  L+~ C = ( - I )  L+s G = ( - I )  L+s+i  

where of course the C quantum number (charge conjugation) ts 
only relevant to charge-zero mesons 



Table I Symbols for mesons  with the strangeness and all 
heavy-flavor q u a l a u m  numbers  equal to zero 

0 - +  1 + 1- 0 +~ 
j P C = /  2 + 3 ~ -  2 1 ++ 

[ 

2S + 1 L j  = 
qq" 

content I(L even)j ~(L odd)j 3(L even)a 3(L odd)j 

ud,  d d - u g ,  d g  ( l = l )  ~r b p a 

d d + u f i  [ ( 1 = 0 )  ~1,~' h , h '  oo,(p ! , f "  
and /o r  s~- ! 

bff  71 h h b T Xb 

tT ~1 t h t 0 Xt 

*The J /@ remains  the J /@ 

The results of  all this were as follows None  of  the lowest 
mass pseudoscalar  or vector mesons (~-, r/ and r/, P, w, and 
4)) changed names, nor did any of  the c7- or h h  mesons 
(except for X becoming X~ ) Established mesons whose 
names  changed slightly are 

Old name  New name  Old name  New name  

H ( l I 9 0 )  h l ( l l 7 0 )  t2(1320 ) a2(1320 ) 

B(1235) h1(1235) f ' ( 1525)  / '2(1525) 

1(1270) f2(1270) o0(1670) w3(1670) 

4 1(1270) a 1(1260) 

Estabhshed mesons whose names changed completely are 

Old name  New name  Old name New name 

S(975) f0(975) 43(1680 ) ~r2(1670 ) 

6(980) a0(980) g(1690) p3(1690) 

D(1285) /'1(1285) 0(1690) f2(1720) 

e(1300) f0(1400) ~(1850) V(1850) 

£ (1420)  f1(1420) h (2030) /'4(2050) 

t(1440) r/(1430) 

Note that  the S(975), D(1285), e(1300), E(1420),  0(1690) 
and h(2030) all became f mesons the new scheme reveals 
that  all have P C = + +  and are 3(L odd) j  states 

For ~, T, and X states for which the spectroscopic nora- 
non  ~s known, we use that  m the pr imary name  and use the 
mass m alternate names,  e g,  } (2S)  = 7/(3685) and Xb 1 (2P)  

= Xb 1(10255) 

:[:Two d,fferent convent,ons ex,st m the hterature for the s~gn 
of the flavor of b quarks We have adopted the convennon that 
the sign of  the flavor of  a quarl, ts the same sign as its charge I'hus 
the strangeness of the s quark is neganve the charm of the ~ quark 
is posmve, and the bottom of the h quark is neganve In addmon, 
I3 of the u and d quarks is posmve and neganve, respecn~ely 
The effect ofth~s convention ms as follows amy llmot carried by a 
charged meson has the same s,gn as its ~harge Thus the K +, D + 
and B +, have posmve strangeness, charm and bottom, respect|ve- 
ly, and all have 4oosmve 13 The Ds + (formerb the F +) has posl- 
rive charm and strangeness Furthermore, the A(flavor) = AQ rule, 
which ~s best known for the kaons, apphes to every, flavor 

C. Mesons ~lth nonzero S ,  C,  B,  and/or T 

Since the strangeness or a heavy flavor is nonzero none 
of  the mesons here are mgenstates of  charge conjugation, 
and  in each of  them one of the quarks must  be heaxler than 
the other The rules are 

(1) The main ssmbol  is an upper-case Rom+an 
letter indicating the heav, ler q_uark as follows* 

s -,- K ~ ---~ D h --~ B t---~ T 
(2) If the lighter quark is not a u or a d quark, 

its ldentlt;y is given by a subscr, pt 
3) If the spin-parity is in the "no rma l "  series 

J = 0 + 1 2+ , a superscript "*'" is 
added 

(4) The spin is added as a subscript unless the 
meson is a pseudoscalar or a vector 

Slmflarl:~ to the naming for "'neutral flavor" mesons, 
possible non-@-(e  g,  qqg) slates are covered m the 
same scheme 

Thus  the pseudoscalar and vec to r / t  K* D, D*, and B 
mesons d,d not change names Established mesons ~vhose 
names did change were 

Old name New name Old name New name 

Q1(1280) K1(1270) L(1770) K2(1770 ) 

~,(1350) K(~(1430) K ' (1780)  K~(1780) 

Q2(1400) KI(1400) K*(2060) ~k a~(2075) 

K*(1430) K2(1430 ) F D+ 

Most notably, the F (the ~ state) changed to a Ds How- 
ever, with the prospect o r B  s B ,  Ts and s~mllar mesons 
there was no consistent  and economical  al ternative The 
rules can lead to cumbersome s}mbols, such as a Ds2 but 
such pamcles  are u n h k e b  to be often seen 

D. B a o o n s  

No change is made to the s~mbols ,~,, A A E ~,, and ~.L 
used for 20 years for the baryons made o f h g h t  quarks (u,  
d,  and s quarks) They tell the lsospm and quark content  
and the same information is conveyed b.~ the s~mbols used 
for the bar~,ons containing one or more heavy quarks (~ h 
and t quarks) The following s?stem was invented earlier 
and m d e p e n d e n t b  by Hendr.~ and Lmhtenberg (1978) and 
b~ Samlos (1980) The rules are (see also Fig 1) 

(1) Baryons with thpee u and /o r  d quarks are 
A"s 0sospm 1/2) or A's 0sospm 3/2) 

(2) Baryons with t~ o it and /or  d quarks are 
V s 0 s o s p l n  0) o r Y ' s ( l s o s p m  1) I f t h e t h l r d  

quark is a h e a ~  quark (not an s quark) its ldentlL~ 
is given by a subscript This nomencla ture  was 
already used for the A~ (2285), E (2455), and 
Ab(5500) 

(3) Baryons with one u or d quark are E's 
0sospm 1/2) One or two subscripts are used if 
one or both of  the remaining quarks are hear 
thus =~, =~c " ~'b etc The 4 (2460) was 
renamed the Ec (2460) 

(4) Baryons with no it or d quarks are ~.Fs 
0sospm 0), and subscripts indicate an.~ 
heavy-quark content  The possible but not 
established T(2740) was renamed the f~ (2740) 
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Fig 1 SU(4) multtplets ofbaQ, ons made ofu  d, ~ and c quarks 
(a) The 20-plet w~th an SU(3) octet (b) The 20-pier w~th an SU(3) 
decuplet 

In short,  the total n u m b e r  of  u and d quarks  together 
with the ~sospln de termine  the main  symbol,  and subscripts  

indicate any content  of  heavy quarks  -k X always has lSOS- 
pin 1, an t2 always has lSOspm 0 etc 

Note in Fig 1 that  the SU(4) 20-plet that conta ins  the 
basic SU(3) octet has an "qc and  an t 2  al though it has no ~2 

It has t ) io Ec'S, which would be dis t inguished by mass  (the> 
might  also be d is t inguished b> a pr ime on the heavier  o f  the 

two) 

IV. P R O C E D U R E S  

A. Selection and treatment of data 

The Full Listings contain  a complete  record of  all 
relevant data known to us As a general rule we do not 
include results from preprlnts  or conference reports It ts 
our  experience that preprlnted results often change before 
publicat ion In some  cases, such results may  be cried but 
not  used in co m p u t in g  the es t imates  given in the S u m m a r y  
Tables  There are a few exceptions to th~s exclusion, whnch 
we decide on a case-by-case basis after consul ta t ion wnth the 

exper imenters  
As men t ioned  earher, we no longer a t tempt  to main ta in  

an archival  record of data of  hlstormal impor tance  only 
We do, however,  quote the references o f  dlsco, ,enes,  even 
when the data are no longer useful 

If data are included in the Full Listings but  not used m 
calculating or es t imat ing  the final value g ~ e n  in the Sum-  
mary  Tables, they are listed in a separate sec tmn l m m e d >  
alely following the data which a te  used We give explana- 
tory c o m m e n t s  in m a n y  such cases If no c o m m e n t  is 
given, the reason the data were excluded is one or more of  
the following 

• The  data are superseded or included m later results 
• No error was given 
• The  data were conta ined m a preprmt  or conference 

report 
• The  result involves  some a s s u m p t m n s  we do not 

wish to incorporate 

• The me a su re me n t  has poor signal-to-noise ratio, low 

statistical significance, or is otherwise of  much  
poorer quality than other data available 

• The  me a su re me n t  is clearly inconsis tent  with other 
results which appear  to be highly reliable (see discus- 
slon in Section IV Part D below) 

• The  me a su re me n t  ~s not independent  of  other 
results, e g ,  it is from one of several partial-wave 
analyses, all of  which use the same data, rendering 

averaging meaningless  

In some cases, none of  the me a su re me n t s  is ent|rely reh- 
able and no statistically meaningful  average is quoted For 
example,  the masses  of  many of the baryon resonances 
obtained from partial-wave analyses, are quoted as a range 
thought  to probabb include the true value rather than as an 
average with error This  is discussed in more  detail in some 

of  the mini-reviews in the Baryon Full Listings 
For upper hmlts ,  we normally quote m the Summary  

Tables the strongest limit available from a single experi- 
men t  We do not average or combine  upper l imits except m 
a very few cases where they may be re-expressed as meas-  

ured number s  with Gauss lan  errors 
For q u a n t u m  numbe r  ass ignments  we indicate m the 

S u m m a r y  Tables those which are either well established or 
probable In the Meson S u m m a r y  Table, we underl ine 
those we consider well establ,shed, the others are mferred 
from whatever  experimental  evidence is available In the 
Stable Particle Summary  Table nearly all q u a n t u m  
numbe r s  are well established and we do not underl ,ne,  those 
which are not well established are indicated by a footnote 

As is customar>,  we assume that antiparticles are the 
result of  operating with C P T  on particles, so both share the 
same spins, masses  and mean  Ilses There is an entry in 
the M~scellaneous Section, Tests  of  Conservat ion Laws list- 
ing tests of  C P T  and other conservat ion laws 

Values which we ha~e extracted from the data include 
the results of  our weighted averages and fits, or of  one of  
the techniques  described above We also evaluate q u a n t m e s  
which have not been directly measured  but which are based 
on measured  quant i t ies  For example,  ra tms of  branching 
fractions can be combined  with direct measu remen t s  of  one 

part of  the ratio to extract an est imate of  the other part 
Wheneve r  we quote a result obtained by us from one of 
these procedures, we indicate it in the Full Listings by one 

of  the following 

O U R  AVERAGE - -  

O U R  FIT 

O U R  E V A L U A T I O N  - -  

O U R  ESTIMATE 

O U R  LIMIT - -  

From a weighted average of 

selected data 
From a constrained or overdeter- 
mined  mu lupa ra me te r  fit of  
selected data 
Evaluated by us from measured  
ratios or other data Not f rom a 
direct me a su re me n t  
Based on the observed range of  
the data Not from a formal sta- 
tistical procedure 
For special cases where the hml t  
is evaluated by us from measured  
ratios or other data Not from a 
direct m e a s u r e m e n t  



B. Criteria for new states  

An e x p e n m e n t a h s t  who  sees l nd t caUons  o f  a new  s ta le  

will o f  cou r se  wan t  to k n o w  wha t  ha s  been  seen in tha t  

region in the  pas t  H e n c e  we Inc lude  in the  Full  Lis t ings  all 

r epor ted  s ta tes  which ,  in ou r  o p l m o n ,  h a v e  suf f ic ient  statlSl- 

lcal mer i t  a n d  wh ich  h a v e  no t  been  d i s p r o v e d  by bet ter  

(e g ,  m o r e  reliable) da ta  

For  the  S u m m a r y  Tab l e s  we are m u c h  m o r e  c o n s e r v a -  

u v e  We  inc lude  on ly  those  repor ted  s ta tes  wh ich  we feel 

h a v e  a large c h a n c e  o f  su rv iva l  O n e ' s  be l l ing  o d d s  for sur-  

v w a l  are  o f  cou r se  sub jec t ive ,  there fore  no  precise  cri teria 

can  be de f ined  For  m o r e  de ta i led  d i s cus s i ons ,  see the  

mml- re ,~ lews  in the  Full Lis t ings  In wha t  fol lows we shall  

a t t e m p t  to spec i e '  s o m e  gu ide l ines  

(a) W h e n  e n e r g y - i n d e p e n d e n t  pa rua l -wa , , e  ana lyses  are 

ava i l ab le  (mos t ly  for 7rA resonances ) ,  a p p r o M m a t e  Brelt- 

W l g n e r  b e h a v i o r  o f  the  a m p l i t u d e  appea r s  to us  to be the  

m o s t  sa t i s fac tory  test  for a r e s o n a n c e  W e  can check  tha t  

the  A r g a n d  plot  fol lows roughly  a l e f t -hand  circle, and  tha t  

the  " s p e e d "  o f  the  a m p l i t u d e  also s h o w s  a m a x u n u m  nea r  

the  r e s o n a n c e  energy fu r the r  the re  s h o u l d  be da ta  well 

a b o v e  the  r e s o n a n c e  s h o w i n g  tha t  the  speed  aga in  

dec reases  Indeed ,  p rope r  b e h a v m r  o f  the  parUal -wa~e  

a m p h l u d e  of ten  e s t a b h s h e s  a r e s o n a n c e  even  if  its e last ic i ty  

is too  smal l  to m a k e  a no t iceab le  peak  in the  c ross  sec t ion  

(b) W h e n  the re  are insuf f ic ien t  da ta  to p e r f o r m  energy-  

i n d e p e n d e n t  ana ly se s  one  of ten  resor t s  to e n e r g y - d e p e n d e n t  

pa r t i a l -wave  ana ly se s  In th~s case  Bre l t -Wigner  b e h a ~ m r  is 

an  i npu t  W e  usual ly  requi re  tha t  r e s o n a n c e  so lu t i ons  be 

f o u n d  b} se, ,eral  d i f ferent  anal} 'ses,  p r e f e r abb  in d i f ferent  

c h a n n e l s  (~:N --~ ~;N ~rE elc ), before  pu t t i ng  the  c la im in 

the  S u m m a r y  Tab l e s  

(c) Stable par t ic les ,  m o s t  m e s o n  r e sonances ,  E reso- 

nances ,  and  h i g h - m a s s  N A A, and  E r e s o n a n c e s  fall in lo  a 

categocy for wh ich  no  par t l a l -wa~e  ana l y se s  exist  In gen-  

eral,  we accept  such  s ta tes  if  the} are expe r imen ta l ly  reli- 

able,  o f  h igh  s ta t is t ical  s ign i f icance  (4 5a  or  better) ,  or  

o b s e r v e d  In severa l  d l f fe renl  p r o d u c t i o n  p rocesses  

(d) Pa r t i a l -wave  ana ly se s  o f  th ree -body  final s ta tes  (7r¥ 

--~ rrrr~N') are  also ava i lab le  W h i l e  these  ana l y se s  are based  

on the  i sobar  m o d e l  (rrN --~ p N  rrA, elc ) a n d  are  sub jec l  to 

theore t ica l  ob jec t ions  o f  vary m g  i m p o r t a n c e ,  they pro~ tde 

increas ingly  rehab le  i n f o r m a t i o n  on inelas t ic  decay  m o d e s  

o f  o t h e r w l s e - e s l a b h s h e d  r e s o n a n c e s  

C. A v e r a g e s  and Fits  

W e  & v i d e  th is  d i s c u s s i o n  on o b t a i n i n g  ave rages  a n d  

er rors  in to  th ree  sec t ions  

1 T r e a t m e n t  o f  errors ,  

2 U n c o n s t r a i n e d  averag ing ,  and  

3 C o n s t r a i n e d  fits 

1. Tre a tment  of errors 

In wha t  fol lows,  the  t e rm  " 'error",  6x ,  m e a n s  tha t  the  

range  x _+ 6 r  is i n t e n d e d  to be a 68 3% conf idence  in terva l  
a b o u t  the  cent ra l  va lue  x W e  Ireal th is  e r ror  as if  it were 

G a u s s l a n  T h u s  w h e n  the  e r r o r l ~  G a u s s l a n  6~ is the  

usua l  one  s t a n d a r d  d e v i a t i o n  ( l a )  Many  e x p e r i m e n t e r s  

n o w  g w e  stat is t ical  a n d  s y s t e m a u c  errors  separate ly  In 

such  cases,  we u s u a l b  quo lc  bo th  errors,  wi th  the  s tat is t ical  

error first For  ave rages  a n d  fits, we then  add  the  the  two 

er rors  m q u a d r a t u r e  and  use  lh ls  c o m b i n e d  error  for 6x 

W h e n  e x p e r i m e n t e r s  quo t e  asy m m e t r l c  errors  (6 x ) + 

(6x)  for a m e a s u r e m e n t  x, the  e r ror  lha l  we use for tha t  

m e a s u r e m e n t  is a c o n t i n u o u s  func t i on  o f  these  three  q u a n t i -  

t ies W h e n  the  resu l t an t  a , ,erage or fit x is less than  

x - ( 6 x )  , w e u s e ( 6 x )  when  lt ls g rea ter  t han  x + ( 6 \ ) * ,  

we use  ( 6 ~ ) -  In be tween ,  the  e r ror  tha t  is used  ts a l inear  

f unc t i on  o f  \ Since the  errors  tha t  are used  are f unc t i ons  

o f  the  result ,  we i terate to f ind the  final a n s w e r  for bo th  

a , ,erages  and  fits ~Xsymmetrlc o u t p u l  errors  are d e t e r m i n e d  

f rom the  inpu t  errors  a s s u m i n g  a l inear  re la t ion be tween  the 

i npu t  a n d  o u t p u t  quan t i t i e s  

in the  f i t t ing or  a '~eragmg process  we do not  inc lude  

cor re la t ions  be tween  d i f ferent  m e a s u r e m e n t s  but  we try to 

select da ta  m such  a wa} as to reduce  cor re la l lons  W h e n  a 

g roup  lmpro~ es s tat is t ical  or  s y s t e m a t i c  errors  b} fu r the r  

da t a - t ak ing  or  ana lys is ,  v,e use o n b  the  i m p r o v e d  result  

T h e  earl ier  resul t  is e i ther  put  into the  list o f  m e a s u r e m e n t s  

tha t  are no t  used  in a '~erages or  fits or  is o m i t t e d  e n l l r e b  

Cor re la ted  errors  are t rea ted  expllcltl~ w h e n  lhe le  are a 

n u m b e r  o f  resul ts  o f  the  fo rm t t + a t _+ ..X tha t  ha~e  ident i-  

cal s y s t e m a t i c  errors  _X In this  case one  can  first a,~erage 

the  t t _+ a t a n d  then  c o m b i n e  the  resu l t ing  stauSllcal  error 
with  ._X O n e  obla lns ,  h o w e v e r  the  s a m e  resul t  b} a s econd  

procedure ,  ave rag ing  I t + ( a [ +  A~) I/2 where  

A t = at..X ~ ( 1 / a f )  T h e  second  p rocedure  has  the  ad~an -  

lage tha t  with  the  m o d i f i e d  s y s t e m a t i c  er rors  A ,  each meas -  

u r e m e n t  ma} be t rea ted  as i n d e p e n d e n t  and  ave raged  in the  

usua l  wa} with o the r  da t a  Therefore ,  v~hen appropr ia te ,  we 

adop t  th is  p rocedure ,  t abula te  A t r a the r  t h a n  _X for the  s}s-  

t e m a u c  error,  a n d  inc lude  a foo tno te  tha t  th is  has  been 

d o n e  

2. Uncons tra ined  averaging 

To  average  data ,  we use  a s t a n d a r d  weigh ted  leasl- 

squa re s  p rocedu re  wi th  the  add i t i on  o f  a "sca le  fac tor"  

app l ied  to the  errors  The  S t u d e n t ' s  l d lSlr lbut lon,  the  basis  

o f  an  earl ier  e x p e r i m e n t  o f  ou r s  in da ta  averag ing ,  would  

gl~e m o r e  conser , , a t l~e  (and  pe rhaps  m o r e  realistic) er rors  

at the  two-s tandard-de ,~ la t lon  (2a) and  h igher  le '<ls ,  bu t  we 

do  no t  choose  to quo t e  such  er rors  II is wor th  no t ing  how-  

ever ,  tha t  a 2a  e r ror  m igh t  well be s o m e w h a t  larger t han  

twice a l o -  error,  owing  1o the  n o n - G a u s s l a n  cha rac te r  o f  

s o m e  sets  o f  real m e a s u r e m e n t s  T h i s  is a pers i s ten t  prob-  

lem in ave rag ing  mildly  d i s c r epan t  m e a s u r e m e n t s  

W e  begin  b} a s s u m i n g  tha t  m e a s u r e m e n t s  o f  a g iven  

q u a n m  v are  uncor re la ted ,  and  calcula te  a weighted  ax erage 

a n d  error  as / T ++_ 6 T  = ul  \ l / ~  ~ l +-- ~ 
l 

l~ t = 1 / ( 6 \ t )  2 ,  (1) 



where  v t and  3x t are the value and  e r ror  repor ted  by the t th  

expe r imen t ,  and  the s u m s  run over  V e x p e r i m e n t s  We 

also calculate  X 2 = ~ w t ( g  - x~)2 and  c o m p a r e  it with its 

expec ta t ion  value, which  is \ - 1 if  the  m e a s u r e m e n t s  
obey a Gauss ian  d i s t r ibu t ion  

If  X2/(N - 1) is less than  or  equal  to 1, and  there  are no 

k n o w n  p r ob l em s  with the data  we accept  the above  results  

I f  X2/(A - 1) is veo ,  large we may choose  not  1o ave l -  

age the data  at all Al ternauxely we may quo te  the calcu- 

lated average  but then glxe an educa ted  guess as to the 

error,  a conservat l '~e e s t ima te  des igned  to lake into account  
k n o w n  p r o b l e m s  with the  data  

Fmall~ lfX2/(~" - 1) is greater  than  1, but  not  greatl} 

so, we still average the data  but then also do the fol lowing 

(a) We t ~  to take accoun t  o f  X 2 / ( \  - 1) being greater  

than  1 by scal ing up our  quo t ed  e r ror  of~i~- m Eq (1) by a 
scale factor  

S = [X2/(,V - 1)] ~/2 (2) 

,) 
O u r  reasoning  is as fol lows The  large value o f  the X- is 

likely to be due  to u n d e r e s t i m a t i o n  o f  errors  in at least one  

o f  the  e x p e r l m e n t s  Slnce we do  not  know w h l c h o f t h e  

errors  are u n d e r e s t i m a t e d  we a s sume  that  the} are all 
u n d e r e s t i m a t e d  by the s ame  factor  S' If  we scale up all 

input  errors  by this  factor  the  X 2 becomes  \ - 1 and  o f  

course  the ou tpu t  e r ror  6V scales up b} the s ame  factor  

I f  we are c o m b i n i n g  data  with widely varying errors  we 

mod i fy  this  p rocedure  shghtl.x We e~aluate  S" by using 

only  the  e x p e r i m e n t s  with errors  that  are not  much  greater  

than  those  o f  the m o r e  precise expe r imen t s ,  i e onl.~ those  

e x p e r i m e n t s  with errors  less than  6 0 where  the ceil ing 3 0 is 
{arbitrarily) chosen  to be 

30 = 3N 1/26g 

Here  6~- is the unsea led  e r ror  o f  the mean  o f  all the experi-  

m e n t s  This  is done  because  a l though the low-precis ion  
e x p e r i m e n t s  have  little inf luence  on the  ,~alue ~- and  3V, 

they can make  s ignif icant  con t r i bu t i ons  to the  X 2, and  the  

con t r i bu t i on  o f  the h igh-prec is ion  e x p e r i m e n t s  t ends  to be 
obscured  by t h e m  Note  that  if  each e x p e r i m e n t  had the 

s a m e  er ror  6"~ then  3~- would  be 6 x ~ / ¥ 1 / 2  so each indivi-  

dual  e x p e r i m e n t  would  be well under  the  ceiling 

This  scal ing app roach  has the proper ty  that  If there  are 
two values  with c o m p a r a b l e  errors  separa ted  b~ m u c h  m o r e  

than  the i r  s ta ted errors  (with or  wi thou t  a n u m b e r  o f  o the r  

e x p e r i m e n t s  o f  lower  accuracy)  the e r ror  on the mean  ~alue 
3Y is increased so that  It is approx imate ly  ha l f  the interval  
be tween  the  two d i sc repan t  values  

We e m p h a s i z e  that  our  scaling p rocedures  for e t m ~ s  in 
no way affect centra l  values  In add i t ion ,  i f  one  wishes  to 
recover  the unsca led  e r ror  3~ .  one need  onl> d iv ide  the 
quo t ed  e r ror  by S 

(b) In cases  where  X 2 / ( ¥  - 1) is greater  than  I 25, we 

also plot  an ideogram to d ,splay  the  pa t te rn  o f  the da ta  We 
do  no t  extract  n u m b e r s  f rom these  ideograms  the ideo- 
g rams  are i n t e n d e d  s l m p b  as '~lsual aids S o m e t i m e s  onl.,, 
one  or  two da ta  po in t s  lie apar t  f rom the ma in  body.  o the r  

t imes  the data  split into two or  m o r e  roughly equal g roups  

The  reader  may  use this m f o r m a u o n  m dec id ing  upon  an 

a l te rna t ive  a~erage Figure 2 shows  such an ideogram 

WEIGHTED AVERAGE 
1115 57 ± 0 0 6  (Error sca ladby13)  

/ '  L 
1115 0 1115 5 1116 0 

Values above of wefghted average, error, 
end scale factor are based upon the data ~n 
th)s =deogrem only They are not neces- 
sar=ly the same as our "best" values. 
obtamed from a least-squares constremed fit 
ut=hzmg measurements of other (related) 
quentmas as additional reformation 
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HYMAN 72 HEBC 0 1 
MAYEUR 87 EMUL 2 2 
LONDON 86 HBC 
SCHMIDT 65 HBC 14 
BHOWMIK 63 RVUE 11 

4 8  
(Confidence Level = 0 188) 

I I 
1116 5 1117 0 
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Fig 2 Ideogram of measurements of  the ~. mass The "'data 
point" at the top shows the position of the weighted average while 
the width of the error bar (and the shaded pattern beneath It) shows 
the error in the a~erage after scaling b~ the scale factor S Only 
those experiments indicated by + error flags were precise enough to 
be accepted in the calculation o f  S ,  the column on the far right 
gl~,es the x 2 contribution of each of these experiments Less precise 
experiments would be Included in the calculation of the weighted 
average but not S', the~ would ha~e Z_ error flags 

Each e x p e r i m e n t  appear ing  in an ideogram is 
represen ted  by a Gauss lan  with a central  value x~, er ror  6\~ 
and  area p ropor t iona l  to l / b \  t The  choice o f  1/6\ t  for the 
areas is s o m e w h a t  arbltrarx With  this choice,  the center  o f  
gravity o f  the ideogram co r re sponds  to an average that  uses 
weights equal to l /3x  t ra ther  than the (1 /6 \~)  2 used in the 

weighted averages  This  may  be appropr ia te  for the case in 
which s o m e  expe r imen t s  have seriously unde re s t ima ted  
their  sys temat ic  errors However ,  s ince for this choice o f  
area the  height  o f  the Gauss lan  for each m e a s u r e m e n t  Is 
p ropor t iona l  to (1/6~. t )2 the peak pos i t ion  o f  the ideogram 
will often favor  the h igh-precis ion m e a s u r e m e n t s  at least as 
much  as does  the least-squares  average The  1986 ed i t ion  
con ta ins  a deta i led  d iscuss ion  o f  the m o t i v a t i o n  beh ind  the 
use o f  Ideograms 

3. Constrained fits 

Except  for trivial cases, all b ranch ing  ratios and rate 
m e a s u r e m e n t s  are anal3,zed by making  a s imul t aneous  
leas t -squares  fit to all the da ta  and  ext rac t ing  the  partial  
decay fract ions Pt" the full width  F, the partial  wid ths  F t 
a n d  the  a s soc i a t ed  error  matr ix  
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Assume,  for example ,  that  a state has m partial  decay 
f ract ions  P l '  where  ~ Pl = 1 These  have been measured  

in N r dif ferent  rat ios R r, where,  e g  R 1 = PI/P2.  R 2 = 
PI/P3,  etc ** Fur the r  a s sume  that  each ratio R has been 
measu red  by N/, e x p e r i m e n t s  (we des ignate  each expe r imen t  
with a s u b s c r i p t / , ,  e g ,  R 1/, ) We then  f ind the best  ~ alues 
o f  the f ract ions  Pt by m i n i m i z i n g  the X 2 as a funct ion o f  
the m - 1 i n d e p e n d e n t  pa rame te r s  

X 2 =  ~ , (3) 
, = l  Lk= l  [ 6R,~, 

where the R r l  " are the measured ~alues and R t are the fitted 
values of the branching ratios 

In addition to the fitted values P~, we calculate an error 
matrix (6P, S Pj) We tabulate the dLagonal elements of SP, 
= (Sp-- t~P~ )1/2 (except  that  s o m e  errors  are scaled as dis- " 
cussed  below) In the Full List ings we give the comple t e  
cor re la t ion  matr ix ,  we also calculate the fi l led value o f  each 
ratio for c o m p a r i s o n  with the Lnput data,  and list it abo~e  
the re levant  input ,  a long with a s imple  uncons t r a ined  aver-  

age o f  the  same input  
Three  c o m m e n t s  on the example  above  
(1) There  was no connec t i on  a s s u m e d  be tween  measure-  

m e n t s  o f  the full width  and the  b ranch ing  ratios But often 
we also have  i n fo rma t ion  on partial  wid ths  F t as well as the 
total wid th  P In this case we mus t  in t roduce  F as a pa ram-  
eter  in the fit, a long with the P¢, and we g~ve corre la t ion  
m a m c e s  for the wid ths  in the Full List ings 

(2) We do ~qol al low for cor re la t ions  be tween  input  data  
We do try to pick those  rat ios and  wid ths  that  are as 
i n d e p e n d e n t  and  as close to the original  data  as possible  
W h e n  one  e x p e r i m e n t  measures  all the b ranch ing  fract ions 
and  cons t r a ins  their  sum to be one,  we lea~e one  o f  t h e m  
(usually the  least we l l -de te rmined  one)  out  o f  the fit to 
make  the set o f  input  data  m o r e  nearly i n d e p e n d e n t  

(3) We calculate scale factors for both  the  R r and  P~ 
when  the  m e a s u r e m e n t s  for an~ R give a larger- than-  
expec ted  con t r ibu t ion  to the  X ~ Accord ing  to Eq (3), the 
doub le  sum for X 2 is first s u m m e d  over  e x p e r i m e n t s / ,  = I 
to N/,, leaving a single sum over  rat ios X 2 = ~ X ~  O n e  is 

t e m p t e d  to def ine  a scale factor  for the ratio p as S~- = 
2 2 Xr/ (Xr  ) H o w e v e r  since ( X / )  is not  a f ixed quant i ty  (it is 

s o m e w h e r e  be tween  ,¥k and  N~ _ 1 ) we do  not  know how 
to evalua te  this express ion  Ins tead  we def ine  

l  r/2 ] 
(4) 

where  6R- r is the  f i t ted er ror  for ratio t Wi th  this defini-  
t ion the  expec ted  value o f  S ?  is one  

The  fit is r edone  using errors  for the b ranch ing  ratios 
that  are scaled by the m a x i m u m  of  S r and  one,  f rom which  
new and  of ten larger errors  6fi t' are ob ta ined  The  scale 

"" We can handle any rano R of  the form ~ ~, P, / ~.~ fl,, P~, 
where o~ t and B'~ are constants, usually 1 or 0 The forms 
R = P, Pj and R = (P~ pj)l/2 are also allowed 

factors we finally hst in such cases arc def ined  by S t = 
6f~'/6~ Howeve r  in line with our  pohcy o f  not  lett ing S 
affect the central  values, we give the values o f ~  ob ta ined  

f rom the original (unsealed) fit 
There  is one  special case m which the errors that  are 

ob ta ined  by the preceding procedure  ma~ be changed 
W h e n  a fi t ted b ranch ing  ratio (or rate) ~-~ turns  out to be 
less than  three st_a, ndard  de~ lat lons (6Pl') from zero a new 
smal ler  er ror  (6Pt) is calculated on the low sLde by requir-  
ing the area under  the Gauss lan  be tween P~ _(6t7~ ") and 
P~ to be 68 3% o f  the area between zero and  P~ ~ s imilar  
correc t ion  is done  for b ranch ing  fract ions that  are wqthm 
three s t andard  d e f l a t i o n s  o f  one This  keeps the quo ted  
errors  f rom o~ er lapping the boundary  o f  the phx ileal region 

The  procedure  that  we are now using for calculat ing 
scale factors in fits is a significant  change f rom what  was 
done  in p rec ious  ed i t ions  Usually the scale factors 
ob ta ined  by the two m e t h o d s  are the same (to tw, o s~gmfi- 
cant  figures) the axeragc scale factor  is xcrx nea rb  the same 

also 

D. Discussion 

The  ent i re  ques t mn  o f  averaging data  conta in ing  
d i sc repant  values is nicely d iscussed by Taylor  (1982) He 
cons iders  a n u m b e r  o f  a lgor i thms  which a t t empt  to incor-  
porate  data  which are not  completely cons is ten t  into a 
meaningful  a~erage Prob lems  occur  because it is ~ery diffi- 
cult to de , ,e lop a p rocedure  which handles  s imul taneous ly  
in a reasonable  way two basic types o f  s i tuat ions  (a) data  
which seem to he apart  f rom the main  body o f  the data ale  
incorrect  (contaLn unrepor t ed  errors),  and (b) the oppos i te  
(the ma in  body o f  the data  is sys temat lca lb  wrong)  Unfor -  
tunately,  as Taylor  shows,  case (b) is not in f requent  His 
conclus ion  is that  the choice o f  p rocedure  is less significant  
than the initial choice o f  data  to include or exclude 

We place a great emphasLs on the choice o f  data  to 
include or  exclude Unfor tuna te ly ,  the vo lume  o f  data pre- 
c ludes spend ing  as much  t ime on the p rob lem as we would 
like We address  this p rob lem by sohcl t lng  the help o f  as 
many outs ide  exper ts  (consul tants)  as possible  In the final 
analys~s, however ,  it is often imposs ib le  to de t e rmine  which 
( i f  ei ther)  o f  two d iscrepant  m e a s u r e m e n t s  is correct  Our  
scale factor  t echnique  is an a t t empt  to address  this 
ignorance  by increasing the error  aboxe  that  suggested b3 
least-squares  analysis  In effect, we arc saying that  present  
expe r imen t s  do not allow a precise de t e rmi na t i on  o f  this 
cons tan t  because o f  unresol~able  d iscrepancies  and one  
mus t  await  fur ther  m e a s u r e m e n t s  The reader  is warned  o f  
this s i tuat ion by the size o f  the scale factor he or  she is then 
able to go back to the h tera ture  (via the Full Listings) and  

redo  the average as des i red  
Our  s~tuatlon with regard to d iscrepant  data  is easier to 

handle  than  mos t  o f  the cases Taylor  considers ,  such as esti- 
mates  o f  the fundamen ta l  cons tan t s  like h. etc Most  o f  the 
errors  in h~s case are d o m i n a t e d  by sys temat ic  effects In 
particle proper t ies  data,  statistical effects are often at least 
as large as sys temat ic  effects, and statistical errors are usu- 
allTy easier to es t imate  .X notable  except ion occurs in 
pa rua l -wave  analyses,  where  different  t echniques  appl ied to 
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the same data ~mld different results In th,s case, as stated 
earher,  we often do not a t lempt  an a~erage, but just  quote a 
range of  ~alues 

A brief  hlstor5 of  Pamcle  Data Group  averages ts gwen 
m Rosenfeld (1975) Updated  ~erstons of  some of  
Rosenfeld 's  figures are shown m F,g 3 The  least-squares 
error ~s shown by the thick po rnon  of  the error bars, the full 
error bar exh,b~ts the scale factor extensmn 

Some cases of rather  w~ld f luc tuanon are shown, th~s 
usua lb  represents the m t r o d u c n o n  of  s~gmficant new data 
or the d ,scardmg of  some older data Older data are some- 
umes  discarded m fad, or of  more modern  data  tf ~t ts felt 
that  the newer data had fewer s~stemanc errors, had more 
checks on thmr s j s t e m a n c  errors, made some correctmns 
unknown  at the n ine  of  the older expertments ,  or some such 
reason Near the n ine  at which a large j u m p  takes place, 
the scale factor somet imes  becomes large, reflecting the 
uncertamt3 int roduced by the new ex,stence of  pa r lb  incon- 
sistent data 

By and  large, a full scan of  our hlstocr plots shows a 
ra ther  dull progress,on toward greater prems,on at a central 
value completely consistent  w,th the first data point  shown 
These plots are a~adable  on request from the Berkeley Par- 
l~cle Data Group  

We conclude that  the rehab,ht:,  of  the c o m b m a t m n  of  
exper imental  data and Pamcle  Data Group  a~eraglng pro- 
cedures is usually good. but ~t ts ,mpor tan t  to reahze that  
f luc tuanons  outs,de of  the quoted errors can and do occur, 
perhaps wHh more  frequenc.~ than expected for truly Gaus- 

slan errors 
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(Approximate closing date for data January 1, 1988) 

Particle 

Stable Particle Summary Table 
(stable under strong decay) 

For additional parameters, see the Addendum to this Table 

Quantt tws tn ttahcs are new or have changed by more than one (old) standard deviation since our 1986 edition 

Mean life b Decay modes 

r (sec) Fraction b 
F~jec) a Mass b cr (cm) Mode [Limits are 90% CL] p (MeV/c)  c 

G A U G E  B O S O N S  

')" 0 ,1 (1 - - )  ( < 3× 10 -33 MeV) .. . . . . .  stable 

+24 W J = l  810 F < 6 5 G e V  ev  ( 100 - 3 3  )% 405x103 
_+ 1 3 GeV 

~v ( 1 2  +~ )% 40 5x103 
+33 rv ( 102 - 4 1  )% 405x103 

"f[euy d( <1 0 )%] 40 5x103 

Z 92 4 F < 5 6 GeV 
_+1 8 GeV e+e  ( 46  +11~ )% 462x103 

+ --  

# # seen 46 2x 10 3 
m z - - m  W = 11 4 

___ 1 4 GeV 

LEPTONS 
Pe  j = L < 18 eV stable stable 

2 

(CL=95%) [r> 300 m Ve sec (roVe in eV) CL=90% l 

P# J = ±2 < 0 25 MeV stable stable 
(CL=90%) [z> 1 I x 105mvu sec (mvu in MeV) 

Pr j = L < 35 MeV 
2 

(CL=95%) 

CL=90% ] 

Searches for massive neutnnos and lepton mixing 
Limits on number of  light v types 
v bounds from astrophysics and cosmology 
Heavy lepton searches 

See the Stable Particle Search Limits Summary Table and Full Listings 
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Stable Particle Summary Table (cont'd) 
Mean life b Decay modes 

Mass  b "1" (sec) Fraction b 
Particle /G(jPC) a (MeV) cr (era) Mode [Limits are 90% CL] p (MeV/c)  c 

t e j = ~ 0 51099906 e stable stable 
+ 0 00000015 MeV (> 2× 1022 years CL=68%) 

~ -  --2 (or #+ ---~chg conj ) 

t 105 65839 e 2 19703x 10 - 6  e v---v (100 )% 53 
I~ J = 2  _+000006 MeV _+000004 ~ f [ e ~ v y  d( I 4 _+ 04 )%] 53 

S = I  8* e ~ v e + e  - d( 34 + 04  )x l0  - 5  53 

c r = 6  5865x 104 Forbidden by conservation laws f 

e - v j u  LF ( <5 )% 53 

e -~ f  LF ( <5 )x 10 11 53 
e e + e  - LF ( <1 0 )xlO -13 53 
e 3"~{ LF ( < 7  )xlO -11 53 

I 1784 ,+27  F J=~-  1_36 (3 04-+0 09)x 10 -13 

c r = O  009 

r - - - q  (or r+--~chg conj)  

e -  chgd parts 
+ # -  chgd parts ( <4 

Forbidden by conservaUon 

#-3"  
e - T  

la # + # -  -- + 
e l a ~  
# - e + e  - 
e - e + e  - 
l.t-Tr 0 
e -Tr 0 

K ° 
e - K  o 
la-p o 
e pO 

e-Tr+Tr - 
e+Tr 7r 
# - Tr + .rc - 

~ + T r  7r 

e-Tr+ K - 
e + T r - K  - 
# - l r +  K -  
# +  T r - K -  

e -K*(892 )  ° 
#-K*(892) ° 
e + #  # 
#+e e 

LF ( <6 
LF ( <6 
LF ( <2 
LF <3 
LF <3 
LF <4 
LF <8 
LF <2 
LF <1 
LF <1 
LF <4 
LF <4 
LF 
L 
LF 
L 
LF 
L 
LF 
L 
LF 
LF 
LF 
LF 

)% 

laws f 

×lO - 4  
,xlO - 4  

9 ,xlO - 5  
3 ,xlO - 5  
3 ,xlO - 5  

,xlO - 5  
,xlO - 4  

l , x l O  - 3  
0 1×10 - 3  
3 ~XI0 - 3  

~xlO - 5  
bxl0 - 5  

<4 Ixl0 - 5  
<6 Ixl0 - 5  
<4 ~xl0 - 5  
<6 ~xlO - 5  
<4 ~xl0 - 5  
< 1 2 ) x 1 0  - 4  
< 1 2 ) x 1 0  - 4  
< 1 2 ) x l O  - 4  
<5 )xlO - 5  
<6 )xlO - 5  
<4 )x l0  - 5  
<4 )xlO - 5  

889 
892 
876 
886 
889 
892 
884 
887 
819 
823 
721 
726 
881 
881 
870 
870 
817 
817 
8O4 
804 
669 
664 
886 
889 

r " 2  (or r + --*-chg conj ) 

particle ~>0neutrals v 
# pv 

e PP 

hadron- >~0neutrals v 
hadron v 

71"--P 

K v 
hadron-  >/17r°v 

p - P  

7r rr ° (non-res) v 

hadron >~2had o v 
7r  - 7 roTrop  

7r - ~ro~-o~op 

K -  >~lneutral v 
K - K O v  

K - K°cr°v 
7r-Tr-Tr + >107r° v 

7r 7r 7r+7(s)v 
7i" 7r 7 r + T r 0 P  

71" 71" 7 r + P  

7r-pOp 

7r zr ~r + (non-res) v 
7r -w-w+K ° >~07v 
K -  2charged >~0neutrals v, 

K 7r+Tr - >~0w°v 

K + K - r r - v  

3r-27r + >~0neutrals v 
37r-27r+v 
37r- 2r + lr°v 

7hadron + >~07r°v 
t[ K*(892)-v 

K*(892)- >~0neutrals v 
K~(1430)-v 
K -  >~0neutrals v 
7r -- c:.~/) 

7r r W 
7r- 7rOrlP 
r - r t  >~0neutrals v 
r-f ir /  >~0neutrals v 
rr-Tr-Tr+~ >~0neutrals v 

85 7 + 0 4 )% 
178 + 04  )% 889 
175 _+ 04 )% 892 
5 0 3  +_ 0 6  )% 
11 5 -+ 06  )% 
108 -+ 06  )% 887 
066+  019)% 824 

388 _+ 08 )% 
22 3 _+ 1 1 )% 726 

030 +0 3O )% 881 
- 0  19 

1 6 3  -+ 1 3  )% 
7 5 _+ 0 9 )% 866 
3 0 _+ 2 7 )% 840 

1 05 +0 27 
- 0  28 )% 

< 0 26 )% 742 
< 0 26 )% 690 
13 19_+ 026)% 

6 4  _+ 0 6  )% 
4 4  _+ 16 )% 838 
6 8 _+ 0 6 )% 864 
54 -+ 17 )% 718 

< 1 4 )% 865 
<0 27 )% 
<0 6 )% 

+0 16 )% 
0 22_ o 13 

0 22 +011~ )% 689 

0115-+0027)% 
56 _+ 1 6 )x10 - 4  798 
51 _+ 22 )x l0  - 4  750 

<1 9 )x l0  - 4  
143_+ 031)% 669 
1 4  _+ 0 9  )% 

<0 9 )% 319 
. . + 0 2 2  

1 / 1 _ 0 2 3  )% 
1 6  +_ 0 5  )% 712 

<1 0 )% 801 
<2 1 )% 782 
<2 1 )% 

< 0 5  )% 

<o 3 )%1 
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Particle 

Stable Particle Summary Table 
Mean life b 

Mass b r (sec) 
IG(jPC) a (MeV) cr (cm) Mode 

(cont 'd) 
Decay modes 

Fraction b 
[Limits are 90% CL] p (MeV/c) c 

+ 
91"-- 

L I G H T  M E S O N S  a 

1- (0 - )  139 56755 
_+ 0 00033 

- m u .  - = 33 90917 mTr_+ 
+ 0 00033 

1 (0 - + )  1349734 
-+ 0 0025 

mTr_+--mro = 4 5942 
+ 0 0025 

S=2 0* 

[71 + = ud, 7r 0 = ( u u -  dd) / ~ ,  7r- = ud, rl = C l(UU + dd) +c2(ss-') ] 

~r + (or 7r- ---~chg conj ) --q 

2 6029x 10 - 8  
+ 0 0023 

cr=780 3 

#+u 100% 30 
e+u d ( 1 228_+0022 )×10 - 4  S = I  8* 70 

¢[#+uT ( 1 24 -+025 )xlO - 4  30 
e+u7 d( 56 _+07 )x l0  - 8 ]  70 

n~<+0 033 )x l0  - 8  4 e+uTr ° ( 1 "~- '-0034 
e+ue+e ( <5 )xlO - 9  70 

Forbidden by conservation laws f 

# + u  e L (<1  5 )xl0  - 3  30 
#+v e LF ( <8 )xlO 3 30 

# -e+e+u  LF ( < 8  )xl0  - 6  30 

84x10  -17 

-+06 S = 3 0 "  

c r = 2  5xlO - 6  

YT 98 798 _+0 032 
7e+e  - 1 198 
e + e - e + e  3 24 
TYYT < 1 6 

+07 
e+e 1 8 - 0 6  
vv <2 4 

Forbidden by conservation laws f 

"Y'YT C ( <4 
i.t+-e ~- LF g( <7 

)% S = I  1" 67 
)% 67 
)x l0  - 5  67 
)x l0  - 6  67 
)x 10 7 67 
)x 10 5 67 

)xlO - 7  67 
)x I0 - 8  26 

0+(0 - + )  5488 
_+06 

S = I  4* 

F=( 1 08 -+ 0 19) k e V f  
S=2  1" /1 Neutral decays j 

(70 9 _+ 0 5)% 

Charged decays 
(29 1 _+ 0 5)% 

"(T 
37r ° 

7r°TT 
71-+71---71-0 

r r+r -3 ,  
e + e - T  

#+# 3' 
e+e - 

+ -- 
# # 
~r+~r-e+e - 
7r+lr-yy 
7r+Tr-lr° T 

38 9 -+ 0 4 )% 274 
3190_+ 034 )% 180 

0 071 _+0 014 )% 258 
237 _+ 05 )% 175 

491_+ 013 )% 236 
050_+ 012 )% 274 
3 1 _+ 04 )x l0  - 4  253 

<3 )x l0  - 4  274 
65 _+ 21 )x l0  - 6  253 
013-+ 013 )% 236 

<0 21 )% 236 
<6 )xl0  - 4  175 
<3 )x l0  - 6  211 

Forbidden by conservation laws f 

TTY C ( <5 
r+Tr - P,  CP ( <1 5 
7r°e +e - C ( <5 
r °#+~  C ( <5 

)x 10 - 4  274 
)x 10 - 3  236 
)xlO - 5  258 
)x lO - 6  21 l 
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Stable Particle Summary Table (cont'd) 
Decay modes 

Mean life b 
Mass  b r (sec) Fraction b 

Particle I (JP) a (MeV) el" (cm) Mode [Limits are 90°/0 CL] 

S T R A N G E  MESONS a [K + = uf,  K ° = aft, ~o = ds, K = Ks ] 

p (MeV/c)  ~ 

K + 

K +-- ½(o-) 493646 1 2371x10 - 8  
_+0009 _+00028 S = 2  1" 

mKo--m K+ = 4 0 2 4  
_+0031 

cr=370 9 

- ' I  (or K -  -*-chg conj ) 

#+v 63 51_+ 016  )% 
7r+Tr ° 21 17_+ 0 15 )% 
7r%r+Tr - 5 589_+0 028)% 
7r+Tr% ° 1 73_+ 004  )% 
7r°#+v 3 18_+ 006  )% 
~r°e+v 482_+ 005 )% 
e+v I 5 4 + 0 0 7  ) x l 0  - 5  

00 +048 ) x 1 0 - 5  rr%°e+v 1 . 7 _  034 

r+Tr e+v ( 390_+ 014  )×10 - 5  
7r+Tr ~+v d( 14 _+ 0 9  )xlO - 5  

+ ( <8 )xlO - 6  7r "fy 
7r+,y,y7 d( < 1 0  )×10 - 4  
e + v ~  - ( <6 ) x l 0  - 5  
# + vuv- ( <6 )×10 - 6  
# + v e + e  - ( 105_+ 031 )xlO - 6  

e+~e+e ( 2 l _+~11 )×10 - 7  

*I#+PV d, 540_+ 030  )×10 - 3  
#*Py(SD+) h < 3 0  )×10 5 
#+p'y (SD+INT) h <2 7 )X 10 - 5  
#+V'y (SD +SD-INT) h < 2 6  )×10 - 4  
e+Vy(SD+) h 152_+ 023  )XI0 - 5  
e+p'y (SD-) h <1 6 )×10 - 4  
7r+Tr0.y d 2 7 5 _  + 015  )×10 - 4  
7r+Tr0.y(DE)J d 18 + 0 4  ) x l0  - 5  
7r+Tr+.n.-y d 1 0 + 0 4 )x 10 - 4  

rc+TrOrrO,,{ d( 74 +559 ) x l0  - 6  
rcO#+vy d( <6 - )×10 - 5  
7rOe+v,y d( 272_+ 019  )×10 - 4  
7r°e+v7 (SD) h ( <5 )× 10 - 5  

Forbidden by conservanon laws f 

r + T r + e v  SO <1 2 
7r+Tr+#-~ SO < 3 0  
r + e + e  FC 27 _+ 05  
re+#+# - FC <24 
f r + ~  - FC < 1 4 
la-ve+e + LF <20 
la+Ve LF <4 
~r+#+e- LF <5 
7r=#±e + L F , o r L  g (<7  
7r -e+e  + L ( <1 0 
/.t+~-e L ( <3 3 
~r°e +'b-e L ( < 3 0  

S=I 1" 
S=I 2* 
S=I 2* 
S=I 1" 

) x l 0  - 8  
) x l 0  - 6  
)×10 - 7  
)×10 - 6  
) x l 0  - 7  
)× 10 8 
)xlO 3 
)×10 - 9  
)×10 -9  
)×10 -8  
)xiO - 3  
)×10 -3  

236 
205 
125 
133 
215 
228 
247 

206 

203 
151 
227 
227 
247 
236 
236 

247 

236 
236 
236 
236 
247 
247 
2O5 
2O5 
125 

133 
215 
228 
228 

203 
151 
227 
172 
227 
236 
236 
214 
214 
227 
236 
228 
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Particle 

Stable Particle Summary Table 

Mean life b 
Mass b r (sec) 

1 (JP) a (MeV) cr (cm) Mode 

(cont 'd) 
Decay modes 

Fraction b 
[Limits are 90% CL[ p (MeV/c) c 

K ° ½(0-) 497 671 
~ - 0  _+ 0 030 

KO 

KO 

0 8922x 10-10 

+ 0 0020 

cr=2 675 

5 0 % K s ,  50%K L 

r + r  - ( 68 61-+ 026 )% 206 
zr°Tr ° ( 31 39 )% S=I 2* 209 

yy  ( 24 _+ 1 2 )xlO - 6  249 
r+Tr-rr  0 ( <5 )x 10 - 5  133 

~r°a'°rr ° ( <4 )x 10 - 5  139 
• j.[~r+rr y d( 1 85_+ 0 10 )x l0  - 3 ]  206 

Forbidden by conservatmn laws f 
+ - -  

,u U FC ( < 3 2  )xlO 7 225 

e+e - FC ( <1 0 )xlO - 5  249 

1(0 ) 5 18×10 - 8  ~r07r07r 0 

+ 0 04 rr %r -  rr ° 
rr-+#+p 

cr=1554 rr+-e~v 
7 r + f r  - 
7rO,n. 0 

= 0 5349×I010 h sec - I  
mKL -- InKs -+ 0 0022 YY 

rc °'y 7 
= 3 521 ×10 -12 MeV rc%+-e~-v 

-+0014 (Tr# atom) v 

fl,~e. 'r 
7r+rr-y 

CP f 

CP f 

217 _+ 07 )% 

1237_+ 018 )% 

g 2701_+ 034 )% 
g 386 _+ 04  )% 

0 204 _+ 0 004 )% 

0 0909 _+ 0 0029)% 
0 0570_+ 0 0023)% 
<24  

g 62 _+ 20 
105_ + 011 

d 1 3 _ + 0 8  
d 441m 032 

ForNdden by conservation laws f 

g-+e + 
# + # -  

#+# y 

7r°# +#  - FC 

e + e  - FC 

e + e  y FC 
rrOe + e FC 

rr+rr e + e - FC 
#+# e+e FC 
e + e - e + e  FC 

LF g( <7 
95 +24 FC ( - I  5 

FC 28 _+ 28 
<12  

<5 
1 7 _ + 0 9  

<23  
<25  
<5 
< 2 6  

S=I 4* 139 

S=I 3* 133 
S=I 2* 216 

S=I 2* 229 
S=l 2* 206 
S=I 6* 209 
S=I 7* 249 

)×10 - 4  231 
)× 10 - 5  207 
)×10 7 216 

)% 229 
)x 10 - 5  ] 206 

~xl0 - 9  238 

~× 10 - 9  225 

~× 10 - 7  225 
ix 10 - 6  177 
ixl0 9 249 

~x 10 - 5  249 
bxl0 - 6  231 
ix 10 - 6  206 
IxlO - 6  225 
~× 10 - 6  249 
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Particle I (JP) a 

Stable Particle Summary Table (cont'd) 
Mean life b Decay modes 

Mass b 7" (sec) Fractton b 
(MeV) cr (cm) Mode [Limits are 90% CL 1 p (MeV/c) c 

C H A R M E D  MESONS a [D + = cd, D O = c~, B ° = ?-u, D -  = ?-d, D s + = cT, D s -  = ?-s ] 

D -~(0-) 18693 
_+06 

m D + _ - m D o  = 4 74 
-+0 28 

D + "2  (or D - ---~chg conj ) 
1 0 6 9  034 ) x 1 0 - 1 3 +  +23 

- 0 3 2  anythmg 19 2 _16  
cr=O 0320 

K anything 162 +_ 35  
+29  

K + anything 6 6 - 2 8  

~-o any + K ° any 48 _+ 15 
)7 anythmg k < 13 
e+u < 2 5  

#+v <7 
rr+Tr ° <0 5 

15 7r+7r+r-  0 33_ +0 14 
+11 

f [ K  7r+Tr + 7 8 - 0 8  
+15  

K-Tr+ Tr+ Tr ° 3 7 - 0 8  
K-Tr+Tr+rc+rc - <5 

K°Tr + 28  _+ 0 4  
+ 1 8  

K°lr + rr ° 8 3 _ 17 
+2 3  

F.°Tr+rr+ rr - 7 0  - 2 1  
,~A+026 

~'°K+ 0 " ' - 0 2 5  
18 

K + K - T r  + 0 96_+ 013 
K+ Tr + rr < 0 4  

I'1K*(892)% + 1 7 +_ 0 8  

~o+O 10 
K + K - r c  + (non-res)  0 J ' - 0  08 

.~+0  11 
q~7r + 0 "~ / -  0 09 

44+0 10 K*¢£Og'~E.. ,~._0 + 0 --009 
~-Op+ 66  _+ll~ 

+10  
K°Tr+Tr ° (non-res)  1 2 - 0  7 

+11 
K - r + T r  + (non-res)  6 7 0 9 

+52 
K°Tr+Tr+r-Tr° 4 4 _ 1 5 

+50  
K - r + r - T r %  ° 2 2 - 0 9  

+52 
K-zr+rr°e+u 4 4  - 1 5  

+50  
K % + ~ r - e + v  2 2 - 0 7  
K ;,r+e +v <6 
rr+Tr e+v  <6 
7r+Tr +~ '+ r - l r -~ r  ° seen 
~bTr+r+Tr <0 2 
K+K-7r+rr+rr  

(non-res)  ( < 3 

)% 

)% 

)% 

)% 
)% 
)% 
)xlO -4 
)% 
)% 

)% 

)% 
)% 
)% 

)% 

)% 

)% 

)% 

)% 

)% 

)% 

)%] 
)% 

)% 

)% 

)% 

)% 

)% 

)% 
)% 
)% 
) 
)% 

)% 

S=I 2* 

S=I 7* 

935 
932 
925 
908 

845 

816 
772 
862 

845 

814 

792 

744 
845 

714 

744 

647 

613 

68O 

845 

845 

772 

775 

846 

844 
863 
924 
799 
565 

6O0 



19 

Pamcle  I (jP) a 

Stable Particle Summary Table (cont'd) 
Mean life b Decay modes 

Mass b r (sec) Fraction b 
(MeV) cr (cm) Mode [Limits are 90% CL] p (MeV/c) c 

D o 

B o 

O o 

½(0-)  18645 (428-+0 l l ) x l 0  - t 3  
• +0 6 cr=O 0128 

I m D o - m D o l  < 1 3 x l 0 - 1 0 M e V  ( 

I r D o - r D o l / a v e r a g e  < 0 1 7  e 

F ( D ° - - . D ° ~ K + ~ r - ) / F ( D ° - - . K  7r +) < 0004  

r ( D ° - - . B ° - - . u  - any) / I ' ( D ° - - - u  + any) < 0 006 

~-[K*(892)-r  + 
K* ( 892 )%0 

K - O  + 

K°p 0 

K-Tr+Tr ° (non-res)  
K%r+Tr - (non-res)  

K*(892)°p ° 

K 7r+p ° 
K*(892)%+rr 
K-a2(1320)  + 

Do --I  (or ~o --~chg conj ) 

4 8  _+ 0 7 ) %  

21 _+ 0 6 ) %  

82  -+I~ )% 
,/-7+0 30 )% 

0 ~ ' - 0 2 1  
13 _+ 0 5 ) %  
19 -+ 0 5 ) %  

+13 )% 
12  - 1 2  

_+ll  )% 
( <21 )% 
( <13  )% 

+o 18 
( 0 83_  0 16 )% 

711 

711 

679 

677 

844 
842 

423 

613 
685 
198 

520 

---2 (or ~o  --~chg conj 

e + anything 
K -  anythmg 

K + anything 

~0 any+ K ° any 
r/+anything h 
7r 71-- 

7r + 7 F + T r -  7r - 

7 r+Tr  7r 0 

T [ K - r  + 

K-Tr+Tr 0 

K 7r+rr+Tr - 

K-Tr+rr% 0 
~0~0 

g 0 7 r  +Tr - 

K + K  
F, OKO 
~OK+ K -  

K°K-Tr + (non-res)  
+ C C  

K*(892)°K ° + c c 
K*(892)-K + + c c 

7r+Tr + 7r-Tr 0 
, , + 0 2 3  )%] 544 K,°K+K (non-res)  ( 0 m _  0 18 

Forbidden by conservatmn laws f 
+ 

~ FC ( <1 1 ) x l 0  - 5  926 
e+e  - FC ( < 1 3  ) x 1 0 - 4  932 
#+-e* LF g ( < 1 2  ) x 1 0 - 4  929 

K + K - T r %  o 
KOK-Tr+Tr o 
K e+p 
7r e +p 
K+Tr - (doubly 

Cablbbo suppressed) ( < 1 5 
K+Tr 7r+Tr (doubly 

Cablbbo suppressed) ( < l 8 

7 7 + _  11 )% 
43 _+ 5 )% 

+26 
64  - 1 7  )% 

33 -+ 10 )% 
< 13 )% 

013-+ 004  )% 
n .+071  

1 vL_026 )% 
l l  _+ 0 4  )% 

7 7 + 0 3 7  
3 " ' - 0 3 2  )% 

125 +15 )% 
- 1 3  
+1 o )% 

79  - 0 9  

15 _+ 5 )% 
28  + I ~  )% 

+ 0 7  
5 6 - 0 6  )% 

045_+ 008 )% 
<0 4 )% 

16 +025 )% 1 - 0 2 2  

S=I 1" 

922 

879 

907 
861 

844 

812 

815 
860 

842 

791 
788 
544 

< 1 2 )% 739 
<0 6 )% 607 

08  _+ 0 4  )%] 609 
seen ) 771 
seen ) 681 
seen ) 677 

<5 )% 867 
<5 )% 927 

)% 

)% 

861 

812 

D$+- m 1969 3 0 (0- )  

was F -+ +_1 1 
S = I  3* 

O s + 

( 4 3 6 + 0 3 8 - . ~  13 32)x 1 u 

cr=0  0131 

" 2  (or D s ---~chg conj 
(~Tr+ n 

~bTl- + 7r + 7F - ?l 

p07r + n 
~,(892)0K + n 
K + K - ~ r +  (non_res) n 
K+K-Tr+ir-Tr + 

(non-res)  n 
/z+v n 

+ 
r/Tr 
rl7/- + 7r + 7r - 

r/'(958)Tr + ~-+ 7r - 

0p + 

8 + 5 )% 
4 _+ 3 )% 

<2 )% 
8 -+ 5 )% 
2 -+ 14  )% 

712 
641 
827 
683 
805 

<3 )% 674 
<3 )% 982 
possibly seen ) 902 
possibly seen ) 856 
possibly seen ) 677 
possibly seen ) 408 

O;+ 2112 7 

was F*  +- +_ 2 3 
S = l  2* 

mDs.+__--mDs ± = 141 6 
_+19 

S = 1 2 "  

<22  

Ds ""2 (or D s ---~chg conj ) 

Ds+ ~ dominant  137 
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Stable Particle Summary Table ( con t 'd )  
Decay  modes  

M e a n  life b 
M a s s  b r (sec) Fraction b 

Particle 1 (JP)  a ( M e V )  cr (cm) Mode  [Limits are 90% CL] 

B O T T O M  M E S O N S  a [B + = ub-, B 0 = db-, ~-o = d-b, B -  = u~ ] 

B + --~ (or B -  ---~chg conj 

/)oTr + 

D*(2010)-rr+rr + 

J / ~ ( I S ) K  + 
pO.tr + 
D*(2010) lr+Tr +Tr ° 

D-rr+r r  + 

D*(2010)% + 
71-+71-0 

p°a 1(1260) + 
p%2(1320) + 
J / ~ ( I S ) K +  rr+r-  
~k(2S)K + 
K %  + 
K*(892)% + 
K+p ° 
K+ gj 
K*(892)+7 

Forbidden by conservatmn laws f 

K+la+ls FC ( < 3 2  
K+e+e  - FC ( <2 1 

p ( M e V / c )  c 

B +- ½(o-)p 52776 
+_14 

mBo-- m B + = 1 9 
_ 1 1  

04  < rBo/rB+ < 2 1 

B 0 ½(o- )p  5279 4 
-0 +-15 

I m B o - mB~ I = (3 7 _ 1 0)x I 0 -  10 MeV e 

F(B°-*-B-°---,-# - any) = 0 17+-0 05 
F(B°-+/a -+ any) 

B°.---- t (or ~o --~chg conj ) 

Forbidden by conservation laws f 

~+lz- FC ( <5 )x l0  - 5  2638 
e+e FC ( <8 )x l0  - 5  2640 
KO~+t.L - FC ( <4  )xlO - 4  2612 
K°e+e  - FC ( <6  )xlO - 4  2617 
ta+-e ~" LF g( <5 )xlO - 5  2639 

47+0 19 
0 - 0  15 )% 

25+0 15 )% 
0 - o  I3 
80 +- 28 )xlO - 4  

<2 )xlO - 4  
4 3  +_ 2 9  )% 

25+0 48 
0 - 0 2 4  )% 
027+- 044)% 

< 2 3  )x l0  - 3  
< 3 2  )z l0  - 3  
< 2 3  )x l0  - 3  

011+_ 007)% 
022+_ 017)% 

< 7 )x 10 - 4  
< 2 6  )xlO - 4  
< 2 6  )xlO - 4  
<2 1 )xlO - 4  
< 1 8 )x 10 -3  

)xlO - 4  
)xlO - 4  

2307 

2247 

1683 
2581 
2235 

2299 

2254 
2636 
2426 
2410 
1611 
1284 
2614 
2562 
2559 
2516 
2564 

2612 
2616 

B ° ~ (or ~o -+chg conj ) 

/~0.n- + 7r 

D*(2010)-rr + 

D*(2010)-p + 

J / ~ ( I S ) K +  Tr - 
7 r + T r  - 
g + . g  - 

K*(892)+rr - 
KOp o 

K %  
K*(892)% 
K*(892)°p ° 
K*(892)°7 
D*(2010)-Tr%r 0 
D*(2010)-Tr%r%r- 
D*(2OlO)-e+u + 

D*(2010)-~t+v 
J/~(1S)K*(892) 0 
J / ~ ( 1 S ) K  ° 
p'=-~rZ- 
pOpO 

+ 
7r-a 1(1260)~ 
7r +-a2(1320) + 
Pff  
D - w  + 

< 3 9  )% 

0 33 +0 12 )% 
- 0  10 

8 +_74 )% 

<1 3 x l0  - 3  
<3 x l0  - 4  
< 3 2  x l0  - 4  
< 7 xlO - 4  
<8 'xIO - 4  
< 1 3 ,x 10 - 3  
<4 7 ,xl0 - 4  
< 1 2  ,xl0 - 3  
<2 1 ,xl0 - 3  

15 +_ 11 ,% 
33  +- 18  )% 

2301 

2255 

2182 

1653 
2636 
2615 
2563 
2559 
2516 
2460 
2505 
2565 
2248 
2235 

14 +_ 4 )% 
037+_ 013)% 1572 

< 5 )x 10 - 3  1683 
< 6 )× 10 - 3  2582 
<5 )x l0  - 4  2525 
< 1 2 )x l0  - 3  2488 
< 1 6 )x l0  - 3  2473 
<2 +~ )x l0  - 4  2468 

5 9  _ 62 )x l0  - 3  2307 
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Stable Particle Summary Table 
Mean life b 

Mass b r (sec) 
Particle I (JP) a (MeV) cr (cm) Mode 

B - - ~  

B -+ B o, B-~ (131+14)×10-13 -- 1 e +- v hadrons 
#-*v hadrons 

(not separated) q c z=O 039 D ° / D  0 anything 

(cont "d) 
Decay modes 

Fraction b 
[Limits are 90% CL] 

g 123 _+ 08 )% 
g 11 0 _+ 09 )% 

39 +_ 6 )% 
K -+ anything 85 _+ 11 )% 
K ° / K  ° anything 63 _+ 8 )% 

F(B--*g+-u noncharm-hadrons) < 0 04 p anything > 2 1 )% 

I'(B-.~g+-v hadrons) A anything > 1 1 )% 

J / ~ ( I S )  anything I 12_+ 0 18)% 

O*(2010) -+ anything g( 22 +68 )% 

Ds +- anything g( 14 _+ 3 )% 
anything ( 23  _+ 08 )% 

charmed baryon 
anything (< 11 )% 

D -+ anything g( 17 _+ 6 )% 
~b(2S) anything ( 0 46_+ 0 20)% 

Forbidden by conservation laws f 

e+e any + 
# + # -  any FC ( < 0 2 4  )% 

B* Not estabhshed, see the Stable Particle Full Listings 

p (MeV/c) c 

N U C L E O N S  a [p = uud, n = udd ] 

p l l + )  -~ (~  938 27231 e stable Partial mean hfeumes of 
• + 0  00028 (> l 6× 1025 yr or protons (umts 1030 yr) 

> 1031 - 3× l032 yr) r 
e + anything > 0 6 

I q P + q e l  < 10-21eS  #+anything > 12 

e+~f > 360 
/a+'y > 97 
e+~r ° > 250 
# + r  ° > 76 
e + K  ° > 77 
ta+K ° > 41 
vTr + > 5 1 
u K  + > 28 
e + w  > 37 
~+w > 23 
e+p  ° > 17 
#+p0 > 16 

e+e+e  - >510 
,u+#+# - > 190 
vK*(892) + > 10 
e+Tr ° any > 0 6 
e +r/ > 200 
#+r/ > 46 
up + > I1 
e+K*(892) 0 > 10 

1(1+~ n -~.-~ . 9 3 9 5 6 5 6 3  e 896_+ 10 
+ 0 00028 S = 1 8" 

m n - m p  = 1 293318 cr=2  69×1013 
-+ 0 000009 

Iq n I < 10 -21 e s 

Partial mean hfetlmes of 
bound neutrons (umts 1030 yr) 

e + anything > 06  
#+ anythmg > 12 
v3' > 9 
e % r -  >31 

# + r -  > 23 
e + K  - > 13 
# + K -  > 0 4 
pTr ° > 40 

u K  ° > 32 
e + p  - > 14 

I~ +p - > 7 
vK*(892) 0 > 6 
vuu > 0 0005 
e%r° any > 06  
v~7 > 30 
vp ° > 4 

uw > 18 
e + e - v  > 45 
# + # - v  > 16 
e - •  "+ > 16 
# -Tr  + > 25 
e - p  + > 12 

- -  + 

/.t p > 9  

p e - - ~  100% 1 19 

Forbidden by conservauon laws f 

pu~- O <9 ×10 -24 1 29 
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Stable Particle Summary Table (cont'd) 
Mean hfe b Decay modes 

M a s s  b r (sec) Fraction b 
Particle I (JP) a (MeV)  cr (cm) Mode [ h m , t s  are 90% CL] p (MeV/c )  c 

S T R A N G E N E S S  - 1  B A R Y O N S  a [~. = uds, X + = UUS, X 0 = ud~, Z = dds ] 

A. o(½ +) 111563 2631×1o -10  pTr ( 641 )% 101 
_+005 +_0020 nrr ° ( 357 + 05  )% 104 

S = 1 4 "  S = 1 6 "  n y  ( 102+_ 033 )×10 - 3  162 
p e v  ( 8 3 4 +  014  ) x l 0 4  163 

c r = 7 8 9  p #  v ( 157±  035 )×10 - 4  131 
t [prr  y d( 85  ± 14 )×10 - 4  ] 101 

Z + 
1(½ +) 118937 0799x10  10 prO ( 51 57 )% 189 

± 0 0 6  ± 0 0 0 4  nTr + ( 4830 ± 030  )% 185 
S = I  9* p y  ( 1 24+ 008 )x l0  3 225 

c r = 2 4 0  Ae+v ( 2 0  + 05  )×10 5 71 
t lnTr+y d( 45  _+ 05  ) × 1 0 4 ]  185 

m Z_  mE+ = 8 07 P(E+--*'n(+v) < 0 04 Forbidden by conservation laws ! 
±0 08 

S = 1 6 '  F(E---*-ng v) ne+v SQ ( < 5  ) x l 0  6 224 
n#+v SO ( < 3  ) x l 0  5 202 
pe+e FC ( <7 ) x l 0  - 6  225 

~o 1(½+) t 119255 ( 7 4 ± 0 7 ) x 1 0 2 0  AT 100% 74 
± 0 0 9  Ae+e  u( 5 ) x l0  - 3  74 

S = I  3* ~ r = 2 2 x 1 0 - 9  A y y  (<-3 ) x l 0 2  74 
m.@-m x = 76 92 

±0  10 
S = I  3* 

2; 
1(4 + ) 119743 1479x10 -10  +0006 

nrr ( 99848_0005 )% 193 
± 0 0 6  ±0011  

S = I  5* S = I  3* n e - v  ( 1017+0032037 )x l0  3 230 

n # - v  ( 45  _+ 0 4  )xlO - 4  210 
m ~ _ _ m ~ o = 4 8 9  c r = 4 4 3  Ae v ( 5 7 3 _  + 027 )xlO 5 79 

- - ± 0 0 8  t [nTr - y  a( 4 6  _+ 06  )x l0  -41  193 
S = I  2* 

S T R A N G E N E S S  - 2  B A R Y O N S  a [X 0 = uss, ":- = dss] 

I 1 +  t ~ 0  5-(5- ) 13149 
± 0 6  

m - _ - m - 0  = 6 4 
,.% 

- _+06 

~ - -  I ( l + ~ t  132132 
7-5- - 

±0  13 

2 90x 10-  10 
±0  10 

c r=8 69 

1 639x 10 -10  
± 0 0 1 5  

cr=4 9t 

Arr 0 100% 135 
Ay ( 05  ± 05  )x l0  2 184 
EO'~ ( < 7  )x l0  - 2  117 
E + e - v  (<1  1 )x l0  3 120 
~ + # - v  (<1  1 )x l0  3 64 

ForNdden by conservation laws f 

~2 e+v SO ( <9 ) x l 0  4 112 
#+v SO ( <9 ) x l 0  4 49 

p r  -kS ( <4 ) x l 0  - 5  299 
p e v  AS (~1  3 ) x l 0  - 3  323 
p#  v ..kS ( <1 3 )x l0  - 3  309 

Art 100% 
E y 23  ± 10 
A e - v  55 ± 0 3  
A# v 35  -+ 35 
V ° e - v  87  _+ 17 
E°# v < 8 
~°e v < 2 3  

Forbidden by conservanon laws [ 

nTr AS <-19 
n e - u  AS < 3 2  
n # - v  AS < 15 
pTr 7r AS <4 
pTr e v ...kS <4 
plr # u AS <4 

139 
)×10 - 4  118 
)× 10 - 4  190 
)x l0  - 4  163 
)×10 - 5  122 
)x 10 - 4  70 
)x l0  - 3  6 

)x 10 5 303 
) x l 0  - 3  327 
) x l 0  - 2  314 
)×10 - 4  223 
)x 10 - 4  304 
)× 10 - 4  250 
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Particle 

Stable Particle Summary Table (cont'd) 
Mean life b Decay modes 

Mass  b r (sec) Fraction b 
I (JP) a (MeV) cr (cm) Mode [Limits are 90% CL] p (MeV/c)  c 

S T R A N G E N E S S  - 3  B A R Y O N  a [fl- = sss] 

~'~-- 0(3+) t 167243 0 822x10 - I 0  
+_032 +_0012 

cr=2 46 

678 _+ 07 )% 
236 +- 07 )% 

86 +- 04  )% 
+34 )×10 4 43 - 1 3  
+51 )×10-4]  ( 64  20 

( 56 +- 28 )x l0  - 3  
( <22  )x l0  - 3  

211 
294 
290 

190 

17 

319 
314 

AK 
~,°rr 

7r ° 

~,  7F+71 " -  

t[ E( 1530)%- 
,~O e - p 

E - 7  

Forbidden b~¢ conservation laws f 

A~r AS ( < 1 9 )x 10 - 4  449 

C H A R M E D  B A R Y O N S  a [ ~.c + = ud~, ~ +  + = uuc, V~c+ = udc, ~0  = ddc, E~ + = us~ ] 

0(½+) t 15 +- 06  )% 
26 + 09  )% 

A d  2284 9 (1 79_+ 0 ~ ) x l O  -13 
+-15 

S = l  6* 

c r=0 0054 

p~0 

pK rc + 

t l P h  ;*° 

A++K - 

p~'07r + 7r- 
pK-rc+rc ° 

t lph'*-Tr + 
XK* 
A anvthmg 

t[ ATr + 
.~.W + 7r + 71 - -  

X -+ anything 
X%r + 

riPe + anything 
ke + anything 
e + anything 

0 56 _+0 ~ )% 

053 _+0~ )%] 

74 _+ 35 )% 
SO"rt ) 

seen ) 
seen )1 

27 +_ 9 )% 
seen. < 0 4 ) %  
17 +- 07 )% 

g( 10 +- 5 )% 
seen ) ] 

10 +_ 8 )% 
18 +- 09  )% 
I I z 08 )%] 
45 +- 17 )% 

872 
822 

684 

709 

753 
758 
579 
417 

863 
806 

824 
803 

~ c  See the Baryon Summary Table 

%~ + 2460 (4 3_+11 7)×10-13 AK-lr+Tr+ seen ) 781 
~"*c vOK-Tr+Tr+ +- 19 - seen o ) 729 

was 4 + cr=0 013 

A o  Not estabhshed, see the Stable Particle Full L~stmgs 

Searches for top hadrons, free quarks, magnenc monopoles, "[ See the Stable Pamcle Search Limits Summary Table 
axlons, Hlggs bosons, heav~ bosons, supersymmetnc parhcles. ) and Full Llst,ngs 
and quark and lepton composlteness 
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~ D D E ~ , D t  Xl I0 Stable Particle Summary Table 
Magnet tc  moment  (,a B = e h / 2 m  e) 

p < 1 5 × 1 0  I0 
e 

p < /  2x10  - 9  
P 

1 0 0 1 1 5 9 6 5 2 1 9 3  
e "+ 0 0 0 0 0 0 0 0 0 0 0 1 0  

eh i 1 0 0 1 1 6 5 9 2 3  
+ 0 0 0 0 0 0 0 0 0 8  2m u 

• r Miche l  parameter 

p = 0 73-+007 

"i" 

p. decay parameters w 

p = 07518-+00026  6 =  0 7 5 5  -+0009 
rl = - 0 0 0 7 - + 0 0 1 3  q =  0 0 2 " + 0 0 8  
~ ' =  100"+004  ~ " =  065  "+036 
~PuS/p > 0 99677 ~ '~Pu = 10027-+0 0085 ,c 

a/4  = (0-+4)×10 3 a'/4 = ( - 0 2 _ + 4 3 ) x 1 0  - 3  
~/4 = (4_+6)x10 3 [3"/4 -- (2-+6)x10 3 

w-+ -~t±~ form factors w 

= 0 0 2 9  +o 019 . . . .  +0026 F A = 0 0 1 1 8 - + 0 0 0 2 0 S = 1 6 *  F~ - 0 0 1 4  R = o o o 3 _ 0 0 1 6  

M o d e  Left-right asymmetry  Sextant  asymmetry  Quadrant  a s y m m e t D  
"q rr+Tr-Tr 0 ( 0 12-+0 17)% (0 19_+0 16)% ( - 0  17_+0 17)% + - 

rr r 3' ( 0 9  _+04 )% /3 = 0 05 "+ 0 06 S = 1 5 "  

K M o d e  Slope  parameter g Y Kt3 form factors w 

K+--* -Tr+r+r -  - 0 2 1 5 " + 0 0 0 4  S=l 4* f ) ~ +  = 0028_+0004~+004 3* "~+lfs/f+l= 00300"+00016<004 S=I 2* 
K--- -~r-Tr-Tr  + - 0 2 1 7 " + 0 0 0 7  S = 2 5 "  Ke+3 I f s / f + l  = 0 ~ - 0 0 5  S=I KeO3 

K-+---*r-+r°Tr° 0 5 9 4 " + 0 0 1 9  S=l 3* ( I f T / f + l  =022-+01513 • I f r / f + l  < 0 2 3  

K°"+~r+Tr r °  0 6 7 0 - + 0 0 1 4  S = 1 6 "  { X+ = 0 0 3 3 - + 0 0 0 8  S=16  * { X+ = 0 0 3 4 - + 0 0 0 5  S = 2 3 "  

See Full Listings for quadrat tc  coefficients /~ ~ X o = 0004_+ 0 0 0 7  S= 16* K o I / ' T / f + l  0 0 2 - + 0 1 2  u3 ~'o = 0025_+0006  S = 2 3 "  
= I f T / f + l  = 0 1 2  -+ 0 1 2  

A S  = - A Q  m Kff3 decay 

Re x = 0006_+0018  S = I  3* 
lm ~ = - 0 0 0 3 - + 0 0 2 6  S = l  2* 

CP-wola tmn parameters  z 
It/+ I = ( 2 2 6 6 - + 0 0 1 8 ) x 1 0  - 3  

Ir/ool = (2245-+0019)x10 3 
qS+ = ( 4 4 6 - + t 2 ) ° S = 1  l* ~b0o=(54-+5) ° 
I r /+_o l2  < 0 1 2  I~oool 2 < 01  

1(/¢1 = (32"+ 10 )×10  - 3  aa 
I¢1 = (2259"+0018)x10  - 3  aa 
Re ¢ = (1621_+0088)×10  - 3  
6 = (0330-+0012)% 

M a g n e O c  
moment  
(#~, = eh/2mp)  M o d e  

Decay  parameters  bb 
Measured Derived 

~(degree) 3' A(degree) C o o p h n g  constant rattos 

p ~ 2792847386 
+.+- 0000000063 

n v  - 1 9 1 3 0 4 2 7 5  p e v  gA/gl~ = - 1 2 5 9 " + 0 0 0 4  

• + 0 0 0 0 0 0 0 4 5  q~Al~ = (180 I 1 "+017) ° 

A v  - 0 6 1 3  pTr + 0 6 4 2 " + 0 0 1 3  - 6 5 " + 3 5  0 7 6  8_+4 
"+0004 nrr ° + 0 6 5 " + 0 0 5  

p e - v  gA/g~ = - 0 6 9 6 _ + 0 0 2 5  S=I 3* 

o o . + 0 0 1 9  ~.,+ 242 p r  o - 0  "J~u_0014 36-+34 0 1 6  187-+6 

7,~+ 133 • +005 nTr + + 0 0 6 8 " + 0 0 1 3  167"+20 - 0 9 7  - - ' ~ - I 0  

S = 3 1 "  S=I 1" 
P3' - 0 8 3  "+012 

~ 0  -161(~ , .0  
-+0 08 

-- - -~Ao + 12 I 157 nTr - 0 0 6 8 " + 0 0 0 8  10"+15 0 9 8  . . . .  120 

"+0025 ne t, IgA/g ~ I = 0 3 6 - + 0 0 5  S=I 9* 

S = 1 7 "  ~-e v gl~/g A = 0 0 1 " + 0 1 0  S = 1 5 "  gl4,g/gA = 2 4 " + 1 7  

~ 0  - 1 2 5 0  kTr ° - - 0 4 1 1 " + 0 0 2 2  21"+12 0 8 5 2 1 8  +12 - 1 9  

"+0014 S = 2 1 "  

~_- -  - 0 6 9  ~tTr- - 0 4 5 6 " + 0 0 1 4  4-+4 0 8 9  188_+8 
_+004 S=l 8* 

£e u gA/g~ = - 0 2 5 - + 0 0 5  

-- ~K 0 026 "+ 0 026 
E°Tr - + 0 0 9  "+014 
-- 7r ° + 0 0 5  "+021 
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Search Limits Summary Table 
Search h m l t s  usual ly  are c rmcal ly  dependen t  on a s sumpt ions  Fur ther  detai ls  and  other  l imi t s  are g iven m the Full List ings For  comple te  
informat ion ,  the or iginal  l i terature  should  be consul ted All h m l t s  g iven below are for CL=0 90, except  those marked  with an asterisk (*), 
which are for CL=0 95 

Leptons 
L + charged lepton ~4 > 41 GeV re(v) ~ 0 

E ° - -  neutral  para- or or tho- lepton 'v/ > 22 5 GeV* t fE°e14  vertex is I" - 4 
> 2 4 5 G e V *  l f E ° e 1 4  vertex is V + A  

No direct,  uncontes ted  ev idence  for mass ive  neut r inos  or lepton m~xmg has been obta ined Sample  hml t s  are 

v OSClllatmn 
u u ---) u e (0 ~ mix ing  angle) sm 2 20 < 3 4× 1 0 -  3 if  AM 2 is large 

AM 2 < 0 0 9 e V  2 if  sin 2 2 0 -  1 

u e --~ u e s in220 < 0 14 i f A ~ / 2  is large 
AM 2 < 0 0 1 4  eV 2 i f  s in220 = 1 

For exci ted leptons,  see Compos l t enes s  Limi ts  below 

Hadrons with t or b' Quarks 
T - -  hadron  with t qua rk  
B '  - -  hadron  wi th /9 '  qua rk  (4 th gen ) 

'14 > 44 GeV* p~---*- T +X 
~1 > 3 2 G e V  p ~ - - - ~ B ' + X  

(~ l  > 2 5 9 G e V  f r o m e + e  c o i l )  

(~/  > 23 8 GeV from e + e  - coil ) 

Number of Light Neutrino T ) p e s  (including v e ,  vj,, and ~,) 

N < 5 9  

N < 7 5  

from Z width m Standard Model,  
a s suming  m (t)  > 44 GeV 

from e + e --~ "y~-u 

Additional W Bosons 
W R - -  r ight -handed I4" 

W'  - -  I4" wi th  s tandard  coupl ings  decaying to e u  

Additional Z Bnsons 

Z L R  of  SU(2) L ×SU(2)  R ×U(I  ) 

Z x of  SO(10) --~ S U ( 5 ) × U t I )  

Z~  o f E  6 ~ SO(10)×U(I)~k 

Z n o f E  6 -.~ S U ( 3 ) × S U ( 2 ) × U ( I ) x U ( I ) n  

Z I with s tandard  coupl ings  decaying to e+e  - 

Higgs  Bosons (or Technipions)  

~4 > 406 GeV 

~4 > 210 GeV 

M > 343 GeV 

> 249 GeV 

M > 151 GeV 

M > 112 GeV 

M > 180 GeV 

assuming  light r ight-handed neutr ino 

i f  magni tudes  of  L & R couphng  cons tants  are equal  

coupl ing  constant  der ived  from G U T 

coupl ing  constant  der ived  from G U T 

coupl ing  constant  der ived  from G U T ,  
charges are Qn = k / ~ Q x  - x f ~ Q ¢  

H ° M > 3 9 GeV 
The order  a s correct ion reduced the rate for T ~ H°3  , by a factor o f  2 (yielding the above hml t )  The impac t  both of  order  c~ 2 and 
of  re la t iv is t ic  correct ions  are unknown  If  they a m o u n t e d  to ano ther  factor of  2, the above l imi t  would  be essent ial ly e l imina ted  
Also the poss ibi l i ty  of  an a l lowed window for M ( H  °) ffi 100-200 MeV has not  been def imt lve ly  ruled out, see the Note m the Full 
List ings for Hlggs Bosons 

H -+ M > 19 GeV* 

Axions  
The s tandard  Pecce l -Qumn axlon  is ruled out  Var iants  with reduced couplings or much  smal ler  masses  are const ra ined by 

var ious  data  
A repor ted observa t ion  of  neut r lnoless  double  beta decay with MaJoron emiss ion  IS contradic ted  by later  exper iments  The best 

l imi t  for the half-hfe is > 1 4× 1021 years 

Free Quarks 
All searches since 1977 have  had negat ive  results  

Monopoles  
Isolated cand ida te  events  have  not  been conf i rmed Most exper iments  obta in  negat ive results 

cont 'd  on next page 
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Search Limits Summary Table (cont'd) 
Supersymmetric Particles 

A s s u m p t m n s  inc lude  1) p h o t m o  ~s hghtes t  s u p e r s y m m e t n c  pa rhc le ,  2) R - p a n t y  is conse rved ,  3) mass  o f  exchanged  pa rhc le s  is 
less t h a n  a b o u t  250 G e V  ( m o s t  h m l t s  are  not  s e n s m v e  to th is  r e q m r e m e n l ) ,  4) unless  o the rwise  stated,  ~l(f L) = $t(f R), a n d  u d ,  
s ,  c ,  a n d  b sca la r  q u a r k s  are  degene ra t e  m mass  

~, - -  p h o t m o  M > 10 G e V  if  I/(~a) = 40 G e V  

M > 5 G e V  i f  ~/(g;) = 55 G e V  

M > 5 G e V  t f  ~107) = I00 G e V  ( f rom cosmology)  
X? neu t r a l l nos  ( m , x t u r e s  o f '~ ,  ,~0, a n d / ~ O )  / l  > 31 OeV* , f  $t(/~) ~< 70 G e V  

-+ - / t j-+) M > 22 5 GeV* Xi - -  c h a r g m o s  (mzxtures  o f  I4 ÷ a n d  

v sca la r  n e u t r i n o  [ ~t( 'u T) + M(u e or  ~u)]  > ,,1 (r)  , f  U (  ~ ) ~ 'if( 14 ) 

[~l(G)+~l("de)]>,n(la) i f  ~ / ( 5 )  ~ ' v / ( .  ) 

~- - -  sca la r  e lec t ron  M > 58 G e V  i f  ¢ / (~)  = 0 

M > 39 G e V  If M(20  = 10 G e V  
M > 23 GeV* i f M ( y )  < 19 G e V  

~ . -  sca la r  m u o n  l I  > 21 GeV* f f M ( ~ )  < 15 G e V  

- -  sca la r  t au  '~I > 20 6 GeV* i f M ( ~ )  = 0 

~/ > 19 GeV* l f M ( y )  = 10 G e V  

- -  sca la r  q u a r k  'ff > 58 G e V  l f M C .  a)  ~< 160 G e V  
M > 75 G e V  ~f ~l(..a) = ~4(~) 

- -  g l u m o  I t  > 53 G e V  ~f '~1(~) > M ( ~ )  

~/ > 75 G e V  ~f ~1(~) = ~lGa) 
T h e r e  ~s s o m e  c o n t r o v e r s y  a b o u t  a low-mass  w i n d o w  ( M ( ~ )  < 4 GeV)  Several  e x p e r i m e n t s  cas t  d o u b t  on  the exis tence o f  this  
w i n d o w  

Compositeness 
Scale L~mlts A for  C o n t a c t  In t e r ac t ions  (the lowest  d l m e n s m n a l  m t e r a c t m n s  w~th four  f e r m m n s )  

I f  the  L a g r a n g m n  has  the fo rm 

- 2A 2 

(with g2/4rr set equal  to 1). then we def ine  A --- ~/~L F o r  the full de f imt lons  a n d  for  o the r  fo rms ,  see the  Note  in the Full Lis t ings 
for  Q u a r k  a n d  Lep ton  C o m p o m e n e s s  a n d  the or ig ina l  h t e r a t u r e  

A& ~z2 

ALL(eeee) > 1 4 TeV* > 3 3 TeV* 
ALL(eelala) > 4 4 TeV* > 2 1 TeV* 
ALL(eerr) > 2 2 TeV* > 3 2 TeV* 

ALL(lauuev e) > 3 1 TeV > 3 1 TeV 
ALL(qqqq) > 0 42 TeV* > 0 42 TeV* 

Exci ted L e p t o n s  

T h e  h m l t s  f r o m  ( ' + t "  d o  no t  d e p e n d  on  k (where  X --- m ( g ' ) / A  ns the t ' ( "  t r a n s m o n  c o u p h n g )  The  e x p e r i m e n t s  r epo r t ing  h m l t s  
f r o m  e + e  - --~ la#* a n d  rr* a s s u m e d  t r ans i t ion  c o u p h n g s  w h i c h  v io la te  c h l r a h t y  As d i scussed  m the note  m the Full L~stmgs for  
Q u a r k  a n d  L e p t o n  Compos~teness ,  these m a y  be in te rp re ted  as h m l t s  for  c h l r a h t y - c o n s e r v m g  in t e rac t ions  i f  the va lues  for  ~ are 
m u l t l p h e d  by  

e* -+ - - e x o t e d  e lec t ron  1.I > 75 GeV* i f ) ,  - 1 
M > 23 GeV* f rom e * + e  * 

la* -+ - -  exmted  m u o n  M > 43 GeV* f f k  - 0 6 
M > 23 GeV* f rom la*+la * -  

r *-+ - -  e x o t e d  tau  $1 > 40 8 GeV* l f k  - 0 7~ /2  
M > 22 7 GeV* f rom z * + z  * 
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Stable Particle Summary Table (cont'd) 
* S = Scale factor = ~/X2 / (N-  1), where N ~ n u m b e r  of  expemments  S should  be ~ 1 If  S > 1, we ha'~e enlarged the 

error  of  the mean,  ~¥,  J e ?~V ~ S~V This  conven t ion  is still inadequate ,  since ~f S > >  1 the exper iments  are prob- 
abl~ incons is ten t  and  therefore the real uncer ta in ty  is probably  even greater  than S6x See the In t roduct ion  and Ideo- 
grams m the Full Lis t ings 

+ Square brackets  indicate  subreac t ions  of  some prev ious  unbracketed  decay mode(s)  React ions  in one set o f  brackets  
may over lap  with react ions  in ano the r  set of  brackets  A radia t ive  mode  such as ~ --- UP7 is a subreact lon of  ~ts parent  
mode  7r -,- ~u 

a The s t rangeness  of  the ~ quark  and the bo t tomness  of  the b quark  are both - 1 (so that  h + has strangeness + 1 and B + 
has  bo t tomness  +1)  The charm of  the ~ quark  is +1 

b Masses,  mean  lives, and decay mode  fract ions are evaluated  a s suming  equal i ty  for particles and ant ipar t ic les  
c For  a 2-bod~ decay mode  this  is the m o m e n t u m  of  the decay products  in the deca~, rest frame For a 3-or-more-body 

m o d e  this  is the m a x i m u m  m o m e n t u m  any of  the products  can have  in this f rame 
d See the Full List ings for energy l imi t s  used in this  measu remen t  

e The  masses  of  the e ,u, ~p, and  n are most  preclsel', known m u (unified a tomic  mass units)  They are 
mo = 5 4 8 5 7 9 9 0 3 ( 1 3 ) × 1 0 - " u ,  m = 0 1 1 3 4 2 8 9 1 3 ( 1 7 )  u "m. = 1007276470(12) u, and  m n = 1008664904(14) u, 
where the numbers  in parentheses  are the l - s tandard-dev ia t ion  uncer ta int ies  m the last dlg~ts The con'~erslon to MeV, 
1 u = 931 49432(28) MeV in t roduces  a considerably  larger uncertainty in the masses  

f Decays which are forbidden b~ a conserva t ion  law are indicated by the fol lowing abbrev ia t ions  /_V -= lepton famll~ 
number ,  t_ =- total  lepton number ,  B -= baryon n u m b e r  O ~ electric charge, C ~ charge conjugat ion,  P =- parity, 
CP =- charge conjuga t ion  t imes  parity,  ..kS = (AS =2) ,  SO ~ (AS =..XO ), FC =- f lavor-changing neutral  current  See 
the Tests  of  C o n s e r v a u o n  Laws sect ion for further  detai ls  

g Value is for the sum of  the charge states  m&ca t ed  

h S t ruc ture-dependent  p a n  with pos i t ive  (SD +) and  negat ive ( S D - )  photon hehclt} Interference te rms  between 
s t ruc ture -dependent  parts  and  inner  b remss t rah lung  ( S D + I N T  and SD INT) 

j Di rec t -emiss ion  b ranch ing  fraction 

/, This  is a weighted  average of  D ± (44%) and  D o (56%) branching  fracUons 
t" D 0 _ D o l imi t s  inferred from l imi t  on D o ~ /5 o --,- K %r B~ ° - B_°  value inferred from B ° ~ B ° --,- i t -  any th ing  

m Q u a n t u m  number s  shown are favored but not yet es tabl ished 

n Values  are based on rough es t imate  of  ra t io  of  D s~ to total  charm product ion  Only ratios of  each fraction to the 4~7r + 
mode  are well known 

p Q u a n t u m  numbers  not measured  Values shown are quark-model  predic t ions  

q Only  data  from T(4S) decays are used for b ranch ing  fractions BEBEK 87 (Phys Rev D36, 1289) es t imate  the T(4S) -~ 
B + B  branching  fractions to be 43_+4 and 57_+4% There  is an add i t iona l  uncer ta in ty  due to the a s sumpt ion  of  P-  
wave phase space A L B R E C H T  87D (Phys Lett B199, 451) assume branching  fract ions 45 and 55% 

r First  l imi t  is geochemical  and  independen t  of  decay mode  Second l imi t  a s sumes  that  the d o m i n a n t  decay modes  are 
a m o n g  those inves t iga ted  For  a n u p r o t o n s  the best mean  life l imit ,  inferred from observauon  of  cosmic  ra t  ~-'s, is r -  
> 10"yrs ,  the cosmic  ray storage t~me P 

s L imi t  from neu t rah ty-of -mat te r  expe r imen t s  It a ssumes  that  qn =qp + qe 
t P for E JP for ~ -  and  v0, and  J for A + not  yet measured  Values shown are quark-model  predic tmns  

u A theoret ical  value using QED,  see the Full List ings 

For l imi t s  on the electric d ipole  m o m e n t  (forbidden by P and T invarlance) ,  see the Tests of  Conserva t ion  Laws sec- 
t ion 

w For  more  detai ls  and  def in i t ions  of  parameters ,  see the Full List ings 

x P is m u o n  longi tudina l  polar iza t ion  from ~r decay In s tandard V-A theory, P = 1 and p = ~i = 3/4 

T~e de f imt lon  of  the slope pa ramete r  g of  the K -,- 3~- Dahtz  plot is as follows (Usee also note in the Full Listings) 

I ~t 12 = 1 + g(s3-So)/m~+ + 

z The CP-v lo l a t l on  pa ramete r s  are def ined  as follows (see also note in the Full Listings) 

r/+ It/+ I f  ~ + -  A(KOL"*rr+rr ) A (K ° -,. Tr% o) 
_ = ~ + t '  r/oo = I ~ / o o l f  ~ ° ° =  ~ -  2 ¢  

A(Ks0--.~'+~" ) A(K°-,.Tr°Tr O) 

r(tco-.r+)-r(xo.-.r-) r( /%0__.~+~ 7to) Cp v,ol i.(KO...~TrOTrOTrO)CP v,ol 

= r(~co r+ )+r (Ko_ ,  r ) '  I r / + - o 1 2 =  F(KL0__,.Tr+Tr 7r °) 17/oo012= F(KO_,.Tr%%O) 

aa Derived  from I r/0ol and  I r/+ I measu remen t s  using theoret ical  input  on phases See note in the Full List ings 

bb The baryon decay pa ramete r s  c~, /3, ~, ..X, and  4~ for non lep ton lc  modes  are related as follows (see also the Note on 
Baryon Decay Paramete r s  in the neut ron  Full L~stmgs) 

2 1 s l  I p l c o s A  /3= - 2 1 s l  I p l s m A  ~ s m 4 ~  y = X / l - t ~ 2  cos~b 
o~ i s l 2 + l p l  2 I s l 2 + l p l  2 

The  paramete r s  gA" gv,  and gt~ ~t for seml lep tomc  modes  are def ined  by Bf["yx(g V + gA-Y5 ) + t(gi4M/mBt)a~vqt']Bt, 

and  dPAV is def ined by gA /gv  = I gA /gv  I fC~Ar 
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Meson Summary Table 

April 1988 

In addltton to the entries m the Meson Summary  Table, the Meson Full Listings contain all 
substantml claims for meson resonances See Contents of  the Meson Full Listings at end of  this Summary  Table 

Quantt t tes  m ttah~s ape ne~ ot have changed by m o t e  than one (old) s tandard de~tatton smce our 1986 edttton 

Decay modes 
Mass Full 

1G(jPC) a M ~idth F Fraction(°/o) p b 
Particle estab (MeV) (MeV) Mode [Upper limits (%) are 90% CL] (MeV/c) 

N O N F L A V O R E D  M E S O N S  

I" -+ 1- (0  - + )  139 57 0 0 See Stable Part,cle Summary  Table 
~r ° 13496 757 

_+032 eV 

0+(0 - +) 548 8 1 05 Neutral 70 9 See Stable Particle 
+_ 0 6 + 0 15 keV Charged 29 1 Summary  Table 

0(770) I+(1 ) 770 153 7rTr ~ 100 359 
_+3 § _+2 MeV 7r-+'7 0045_+0005 S=22"  372 

+ 
# ~ 00067_+00014 d 370 

I" from neutral mode e + e  - 0 0044 -+0 0002 d 385 

rt'7 seen 189 
Fee = (6 9-+0 3) keV zr+-r/ < 0  8 (CL=84%) 146 

2(Tr+~r ) < 0  15 247 
~r+lr+Tr 7r ° < 0  2 ~CL=84%) 250 

o.,(783) 0 ( 1 ) 782 0 8 5 
+_01 +_01 

S=I 5* 

Fee = (0 60 ++_ 0 02) keV S= 1 2* 

7r +Tr-Tr ° 8 9 3 - + 0 6  S=I 1" 327 
7r°'7 8 0 _+ 0 9 379 
7r+rr I 7 + 0 3  S=I 3* 365 

r~+l l  
neutrals (excludmgrr°'7) 1 ,, _ 0 6 

7r°g + # -  0 010 _+ 0 002 349 
e + e  00071 _+00003 S=12"  391 
rt'7 seen 198 
7r+Tr-'7 < 4  365 
7r°Tr°'7 < 1 367 
/~+~ ~ 0 02 376 

71'(958) 0+(0 - + )  95750 021 
• + 0 2 4  _+002 

S=I 3* 

ry(958) decay modes (cont'd) 

6 r  < 1 189 
~ r + r - e + e  - < 0 6  458 
7r%r 0 < 01  459 
7r 0 
4'7"77r 0 < 0 0 8  469 

< 0 0 5  379 
3 ~  < 0  01 479 

+~ < 6  x l 0  - 3  445 
+ r/# ~ <1 5×10 - 3  272 

rtTr+rr 44 1 _+ 1 6 231 
pO'7 30 1 _+ 1 4 169 
r/Tr%r ° 20 5 + 1 3 S= 1 2* 237 
w y  30_+03  159 
73' 2 16_+0 t6 S=I 4* 479 
3rr ° 015_+003 S=I 1" 430 
/a*~- '7  0 011 _+0 003 467 
rr+Tr rr ° < 5 (CL=84%) 427 
7r0p ° < 4 117 
rr+Tr < 2 (CL=84%) 458 
rc°e+e < 1 3 (CL=84%) 469 
r /e+e < I 1 321 
2(7r +zr - ) < 1 (CL=95%) 372 
2(Tr+Tr ) r  0 < I (CL=84%) 298 
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Meson Summary Table (cont'd) 
Decay modes 

Mass Full 
IG(jPC) a M width P Fraction(%) p b 

Particle esfab (MeV) (MeV) Mode [Upper hmlts (%) are 90% CL] (MeV/¢) 

f 0 ( 9 7 5 )  0+(0  + +) 976 c 34 c rrTr 78 _+ 3 468 
was S(975)  _+ 3 _+ 6 KK 22 _+ 3 

S=I 2* 

a0(980) 1- (0  ++ 983 e 57 e rpr seen 319 
. a s  ~3(980) _+ 3 _+ I 1 KJ~ seen 

S=I 2* 

4~(1020) 0 - ( 1 - - )  101941 4 4 1  K + K  - 495_+1 0 S=I 3* 127 

• + 0 0 1  +_005 K L K  S 3 4 4 _ + 0 9  S=I 3* 110 

S=I 2* pTr 12 9-+0 7 181 
r r + r r - r  ° 1 9-+1 1 S=I 3* 462 
r/~ I 28_+006 S=I 1" 362 
7r y 0 131 _+0013 501 
e + e  0 031 _+0 001 510 

+ 

~ 0 025 _+ 0 003 499 
rie + e n a ~ + O  008 

u u l . - - 0  006 362 
+ 

~r 7r 0 0 0 8 _ + 0 0 0 5  S=I 5* 490 
+ - -  

7r 7r y < 0  7 490 
w y  < 5 210 
py < 2  219 
20r  + 7r-)rr 0 < 1 341 
2(rr+Tr ) < 0  1 410 
7r%0y < 0 1 492 
r/(958)~ < 0 041 60 

Fee = (1 37-+005)  keV 

(CL=84%) 
(CL=84%) 
(CL=95%) 

h i ( l i T 0 )  0 - (1  + -  1170 335 pTr seen 310 
was H(1190)  -+40 _+26 

bi(1235) I+(I + ) 1233 150 wTr dominant 
. a s  B(1235) _+ 10 § _+ 10 § [ D / S  a m p h t u d e  rauo  = 0 26_+0 04] 

~r +rr+rr-Tr° < 50 

ai(1260) 1 (1 ++)  1260 § 3 0 0 - 6 0 0  
was 41(1270) _+ 30 § 

f 2 ( 1 2 7 0 )  0+(2  ++ ) 1274 185 
was / ( 1270)  _+5 § _+20 § 

35O 

(CL=84%) 535 
~rr < 25 482 
7rzr < 15 600 
rip < 10 
(h-K)-+ 7r 0 < 8 249 
K ° K ° ~ r  +- < 6 239 
Kh < 2 (CL=84%) 369 
K °/~ s%r -+ < 2 239 
~bTr < 1 5 (CL=84%) 147 

pTr d o m i n a n t  377 
~r +- y seen 622 
rr(TrTr)S_wave < 0 7 § 591 

~rlr 86 + 1 622 

~ + 1 2  1" 7r +Tr-27r ° 6 ~ - 2 4  S=I 562 
~+10 

KJ~ 4 ~ _ 0 6 398 

27r+2r  - 2 8 - + 0 4  S=I 2* 559 
rtri 0 45 -+ 0 10 S=2 4* 323 
y y  0 0015 -+ 0 0001 637 
47r ° 0 3 _+ 0 1 S= 1 3* 564 
riTrTr < 1 473 
K ° K - r +  + c  c < 0  3 292 
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Meson Summary Table (cont'd) 
Deca)  modes 

Mass  Full h 
IG(jPC) a M ~,ldth I ~ Fraction(%) P 

Particle _ _  e~tah (MeV)  (MeV)  Mode [Upper hmlts (%) are 90% CL] (MeV/c)  

~1280)  0+(0 - + )  1279 32 r/TrTr ~een 476 
+-5 +_ 10 t[a0(980)Tr seen ] 230 

f1(1285) 0+(1 + +) 1283 25 
was D(1285) +- 5 § +- 3 § 

I-(1300) 1 - ( 0 -  +) 1300 § 
+- 100 § 

Not a well-estabhshed resonance 

200 600 

r/TrTr 49 +- 6 482 
t [ a  0(980)a- 36 + 7] 236 

4 r  (prob prrTr) 40 +- 7 564 
K/~Tr 11 +- 3 S= 1 1 * 302 
47r 0 < 0 07 569 
77  ~- 0 006 (CL=95%) 642 

pTr seen 406 
7r(TrTr)s - v, ave seen 612 

a2(1320  ) 1 (2 ++ ) 1318 110 
was t 2(1320) +- 5 § +- 5 § 

~4 and F are from KK mode 

pTr 70 1 +2 7 S=I 2* 419 
r/zr 14 5 +- 1 2 534 
o:TrTr 106+-32  S=I 3* 361 
K~" 4 9 + 0 8 434 
7r+7 0 27 +0  06 652 
77  0 0008 +0  0001 659 
r/'(958)Tr -- 2 (CL=97%) 286 

f0(1400) 0+(0 ++ ) ~1400  150--400 
~ as ~(1300) 

f 1(1420) $ 0+(1 ++ ) 1422 55 
~as E(1420) _+ 10 § _+3 

rl(1430) :~ 0+(0  - +) 1440 § 60 § 
was t (1440) _+ 20 § +_ 30 § 

7rTr 93 +- 2 686 
Ah 7+-2 496 
r/r/ seen 435 

KR-r (mcl K * K + K K * )  seen 429 
r/TrTr possibly seen 568 

t[ a 0(980)7r possibly seen ] 353 

KKzr (mcl K * K + K K * )  seen 444 
r/TrTr seen 579 

1"[a 0(980)7r seen] 367 

f~(1525)  0+(2 ++ ) 1525 76 
was ( ' (1525)  +-5 § + 10 § 

h& dommant  581 
7rTr possibly seen 750 
r/q seen 529 
73' 0 00014 +-0 00005 763 

f1(1530) 0+(1 ++) 1527 106 
+-5 +-14 

K*K + K*K seen 313 

f0(1590) 0+{0 ++ ) 1587 175 
+-11 +_19 

Seen by one group onl~ S=I 3* 

r/'(958)r/ dominant  241 
r/r/ large 573 
47r ° large 735 

w3(1670) 0 (3 ) 1668 166 
was ~(1670) +- 5 +- 15 § 

3~ seen 805 
t [ p ~  seen] 647 

5 r  seen 740 
? [ w r r  (prob b1(1235)~) seen] 614 

~2(1670)  I (2 +) 1665 250 
was 4 3(1680) +- 20 § +- 20 § 

f2(  1270)7r 53 +_ 5 322 
p~r 34 +- 6 645 
rr(~_~)S -~vave 9 +_ 5 803 
K*K + K*K 4-- 1 4 448 
r/rr <- 10 735 
57r < l0 732 



M e s o n  S u m m a r y  T a b l e  (cont'd) 
31 

Parttcle 

4,(1680) 

l~ ( jec)  a 
estab 

0 (1 - )  

Mass Full 
M '~ndth I ~ 

(MeV) (MeV) 

1685§ 13o§ 
+75§ _+50 § 
-15§ 

Not a ~t ell-e~tahh shed p esonan~ e 

Decay modes 

Fraetnon(%) p b 
Mode [Upper Inmlts (%) are 90% CL I (MeV/c) 

K*K + K * K  seen 466 
w~rTr seen 625 
/~/~ seen 683 
e + e seen 842 
r+Tr 7r ° possnbly seen 814 

03(1690) 1 + ( 3 - - )  1691 215 
~as g(1690)  _+5 § _+20 § 

J P  ~/1 and F from the 27r and h K  modes  

47r (mcl 7rTrppp a2rcwTr ) 71 1 _+ 1 9 787 
27r 2 3 6 + 1  3 834 

KKTr (mcl K * h + h l ~ * )  38_+1 2 628 
Kh- 1 6_+03  S=I 2* 686 
rtTr +rr - seen 728 

0(1700) 1 +(1 - )  1700 23~ 

+_ 20 § +_ 50 
47r (mcl pTr+Tr - al(1260)Tr ) seen 792 
7rTr seen 838 
K * K  + K * K  wen  479 
~_Tr Tr wen  733 
AK seen 692 
e + e - ~een 850 

f2 (1720)  0 + ( 2  ++ ) 1721 138 KK, 38 +9 
~as 0(1690) + 2 _+11 - / 9  705 

- 4  r/r~ 18_~ 3 663 

9 + 0  ~" ~'Tr 3 - _  4 849 

f2 (2010)  0+(2 ++ ) 2011 202 4~49 ~een 
uas  g l  (2010) --70 --65 

Seen by one group  only  

f 4 ( 2 0 5 0 )  0+(4  ++ ) 2047 204 rrrr 1 7 + 2  1014 

_ +_003 ~ a~ h (2030) -- I 1 + 13 KK 0 7 2 897 

S= 1 3* r/rt 0 21 .. 0 08 864 
47r ° < 1 2 979 

f2 (2300)  0+(2 + + ) 2297 149 ~b(~ wen  529 
~as ~' /(2300) +28  +_41 

f 2 ( 2 3 4 0 )  0+(2  ++ ) 2339 319 q54> wen 573 
i~a~ g~'(2340) +55 + 75 

c?- M E S O N S  

7/c(IS) 0+(0  +) 2979 6 10 3 Decay modes  into hadromc resonances 
or rt~ (2980) .. I 7 + 3 8 

3 4  r/'(958)TrTr 4 1 _+ 1 7 1320 
K*Oh rr+ + c  c 2 0 - - 0 7  1274 
K'A-* 0 9_+0 5 1193 

Decay modes  into stable hadrons  ~4~ 0 34 *_ 0 12 1086 
pp 0 26 -+ 0 09 1275 

KKTr 5 5_+0 8 1379 a0(980)rr ~_ 2 0 1324 
r/Trrr 5 0 - - I  1 1425 a2(1320)Tr ~ 2 0  1193 
K+A-Tr+Tr  2 0 ± 0 3  1343 [2(1270)r/ ~ 1 1 1143 
2(Tr+Tr - )  1 2 - - 0  3 1457 o~w ~ 0 3 1268 
p p -  0 1 0 . . 0 0 2  1157 

Radmt lve  decay modes  rlKK < 3 1 1263 
+ t~r~+O06 7r 7r pp < 1 2  1024 '~"{ . . . . . .  005 1490 
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M e s o n  Summary  Table  (cont'd) 

Particle 

Mass Full 
IG(jPC) a M ~tdth F 

_ _  e~tab (MeV) (MeV) Mode 

Decay modes 

h 
Fractmn(%) P 

[Upper limfls (%) are 90% CL] (MeV/c) 

J/de(IS ) 0 (1 ) 30969 0068 
op J/if(3097) +0 1 _+0010 

e+e 6 9-+0 9 1548 
~+~ 6 9"+0 9 1545 
hadrons + radmnve 86 2 _+ 2 0 

Fee = (4 72_+0 35) keV 
(assuming I'ee = FUU) 

Decav modes into stable hadrons 

+[2(rr+Tr )Tr 0 34"+03 
3(rr+rr )rr ° 29"+06 
rr+rr rr ° 1 50_+0 15 
7r+Tr-Tr°h*h-  1 2_+0 3 
4(rr+rr )rr 0 0 9 "+0 3 
r r + T r - h + h  0 72"+0 23 
h h - r  061 "+0 10 
p~-Tr+Tr- 060"+005 S=I 3* 
2(rr+rr ) 04"+0 I 
3(rr+rr - )  0 4 +0 2 

- -  + 

nnrr rr 04"+04  
E~ 0 38 "+ 0 05 
2(rr+rr )lk+h 031_+0 13 
p~rr+Tr rr ° 023_+009/ 'S=I  9* 
p~Y 0 22 "+ 00l  
PPO 021 "+002 
pnrr or pnTr + 020"+001 
--~. 018+_004 S=I 8* 
nh- 0 18-+009 
~,~ 0 135-+0014 S=I 2* 

p~Tr ° 0 11+_001 
~,E ± 7r + 110212_+0024 

ph  ~ 009_+002 
2(K+h ) 0 0 7 + 0 0 3  
p K - E  ° 0 03"+00l 
K +/t - 0 024 "+ 0 003 
't~rr ° 0 022 "+ 0 007 
rr+Tr 0015_+0002 
A°A O 0010_+0002 

~E + c c  < 0015 
% o 00051 

1496 
1433 
533 
368 
345 
407 
440 
107 
517 

1466 
1106 
988 

1320 
1033 
1232 
948 

1174 
818 

1231 
1074 
1176 
948 
876 

1131 
82O 

1468 
998 

1542 
1466 

1032 
1466 

Radtanve decay modes 

t [ 7 ~ , ( I S )  1 27-+0 36 115 
-'(rr + rr 2rr ° 083"+031 1518 
~rtrrTr 0 61 +_0 10 1486 
yr/(1430) --*- 7KKrr 047+-006 g 1214 
YOP 0 45 -+ 0 08 1343 
yr((958) 0 42 -+0 04 1400 
3,2(Tr+rr ) 033"+006  S=I 3* 1517 
yf4(2050)-+3'rrrr 0 27 "+ 0 08 872 
7wto 0 16_+003 1336 
7/'2(1270) 0 14 -+ 0 02 1286 

yrt 0 086 -+ 0 008 1500 
TPP- 0 038 _+0 010 1232 
"lOeb 0 031 "+ 0 008 I 166 
7/~(1525) 0023"+0005 S=I 2* 1173 

77r ° 0 004 "+ 0 O01 1546 

Decay modes into hadronlc resonances 

t[prr 1 28-+0 10 
pa~(1320) 0 8 6 + 0 1 3  
w2('rr + 7r ) 0 8 5 + 0 3 4  
cvrr+Tr 0 70+0 08 
/~*(892)0h_~(1430)0+c c 0 67 + 0 26 
cvh*(892)h +c  c 0 53 ++_ 0 20 
/', + h-*(892)- +c  c 038"+007  S=20" 
K°K*(892)0+c c 0 3 7 + 0 0 8  S=2 1" 
w/~(1270) 033"+007  S=I 5* 
b1(']235)+~ = h0 29"+0 07 
toh +-h sOTr + t10 2 9 + 0  07 
~bK*(892)h +c  c 0 20"+0 04 
OKk 0 18+008 
wr/ 0 17+002 
A(1232)+ +ffTr 0 16-+005 
w k h  0 16-+0 10 
wpiY 0 13+003 S=I 3* 
A(1232)+ +A(1232) - 0 11 -+003 
Z(1385)±.4(1385) ~ h0206-+0026  
r((958)pfi- 009"+004 S=I 7* 
4rc + rr- 0 079 + 0 016 
qSr/ 0 071 _+ 0 003 
OR ++-h °rr  + ho 070-+0 012 
to ! I (1420) 0 068 -+ 0 025 
--(1530) ---+ 0 06 -+ 0 02 
tort ° 0 048 +_ 0 007 
p/* -E(1385) ° 0 05 -+0 03 
4~fl'; (1525) 0 045 + 0 005 
~b¢(958) 0 038 -+0 004 S=I 6* 
Z(1385)±Z ~- ho 062"+0 010 
--( 1530)°- ~°  0 03 "+ 0 0 l  
4d~0(975) 0 029 +_ 0 004 
P~7 0 019 _+0 003 
torl'(958) 0 0 l 7 -+ 0 003 
pr/'(958) 00096-+00018 S=I 2* 
0~1(1285) 0008"+0005 S=22 '  
rr-a~(1320) h < 0 43 
KK~(1430) ~ 0 4 
h~'('1430)0R-*(1430) 0 < 0 29 
0S(Tr+Tr ) - ~ 0 15 
K*(892)0K*(892) 0 < 0 05 
~f2(1270) < 0 037 
ppp < 0 031 
E(1385)°~ < 0 02 
wf',(1525) < 0016 
A(1232)+fi < 0 01 
4~rr ° < 0 0007] 

Rad,atwe decay modes (cont'd) 

yfl2(1720) seen 
3~f1(1285) < 0 6 
,ypfirr+rr < 0 08 
2y < 0 05 
"? 'tA < 0 013 
33, < 0 006] 

1449 
1126 
1392 
1435 
1009 
1097 
1373 
1371 
1143 
1299 
1210 
969 

1176 
1394 
1030 
1265 
768 
938 
692 
596 

1365 
1320 
1114 
1064 
597 

1446 
645 
871 

1192 
856 
6O8 

1184 
1397 
1279 
1283 
1032 
1263 
1159 
604 

1318 
1263 
1037 
779 
911 

1003 
I100 
1377 

1070 
1283 
1107 
1548 
1074 
1548 



Particle 

Meson Summary 

M a s s  Full 
I G ( j P C )  a M ~ldth I" 
_ _  estah (MeV) (MeV) 

Table (cont'd) 
Decay modes 

Mode  

h 
Fractmn(%) P 

[Upper hmlts (%) are 90% CL] ( M e V / c )  

3 3  

X c 0 ( I P )  
or X~ 0 (3415) 
~tas X(3415) 

0+(0 ++) 3415 1 13 5 
+ 1 0  + 5 3  

2(re+re - )  (lncl rerep) 3 7 + 0  7 1679 
rr+re K+/k (mcl rrKh 7.) 3 0 + 0 7  1580 
3(rr+re ) 1 5-+05 1633 
7r+rr 0 8-+0 2 1702 
7 J / ~ ( l  S') 0 7 +0  2 303 
R+R 07_+02 1635 
ppre+rc 0 5-+0 2 1320 
3"7 <0  15 1708 
pp <- 0 09 1427 

Xc I(IP)  0+(1 ++ ) 35106 
or X~ 1(3510) +0  5 
. a s  X(3510) S=I 3* 

< 1 3  yJ/d/( l  S') 27 3_+ I 6 389 
3(re+Tr - )  2 2 +0  8 1683 
2(Tr+Tr )(mcl rrrep) 1 6_+05 1727 
7r+re K+& - (lncl rrAh-*) 09_+04  1632 

+ 
re re pp 0 1 4 ± 0 0 9  1381 
pfi seen 1483 
7r 7r +/~ 017  
3''7 <0  15 1755 

Xc2 (1P) 
ot X~ 2(3555) 
~as X(3555) 

0+(2 +÷ ) 3556 3 2 6 
_+04 +1 2 

- 0 9  

7J /~( IS ' )  135_+11 430 
2(r+rr )(mcl 7rrep) 22_+05 1751 
re*re h + h  (mcl reKh-*) 1 9 + 0 5  1656 
3(Tr+re ) I 2_+08 1707 
re+rr pp 033_+0 13 1410 
7r*rr- 0 19_+0 10 1773 
K+/~ 0 15 _+0 11 1708 
7~ 0 11 +0 06 1778 
p p  0 009_+0 004 1510 
j/~(iS,)re+rr reo < 1 5 186 

~b(2S) 0 ( 1 - - )  3686 0 0 243 
ot ff(3685) +0  1 _+0 043 

e * e -  + la+la 18-+03  
hadrons + radmuxe 982_+03 

l'ee = (2 15-+021) keV 
(assuming Fee = Fma ) 

Radlanve decay modes 

t [YX(o(IP)  9 3 +0  8 
7X~ I(IP) 8 7_+0 8 
7Xc2(1P) 7 8_+0 8 
yrl~ (IS)  0 2 8 - + 0 0 6  

77r ° < 0 5 (CL=95%) 
7rf(958) < 0  11 
yr/ < 0 02 
y y  < 0 018 
yrT(1430)---,.yKK~r <0 012 g] 

~b(3770) ( 1 - - )  3769 9 25 
_+25 +3 

S=I 8* 

Fee = (026_+005) keV S=I 3* 

261 
171 
127 
639 

1841 
1719 
1802 
1843 
1562 

Decay modes into hadrons 

t [ J / ~ ( l  S )rerr 5 0 ± 4  477 
J /~ ( I  S')r7 2 7 ± 0 4  S=16" 196 
3(Tr+rr )rr ° 035_+0 16 1746 
2(Tr+re )reo 0 3 1 ± 0 0 7  1799 
re+re h +h  0 16_+004 1726 
J / ~ (  1 S" )reo 0 10 _+ 0 02 527 
ppre+re 0 08 _+0 02 1491 
h*(892)0ik - re+ +c  c 0 0 6 7 ± 0 0 2 5  1673 
2(rr +re ) 0 0 4 5 ± 0 0 1 0  1817 
p°re+rr- 0 042 _+0 015 1751 
pp  0 019_+0 005 1586 
3(re + rr ) 0015-+0010  1774 
p~-reo 0 014 -+ 0 005 1543 
R + h  0010-+0007  1776 
a.+a_ reo 0009+_0005 1830 
re +rr 0 008 _+ 0 005 1838 
~ < 0 04 1467 
E -  -= -- 0 04 1291 
prr --- 0 008 1760 
K + K - r r  0 < 0 003 1754 
R ±h*(892) "~ <0  002] 1698 

e+e  00010-+00002 1885 
D/)  dominant  242 
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Meson Summary 

Mass Full 
IG(jPC) a M width r 

Particle estah (MeV) (MeV) 

~b(4040) ~ ( 1 - )  4040 52 
+_I0 ±10 

Fee = (0 75±0 15) keV 

~b(4160) ~: ( 1 )  4159 78 
+20 +20 

Fee = (0 77±0 23) keV 

1/,,(4415) ~: (1 ) 4415 43 
± 6 ± 20 § 

Fee = ( 0 4 7 ± 0  10) keV 

Table (cont'd) 
Decay modes 

Fraction(%) 
Mode [Upperhmets (%) are 90%CL] 

e +e 0 0014 ±0 0004 
O/) seen 
DD*(2010)+ c c seen 
D*(2010)D*(2010) seen 

e+e 0 0010+0 0004 

e+e 0 0011 +0 0006 

P 
(MeV/c)  

2020 
766 
564 
200 

2079 

2207 

bb- MESONS 
T(IS) (1 ) 9460 3 0 052 

ot T(9460) +_ 0 2 +_ 0 003 
S=2 5* 

T+T 
+ 

C +(" 
prr 
J /~(I  S') anything 
12( 1270)'7 

3 0 + 0 4  4381 
2 6 -+ 0 2 4729 
2 5 + 0 2  4730 

0 21 4698 
2 

0 003 

l'ee = (1 34+_005) keY 
4644 

Xbo(IP)  ( + + )  98598 T(I S )3, 6 "~91 
or Xh0(9860)/± 1 3 

XbI( IP)  (1 ++) 9891 9 T(IS')'7 35+8 422 
or Xb1(9890)/+0 7 

Xb2(IP) (2 ++ ) 99132 T(IS')y 22+4 443 
op Xb2(9915)/+_0 6 

T(2S) (1 _) 100233 0044 T(l';)rr+rr 185+_08 475 
or T(10023) ± 0 3  +0009 T( 15")rr°rr ° 8 8 + 1  1 480 

Xhl( IP)7  6 7 +_0 9 131 
Xb2(IP)7 6 6 ±0 9 110 
X/~0(IP)y 4 3 ± I 0 162 
r r I 7 ±1 6 4683 
/a+u 14_+03 5011 

Fee = (0 60 ± 0 04) keV T( I S')rr 0 ~ 0 8 531 
T( 1S')~7 ~ 02  122 

Xb0(2P) 
or ×b0(10235)/ 

Xb I( 2P ) 
or Xb I (10255)/ 

++) 10235 3 
± l l  

+* 102552 
± 0 4  

S=I 2* 

T(25)'7 6 9 ± 4  1 210 
T( 1 S" )'7 l 4 ± l 0 746 

T(2S )"r 25 ±8  229 
T(I S')'7 6 I-+1 7 764 

Xb2(2P) ++ 102690 T(25)7 19±7  243 
or Xb2(10270)1 ±0 7 T(I S')'y 6 3± 1 8 777 

S=2 2* 

T(3S) ( 1 - )  103553 0026 Xb2(2P)7 13_+3 86 
12±3 I00 or T(10355) +_0 5 +_0 006 Xb 1(2P)7 

T(2';;) anything 10 I +- I 7 
+[T(2~;)Tr +rr 2 2 ±0 5] 177 

Xbo(2P)'7 4 8-+ 1 4 119 
Fee = (0 4 4 ± 0  03) keV T(I S')rr+rr 3 6_+0 3 814 

+ la la 1 6 ± 0 4  S=I "~* 5177 

T(4S) (1 - - )  10580 0 24 
or T(10580) ±3 5 +2 

Fee = (0 24+-0 05) keV 



Meson Summary Table (cont'd) 
Deca~ modes 

Mass Full 
I (JP) M ~ldth F Fractmn(%) 

Particle _ _  es tah (MeV) (MeV) Mode [Upper hmlts (%) are 90% CL] 

1'(10860) (1 - ) 10865 I10 
"+8 "+13 

Fee = (031+_007) keV 

T(11020) ( I )  11019 79 
"+8 "+16 

Fee = ( 0 1 3 + 0 0 3 )  keV 

S T R A N G E  M E S O N S  [ K  + = u~-, /~o  = dr, K ° = J~ ~ - = ~ s ]  

K + 1/2(0-3 493 67 See Stable Parucle Summary Table 
K 0 497 72 

h 
P 

(MeV/c)  

35 

K*(892) 1 /2 ( I - )  8921 51 3 K 
_+0 3 "+0 8 K°y  

S=I 4* S=I 1" K ± y  
K ~  

/ l  and F f romcharged mode, l / °  = 896 2"+0 3 S=I 7* 

K1(1270 ) 1/2(1 +~ 1270 § 90 § 
~as Q(1280) "+ 10 § "+ 20 § 

100 288 
0 23"+0 02 310 
0 10"+0 01 309 
< 0 05 216 

/~p 42"+6 62 
K~) ( 1430)7r 28 "+ 4 8 I 
/k*(892)Tr 16 "+ 5 298 
Aw 11+_2 
K/O(1400)  3 "+ 2 

KI(1400 ) 1/2(I + ) 1401 184 /k*(892)Tr 94"+6 400 
~as Q(1400) "+ 10 +9  /~p 3"+3 297 

KfO(1400) 2 + 2 
K ~  I "+ 1 283 

/O'(1415) 1/2(1-)  1415 § 240 § K*(892)Tr dominant 410 
"+15 § "+20 § tkTr 66_+13 613 

K~(1430) l /2(0 + ) 1429 287 Krc dominant 621 
~as h(1350) +_7 "+23 

K~(1430) 1/2(2+~ 1426 99 
uas  K*(1430) "+2 _+3 

S=I 1" 

U and F from charged mode, U ° = 1426+_2 S=I 6* 

K~" 497-+12  619 
&*(892)Tr 25 2"+ 1 7 418 
/',*(892)TrTr 13 0 + 2  3 367 
t,.p 88+_08 S=12" 324 
/kw 29"+08  312 
K + y  024"+005  S=I 2* 628 

Krl 0 14+~ 8* I0 S=I 486 
h wTr ~ 0 072 (CL=95%) 69 

K'*(1715) l/2(1-J 1717 200-400 
+ 27 

K2(1770) :~ 1/2(2 ) ~1770  § 136 
ua~ L(1770) -+ 18 

K~(1780) : ~ °  1/2(3-)  1776 160 
~as /k*(1780) -+4 +_ 15 

S=I 3* S=I 4* 

K{ (2075) I/2(4 +) 2074 210 § 
was K*(2060) _+ 14 +- 50 § 

KTr 

Kp 

K*(892)r 

/k *(I 430)7r 
h~;(892)Tr 
K[ 7(1270) 
toy 
Kp 
K*(892)Tr 
KTr 
A~ 

KTr 
K* (892)~r~r 
/k*(892)TrTrTr 
p/x~r 
w/xTr 

¢hK*(892) 

39"+3 781 

31 +7 4* 3 S=I 574 

+ ~' 4* 3 0 : 7  S=I 617 

dommanl  284 
seen 651 
seen 41 
seen 438 

44"+4 S=I 3* 616 
27"+3 S=I 3* 655 
19+1 813 
l l v 5  S=I 3* 719 

10 -+ 1 966 
9 _+ 5 809 
7"+5 775 
6"+3 751 
5 -+ 3 744 
3"+1 616 

1 4+_0 7 402 
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Particle  

Meson Summary Table (cont'd) 

M a s s  Full 
I (JP) M ~ldth  I" 

_ _  cstah (MeV) (MeV) Mode  

Deca~ modes  

Fractmn(%) P 
[tipper I,mlts (%) are 90% CI ] ( M e V / c )  

C H A R M E D ,  N O N S T R A N G E  M E S O N S  

D + 1/2(0 ) 18693 
D O 1864 6 

[D+ = ~J, D II = ~u 1) ° = ~u 1) 

See Stable Pamclc Summary Table 

D*(2010) + 1/2(1 ) 2010 1 20  D % -  4 9 ± 8  40 
± 0 6  D+rr ° 3 4 ± 7  39 

D+'~ 17±11 136 

roD, + m D O = ( 1 4 5 4 5 ± 0 0 7 )  MeV 

D*(2010) 0 1/2(1 ) 2007 1 - 5 D°Tr ° 52 ± 7 44 
± 1 4 D°',t 4 8 ± 7  137 

Dj(2420) ° 1/2( ) 2422 60 D*(2010)+Tr seen 354 
± 4  +13 

CHARMED, S T R A N G E  M E S O N S  [D + = <g, D = ~ ] 

Ds + 0(0-)  1972 See Stablc Parttcle Summar~ Table 
~a~" F + 

D ~  2113 See Stable Pamcle Summar3 Table 
~as F* 

B O T T O M  M E S O N  [B + = , t ,  B ° = dF ~0 = j/~, /~ = ;il,] 
B + 1/2(0-)  5271 Sec Stable Particle Summar3 Table 
B ° 5275 

:I: See Meson Full L~stmgs 

* Quoted error includes scale factor S - k~-x2/( \ - I ) See footnote to Stable Pamcle Summar3 Table 

+ Square brackets indicate a subreactmn of the pre,~mus (unbracketed) deca~ mode(s) 

§ This is onl~ an educated guess the error given is larger than the error on the average of the pubhshed ~alues (See the Meson 

Full Listings for the latter ) 

a Charge conJugation ( apphes on13 to neutral states 

b For a 2-body deca3 mode this is the momentum of the decal products m the dcca~ rest frame For a 3-or-morc-bod'~ mode 
thts ~s the maximum momentum ant', of the products can ha,~e m th~s frame The momenta ha,,e been calculated b3 using 
the a,,eraged central mass values w~thout taking into account the w~dths of the resonances 

¢ From pole posmon (~/ ;1"/2) 

d T h e e + c  branching fraction is from c + e  ~ r+r r  expenmcntsonl3  Thewp  interference l s t h e n d u e  to wp mlxmgon l )  
and is expected to be small The ~+~ branching fractmn ~s compded from 3 experiments each poss~bl~, w~th substanlml w/~ 
interference The error reflects this unccrtamt~ see notes m the Meson Full Listings If c~ um,~crsaht} holds F(p ° --~ 
~ + ~ - ) = F ( p  ° -+ e +e  ) x 099785 

e The mass and width are from the r/Tr mode only If the hh- channel is strongl} coupled, the width may be larger 

[ Includespprr+rr  3~ and excludes pp r/ p p w  pprl' 

g See /'1(1420) mm>revmw 

h Value is for the sum of the charge slates indicated 

j Spectroscoptc labeling for these states ~s theoretical, pending experimental mformatmn 
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Meson Summary Table (cont'd) 
Table of Contents of Meson Full Listings 

• Indtcates particle appears in Meson Summary Table above We do not regard the other entries as estabhshed resonances. 

4- Indicates particle appears in Stable Particle Summar) Table and to the Stable Particle Full Listings. 

Nonstrange ( S  = O, C , B  = O) 

entry IG( jPC)  a entry IG(jPC) a entry IG(jPC) a 

"kTr 1 (0 +) 

rt 0+(0 - + )  

• p (770) 1+(1 - - )  

• o: (783) 0 - ( 1 - - )  

• rt' (958) 0+(0 +) 

• /'0 (975) 0+(0 ++) 

• a 0 (980) 1 (0 ++) 

• 4) (1020) 0 (1 ) 

• h 1 (1170) 0 (1 + ) 

• b I (1235) 1+(1 + ) 

f o  (1240) 0+(0 ++) 

• a I (1260) 1-(1 ++) 

• 0:3 (1670) 0 ( 3 - - )  

• 7r 2 (1670) 1 - (2  +) 

• q~ (1680) 0 - ( 1 - - )  

• 03 (1690) 1+(3 ) 

• p (1700) 1+(1 ) 

X (1700) + ( +) 

• /`2 (1720) 0+(2 ++ ) 

f0 (1750) 0+(0  ++) 

a- (1770) 1 (0 +) 

/`2 (1810) 0+(2 ++ ) 

X (1850) 0 

X (1935) 

e+e  (110(~ 2200) (1 - - )  

NN (I 100--3600) 

X (1900~3600) 

• r/c ( IS )  0+(0 +) 

• J /~k (1s )  o ( 1 - )  

• x~ 0 (1P) o+(o ++)  

• X~I ( IP)  0+(1 ++)  

• Xt2 (1P) 0+(2 ++ ) 

r/~ (2S) ( *) 

• ¢ (2s )  o- (1  ) 

• ~b (3770) ( 1 - - )  

• ~b (4040) ( 1 - - )  

S t r a n g e ( I S I  = I , ( , B  =0)  

entry 1 (JP) 

4" K 1/2(0 ) 

• K* (892) 1/2(1-) 

• /i 1 (1270) 1/2(1 + ) 

• K 1 (1400) 1/2(1 + ) 

• K* (1415) 1/2(1-)  

• K 0 (1430) 1/2(0 + ) 

• K 2 (1430) 1/2(2 + ) 

K (1460) 1/2(0 ) 

K 2 (1580) 1/2(2 ) 

~1 (1650) 1/2(1 + ) 

• K* (1715) 1/2(1-)  

• K 2 (1770) 1/2(2-) 
• f2 (1270) 0+(2 ++ ) 

• 71 (1280) 0+(0 - + )  

• /`1 (1285) 0+(1 ++) 

• ~r (1300) 1-(0 - + )  

• a 2 (1320) 1-(2 ++ ) 

h I (1380) 0 (1 + ) 

• /'0 (1400) 0+(0 ++) 

• /'1 (1420) 0+(1 ++) 

• r/ (1430) 0+(0 - + )  

/'2 (1430) 0+(2 ++ ) 

p (1450) 1+(1 - - )  

/'0 (1525) 0+(0 ++) 

• /'~ (1525) 0+(2 ++ ) 

• /'1 (1530) 0+(l  ++) 

• /'0 (1590) 0+(0 ++) 

• f2 (2010) 0+(2 ++ ) 

a 4 (2040) 1 - (4  ++ ) 

a 3 (2050) 1 - (3  ++ ) 

• / 4  (2050) 0+(4 ++ ) 

rr 2 (2100) 1 - ( 2 - + )  

/'2 (2150) 0+(2 ++ ) 

p (2150) 1+(1 ) 

X (2220) 0 ( + + )  

p 3 (2250) 1 +(3 ) 

• /`2 (2300) 0+(2 ++ ) 

/`4 (2300) 0+(4 --+ ) 

• f2 (2340) 0+(2 ++ ) 

O 5 (2350) 1 + ( 5 -  ) 

a 6 (2450) 1 - (6  ++ ) 

f 6  (2510) 0+(6 ++ ) 

• ~b (4160) (1 ) 

• ~ (4415) ( 1 - - )  

• T ( IS)  ( 1 - - )  

• Xb0 (IP)  ( + + )  

• Xb I (1P) (1 ++)  

• Xb2 ( IP)  (2 ++ ) 

• T (2S) (1 ) 

• Xb0 (2P) ( + + )  

• Xbl (2P) ( + + )  

• Xb2 (2P) ( + + )  

• T (3S) ( 1 - )  

• T (4s )  ( 1 - - )  

• T (10860) ( 1 - - )  

• T (11020) ( 1 - )  

* (1780) 1/2(3-) • K 3 

K ( 1 8 3 0 ) 1 / 2 ( 0  ) 

K* (1960) 1/2(2 + ) 

• K 4 (2075) 1/2(4 + ) 

K 2 (2250) 1/2(2-) 

K 3 (2320) 1/2(3 + ) 

K 5 (2380) 1/2(5-) 

K 4 (2500) 1/2(4-) 

C h a r m e d ( I C I  = 1) 

-k D 1/2(0-) 

• D* (2010) 1/2(1-) 

• Dj  (2420) 1/2( ) 

k D s 0 (0-) 

"k D~* 0 ( 0 )  

B o t t o m ( J B J  = 1) 

-k B 1/2(0 ) 

4 B* 1/2(0 ) 

Non-q~- Candidates 
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Baryon Summary Table 
April 1988 

The first, short table Dves the name, the quantum numbers (where known), and the status of every entry m the Baryon 
Full Listings Only the baryons wtth 3- or 4-star status are included m the mare Baryon Summary Table Due to 
insufficient data or uncertain interpretation, the other entries m the short table are not estabhshed as baryons See our 
1986 edmon (Physics Letters 170B) for hstmgs of evtdence for Z baryons (K;~ resonances) 

N(939) PI I  **** A(1232) P33 **** A(1116) P01 **** X(1193) PII  **** --(1318) PII  **** 
N(1440)PII  **** 5(1550) P31 * A(1405) S01 **** ~(1385) PI3 **** --(1530) PI3 **** 
N(1520)DI3 **** 5(1600) P33 ** k(1520) D03 **** ~(1480) " * --(1620) * 
N(1535)S11 **** 5(1620) $31 **** A(1600) P01 *** ~2(1560) o ** --(1690) *** 

N(1540)PI3 * 5(1700) D33 **** A(1670) S01 **** X(1580) DI3 ** --(1820) 13 *** 
A~(1650)S11 **** x.(1900) $31 *** A(1690) D03 **** ~(1620) SII  ** --(1950) *** 

N(1675)DI5 **** A(1905) /:35 **** ~.(1800) S01 *** ~(1660) PII  *** --(2030) 1 *** 
N(1680)FI5 **** A(1910) P31 **** A(1810) P01 *** X(1670) DI3 **** --(2120) * 
h(1700)Di3 *** A(1920) P33 *** A(1820) F05 **** X(1690) o ** --(2250) ** 

N(1710)PII  *** 5(1930) D35 *** ~.(1830) D05 **** X(1750) SII  *** --(2370) 1 ** 
N(1720)PI3 **** 5(1940) D33 * k(1890) P03 **** ~(1770) PI1 * -(2500) * 
N(1960) ') * A(1950) F37 **** k(2000) '~ * ~(1775) DI5 **** 
N(1990) FI7 ** 5(2000) F35 ** ~t(2020) F07 * ~(1840) PI3 * [2(1672) P03 **** 

N(2000) FI5 ** 5(2150) S'31 * A(2100) G07 **** ~(1880) PI1 ** ~(2250) *** 
N(2080) DI3 ** 5(2200) G37 * A(2110) /:05 *** E(1915) /:15 **** [2(2380) ** 

N(2090) S11 * 5(2300) H39 ** A(2325) D03 * E(1940) DI3 *** Ac(2285) **** 
N(2100) PII  * 5(2350) D35 * A(2350) H09 *** ~(2000) SII  * 

Zc(2455 ) *** 
N(2190) GI7 **** 5(2390) F37 * A(2585) ** ~(2030) FI7 **** ~' (2460) *** 
N(2200) DI5 ** 5(2400) G39 ** ~(2070) F15 * 
N(2220) HI9 **** 5(2420) H311 **** xS(2080) PI3 ** Qc(2740) * 

N(2250) GI9 **** 5(2750) 1313 ** ~(2100) GI7 * Ab(5500 ) * 
N(2600) 1111 *** 5(2950) K315 ** ~(2250) *** 
N(2700) K 113 ** 5(~3000)  ~(2455) ** DIbaryons 
N ( ~  3000) Z(2620) ** 

~2(3000) * 
~(3170) * 

Good, clear, and unmistakable 
Good, but m need of clarification or not absolutely certain 
Not estabhshed, needs confirmatton 
Evidence weak, hkely to disappear 

Decay modes p b (GeV/c)  Mass c Full d 
beam M width r Fraction f p e 

Particle a j P  L21.2J o" = 47r~ 2 (rob) (MeV) (MeV) Mode e (%) (MeV/c)  

N BARYONS (S=0, I=1/2) [N + = uud, ,~0 = udd] 

p 1/2 + 938 27231 See Stable Parttcle Table 
n 939 56563 

N(1440) 1/2+ PII  P = 0 61 1400 to 120 to NTr 50-70 397 
o" = 31 0 1480 350 NTrTr 30-50 342 

(200) ATr 10-20 143 
Np 10 15 t 
N(rrTr) 5 5 20 342 

P3" 008 -0  10 414 
n7  001 - 006  413 

N(1520) 3/2 D I3 P = 0 74 1510 to 100 to 
= 23 5 1530 140 

(125) 

NTr 50-60 456 
A r/ ~ 0  1 149 
3/7rTr 40-50 410 

",rr 20-30 228 
NO 15-25 + 
N(rcrr) S < 5 410 

P7 0 43 0 57 470 
n7  0 34-0 51 470 



Particle a j P  

Baryon Summary Table 

p b (GeV/c) Mass c Full d 
beam M wtdth r 

L21.2 J o" = 47r~ 2 (mb) (MeV) (MeV) 

(cont 'd) 
Decay modes 

Fractmn [ p g 
Mode e (%) (MeV/c)  

39 

N(1535)  1 / 2 -  SII P = 0 76 1520 to 100 to 
= 22 5 1560 250 

(150) 

N r  3 5 - 5 0  467 
¥ ~  4 5 - 5 5  182 

~ r  ~ 10 422 
~ r  < 5 242 
NO ~ 5 + 
N ( ~ )  5 ~ 5 422 

P7 0 1 - 0  2 481 
n 7  0 1 5 - 0  35 480  

N(1650)  1/2 S I I  P = 0 96 1620 to 100 to 
= 16 4 1680 200 

(150) 

r 5 5 - 6 5  547 
,% ~ ~ 1 5  346 
XR ~ 8 161 
N r r  2 0 - 3 5  511 

k ~  < 1 0  344 
NO 5 - 3 0  

~ % ( ~ ) 5  < 1 5  511 
P7 0 0 4 - 0  16 558 
n 7 0 - 0  17 557 

N(1675)  5 / 2 -  D I5 P = 1 01 1660 to 120 to 
= 15 4 1690 180 

(155) 

~ 3 5 - 4 0  563 
N 0  ~ l 374 
kK ~ 0 1  209 
N u t  6 0 - 6 5  529 

k r  5 5 - 6 0  364 
p < I0 t 

N(~u)  S < 5 529 
p ~  ~ 0  01 575 
n 7  0 0 7 - 0  12 574 

N(1680)  5/2 + 1"15 P = 1 01 1670 to 110 to 
= 15 2 1690 140 

(125) 

~ 5 5 - 6 5  567 
~ < 1 379 

i K  not  seen 218 
r u  35 45 532 
5 r  1 0 - 1 5  369 
N p 1 0 - 2 0  % 

~ ( ~ ) S  1 5 - 2 0  532 
p 7  0 2 1 - 0  30 578 
n 7  0 0 2 - 0  05 577 

N ( 1 7 0 0 )  3 / 2 -  D I 3  P = I 05 1 6 7 0 t o  70 to 
= 14 5 1730 120 

(100) 

~,'Tr 5 - 1 5  580 
Nr/ ~ 4 400 
~/~ ~ 0  2 250 
.N rrrr 8 0 - 9 0  547 

._krr 1 5 - 7 0  385 
N p  < 2 0  ~ 
N(Tr~r) S < 7 0  547 

P 7  ~ 0 0 1  591 

~(171o) 

N ( 1 7 2 0 )  

1/2 + 

3 / 2  + 

P 11 P = I 07 1680 to 90 to 
~ = 1 4 2  1740 130 

(110) 

P I 3  P = 1 09 1690 to 125 to 
= 13 9 1800 250 

(200) 

,~Tr 1 0 - 2 0  587 
,'~7 ~ 2 5  410 
IR  ~ 15 264 

~/~ 2 - 1 0  138 
NTr~r < 5 0  554 

.~Tr 1 0 - 2 0  393 
NO 5 - 3 5  48 
A' (rr~r)s 5 - 3 5  554 

,VTr 1 0 - 2 0  594 
V~7 ~ 3  5 420 
~h ~ 5 278 
ZK 2 - 5  162 
N~r~r < 7 5  561 

~rr < 1 5  401 
.Np < 7 5  104 

(~rTr) S < 20 561 
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Baryon Summary Table (cont "d) 
Decay modes Mass ~ Full d p b (GeV/c )  

beam M width r Fraction f p g 
Particle a JP L2I 2J ~ = 4"/r~k2 (mb) (MeV) (MeV) Mode e (%) (MeV/c)  

N ( 2 1 9 0 )  7 / 2 -  O 17 P = 2 07 2120 to 200 to ,Vrr ~ 1 4  888 
~- = 6 21 2230 500 ,\ rl ~ 3 790 

(350) ~h ~ 0  3 712 

N(2220)  9 / 2  + 1119 P = 2 14 2150 to 3 0 0 t o  ATr ~ 1 8  905 
o -=  5 9 7  2300 500 ,'~r/ ~ 0 5  811 

(400) *,& t 0  2 732 

N ( 2 2 5 0 )  9 / 2 -  G 19 P = 2 21 2130  to 200 to NTr ~ 10 923 
~" = 5 74 2270  500 Vr/ ~ 2 831 

(300) AK ~ 0  3 754 

N(2600) 11 /2 -  I111 P = 3 12 2580 to > 3 0 0  VTr ~ 5 1126 
o- = 3 86 2700 (400) 

A B A R Y O N S  (S=0, •=3/2) [_~++ = uuu, A + = uud, A 0 = udd, A -  = ddd] 

A(1232)  3/2+ P33 P = 0 30 1230 to 110 to Nrr  99 4 227 
~ = 94 8 1234 120 A'3~ 0 5 6  0 6 6  259 

( ]15)  

A(1620)  1 / 2 -  A31 P = 0 9l  1600 to 120 to A ~r 2 5 - 3 5  526 
o- = 17 7 1650 160 NTrlr 65 75 488 

(140) Art 6 0 - 7 0  318 
~/p 1 0 - 2 0  i- 

A' 7 ~ 0  03 538 

A(1700)  3 /2  D33 P = 1 05 1630 to 190 to Nr r  1 0 - 2 0  580 
o = 14 5 1740 300 A'Tr~r 8 0 - 9 0  547 

(250) Art 50 90 385 
]~ p < 3 5  4" 

ArT 0 1 4 - 0  33 591 

A(1900)  1 / 2 -  $31 P = 1 44 1850 to 1301o  ~ r  5 - 1 5  710 
o- = 9 71 2000 300 ZK not  seen 410  

(150) 

A(1905)  5 / 2 +  / ' 35  P = 1 45 1890 to 2 5 0 1 0  P, rr 5 - 1 5  713 
~" = 9 62 1920 400  ZK < 3 415 

(300) ~,' 7rTr < 7 5  687 
ATr ~ 25 542 
Np < 5 0  421 

~ 7  0 0 1  0 0 5  721 

A(1910)  1 / 2 +  P31 P = 1 46 1850 to 200 to A'Tr 1 5 - 2 5  716 
o" = 9 54 1950 330 Xh not  seen 421 

(220) Nrrrc < 7 5  691 
..Xrr smal l  545 
Np smal l  426 
N(1440)Tr large 393 

A(1920)  3 / 2 +  P33  P = 1 4 8  18601o  190 to NTr 15 20 722 
~r = 9 3 8  2160 300 2 K  ~ 5 431 

(250) 

A(1930)  5 / 2 -  D35 P = 1 50 1890 to 150 to A 7r 5 - 1 5  729 
o" = 9 21 1960 350 2;K not  seen 441 

(250) Nrrrr  not  seen 704 

A(1950)  7 / 2 +  /" 37 P = I 54 1910 to 200 to A:Tr 35 45 741 
o" = 8 91 1960 340 2;?, not  seen 460 

(240) NTrTr < 4 0  716 
ATr ~ 3 0  574 
Np < 1 0  469 

N 7  0 0 8 - 0  17 749 

A(2420) t l / 2  + H311 P = 2 64 2380 to 300 to A '~  5 - 1 5  1023 
= 4 68 2450 500 

(3OO) 
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Baryon Summary Table (cont'd) 
Decay modes 

b (GeV/c) Mass c Full d 
Pbeam M width r Fraction f p g 

Parttcle a JP LI.2J ~ = 47r~ 2 (mb) (MeV) (MeV) Mode (%) (MeV/c) 

A B A R Y O N S  ( S = -  1, I = 0 )  [ ~0 = uds] 

A 1/2 + 1115 63 See Stable Pamcle Table 

A(1405) 1 / 2 -  S01 Below KN 1405 40± 10 h Xr 100 152 
threshold ± 5 h 

A(1520) 3/2 D03 P = 0 395 1519 5 15 6 NK 45 ± 1 244 
= 82 3 ± 1 O h ± 1 O h E r  42 ± 1 267 

~ 10± 1 252 
Z ~  0 9 ± 0  1 152 
A7 0 8 ± 0 2  351 

A(1600) I / 2 +  P01 P = 0 58 1560 to 50 to NK 15-30 343 
= 41 6 1700 250 z~  10-60 336 

(150) 

A(1670) 1 / 2 -  S01 P = 0 74 1660 to 25 to N~: 15-25 414 
= 28 5 1680 50 Xr 20-60 393 

(35) ~ 15-35 64 

A(1690) 3 / 2 -  D03 P = 0 78 1685 to 50 to ~ -  20 30 433 
= 26 1 1695 70 E~ 20-40 409 

(60) . x ~  ~25  415 
X ~  ~ 2 0  350 

A(1800) 1 / 2 -  Sol P = 101 1720 to 200 to NK 25-40 528 
= 17 5 1850 400 X~ seen 493 

(300) Z(1385)~ seen 345 
NK*(892) seen + 

A(I$10) 1/2+ P01 P = 103 1750 to 50 to NJ~ 20-50 537 
= 17 0 1850 250 X~ 10-40 501 

(150) ~(1385)~ seen 356 
NK*(892) 30-60 + 

A(1820) 5/2 + F05 P = 1 06 1815 to 70 to VK 55-65 545 
= 16 5 1825 90 Er  8-14 508 

(80) ~(1385)r 5-10 362 

A(1830) 5 / 2 -  D05 P = 1 08 1810 to 60 to N& 3-10 553 
= 160 1830 110 Zr  35-75 515 

(95) Z(1385)~ >15 371 

A(1890) 3 /2+ P03 P = 121 1850 to 60 to ,¥~: 20-35 599 
= 136 1910 200 X~ 3 10 559 

(100) Z(1385)~ seen 420 
NK*(892) seen 233 

A(2100) 7/2 GO7 P = 1 68 2090 to 100 to Yh- 25 35 751 
= 8 6 8  2110 250 ~ ~ 5 704 

(200) ~ < 3 617 
EK < 3 483 
~ < 8 443 

NK*(892) 10-20 514 

A(2110) 5/2 + 105 P = l 70 2090 to 150 to N h  5-25 757 
= 8 53 2140 250 Z~ 10-40 711 

(200) Aw seen 455 
Z(1385)r seen 589 
NK*(892) 10-60 524 

A(2350) 9/2 + H09 P = 2 29 2340 to 100 to A:K ~12  915 
= 5 85 2370 250 E~ ~ 1 0  867 

(150) 
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Baryon Summary Table (cont "d) 
Deca~ modes 

p b (GeV/c)  M a s s  c Full d 
beam M width r Fractmn f p g 

Particle a JP LI2J  b = 4 ~  2 (mb) (MeV) (MeV) Mode (%) (MeV/c) 

X BARYONS ( S = - I ,  I=1) [~+ - uu~ E0 = uds E = dds] 

1~+ 1/2 + 1189 37 See Stable Pamcle  Table 
Z "0 1192 55 
1~- 1197 43 

T"(1385)+ 3 / 2 +  P I3  Below 1382 8_+0 4 36_+ 1 ~.rr 88_+2 208 
/~N S = 2 0  l Err 1 2 + 2  127 

.~_.,(1385) ° threshold 1383 7_+ I 0 36_+5 
S=I 4 l 

Z (1385) -  13872_+06  39_+2 
S=2 2 t S=I 7 t 

• T_,(1660) 1 / 2 +  P I I  P = 0 72 1630 to 40 to Nh- 10-30 405 
o" = 29 9 1690 200 ~_rr seen 439 

(100) Err seen 385 

• ~_.,(1670) 3 / 2 -  D 13 P = 0 74 1665 to 40 to V ~  7 13 414 
= 28 5 1685 80 Xr 5 -15  447 

(60) Z~ 30 -60  393 

,~.,(1750) 1 / 2 -  SI1 P = 0 91 1730 to 60 to NK 10 40 486 
= 20 7 1800 160 krr seen 507 

(90) Err < 8 455 
Z~ 15-55 81 

,~_,(1775) 5 / 2 -  D I5 P = 0 96 1770 to 105 to NK 37 43 508 
= 19 0 1780 135 Xrr 14-20 525 

(120) X~ 2 5 474 
E(1385)rr 8 -12  324 
X(1520)rr 17-23 198 

Y__,(1915) 5/2 + I 1 5  P = 126 1900 to 80 to NK 5 15 618 
= 12 8 1935 160 xrr seen 622 

(120) Z r  seen 577 
Z(1385)rr < 5 440 

• T.(1940) 3/2  DI3  P = 1 32 1900 to 1 5 0 t o  
~ = 12 1 1950 300 

(220) 

~ K  < 2 0  637 
'~rr seen 639 
Err seen 594 

~( 1385)rr seen 460 
~t( 1520)rr seen 354 

A(1232)K seen 410 
NK*(892) seen 320 

• ~__.,(2030) 7/2  + /" 17 P = 1 52 2025 to 150 to 
~- = 9 93 2040 200 

(180) 

AK 17-23 702 
Arr 17-23 700 
Err 5 - 1 0  657 
ZK < 2 412 

Z(1385)rr 5 -15  529 
'~(1520)rr 10-20 430 

A(1232)K 10-20 498 
NJ~*(892) < 5 438 

,~.,(22.50) ' P = 2 04 2210 to 60 to NK < 10 851 
o" = 6 76 2280 150 ~,rr seen 842 

(100) Err seen 803 
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Baryon 

Particle a j P  L 2 1 . 2 J  

Summary Table 
Mass  c Full d 

M width F 
(MeV) (MeV) 

(cont 'd) 
Decay modes 

Fraction p g 
Mode (%) (MeV/c )  

.E BARYONS ( S = - 2 ,  I=1/2)  
I/2 + 1314 9 

~ -  1321 32 

[.-0 = u~s.---- = das] 

See Stable Parhcle Table 

~(1530) 0 3/2+ PI3 1531 8_+03 9 1-+05 
S = 1 3  t 

~(1530)- 15350-+06 99-+1 9 

~rr 100 148 

,.~(1690) "~ 1690 <50 ~,K seen 240 
_+ 10 h ZK seen 51 

.~a+ 15 h ~ large 400 ~(1820) 3 / 2 -  D~3 1823 "" 10 
_+5 h Yh- small 320 

Err small 413 
~( 1530)a. large 234 

~(1950) '~ 1950  60+20 h 1~" seen 522 
-+ 15 h E r  seen 518 

~(2030) '~ 2025 20 + 15 h ~tK ~ 20 589 
- 5 

+5 h ZK ~80 533 
-'ca- small 573 

~(1530)a- small 421 
_--a-a- small 536 
't~-a- small 501 
ZKa- small 430 

ft BARYONS ( S = - 3 ,  I = 0 )  [~- = ~~ ] 

f t -  3/2 + 1672 43 See Stable Parucle Table 

9.(2250)- '~ 2252_+9 55_ + 18 - - - a . + K -  seen 531 
--( 1530)0K - seen 437 

CHARMED BARYONS 

+ l /2+J  3c 
Zc(2455) ++ t/2 +j  

Ze(2455) + 

Zc(2455)  0 

+ ~ -+ [~+ = u & , ' 7 + +  = uuc , X = u &  , . = d &  , =~ = us~ ] 

2284 9 See Stable Parucle Table 
+ 

2452 2± l 7 '~c a. 100 89 
S =  14; 

2452 9 _+ 3 4 97 
S = I I ;  
(.k) 

" +  1/2 +J 2460 See Stable Parltcle Table 
"~C 
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Baryon Summary Table (cont'd) 
O n l y  the  e s t a b h s h e d  bar3,ons are inc luded  m this  Bar, ton S u m m a r y  Tab le  See the shor t  table  at  the f ront  o f  th ,s  
m a r e  Tab le  for  a hst  of  all the b a r 3 o n s  for  wh ich  there  ts ev idence  See also the hotes on ~, and ~ rewnan<es on ~, 
and ~ resoname~, and on v re~oname~, tnltodlt~lng those w~lton~ o / t h e  Bar, on l~td/ Ltsttng~ In patll~lt/at IheJe 
are 4pgand dtagrams o f  r V  and K?v' parttal-~a~e amphtude~, attd dl.~us3lotls o / t h e  ~Tatn ana/i ~,~ o/e/a~tt~ and 
tnelasttc ~ hannels 

t Th i s  m o d e  ~s energet ica l ly  fo rb tdden  when  the n o m i n a l  mass  o f  the decay ing  r e sonance  (and  o f  any  r e sonance  m the 
final  state)  ~s used,  but  ~s m fact a l lowed due  to the n o n z e r o  width(s)  o f  the resonance(s )  

a The  n o m i n a l  mass  here (m MeV) ~s used for  ~denllficat~on, see c o l u m n  5 for  the ac tua l  mass  

h T h e  b e a m  m o m e n t u m  a n d  gr are  ca lcu la ted  us ing  the n o m i n a l  m a s s  o f  c o l u m n  1 At r e sonance  the con t r i bu t i on  o f  
the r e sonance  to the total  cross  sect ion Is (J  + I/2)(Fec~/F)gr a n d  the c o n t n b u t t o n  to the elastic cross  sect ion ts 
(J + l/2)(Fet-/F)2gr This  ignores  l sospm factors ,  a n d  a s s u m e s  tha t  b a c k g r o u n d  in the r e sona t ing  par tml  wave  is 
neghglb le  

Usua l ly  a conserval t '~el  3 large range  o f  masses  r a the r  than  a s tat ls t tcal  ave rage  o f  the va r tous  d e t e r m i n a t i o n s  o f  the 
mass  ~s g~ven In these cases the mass  d e t e r m m a t ~ o n s  are  nearl~ ent trely f rom va r ious  phase-shi f t  ana lyses  o f  more  
o r  less the s a m e  da t a  It ~s thus  no t  a p p r o p r m t e  to treat  the d e t e r m m a t t o n s  as i n d e p e n d e n t  m e a s u r e m e n t s  or  to 
ave rage  t h e m  toge ther  The  masses ,  w id th s  a n d  b r a n c h i n g  f rac t ions  m th~s Table  are  Bre~t-W~gner p a r a m e t e r s  The  
Ba ryon  Full L ls tmgs  also m c l u d e  pole p a r a m e t e r s  when  the~ are  avadab l e ,  a n d  there ts a table  o f  pole p a r a m e t e r s  
for  N a n d  .3 r e sonances  m the " N o l e  on ,~ a n d  .3 R e s o n a n c e s '  m the  L~stmgs 

d Usual ly  a conservat~vel~ large range  o f  w~dths r a the r  t han  a stat is t ical  ave rage  o f  the va r ious  d e l e r m l n a t t o n s  o f  the 
w~dth ~s g~ven (see no te  ¢ for  the reason)  T h e  n o m m a l  va lue  m pa ren theses  ~s then s~mply a best  guess 

e The  inden ted  m o d e s  are  subreact~ons  o f  the ,\  r r  m o d e  The  (Trrr) s ~s the ~sospm-0 S -wave  stale o f  two p~ons 

f Most  o f  the inelast ic  b r a n c h m g  f rac t ions  c o m e  f rom pa r t t a l -wave  ana lyses  a n d  these d e t e r m i n e  ( \  ~ ,)~/2, where  x = 
Fel /F a n d  ~'  = F ' / F  are the elast ic  a n d  inelast ic  b r a n c h i n g  f rac t ions ,  not  x '  dtrectl~ T h u s  an~ unce r t a in ty  (and  It ~s 
of ten cons ide rab le )  m x car r ies  ove r  in to  x '  W h e n  x '  so d e t e r m i n e d  ~s really poor ly  k n o w n  we here stmpl~ note  
tha t  the m o d e  ~s seen T h e  va lues  o f  (~ ~ ,)1/2 arc  g~ven m the Baryon  Full L~stmgs 

g For  a 2 -body  d e c a y  m o d e  this  ~s the m o m e n t u m  o f  the decay  p r o d u c t s  m the rest f r a m e  o f  the decay ing  part ic le  
Fo r  a 3 -o r -more -bod~  m o d e ,  lh~s is the m a x i m u m  m o m e n t u m  an' ,  o f  the p r o d u c t s  can  have  m th~s f r ame  The  
n o m m a l  mass  o f  c o l u m n  1 ~s used  as ~s the n o m i n a l  mass  o f  any  r e sonance  m the final s tate  

h The  e r ro r  g~ven here Is on ly  an  e d u c a t e d  guess  It ~s larger  than  the  e r ro r  on  the weighted  average  o f  the p u b h s h e d  
va lues  

t The  e r r o r  g tven here has  been scaled up  by an  " S  f ac to r "  (see the * foo tno te  to the Stable  Part ic le  S u m m a r y  Tab le  
for  h o w  S is def ined)  because  the va r i ous  m e a s u r e m e n t s  d~sagree m o r e  ser ious ly  than  one  would  expect  f rom stat~s- 
t iCS 

j Fo r  the ~.~ J ts not  m e a s u r e d ,  for  the ~ a n d  - -  ne t the r  J no r  P ~s m e a s u r e d  The  values  gtven are those  
expec ted  f rom the q u a r k  mode l  

/, F N A L - 4 0 0  says  tha t  the "~.~ + + Zo mass  d i f fe rence  is 10 8_+_ "~ 9 MeV A R G U S  says  tha t  ~t ~s + 1 __'~ + 0 8 MeV At 
least one  o f  t h e m  ~s w r o n g  
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Tests of Conservation Laws* 
In response  to the current  interest  in tests o f  conserva t ion  laws, 

we have  made  a table of  exper imen ta l  l imi t s  on all weak and elec- 
t romagne t ic  decays, mass  differences, moments ,  and a few reac- 
t ions,  whose observa t ion  would  viola te  conserva t ion  laws The 
table Is given only in the full Rev iew of  Part icle Properties,  not in 
the Data  Booklet  For the benefit  of  Booklet  readers, we have  
inc luded the best l imi t s  from the table in the fol lowing text The 
table is in two parts "Discre te  Space-Time Symmet r ies , "  i e ,  C, 
P, T,  CP,  and C P F ,  and " N u m b e r  Conserva t ion  Laws," i e ,  lep- 
ton, baryon hadronic  flavor,  and  charge conserva t ion  The refer- 
ences for these data  can be found in the Stable Part icle Section of  
the Full List ings in this  Rev iew A discuss ion of  these tests fol- 
lows 

C P T  I N V A R I A N C E  

Genera l  pr inciples  of  re la t ivis t ic  field theory require mvar tance  
under  the c o m b i n e d  t rans format ion  C P T  The s imples t  tests of  
C P T  mvar lance  are the equal i ty  of  the masses  and  l i fet imes of  a 
part icle and  its an t ipar t ic le  The best test comes  from a l imi t  on 
the mass  difference between K ° and  ~ 0  Any such mass  difference 
cont r ibutes  to the CP-v io l a t lng  pa ramete r  ~ Assuming  C P T  
m v a n a n c e ,  the phase of  ~ should  be very close to 44 ° (See Note on 
CP  Viola t ion in KL ° Decay m the Full List ings ) In contrast ,  if  the 
ent i re  source o f  CP viola t ion  in K ° decays were a K ° -  ~;0 mass  
difference, the phase would  be 44 ° + 90 ° From the measured  
value of  ~b+ it is possible to deduce that  I m ( K  °) - m ( ~ 0 ) [  < 
1 0 - 4 l m ( K 3 ) - m ( K L ) [  < 3 × 1 0 - 1 0 e V  Limi ts  can also be 
placed on specific C P T - v l o l a t m g  decay ampl i tudes  Given  the 
small  value of  ( l  - I ~00/~+ I ) the value of~b00-~, + provides  a 
measure  o f  C P T  viola t ion  in K ° ~ 27r decay The present  l ist ing 
indicates  a two-s tandard-devia t ion  CPT-v io la t ing  effect 

C P  A N D  T I N V A R I A N C E  

Given  C P T  l nvanance .  CP vio la t ion  and T v io la t ion  are 
equ iva len t  So far the only ev idence  for CP or T v io la t ion  comes  
from the measu remen t s  ofT/+ r/oo and the semi lep tonlc  decay 
charge a s y m m e t r y  f o r K  L e g ,  I t /+  I = I 4 ( K  ° ---~ 7 r+Tr - ) /4 (Ks  ° 

--~Tr+Tr )1 = ( 2 2 6 6 ± 0 0 1 8 ) ×  10 3 a n d [ F ( K  ° ~ T r  e + u ) -  
r ( g  ° ~ ~ + e - ~ ) ] / [ s u m ]  = (0 333 _+ 0 014)% Other  searches for 
CP or T v io la t ion  should  be d iv ided  into (a) those that  involve  
weak in terac t ions  or par i ty  violat ion,  and (b) those that  involve  
processes a l lowed by the strong or e lec t romagnet ic  in teract ions  In 
class (a) the most  sensi t ive  is probably  the search for an electric 
d ipole  m o m e n t  of  the neutron,  which is measured  to be 
( - 1  1 ± 0  8) × 1 0 - 2 5 e  cm A nonzero value requires both P and 
T v io la t ion  Class (b) searches involve  looking for C or T viola- 
t ion in s trong or e lec t romagnet ic  processes Examples  are the 
search for C v io la t ion  in rt decay, bel ieved to be an e lec t romagnet ic  
process, e g ,  as measured  by F ( r / ~  #+/a-rr°) /F(r / - -*  all) < 
5 × 10 - 6 ,  and the search for T v io la t ion  in a n u m b e r  of  nuclear  
and  e lec t romagnet ic  react ions 

C O N S E R V A T I O N  O F  L E P T O N  N U M B E R S  

Present exper imen ta l  ev idence  and the s tandard  e lect roweak 
theory are cons is ten t  with the absolute  conserva t ion  of  three 
separate  lepton numbers  electron n u m b e r  L e, m u o n  number  L u. 
and r - n u m b e r  L r Searches for v io la t ions  are of  the following 
types 

a) A L  = 2 for one DPe  of  lepton. The best l imi t  comes  from 
the search for neu t rmoless  double  beta decay (Z,  4 ) -.- (Z  + 2, 4 ) + 
e -  + e -  The best laboratory l imi t  is t I/2 > 5 × 1023 yr 
(CL=68%) for 76Ge 

h) Convers ion of  one lepton type to another .  For purely leptonlc 
processes, the best l imi t s  are on u ~ e 'y and  ~ ~ 3e, measured  as 
F(# --~ e 'y) /F(g -,- all) < 5 × 1 0 -  11 and I'(~ --~ 3e) /F(#  --~ all) < 
1 0 × 1 0 -  13 For seml lep ton lc  processes, the best l imi t  comes  
from the coherent  convers ion  process in a muon ic  a tom,  ~ + 
( Z , A )  --~ e + (Z ,A ) ,  measured  as F(~z-Ti --~ e T i ) / F ( ~ - T ]  --~ all) 
< 4 6 × 10 - 1 2  O f  special  interest  is the case in which the 

hadronlc  f lavor  also changes,  as in K L ~ el.t and K + ~ a - + e - #  +, 
measured  as F(K L ~ e#) /U(K L --,. al < 7 × 10 - 9  and F(K + --*- 
7r+e /~+)/F(K + --~ all) < 5 × 1 0 - g l ) L l m i t s  on the convers ion  of  
7 into e or # are found in r decay and are much  less s tr ingent  than 
those for # ~ e convers ion,  e g ,  P(r --~ #7 ) /F ( r  --~ all) < 
6 × 10 - 4  and F(r --~ e'y)/F(r ---, all) < 6 × 10 - 4  

c) Convermon of  one type of lepton into another t )pe  of antllep- 
ton. The case most  s tudied i s #  + ( Z , 4 ) ~ e  + + ( Z - 2 , , 4 ) , t h e  
strongest  hmt t  being F(/~ Ti ~ e + Ca)/F(# TI --~ all) < 
1 7 × 10 - 1 0  

d) Relat ion to neutrino mass .  If  neut r inos  have masses  then it is 
expected even m the s tandard electroweak theory that  separate lep- 
ton numbers  are not conserved,  as a consequence of  lepton mix ing  
analogous  to the Cablbbo quark  m i x m g  However,  in this  case 
lep ton-number-v io la t ing  processes such as # --*- e 7  are expected to 
have  ext remely  small  p robabdl ty  For small  neut r ino  masses,  the 
l ep ton-number  viola t ion would be observed first in neutr ino oscil- 
lations,  which have been the subject o f  extensive  exper imenta l  
searches For example  searches fo rvo  d isappearance  which we 
label as vo --/, vo give measured  l imi ts  A(m ) < 0 014 eV- for 
sin2(20) =" l, an'd sin2(20) < 0 14 for large x(m2) ,  where 0 is the 
neut r ino  mix ing  angle Searches for u set l imi ts  A(m 2) 
0 09 eV 2 for sm2(20) = l, and sin2(20~ 7 ve < 0 0034 for large A(m 2) 
For larger neutr ino masses  ( > >  l keV), l ep ton-number  v io la t ion  is 
searched for by looking for anoma lous  decays such as 7r ~ ev~,  
where v~ ]s a mass ive  neutr ino If  the -kL = 2 type of  v io la t ion  
occurs, it is expected that  neutr inos  will have a nonzero mass  of  the 
Majorana  type 

C O N S E R V A T I O N  O F  H A D R O N I C  F L A V O R S  

The convers ion of  a quark  of  one f lavor (d ,u , s  c ,b , t ) ,  mto a 
quark  of  ano the r  f lavor is forbidden in strong and electromagnet ic  
in teract ions  by the conserva t ion  of  hadron flavors In the Standard 
Model  the weak interact ions  violate  these conservat ion laws m a 
m a n n e r  described b~ the Cablbbo or Kobayash]-Maskawa mix ing  
(see the section on the Kobayash]-Maskawa Mixing Matrix)  The 
way m which these conserva t ion  laws are violated is tested as fol- 
lows 

a) AS = AO rule. In the semlleptonic  decay of  strange parti-  
cles, the strangeness change equals  the change in charge of  the 
hadrons  Tests come from l imi ts  on decay rates such as F(~ v+  --,- 
ne+v)/F(V. + --~ all) < 5 × 10 - 6 ,  and  from a detai led analysis  of  
K L --~ rcev, which yields the parameter  x, measured  to be 
(Re x, I mA ) = (0 006 ± 0 018, - 0  003 ± 0 026) Corresponding  rules 
a r e A C  =..XQ andA[3 = A Q  

b) Change  of  flavor b) two units  In the s tandard model  this 
occurs only m second-order  weak interact ions The classical exam- 
ple is AS = 2 K ° - ~ 0  mixing,  which is directly measured  by 
m ( K  s ) - m ( K I ) = ( 3 5 2 1 ±  0014)  × 10 12MeV There is now 
evidence  for B "0 - ~0  mix ing  corresponding to AB = 2 with the 
cor responding  mass  difference between the elgenstates 
] m B 0 - m B 0 ]  = ( 0 7 3 ± 0 1 8 ) F B  = ( 3 7 + 1 0 ) ×  10 10MeV No 

i 2 
evidence  exists for D o -  ~ 0  mixing,  which is expected to be much 
smal ler  in the Standard Model  

e) Flavor-changing neutral  currents.  In the Standard Model  the 
neutral-current  interact ions do not change f lavor The low rate 

F(K L # + # - ) / F ( K  L all) "9 5 + 2 4 ,  --" -*" = t  - 1 5  ) ×  1 0 - 9  puts l imi ts  on 

such interact ions,  the nonzero value for this  rate is a t t r ibuted to a 
combina t ion  of  the weak and electromagnet ic  in teract ions  The 
best test should come  from a l imi t  on K + -.- rr+v~, which occurs 
in the Standard Model  only as a second-order  weak process with a 
branching  fraction o f ( l  to 8) × 10 - 1 0  The current  l imi t  is F(K + 

a-+vV)/F(K + --* all) < 1 4 × 10 - 7  Limi ts  for charm-changing  
or bo t tom-changing  neutral  currents  are much  less s tr ingent  I'(D ° 
- - ~ # + # - ) / F ( D  ° ~ a l l ) <  1 I × 10 5 a n d F ( B  ° - - * - v + #  )/F(B °--~ 
all) < 5 × 10 - 5  

* Revised April 1988 by T G Trlppe and L Wolfenstein 
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Tests of Conservation Laws (cont'd) 
Discrete Space-Time Symmetries 

Quant i ty(a)  

zr° -~ 3"77 / all 
( e + e ) J  = 0 ~ 3 7 / 2 7  
( e + e - ) J  = I "* 4 7 / 3 7  

7 7 7  / all 
r / =  7r°e+e / a l l  

T/-~ 7r°U+U - / a l l  
r / ~  7r+Tr-Tr 0 parameters  

~ 7r+rr-3 , pa rameters  

left-right asymmetr~  
sextant  a symmet ry  
quad ran t  a symmet ry  

left-right a s y m m e t r y  
/3 (D-wave)  

+ 
~7--*-~r ~r / a l l  
e electric dipole  m o m e n t  
U electric d ipole  m o m e n t  
p electric d ipole  m o m e n t  
n electric dipole  m o m e n t  
~, electric dipole  m o m e n t  

~ ' /  4 from U -~ evv  
/ 3 ' / 4  from U ~ e w  
e pol ± U s p l n a n d e  + room f r o m u ~ e v v  

+ 
lm ~ in Kff3 decay (from t ransverse  u pol ) 

lm  ~ in Ku 3b decay (from t ransverse  u pol ) 

4~ phase o f g 4 / g  I for n 
n tr iple corre la t ion coefficient 
K ± --* rr ± rr+Tr - rate difference / average 
K -+ --~ rr +- 27r ° rate difference / average 
K ± ~ 7r ± 7r°7 rate difference / average 
tk -*-37r -+ slope (g+  g - ) / s u m  
Irt+ 012 = r ( K ° - * r r + T r - r ° ) / r ( K ° - , ~ r + r c  r °) 

I rPoo o 12 = I,(K o ~ 37r o) / r (K  o ~ 3~r o) 
Charge ashram ~j m K ° ~ 7r~Tr-Tr ° 
KL ° ~ (rr U+v 7 r + u - v - ) / s u m  

K O ~ 0 r - e + v  _ rr+e T ) / s u m  
1%ol = 14(K o ~ ~r%°)/ 4(K ° ~ 7r%°)1 

Irt+ I = 14(K°--- .Tr+rr ) /4 (K°- - , . r r+rr  )1 

l e v e l  = (1 - I%o/rt  + _  I ) /3  
q~+ phase o f t /+  
q~oo phase of  %o 
R e e m K  ° decay 

I--tA) +-+(~)l/l--(x) -+<X)I 
(g e + - g e -  ) / average 
(g + - g  ) / a v e r a g e  

(Up - I u ~ l )  / average 

e + e -  mass  d i f f e r ence / ave rage  
+ 

rr - 7r mass  d i f f e r ence / ave rage  
K + - K mass  d i f f e r ence / ave rage  
I K ° - K°I  mass  difference / average 

4~oo - ~+ 
p p mass  difference / average 
n - n- mass  difference / average 
A - A mass  difference / average 
_ - ~- mass  d i f f e r e n c e / a v e r a g e  
f t -  - ~+  mass  difference / average 
U + - U-  mean  hfe difference / average 
7r + - 7r mean  life d i f f e r ence / ave rage  
K + - K -  mean  life difference / average 
A - ]~ mean  hfe difference / average 

~ +  
_- mean  life d i f f e r e n c e / a v e r a g e  

K +- ~ U ± v rate difference / average 
K ± --~ 7r ± ~r ° rate difference / average 

Value (b) Symmet ry  tested or v iola ted 

< 4 x  10 - 7  C 
< 1 x 10 -5(~) ( 
< 1 × 10 -5(c)  C 

< 5 x 10 - 4  ( 

< 5 x 10 5 (2 (single photon process) 
< 5 x 10 - 6  ( (single photon process) 
(1 2 _+ 1 7) × 10 - 3  C 
(19_+  16)  x 10 - 3  (2 
( 17 -+ 17)  x 10 - 3  ( 
(9 _+ 4) x 10 - 3  
0 0 5  _+ 0 0 6  C 
< 1 5 x 10 - 3  P a n d C P  
< 3 x 10 - 2 4  e c m  T and  P 

( 3 7  +_ 34 )  x 1 0 - 1 9 e c m  T a n d P  
(9  _+ 14) × 10 -21  e cm T and P 

( - 1  1 +- 0 8 )  x 1 0 - 2 5 e c m  T a n d P  
< 1 5 × 1 0 - 1 6 e c m  T a n d P  
(0 + 4) x 10 - 3  T 
(2 _+ 6) x 10 3 1 
0 0 0 7  _+ 0 0 2 3  T 
- 0 0 1 7  _+ 0 0 2 5  T 

- 0 0 0 7  +_ 0 0 2 6  T 

( 1 8 0 1 1  _+ 0 1 7 )  ° T ( 0  ° o r  180 ° ) 
- 0 0 0 0 7  _+ 0 0 0 1 4  7 
(007  _+ 0 12)% ( P  
( 0 0  + 0 6 ) %  ( P  
( 0 9  _+ 33)% ( P 
( - 0 7  + 0 5 ) %  CP 
< 0 12 CP 

< 0 1  ( T  
00011 + 0 0 0 0 8  ( P  
( 0 3 2  ÷ 004)% ( P  (~lolated) 

(0333  _+ 0014)% CP (violated) 
(2245  _+ 0019)  x 10 3 ( P ( ' ~ l o l a t e d )  

(2266  _+ 0018)  x 10 3 ( p  (, , lolated) d 
(2 259 _+ 0018)  x 10 - 3  CP ( ' , iolated) ( ) 
(3 2 + 1 0) × 10 - 3  ( P  (, , iolated) (d) 
(44 6 _+ 1 2) ° CP (violated) 
(54 _+ 5) ° CP (violated)  
(1 621 _+ 0088)  × 10 - 3  ( P  ('~lolated) 

0 0 6  + 0 0 8  ( P  
( - 0 5  _+ 2 1 )  x 10 - 1 2  CPT 
( 2 6  + 16)  x 10 8 (-P7 

( - 1  _+ 7 ) x  10 - 3  (~PT 

< 4 x 10 - 8  ( T T  
(2 _+ 5 ) x  10 - 4  ( P T  

( - 0 6  101-8~× 10 4 CP1 
< 6 x d P T  (e) 
(10 -+ 5) ° ( P T  
(6 -+ 4) x 10 - 5  ( P 1  
(9 _+ 5) x 10 - 5  ( P I  
( 0 0  -+ 1 I) x 10 - 4  CPT 
(I 1 + 2 7) x 10 4 CPT 
( - I  -+ 5 ) x  10 - 4  CPT 
(3 _+ 8) x 10 - 5  CPT 
(5 2 7) x 10 - 4  CPT 
(l 1 _+ 0 9 )  x l0  - 3  CPT 
(4 _+ 9) x 1 0 - 2  CP7 
(0 02 _+ 0 18) CP7 
( - 0  5 -+ 0 4)% CPT 
(0 8 _+ 1 2)% CPT (f) 
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Tests of Conservation Laws (cont'd) 
Number Conservation Laws 

Q u a n t i t y ( a )  Va lue  (/') C o n s e r v a t m n  law tes ted  

l a -  ~ e - v j u / a l l  < 5 x 10 - 2  L e p t o n  f a m i l y  n u m b e r  (g 'h)  

e - y / a l l  < 5 x 10 - I I  L e p t o n  f a m i l y  n u m b e r  (h) 

- -*e  e + e - / a l l  < 1 0 x  10 - 1 3  . . . . .  

--~ e - ' y y / a l l  < 7 x 10 - 1 1  . . . . . .  

# -  32S--* e 32S /a1 [  < 7 x 10 - I 1  . . . . .  

# T 1 - - , - e - T l / a l l  < 4 6  x 10 - 1 2  . . . . .  

c o u p h n g  for  ( # + e -  ~ # - e + ) b o u n d  < 7 5 G/. " " " 
r --~ # - y / a l l  < 6 × 10 - 4  . . . . .  

e - y / a l l  < 6 x 10 4 . . . .  

- - ~ #  # + # - / a l l  < 2 9  x 10 - 5  " " " 

- - * e - # + #  / a l l  < 3 3  x 10 - 5  " " " 

--. # - e + e  - / a l l  < 3 3 × 10 - 5  " " " 

- - * e - e + e  / a l l  < 4  × 10 5 ,, - 

--. # - z r ° / a l l  < 8 × 10 - 4  . . . . .  

--* e z r 0 / a l l  < 2 1 x 10 - 3  . . . .  

# / k 0 / a l l  < 1 0 × 10 - 3  . . . .  

--* e K ° / a l l  < 1 3 × 10 - 3  . . . .  

# - p ° / a l l  < 4 × 10 5 . . . .  

...,. e - p ° / a l l  < 4 × 10 - 5  . . . . .  

- - * e  zr+~r - / a l l  < 4 × 10 - 5  . . . .  

# - ~ - + z :  / a l l  < 4 × 10 5 . . . .  

e w + A - / a l l  < 4 x 10 - 5  " " " 

--.,.# r r + h - / a l l  < 1 2 ×  10 - 4  . . . . .  

-.* e - K * ( 8 9 2 ) ° / a l l  < 5 x 10 - 5  " " 

--. # K * ( 8 9 2 ) ° / a l l  < 6 × 10 - 5  . . . .  

- - * e + #  # / a l l  < 4 x 10 - 5  " " " 

--~ # + e - e - / a l l  < 4 × 10 - 5  " " 

zr+ - .  # + p e / a l l  < 8 0 x  10 - 3 ( / )  . . . . .  

# - e + e + v / a l l  < 8 x l 0  6 . . . . . .  

~r° ---.. e +-#~ / a l l  < 7 x  10 - 8  " " 

K + --~ 7 r ' e + #  - / a l l  < 7 × 10 - 9  " 

--,. 7 r + e - #  + / a l l  < 5 x 10 - 9  " " 

- - . #  v e + e + / a l l  < 2 ×  10 - 8  . . . . .  

. . - . # + r e ~ a l l  < 4 x  10 - 3 ( / )  . . . . .  
K ° ~ e - + #  z / a l l  < 7 x 10 - 9  . . . . . .  

D ° - - , . e + - # + / a l l  < 1 2 ×  10 - 4  . . . . .  

B ° - . . e + - # ~ - / a l l  < 5 ×  10 - 5  . . . . .  

p o s m l l a t m n s  

A(m 2) for  sm 2 (20)= 1 

~ e - A V ' - - e  < 0 0 1 4 e V  2 . . . . .  

. .~ ~ v__ e < 0 09 eV 2 . . . .  

v u --+ v e < 0 9 eV 2 . . . . .  

v --~Vr < 0 9 e V  2 . . . . .  

V u --+ v r < 2 2 eV 2 " " " 

v u 4 " v  u < 0 2 3 e V  2 o r >  1 5 0 0 e V  2 " " " 

v_t , - -Ave < 2 3 eV 2 " " " 
u u "-A v u < 7 eV 2 or  > 1200 eV 2 " " " 

v e ~ v r < 9 eV 2 " " " 

sm 2 (20) for  large A(m 2) 

v e - ~  v e < 0 14 " " " 

v -,- V e < 0 0034  " " " 

v u - , .  v e < 0 004  " " " 

v ~ v~ < 0 004  " " " 

u u ~ v r < 0 04 " " 

v u "4~ v u < 0 02 [A(m 2) = 100 eV 2 ] " " 

v__ e "-AVe < 0 07 . . . . .  

v~o ~ v ~  < 0 7  " " " 

v u "k" v u < 0 02 [190 eV2<  A ( m 2 ) <  320 eV 2] . . . .  

v e --,. v r < 0 12 " " " 

F o r  o t h e r  l e p t o n  m m n g  effects  m par t i c le  decays,  see Ful l  L i s t i n g s  

C o n t ' d  on  nex t  page 
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Tests of Conservation Laws (cont'd) 
Number Conservation Laws (Cont'd) 

Q u a n t i t y  (a) Va lue  (b) C o n s e r v a t m n  law tes ted 

32S --~ e + 3 2 S 1 " / a l l  < 9 x 1 0 - 1 0  T o t a l  l ep ton  n u m b e r  (/`) 

/1 1271 ~ e + 127SbSlable /a l l  < 3 x 10 - 1 0  " " 

/~- T l  --~ e + C a / a l l  < 1 7 x 10 - 1 0  . . . . . .  

r - - - . e + r r - T r - / a l l  < 6 x  10 - 5  " " " 
+ - -  _ 

- - ~  r zr / a l l  < 6 x  10 - 5  . . . .  

--~ e + ~ r - K  - / a l l  < I 2 x l 0  - 4  . . . . .  

--. # + r r - K - / a l l  < 1 2 x 10 - 4  " " 

r r+- . . .~ /a+V-e/a l l  < 1 5  x 1 0 - 3 ( J )  . . . . . .  

K + ~ r r - e + e  + / a l l  < 1 0 x 10 - 8  " " 

-,- 7 r - e + / ~ + / a l l  < 7 x 10 - 9  " " 

--,- # +~-e / all < 3 3 x  10 - 3 0 )  " " " 

--~ e + rr°'~-Ve / all  < 3 0 x  10 - 3 0 )  " " " 

n e u t r m o l e s s  d o u b l e  be ta  decay  See Ful l  L i s t i ngs  " " " 

E igh t  e x a m p l e s  o f  p r o t o n  or  b o u n d  n e u t r o n  decay  fo l low 

F o r  o t h e r  n u c l e o n  decay  channe l s ,  see S tab le  P a m c l e  S u m m a r y  Tab le  

r p / B R ( p  ~ e + r r  °) > 250 x 1030 years  Baryon  n u m b e r  

r n / B R ( n  --~ e + r r  ) > 31 x 1030 years  " '~ 

rp  / BR(p  --~/a+rr  °) > 80 x 1030 years  . . . .  

r n / B R ( n  ~ / ~ + r - )  > 23 x 1030 years  " " 

rp  / BR(p  -,. e + K  °) > 80 x 1030 years  " " 

r n / B R ( n  - - , . e + K  ) > 1 3 × 1030 years  " " 

r p / B R ( p  ---~ a + K  °) > 4 0 x  1030 years  " " 

r n / B R ( n  ---- / ~ + K - )  > 0 4 x 1030 years  " " 

m e a n  t~me for  n ---,- ~ t rans~t lon > 4 years  " " 

e m e a n  hfe  > 2 x 1022 years  Charge  

n ~ p ~ - / p e ~  < 9 x 10 - 2 4  " 

Re  x f r o m  K ° ~ t r ey  0 0 0 6 _ + 0 0 1 8  AS = A O  (:) 

l m  x f r o m  K ° ~ rreu - 0  003_+0 026 " 

h + --~ 7r+rr+e  ' ~ / a l l  < 1 2 x 10 - 8  " 

-*- 7 r + r + ~ - ~ - / a l l  < 3 0 x 10 - 6  " 

Z + ---* n e + v / a l l  < 5 x 10 - 6  " 

n ~ + v / a l l  < 3 0  x 10 - 5  " 

(12 + -*. n c " + v ) / ( Z  - ~ n [ - ~ - )  < 0 0 4  

E ° - - ~ Z  e + u / a l l  < 9 x  10 - 4  " 

--~ Z ~ + u / a l l  < 9 x l 0  - 4  " 

--~ p e - v / a l l  < l 3 x 10 - 3  AS = 2  f o r b i d d e n  (() 

--~ p ~ t - ~ - / a l l  < l 3 x l 0  - 3  . . . .  

--. p l r - / a l l  < 4 x 10 - 5  . . . .  

" - -  --~ n e ~ / a l l  < 3 2 x 10 - 3  " " 

--*- n #  ~ - / a l l  < 1 5 x 10 - 2  " " 

- ~  p T r - e ~ / a l l  < 4 x 10 - 4  " " 

--~ pTr ~ ~ / a l l  < 4 x 10 - 4  " " 

--.*- nTr -  / a l l  < I 9 x 10 5 ,, - 

--~ p v r - z r  / a l l  < 4 x 10 - 4  " " 

x2- --~ ATr , /all  < 1 9 x 10 - 4  " " 

mKL -- inKs (3 521 _+ 0 014)  x 10-- 12 MeV " " 

C o n t ' d  on  next  page 
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Tests of Conservation Laws (cont'd) 
Number Conservation Laws (Cont'd) 

Q u a n t i t y  (a) Value  (b) C o n s e r v a t i o n  law tested 

(D O - . , . .~0 ~ ta a n y t h i n g ) / ( D  O ~ ta+ any th ing )  < 0 006  AC = 2  fo rb idden  (O 

(D°- - -~D°- -~K+rr- ) / (D°- -* ,Kzr )  < 0 0 0 4  " " 

ImDlo  - m D 2 0 l  ( f rom p r e v i o u s  hml t )  < 1 3 × 1 0 - 1 0  MeV " " 

(B 0 ~ ~ 0  ~ t a -  a n y t h i n g ) / ( B  o ~ tax a n y t h i n g )  (0 17_+0 05) AB = 2  fo rb idden  (g) 

ImBio  - mB2Ol ( f rom p rev ious  h m l t )  ( 3 7 _ + 1 0 ) ×  1 0 - 1 0  MeV " " 

K ° ~ t a + t a - / a l l  (9 5 +24~ - 1 5 J  × 1 0 - 9  n o f l a v  c h n g  neut  cu r r  (m) 

--*- e + e -  / all < 5 ×  10 - 9  . . . . . . . . . .  

----- ta+ta 7 / a l l  ( 2 8 _ + 2 8 ) ×  10 - 7  . . . . . . . . . .  

- - ~ e + e  3~/all  ( 1 7 + _ 0 9 )  x 10 - 5  . . . . .  

--~ 7 r 0 t a + t a - / a l l  < 1 2 × 10 - 6  . . . . . . .  

--*- 7 r°e+e  - / a l l  < 2 3 x 10 - 6  . . . . .  

--- 7 r + r - e + e  - / a l l  < 2 5  x 10 - 6  . . . . . . . .  

--~ ta+ta e + e  / a l l  < 5 x 10 - 6  . . . . . .  

- . . e + e  e + e - / a l l  < 2 6 x  l0  - 6  . . . . . .  

K ° --~ t a + t a - / a l l  < 3 2  x 10 - 7  . . . . . . . .  

--,- e + e  - / a l l  < 1 0  × 10 - 5  . . . . . . . . .  

K + - - ~ T r + e + e - / a l l  ( 2 7 - + 0 5 )  x 10 - 7  . . . . . . .  

---) 7 r+ta+ta-  / all < 2 4 x  10 - 6  . . . . . .  

--*- 7r+u"b"/all < I 4 x 10 - 7  . . . . .  

D °---, t a + t a - / a l l  < I 1 x 10 - 5  . . . . . .  

--~ e + e  / a l l  < 1 3 x 10 - 4  . . . . . .  

B°-----ta+ta / a l l  < 5 x  10 - 5  . . . . .  

e + e  - / a l l  < 8 x 10 - 5  . . . . .  

K°ta+ta - / a l l  < 4 × 10 - 4  . . . . .  

--~ K°e+e - / a l l  < 6 x 10 - 4  . . . . .  
B+ --,, K+ta+ta- / all < 3 2 x  10 - 4  . . . . .  

. - - ~ K + e + e - / a l l  < 2 1  x 10 - 4  . . . . .  
B ~ ( e + e  - a n y t h l n g + t a + t a  - a n y t h t n g ) / a l l  < 2 4  x 10 - 3  . . . . .  

E + . - . , p e + e - / a l l  < 7 ×  10 - 6  . . . . .  

a B r a n c h i n g  f r ac t ions  are desc r ibed  by  a s h o r t h a n d  no ta t ion ,  e g ,  " # +  --~ e + 7 / a l l "  m e a n s  F(# + ---- e + ' r ) /  
F(# + ---- all) 

b L imi t s  are  g iven  a t  90% conf idence  level whi le  e r ro rs  are  given as _+ 1 s t a n d a r d  dev i a t i on  
c P o s l t r o n l u m  d a t a  are  f rom A P Mills a n d  S Berko,  Phys  Rev  Lett  18, 420  (1967),  a n d  K M a r k o  a n d  

A Rich,  Phys  Rev  Lett  33, 980 (1974)  Values  for  90% conf idence  l imi t  are  f rom A P Mills, p r iva te  
c o m m u n i c a t i o n  

d De r ived  f rom m e a s u r e d  va lues  o f  ] )7001 a n d  l )7+_ [, a n d  theo reuca l  i npu t  on  phases  See note  on CP 
v io la t ion  in the  K ° Full Lis t ings 

e De r ived  f rom m e a s u r e d  va lues  o f  4~+- a n d  ImKo mKol  

f Neglec t ing  p h o t o n  c h a n n e l s  See, e g ,  A Pals  a n d  S B T r e l m a n ,  Phys  Rev  DI2 ,  2744 (1975) 
g Test  o f  a d d i t i v e  vs m u l t l p h c a t l v e  lep ton  fami ly  n u m b e r  c o n s e r v a t i o n  
h Lep ton  fami ly  n u m b e r  c o n s e r v a t i o n  m e a n s  separa te  c o n s e r v a t i o n  o f  e - n u m b e r ,  ta -number ,  a n d  r -  

n u m b e r  
j These  h m l t s  are de r i ved  f rom the  ana lys i s  o f  n e u t r i n o  osc i l la t ion  e x p e r i m e n t s  
k Vio la t ion  o f  total  lep ton  n u m b e r  c o n s e r v a t i o n  also l m p h e s  v io la t ion  o f  lep ton  fami ly  n u m b e r  conse rva -  

t ion  
g C a n  be v io la ted  in s e c o n d - o r d e r  weak  in te rac t ions  
m C a n  be v io la ted  in h i g h e r - o r d e r  e l ec t roweak  in te rac t ions  
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PHYSICAL CONSTANTS* 

Quantity 

speed of  hght 

Planek constant 

Planck constant, reduced 

electron charge magmtude 

conversion constant 

conversion constant 

electron mass 

proton mass 

deuteron mass 

untried atomic mass umt (u t") 

permttttvity of  free space 

permeabthty of free space 

fine structure constant 

classical electron radius 

electron Compton wavelength 

Bohr radms (mnucleu s = z~c) 

Rydberg energy 

Thomson cross section 

Bohr magneton 

nuclear magneton 

electron cyclotron freq/field 

proton cyclotron freq/field 

Symlml, equatmn 

(" 

h 
h -=- h127r 

C 

h ~ "  

(he) 2 

Dr(, 
Dip 

m d 
(mass C 12 atom)/12 = ( l g)/:V A 

Value Uncert (ppm) 

% I : i / c  2 

~0 I _~"m 
(~ = e2/4rr~0hc 

9 
r e = e- /4rr tomeC- 

-1 
X e = h / m e t  = re(~ 

2 "~ ' ~  
a3c .  = 4 / r ~ o h  / m e C -  = r e ( I  - 

hCR~c = mee4/2(47r%)2h 2 meC-ti-/. 
Ol. = 8r%~/3 

~B = e h / 2 m e  
la N = e h / 2 m p  

tc c cl/B = t'/n't~ ) . . . .  

WPycl/B = e / m p  

gravitational constant (i.. v 

standard gray accel, sea level g 

Fermi eouphng constant G/../(h c )3 

299 792 458 m s 1 (see note**) (exact) 

6 626 075 5(40)x 10 -34  J s 0 60 

I 054 572 6 6 ( 6 3 ) × 1 0 3 4  J s 0 6 0  

6 582 122 0C0)× 10 -22 McV s 0 30 

160217733(49) , (10  1 9 C = 4 8 0 3 2 0 6 8 ( 1 5 ) x 1 0 1 0 e s u  0 3 0 , 0 3 0  

197 327 053(59) MeV fm 0 30 

0 389 379 66(23) GeV 2 mbarn 0 59 

Avogadro number  3.' 4 

Boltzmann constant A 

1 barn =- 10 -28  m 2 

1 dyne -= 10 - 5  nevdon (N) 

l e r g  ~ l O - 7 j o u l e ( J )  

0 510 999 06(15) MeV/c 2 = 9 109 389 7(54)x I0 -31 kg 

938 272 31(28) MeV/c 2 - l 672 623 l(lO)× t0 -27  kg 

= I 007 276 470(12) u ~" = 1836 152 701(37) m e 

1875 613 39(57) MeV/c 2 
931 494 32(28) MeV/c 2 = I 660 540 2(lO)×lO -27 kg 

8854 187817 × 1 0 - 1 2 F m  I 

4 r r × 1 0 - T N  A - 2 -  1 2 5 6 6 3 7 0 6 1 4  × I 0 - 7 N A  - 2  

I gauss (G) =- 10 - 4  tesla (T) 
0~(" ~ 2 7 3 1 5 K  

0 30, 0 59 

0 3 0 , 0 5 9  

0012,  0020 

0 30 

0 3 0 , 0 5 9  

(exact) 

(exact) 

0045 

013  

0 089 

0 045 

0 30 
0 27 

o 089 

0 089 

0 3O 

0 30 

128 

128 

(exact) 

17 

0 59 

85  
84  

8 4  

8 4  

34 

1/137 035 989 5(61)$ 
2 817 940 92(38)x 10 15m 

3861 59323(35)x l0  - 1 3 m  

0529 177249(24)x10 10m 

13 605 698 1(40) eV § 

0 665 246 16(18) barn 

5 788 382 63(52)× 10-  II MeV T- I 

3 152 451 66(28)× 10-  14 MeV T " I 

I 75881962(53)×1011 r z d s  - I  T - I  

9 578 8309(29)×107 rad s -1 T -1 

6672 59(85)×10 - I I  m 3 k g  - I  s - 2  

- 6707 11(86)×10 -39  hc  ( G e V / c 2 )  2 
_.-)  

9 806 65 m s - 
1 166 37(2)xl0 -5  GeV - 2  

6 022 136 7(36)x 1023 too l -  I 

I 380658(12)x l0  23j  K - I  

= 8617 385(73)×10 5eV K - I  

Wren displacement law constant h = XmaxT 2 897 756(24)× 10 - 3  m K 
molar  volume, ideal gas at STP N A (273 15 K)/(I  atmosphere) 22 414 10(19)× 10 - 3 m 3 too l -  I 
Stefan-Boltzmann constant a - 7r2k4/60h3c 2 5 670 51(19)× 10 - 8  W m - 2  K 4 

weak mixing angle sm20 II 0 230 ± 0 005 

W :  boson mass "h i  80 9_+ 1 4 GeV/c  2 

Z 0 boson mass m Z 91 9~ I 8 GcV/c  2 

= 3 141 592 653 589 793 238 e = 2 718 281 828 459 045 235 ~ = 0 577 215 664 901 532 861 

I m -= 00254 m 1 eV = 1 602 177 33(49)×10-19 j  
I A -= 1 0 - 1 0 m  I eV/c  2 = I 78266270(54)×10 36kg 

I fin -= 1 0 - 1 5 m  2 9 9 7 9 2 4 5 8 x 1 0 9 e s u  = I coulomb(C)  1 atmosphere = 1 013 25 xl05 N/m 2 

• Revised 1987 by B N Taylor Based mainly on the "'1986 Adjustment of  the Fundamental Physical Constants" by E Richard Cohen and Bart'3, 
N Taylor, Rev Mod Phys 59, 1121 (1987) See also E R Cohen and B N Taylor. "The Fundamental Physical Constants," Physics Today 40, 
No 8, Part 2. BG-I 1 (August 1987) The figures m parentheses after the values give the I-standard-devmtlon uncertainties tn the last digits, the 
uncerlalntles tn parts per mdhon (ppm) are given m the last column The uncerlamt~es of  the values from a least-squares adjustment are in gen- 
eral correlated, and the laws of error propagatmn must be used tn calculalmg addmonal  quanm~es, the full variance matrix ts given m the Rev 
Mod Phys paper The set of  constants resulting from the 1986 adjustment has been recommended for international use by CODATA (Commit- 
tee on Data for Soence and Technology). and ts the most up-to-date, generally accepted set currently avadable 

"" In 1983, the Conf Generale des Polds el Mesures adopted a new defimtton of the meter ~t ~s the d~stance traveled by light in vacuum m 
1/299 792 458 s Thus the speed of  hght is defined to be 299 792 458 m/s For a dtscussmn, see B W Petley. Nature 303. 373 (1983) 

t" Formerly known as "'ainu "" 

¢ At Q2 = m(~ At Q2 of order ml~ the value is approxlmatel)  1/128 

§ Since the completion of the 1986 adjustment,  new experiments have yielded an improved value of  the Rydberg constant for mfimte mass. R oc 
The new work tmphes  R ~  = I 0 9 7 3 7 3 1  572(4) m I rather than the 1986 recommended value o f R ~  = 10973731 534(I 3) m - I  
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ASTROPHYSICAL CONSTANTS* 

Planck mass 

Q u a n t a )  

H u b b l e  p a r a m e t e r  f 

n o r m a h z e d  H u b b l c  p a r a m e t e r  + 

d e n s i t y  p a r a n a e t e r  o f  the  unl ' .  erse  ÷ 

cr i t ical  d c n s d y  o f  the  urn' .  ersc  + 

N) mhol, equa tu )n  Value  

l /Planck 1 221 047(79) .  I[) It~ (ie\","~ - 

= ( h e . ' ( , \ )  i 2 - 2 1 7 6 7 1 ( 1 4 ) , 1 0  ~ k g  

I I  0 IOOh() km s I M r ×  I 

= /;0~1 0.~10 I() } e a r  l 

hi) 0 4  . t q )  . I 

t'~t) ~' Pt)"P( {1 ()~ ~: [')0 " 4 

t), = 311t i , '8r ( ' . ' , .  1 8g '< lO 26 h(~ kg m 3 

= 2 8 - l 0  I I  hi i  ~,1:~ M l : x .  " - ~  

Q u a n t t t )  N )  m b o l  V a l u e  

c o s m o l o g i c a l  c o n s t a n t  X I ',.I • 3, 10 52 m 2 

age  ol the  u m ' . c r s e  "t 1<) I 5(5)-  IC) II) ) e a r s  

solar mass ' f r o  I 9 8 9 ( 2 ) ,  I() ~'° kg 

solar lummosn' .  1.~, 3 8 2 6 ( 8 ) , 1 0 2 6 j  s I 

solar r ad ius  R C: 6 959 9(7)× 108 m 

I t ropica l  , .car  ~ 3 155 69 . 1 0 7 s  

I light ' , ea r  = 9 4 6 0  528 - IO Is m 

I pa r sec  (pc) = 3 2 6 1  633 h g h t > e a r s  

1 a s t ro  u m t  = 1 495 9-',9 x 10 II m 

( ' o m p f l e d  wi th  the  he lp  o f  K -% C)h,,e J P n m a c k  a n d  S R u d a z  S o m e  ' . a lues  arc  t aken  f r o m  C \V . \ l ien 
( A t h l o n e P r e s s .  L o n d o n  1973) 

f Subsc r ip t  0 md~ca tes  p r e s e n l - d a )  ' . a lucs  

BIG BANG COSMOLOGY* 

1 ',Hop]II ",1( a /  Q)lt()IIlIIlI'~ 

Al l  obser ' ,atmnal e', Monte  to date mthcates that our  um'.crsc ~s 
ver.,, nearb homogeneous and ]solroplc The most gem.'ral space- 
hme interval  v..Hh these properhes is the Fr iedmann-Rober tson-  
Walker  metr ic  (v.qth ~ = I) 

" I dr2 2(d02 ~ ' ln2( td°~2) l  " d.~" - d t 2 - R 2 ( 1 )  -i - ~ t  2 " ~ " ' 

w h e r e  ^ = - l. I o r  0 c o r r e s p o n d s  to c losed  o p e n  o r  '~patmll,, 

flat g e o m e t r i e s ,  R ( t )  ~s a scale fac tor  for d~stances  m corno ' ,  m g  
coordinates Emsteln's equat ions lead to thc ] - ru:dnlann equatu'm 

t l 2  =- , , - -  , = -- 3 -- R 2 " 

as v.ell as to 

R ~, 

- -  (p  • 3 p  ) 

w h e r e  l l ( t  ) ts the  H u b b l e  p a r a m e t e r  p ~s the  total  mass -ene rg ' .  
dens t t ' , ,  p is the  I so t rop lc  p r e s su re  a n d  '~ ~s the  c o s m o l o g i c a l  con -  

s tan t  ( F o r  hn 'uts  on  X. see the  T a b l e  o f  A s t r o p h ) s l c a l  C o n s t a n t s  
we will assume here x = 0 ) The Fr tedmann eq l . l a I lO l l  s.2r~.cs to 
def ine the denstt) parameter 90 (subscript O indicates presenl-da) 
~alues) 

~,./R(~ ~ l id (L>0--  I)  <+)t) - /'t)"P, 

a n d  the  c r m c a l  denser.', ~s d e f i n e d  as 

311t~ 
{)c == I 88x1( )  26 " - -  - h d kg m " . 

8 ~ r ( i ,  

with  
t l  0 = IOOh O k m  s I M p c  I 

Observat ional  bounds glve 0 4 -- hi) -- 1 The three poss~bh., 
va luesof~,  ~ I, - l ,  a n d 0 ,  correspond to~20 . - I  < I  a n d - I  ~e 
to closed, open and fiat (crHtcal) um,.erses The ".alue of~-t o ~s 
in fe r red  f r o m  ve loc i ty  m e a s u r e m e n t s  on  scales  g r ea t e r  t h a n  100 
kpc.  w M c h  a re  all cons i s t en t  ' * n h  0 I ~ ~-~0 ~ 0 4 C o n s e r ' , , a u ' . e  
b o u n d s  a rc  0 05 ~ "q0 ~ 4 T h e  port~on ofL~ m l u m i n o u s  m a l t e r  ts 

much sma l l e r ,  0 005 ~ ~lum ~ 0 02 The excess  of.qt) o x e r  "Qlum 
l eads  to the  i n f e r ence  that  m o s t  o f  the  m a t t e r  m the  u n P . e r s e  ~s 

n o n l u m m o u s  " ' d a r k "  m a t t e r  

l'.'nerg.,, conser ' .ahon m]phes that p = 3(R .'R ) (/, - P)  so that 
l o r a  mat ter -dominated (p - O) um;ersc  p -.r R " 3 v, lulc fi.)r a 
ra tha t lon-dommated (p = I / 3p )  um\crse /J  -,4 R 4 ] 'hus the less 
singular curxa turc  tern] ^..'R 2 in tile I - r ledmatm e q u a t i o n  can be 
neglected at carl', tunes ',,.'hen R ~s small Energ,. conscr,.at~on a l s o  

mlphcs that the um',ersc expands admbaucall ' .  R3s = constant. 
w h c r c t h e e n t r o p )  dcns~l'. , = ( i ,  " P ) . ' I  and 7 ~stemperaturc 

The cnc rg )  denstt) o f  radlatmn can he expressed ",is 

~2k4 
. \ ( 1  ) / 4  

P' - 30 

v, l th h = l. v. h e r e \  ( 1 )  counts the clt~'cu',el', massless degrees o f  
f reedom o f  bosons and ('crmmns 

? 

/,t 

For example,  f o r m  .- k /  - m e \ ( 7 ) = . ~ , ,  • 7.'g % - 3 8  )=  /a p 

2 " ? /8 [4  ~ 3(2) I =43 . :4  F o r m  - / , !  - m . V ( I ' ) =  57/4 
"Iv p. 

In the earl.,, um'.erse when p ~ Pr then R ~ I..'R so that R z 
I I. 2 and I I I  --,,- I.,_.'" the t ime- temperature relatmn then l'ollov, s 

t _ " 4 [ V ( / ) ]  1.2 -/,/IMcV - s 

4 ,  4 
T o d a ' , .  the  energx densn ' ,  m p h o t o n s  is p = ( r - / ,  .. 15 ) I  i) v, hc rc  

• . . "], 
the pl'cscnt temperature ol the mlcrov.a,.e background ~s 1 0 = 
2 7 3 - 0 0 5 K  a n d t h c  n u n l b e r d e n s t t ' ,  o f  p h o t o n s  n Ls 
400( I o. '2 7K)  ~ c m  - 3  For  n o n r c l a u ' ,  istlc m a t t e r  ( (uch  as b a D o n s )  

t o d a ' ,  t h e  cncrg., ,  d,..mslt,, is PB = m B n t l  'a. l t h  n H z R - ~' so  t h a i  

for most of ' the htstor3 o f  the umversc nB..'s ]sconstant  Toda) .  
the entrop', dcnmt',, ts related It) the photon densm., b'.. ~ ~ 7n 
Big Bang nucleos,.ntheszs calculatmns h m n  r/ - nB..'n to 3"< I(~ It) 

! 
,.. 77 ,,. 10 9 The parameter rl is also rclatcd to the por tmn ot'L~ 

m bar., ,ons 

Oll 3 6 ¢ l()7y/h0 2 I .. - 70... 2 7K)  3 

so tha t  0 01 <- ?.Bh(~ . .  0 04 a n d  hence  the u m ~ e r s e  c a n n o t  be 

c losed  b', b a r ) o n s  

" W r m e n  I ) c c e m b c r  1985 b)  K .X O h ' , e  and  S R u d a /  
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INTERNATIONAL SYSTEM (Sl) NOMENCLATURE 

Complete Set of  Un=ts 

Physical 
Quantn~ 

B(JAt' bl?lll5 

length 
mass  
time 
electric current 
thermodynamic 

temperature 

amount  of  
substance 

luminous  
intensity 

Supplementao, units 

plane angle 
solid angle 

Dert red ll?ltlS 

frequency 
energy 
force 
pressure 
power 

Name 
of  Umt  

meier 
kilogram 
second 
ampere 
kelvm 

mole 

candela 

radmn 
steradmn 

hertz 
joule 
newton 
pascal 
walt 

Symbol 
for Umt  

i m 

kg 
S 

A 
K 

[ mol 
I 

l ed 
i 
i 

rad 
s r  

H z  

J 
N 
Pa 
W 

Physical 
Quantity 

Dert~ed umts (cont'd) ] 

electric charge 
electric 

polentml 

electric 
resistance 

electric 
conductance 

electric 
capacitance 

magnettc flux 
mductance 
magnetic 

flux density 

luminous flux 
fllummance 
"activity (ofa  

radmacttve 
source) 

"absorbed dose 
(of lOmzlng 
radlauon) 

Name S~mbol 
of  I,)mt for l.lntt 

[ coulomb (" 
volt V 

ohm ~A 

stamens S 

! farad F 

weber Wb 
henr3 H 
tesla T 

lumen lm 
lux Ix 
becquerel Bq 

[g ray  Gy 

See Quantmes, Untts, and Symbols, report of  the Symbols Commit tee  of  the Royal Socmty, 2 nd 
ed (Royal Socmty, London, 1975) 
"See Radloactpe~ty and Radmtmn Protectmn Sectmn 

10 I dem(d)  
10 deca (da) 

10 - 2  centt (c) 
10 2 hecto (h) 

COMMONLY-USED METRIC PREFIXES 

10 3 kdo (k) 10 6 mega (M) 10 9 glga (G) 1012 tera (T) 1015 peta (P) 
10 18 atto (a) 

1018 exa (E) 
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Material Z ..! 

H 2 I 10I 
1) 2 I 2 0 I 
He 2 4 00 
Li 3 6 94 
Be 4 9 01 

ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS* 

Nuclear a Nuclear '  Nuclear c Nuclear c 
total inelastic colhslon interaction 
cross cross length length 

secuon secuon X 1 
"7" Ibarn} 'rz [barn] Xz ' [g/cm-] {g/cm2l 

dE/dx min d Radtatlon length c Density. / 
..X~: L rad [g/cm 3[ 

MeV I ig/cm2l [cm () ,s for gas 
g/cm~ (1 ,s for gas [g/(] 

0 0387 0 033 43 3 50 8 
0073 0 061 45 7 54 7 
0133 0102 499 651 
0211 0 157 546 734 
0 268 0 199 55 8 75 2 

4 12 61 28 865 00708(0090) 
207 1226 757 0162(0 1771 
I 94 94 32 755 0 125(0 178) 
I 58 82 76 155 0 534 
I 61 65 19 35 3 I 848 

Refractive 
mdex n f 

( ) t s ( n - I ) × l O  h 
for gas 

I I 1 2 ( 1 4 0 )  
1 128 

I 024(35) 

( 6 12 01 
N 2 7 14 01 
O ~  8 16 00 
Ne 10 20 18 
AI 13 26 98 
Sl 14 28 09 
Ar 18 39 95 
T, 22 47 88 

0 331 0 231 60 2 86 3 
0 379 0 265 61 4 87 8 
0 420 0 292 63 2 91 0 
0507 0347 661 966 
0 634 0 421 70 6 106 4 
0 660 0 440 70 6 106 0 
0 868 0 566 76 4 117 2 
0 995 0 637 70 9 124 9 

Fe 26 55 85 1120 
Cu 29 63 55 1232 
Ge 32 72 59 1365 
Sn 50 118 69 1 967 
Xe 54 131 29 2 120 
W 74 183 85 2 767 
PI 78 195 08 2861 
Pb 82 207 19 2 960 
U 92 238 03 3 378 

0 703 
0 782 
0 858 

21 
20 
65 
708 
77 
08 

82 8 131 9 
85 6 134 9 
88 3 140 5 

100 2 163 
102 8 169 
1103 185 
113 3 189 7 
116 2 194 
117 0 199 

78 42 70 18 8 
82 37 99 47 0 
82 34 24 300 
73 28 94 24 0 
62 24 01 8 9 
66 21 82 9 36 
51 19 55 140 
51 16 17 3 56 

48 
44 
40 
26 
24 
16 
15 
13 
09 

Air, 20°C, I arm (STP ,n paren ) 
H30 
Sh',eld,ng concrete h 
SJO 2 (quartz) 

H 2 (bubble chamber 260K) 

D 2 (bubble chamber 31°K) 
H-Ne m~xture (50 mole percent) / 

62 0 90 0 I 82 
60 I 84 9 2 03 
67 4 99 9 I 70 
67 0 99 2 I 72 

43 3 50 8 4 12 
45 7 54 7 2 (77 

65 0 94 5 I 84 

13 8 4  I 76  
12 8 6  I 43 
12 25 230 
882 1 21 
8 48 2 77 
6 76 0 35 
6 54 0 305 
6 37 0 56 
6 00 ~(I 32 

36 66 (30420) 
36 08 36 I 
26 7 107 
27 O5 12 3 

61 28 ~1000 
122 6 ~900 
29 7O 73 0 

llford emulsion G5 
NaI 
BaF 2 
BGO (B,4Ge3012 ) 
Polystyrene, scintillator (CH) k 

Lucite, Plex,glas (C5H802) 
Polyethylene (CH 2) 

Mylar (('5H402) 
Borosthcate glass (Pyrex) t 

CO 2 
Ethane C2H 6 
Methane CH 4 
lsobutane C4H 10 
NaF 
L~F 
Freon 12 (('('12F 2) gas, 26°C, I arm n 
SdJca Aerogel o 
NEMA G10 plate p ...... 

82 0 134 
94 8 152 
921 146 
97 4 156 

58 4 82 0 

59 2 83 6 
56 9 78 8 
60 2 85 7 
66 2 97 6 

62 4 905 
55 73 75 7[ 
54 7 740 
56 3 77 4 
66 78 97 57 
62 00 88 24 
70 6 106 
65 5 95 7 
62 6 90 2 

44 
32 
35 
27 

95 

95 
2 09 
1 86 
1 72  

182 

225 
241 
2 22 
1 69 
1 66 
162 

183 
1 87 

I1 0 2 89 
9 49 2 59 
9 91 2 05 
7 98 112 

43 8 42 4 

40 55 ~34 4 
44 8 ~47 9 
39 95 28 7 

283 127 

36 2 (18310) 
45 66 (34035) 
46 5 (64850) 
45 2 (16930) 
29 87 II 68 
39 25 14 91 
23 7 4810 
29 85 ~150 
33 0 19 4 

2 265 e 
0 808(I 25) 
114(I 43) 

1207(090) 
2 70 
2 33 

140(l 78) 
4 54 

787 
8 96 

5 323 
7 3l 

3057(5 89) 
19 3 

21 45 
I1 35 
18 95 

l 205(3001 
1 22(266) 

1 092(67) 

233(283) 

(705) 

(7001205( l 29) 
I 00 

25 
2 64 

I 000273(293) 
I 33 

l 458 

0 063 i 
~0 {40 I 

0 407 

3815 
367 
480 
71 

1 032 

1 16-I 20 
0 92 0 95 

139 

223 

( I 977) 
0 509(I 356) m 

0 423(0 717) 
(2 67) 
2 558 
2 632 
{4 93) 

0 I-0 3 
[7  

100 

{{0 
092 

775 
56 
15 
581 

~1 49 

I 474 

(410) 
( I 038)m 

(444) 
( 1 2 7 0 )  

I 336 
I 392 
100{080 

I 0 + 0 25p 
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS (Cont'd) 

Material  

~ z : - .  : - • _ .  

H~ (253 91 .... 

D 2 -.. 
He (64) -. 
LI 
Be - -  37 

(" 0 7  
N 2 (548 5) -- 
O~ (495) - -  
Ne 
AI I 0 
SI 16 
~r  (5171 
TI 16 8 

Fe 28 5 
Cu 16 
Ge 
Sn - 6 
Xc 
w 5(1 
Pt 21 
Pb 2 6 
U 

Table  revised April 1988 by R W Kcnne} 

D~electrtc Young 's  Coeff  o f  Specific 
cons tan t  modu lus  thermal  heat 

() Is ( , - 1 )X  106 [106 ps,] expans,on [cal/g-°C] 
for gas [ I 0 - "cm/cm-"C l 

56 0 86 
12 4 0 436 

0 6--4 3 0 165 

2 3 9  0 2 1 5  
2 8  7 3  0 1 6 2  

8 5  0 1 2 6  

117 011 
16 5 0 0 9 2  

5 75 0 073 
20 0 0 5 2  

4 4 0 032 
8 9 0 032 

29 3 0 038 
36 I 0 028 

Electrical Thermal  
restsW,lty conductp . t ty  

U~cm(~°C) ]  [cal/cm-°C-sec] 

8 55(0 °) 
5 885(0 o) 

1375(0 °) 

2 65(20 ~) 

50~0 o) 

0 1 7  
0 3 8  

0 057 

0 5 3  
0 20 

9 71(20 °) 0 18 
I 67(2W) 0 94 

0 14 
II 5(2() ~) 0 16 

5 5(20 °) 0 48 
9 83(0 °) 0 17 

20 65(20°t 0 083 
29(20 °) 0 064 

* cr I cr I XI.. and X 1 are energ.~ dependent  
in footnote a or b where energy dependence  ~s weak 

a atotal at 8 0 - 2 4 0  GeV for neut rons  ( ~  rr for protons)  from Mur thy  et a l ,  Nucl I 'hys B92 269 (19751 Th,s  scales approx imate ly  
as A 0 77 

h CrmelastJc =a to ta l - ,Tc lasuc-  aquaslelasttc, for neu t rons  at 60.-375 GeV from Roberts  et a l .  Nucl Phys .  B159 56 (I 979) For protons and 
other  particles, see Carroll  et a l ,  Ph:rs Left 80B, 319 (1979). note that erl(l) ) ~ ol (n  ) n I scales a p p r o x l m a t e b  as A 0 71 

c Mean free path between co lhsmns  (X 1 ) or me lasnc  mtcrac t lons  (X~), calculated from h = 4 / ( N  ×or). where N Is thc Avogadro  number  
- -  , / 9 

d For m m t m u m - m m z m g  protons  and p m n s  At; Is energy loss per g / c m -  from Barkas and Berger. lat)h,s o l l : t  erg Lo.sses at d Ranges o1" 
Heavv ('har~,,ed Particles, NASA-SP-3013 (1964) For e lectrons and post t rons see M J Berger and S M Sehzcr. Stopping Pou o ~ and 
Ranges o[ Electrons and Posttrom (2 nd Ed ), U S Na tmna l  Bureau of  Standards  report NBSIR 82-255(1-A (19821 

e From Y S Tsa), Re' ,  Mod Phys 46, 815 (1974), Lra d data  for all c l cmems  up to u r amum may be found here ( o r r c c t t o n s  for molecu- 
lar b m d m g  apphcd  for H 2. and D 2 Parentheses  refer to gaseous form at STP (0°C, I a tm ) 

/ Values for sohds,  or the h q m d  phase at boi l ing point,  except as noted Values m parentheses  tor gaseous phase at STP (0°C, 1 a tm ) 
Refracuve  index given for s o d m m  D hne 

g For pure graphi te  m d u s m a l  graphi te  dens)ty may v a ~  2 I - 2 3 g/cm 3 
h Standard  sh le ldmg blocks, typical  compos f lmn  C)~ 52% S~ 32 5%, Ca 6%, Na I 5%. Fc 2%. AI 4%. plus reinforcing iron bars The 

a t tenuat )on length, t = 115 _+ 5 g /cm- .  )s also vahd  for earth (typical ~') = 2 151. from C E R N - L R L - R H E I ,  Shteldmg e x p .  U(RL-17841  
(19681 

t Densi ty  may vary about  _+ 3%. depend ing  on opera t ing  cond) tmns  
j Values  for typical  work ing  c o n d m o n s  w)th H 2 target 50 mole  percent, 29°K, 7 arm 
k Typtcal  scmtl l la tor ,  e g .  P ILOT B and NE 102A have  an a tom)c ratm H/C = I 10 
r Mare c o m p o n e n t s  8(1% Sff)~ + 12% B-~O 3 . 5% N a 2 0  
m Sohd e thane  densi ty  at - 6 0 ° (  ' ,  gaseousrcfract )~  e index at 0°( ", 546 m m  pressure 
n Used m Cerenkov  counters  Values at 26"C and I a t m  Indices of rcf rac t )on  from E R Haycs, R A Schluter, and A Tamosams .  

ANL-6916 (19641 
o n(SiO 2) - 2n(H~O) used m Cerenkov  counters ,  p = densi ty  m g/cm 3 From M ( ' an tm  et a l ,  Nucl lns t r  Moth 118. 177 (1974) 
p GI0-p la te .  typical  60% StO,  and  40% epoxy 

Values quoled appl7 to htgh energ,, range given 
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57 

ELECTRONIC STRUCTURE OF THE ELEMENTS 

.At ( h e m  
no Name Symbol 

Electromc Configuration 

K[ L M N O 

i 

s s p s p d s p d s p 

1 Hydrogen II 
2 t tehum Ite 2 

3 Lithtum Li 2 I 
4 Ber,,Ihum Be 2 2 
5 Boron B 2 2 1 
6 ( a rbon  ( 2 2 2 
7 N~trogen N 2 2 3 
8 Oxygen () 2 2 4 
9 Fluorine F 2 2 5 

10 Neon Nc 2 2 6 

11 Sodmm Na 2 2 6 
12 Magnesmm Mg 2 2 6 2 
13 .Mummum AI 2 2 6 2 1 
14 Slhcon SI 2 2 6 "~ "~ 
15 Phosphorus P 2 2 6 2 3  
16 Sulfur S 2 2 6 2 4 
17 Chlorine CI 2 2 6 2 5 
18 Argon Ar 2 2 6 2 6 

19 Potassium K 2 2 6 2 6 1 
20 Calcmm Ca 2 2 6 2 6 2 
21 Scandmm Sc 2 2 6 2 6 1 2 
22 Ti tamum Ti 2 2 612 6 2 2 
23 Vanadmm V 2 2 6 2 6 3 2 
24 ( 'h rommm ('r 2 2 6 2 6 5" 1 
25 Manganese Mn 2 2 6 2 6 5 2 
26 Iron Fc 2 2 6 2 6 6 2 
27 ( 'obalt ( 'o 2 2 6 2 6 7 2 
28 Nickel Nl 2 2 6 2 6 8 2 
29 Copper ( 'u 2 2 6 2 6 10" 1 
30 Zinc Zn 2 2 6 2 6 10 2 
31 Galhum Ga 2 2 6 '2  6 10 2 1 
32 Gcrmamum Gc 2 2 6 2 6 10 2 2 
33 Arsenic As 2 2 6 2 6 10 2 3 
34 Selemum Se 2 2 6 2 6 10 2 4 
35 Bromine Br 2 2 6 2 6 10 2 5 
36 Kop ton  Kr 2 2 6 2 6 10 2 6 

37 Rubldmm Rb 2 2 6 2 6 10 
38 Strontmm Sr 2 2 6 2 6 10 
39 Yttrium Y 2 2 6 2 6 10 
40 Zlrcomum Zr 2 2 6 2 6 10 
41 N~obmm Nb 2 2 6 2 6 10 
42 Molybdcnum Mo 2 2 6 2 6 10 
43 Technetium Tc 2 2 6 2 6 10 
44 Ruthemum Ru 2 2 6 2 6 10 
45 Rhodium Rh 2 2 6 2 6 10 
46 Palladmm Pd 2 2 6 2 6 10 
47 Silver Ag 2 2 6 2 6 10 
48 Cadmmm Cd 2 2 6 2 6 10 
49 Indium In 2 2 6 2 6 l0 
50 Tm Sn 2 2 6 2 6 10 
51 Antlmon) Sb 2 2 6 2 6 10 
52 Tellurium Te 2 2 6 2 6 10 
53 Iodine 1 '2 2 6 2 6 10 
54 Xenon Xe 2 2 6 2 6 10 

2 6  
2 6  2 
2 6  1 2 
2 6  "~ 
2 6 4" 
2 6  5 
2 6  6 
2 6  7 
2 6  8 
2 6 10" 0 
2 6 1 0  
2 6 1 0  2 
2 6 1 0  2 1  
2 6  10 "~ "~ 
2 6  10 2 3  
2 6  10 2 4  
2 6 1 0  2 5  
2 6  10 2 6  

I .At ( 'hem 
no Name Symbol 

55 ( 'csmm ('s 
56 Barium Ba 
57 Lanthanum La 
58 ( ' enum ('e 
59 Praseodymmm Pr 
60 Neod.~mmm Nd 
61 Promethmm Pm 
62 Samarmm Sm 
63 Europmm Eu 
64 Gadolinium Gd 
65 Terbmm Tb 
66 l),,sprosmm I)) 
67 Holmmm Ho 
68 Erbium Er 
69 Thuhum "I'm 
70 Ytterbmm Yb 
71 Lutetium Lu 
72 Hafnium Hf 
73 Tantalum Ta 
74 Tungsten W 
75 Rhcmum Rc 
76 Osmmm Os 
77 lndmm Ir 
78 Platinum Pt 
79 (iold Au 
80 Mcrcur~ Hg 
81 Thalhum TI 
82 Lead Pb 
83 Bismuth BI 
84 Polonium Po 
85 Astatine At 
86 Radon Rn 

87 Franctum Fr 
88 Radmm Ra 
89 Actmmm Ac 
90 Thorium Th 
91 Protactinium Pa 
92 Uranium 1; 
93 Neptumum Np 
94 Plutomum Pu 
95 Amencmm Am 
96 ( 'unum Cm 
97 Berkelium Bk 
98 ( 'allforntum Cf 
99 Emstelmum Es 

100 Fermkum Fm 
101 Mendclevmm Md 
102 Nobelium No 
103 Lawrcncmm Lr 
104 . . . . . .  

*Note wregulanty 

Electronic 

K L M N 

s s p s p  d s p  d 

2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  

2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 1 0 2 6 1 0  
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 
2 2 6 2 6 10 2 6 10 

Configuranon 

0 P Q 

f s p  d f s p d  s 

2 6  I 
" 6 ) 
2 6  I 2 

2 " 2 6  2 
3 2 6  2 
4 2 6  2 
5 2 6  2 
6 2 6  2 
7 2 6  2 
7 2 6  1 2 
9 " 2 6  2 

10 2 6  2 
11 2 6  2 
12 2 6  2 
13 2 6  2 
14 2 6 2 
14 2 6 1 2 
14 2 6 2 2 
14 2 6 3 2 
14 2 6 4 2 
14 2 6 5 2 
14 2 6 6 2 
14 2 6 7 2 
14 126 9 1 
14 12 6 10 1 
14 12 6 10 2 
14 2 6 10 2 I 
14 2 6 10 2 2 
14 2 6 10 2 3 
14 2 6 10 2 4 
14 2 6 10 2 5 
14 2 6 10 2 6 

14 2 6 10 2 6 I 
14 2 6 10 2 6 2 
14 2 6 10 2 6 I 2 
14 2 6 1 0  2 6 2  2 
14 3 6 10 "~* 3 6 I "~ 
14 2 6 10 3 2 6 I 2 
14 2 6 10 4 2 6 I 2 
14 2 6 10 6 2 6 2 
14 2 6 10 7 2 6 2 
14 2 6 10 7 2 6 I 2 
14 2 6 10 9* 2 6 2 
14 2 6 10 10 2 6 2 
14 2 6 10 II 2 6 2 
14 2 6 10 12 2 6 2 
14 2 6 10 13 2 6 2 
14 2 6 10 14 2 6 2 
14 2 6 10 14 2 6 1 2 
14 2 6 10 14 2 6 2 2 
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HIGH-ENERGY COLLIDER PARAMETERS 

e + e  - Colliders (I) 

The numbers here were received from representatives of each colhder by late 1987 Numbers for DORIS and for CESR (unless othel-w~se 
noted) are achieved 
tmn, V --- verhcal ) 

SPEAR and PEP numbers are estimates for 1988 

Physics start date 

Max beam energy (GeV) 

InJection energy (GeV) 

Luminosity (1030 c m - 2  s - I )  

Orcumference (km) 

No of Interaction regtons 

No of particles per bunch 
(units 1010) 

No of bunches per ring 
per speoes 

Average beam current 
per speoes (mA) 

Beam-beam tune shtfl 
per crossing (umts 10 -4)  

Fllhng time (mm) 

Luminosity hfetlme (hr) 

Crossing angle (u rad) 

Energy spread (urals 10 -3)  

Transverse emlltance 
(10 - 9  r rad-m) 

SPEAR 
(SLAC) 

1972 

25 

10 at 3 G e V  

0 234 

15 

30 

300 

15 

~ 3  

t t  ~ 430 

RF frequency (MHz) 358 

Acceleration period (see) 

Bunch length (cm) 

/3", amphtude funct)on at 
interaction point (m) 

Free space at interaction 
point (m) 

Beam radius (10 -6 m) 

~<100 

o" ~ 4  

I t  12 
1' 008 

± 2 5  

H 700 
1,' 50 

(Quantities are, where appropriate, r m s 11 =- horizontal dlrec- 

DORIS 
(DESY) 

1973 

56 

CESR 
(Cornell) 

1979 

6 (8 destgn) 

PEP 
(SLA(') 

1980 

15 

5 6 6 (8 destgn) 15 

30 at 5 GeV 90 at 5 3 GeV 50--*80 

0 288 0 768 2 2 

27 14 35 

1 7 3 

30 60 21 

260 (space 150-250 500 
charge hmlt) 

1 - 2  20 15 

0 3 - 1 5  3 - 4  ~ 3  

0 0 0 

1 2 a t S G e V  0 6 a t 5 3 G e V  1 

t t  500 [ at 5 t t  50 t t  -~ 120 
V 5 -50  [ GeV 1' 3 

500 500 352 

- ~<100 

a ~ 2 at 5 GeV 1 7(1 5 soon) 

t t  11 
t" 0015 

_+22(_+06 
to REC quads) 

11 500 

l" I1 

t t  0 64 
1' 005 

_+12 

H 570 ] at 5 
V ~30 [ GeV 

¢ r  = 2 

V 004 

_+37 

11 15 Peak magnetic field (T) 03norma l  [ a t8  
0 8 high field [ GeV 

No ofquadrupoles m ring 46 68 106 248 

36 H 24 
I" 8 

86 192 

0 36 

Magnetic length of dipole (m) 

No of dipoles m ring 

No of ulthty mserhons 18 1 2 5 

Length of standard cell ( m )  11 4 13 2 16 14 35 

Phase advance per cell (deg) H 79 t t  140 45-90 t t  56 
l'  9 0  I" 50 (no standard cell) 1' 33 

235 32 1 6 - 6 6  54 

t t  340 
! 14 
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HIGH-ENERGY COLLIDER PARAMETERS (Cont'd) 

e + e  - Colliders (11) 

The numbers here were recewed from representatives of each colhder by late 1987 (SLC made no updates to the entries in the 1986 e d l -  

tton) Numbers are subject to change, and many are only estimates 
V -= vertical, s c ~ superconducting ) 

Physics start date 

Max beam energy (GeV) 

Injection energy (GeV) 

Luminosity (1030 cm -2  s - I )  

Circumference or length (km) 

No of interaction regions 

No of parllcles per bunch 
(units 1010) 

No of bunches per rmg 
per species 

Average beam current 
per species (mA) 

Beam-beam tune shift 
per crossing (units 10 -4)  

Ftlhng time (mm) 

Luminosity hfettme (hr) 

Crossing angle (u rad) 

Energy spread (units 10- 3) 

Transverse emmance 
(10 - 9  rr rad-m) 

RF frequency (MHz) 

AcceleraUon period (see) 

Bunch length (cm) 

3" amphtude function at 
interaction point (m) 

Free space at mteracuon 
point (m) 

Beam radms (10 - 6  m) 

No of utthty insertions 

Length of standard cell (m) 

Phase advance per cell (deg) 

TRISTAN 
(KEK) 

1987 

30 

10 

3 02 

22 

300 

20 

4 - 5  

16 

H 180 

508 5808 

120 

12 

H I 6  
I ' 0 1  

-+45 

H 520 
V 32 

161 

60 

Magnetic length of dipole (m) 5 86 2 5 

No of&poles in ring 272 460+440 

No ofquadrupoles m rang 400 - 

Peak magnetic field (T) 0 406 0 597 

(Quantmes are, where appropriate, r m s t t  =- horizontal d~recUon, 

SLC VEPP-4M 
(SLAC) (Novoslblrsk) 

1988 1988 

50 2 8 

50 1 4 

6 ( 0 6  I st yr) 17 

I 45 +1 47 02404 

1 2 

7 2 (5 I st yr) 33 

1 1 

0 0014 65 

- 400 

- 40 

5 

0 0 

2 0 74 

H 610 0 42 
V 47 

199 53 

120 

01 52 

001 H 13 
V O I  

• + 2 2  _+25 

H 890 1 7 ( 2  1 I s t  yr)  
V 69 

- 2 

52 66 

1 0 8  ~ 60 

16 

4O 
+ 4 weak 

68 

0 9028 

LEP 
(CERN) 

1989 Mid 1989 

6 60 

20 

50 17 

0 37 26 66 

1 4 

VLEPP, INP 
(Serpukhov) 

1996 (1998) '} 

500 (1000) 

100 (1000) 

2×5  (2× 10) 

5 

15 41 6 100 (20) 

2 4 1 

40 3 

500 300 

15 0 25 mA/mm 

00016 

2 I 1 66/pair 

78 3280+24 mj 
+ 64 weak 

150 520 + 288 
+ 8 s c  

06  0 135 

60 65 

72 7 9  

1 10 10 

H 400 H 52 I I  20 [ flat 
V 20 V 21 V 000051 beam 

180 3522 07×104(1 5×104 ) 

1 5 0  80 - 

5 18 015 

t i  080 H I 75 001 (0005) 
V 005 V 007 

_+2 _+35 - 

t t  1000 t l  300 H 4 

V 50 V 12 V 007 

1 2 - 
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HIGH-ENERGY COLLIDER PARAMETERS (Cont'd) 

pp, ~p, and ep Colliders 

The numbers  here were received from representatives of  each colhder by late 1987 Numbers  are subject to change, and many are onl.,. 
eshmates  (Quantit ies are. where appropriate, r m s I t  = honzontal  direction. 1' ~ vertical direction, s e = superconducting ) 

Physics start date 

SppS 
(CERN) 

1981 

Particles colhded p~ 

Max beam energy (TeV) 0 315 (0 45 in 
pulsed mode)  

Injecnon energy (TeV) 0 (126 

Luminosity 
(]030 cm-2  s l) 

Circumference (km) 

No of  ,nteraeuon regmns 

No of  particles per bunch 
(units l0 I0) 

No of  bunches per ring 
per species 

Average beam current 
per species (mA) 

Beam-beam tune shift 
per crossing (units I0 4) 

Filling u m e  (m,n) 

Luminosi ty  lifetime (hr) 

Crossing angle (u rad) 

Energy spread (units I0 3) 

0 3  
3 11988) 

6911 

2 

p l 5  
2 - 1 0  

3 - 6  

p 6  
fi  0 8 - 4  

Transverse  emlttance 
(10 - o  ~r rad-m) 

40 

0 5  

24 

0 35 

15 

RF frequency (MHz) 200 

Acceleration period (see) I0 

20 Bunch length (cm) 

fl*. ampli tude function at 
interaction point (m) 

Free space at interaction 
point (m) 

Beam radius (10 -6 m) 

No of  utihty mserl tons 

Length of  standard cell (m) 

Phase advance per cell (deg) 

Magnetic length 
of  dipole (m) 

No of  dipoles in nng  

No of quadrupoles in nng  

Magnet type 

Peak magnetic field (T) 

source accum rate (hr l) 

I (IT) 
(1 5 (~') 

28 

120 (IT) 
80 ( l ' )  

64 

90 

6 26 

744 

232 

II  b p e  with 
bent-up 

cotl ends 

I 4 (2 m 
raised mode) 

5x109 
5×1010 (1988) 

TEV-~TRON 
(Fermdab)  

1987 

0 9 - 1 0  

015  

0 5  - I 0  

6 28 

2 high -.' 
2 lov, - I  

p 6  
F 2  

3 - 6  

p 14 
b 0 5  

17 

4 - 7  

6 20 

015  

2 6  

53 

44 

50 

(172 

+ 6 5  

43 

4 

59 5 

67 8 

612  

774 

216 

S C  

cos0 
warm Iron 

4 4  

4X1010 

i x  l0 I1 4×  1011 
Max no ~,naccum ring ×1012 (1988) 

IIERA 
(DESY) 

Spring 1990 

ep 

e 0 026 
p 082  

e 0014 
p 0 040 

15 

6 336 

3 

e 348 
p 10 

220 

e 58 
p 163 

e 250 
p 20 

e 10 
p 20 

> 3  

0 

,,' 091 
p 0 4  

e 34 5 (H),  6 00 (1') 
p 9 ( / / ) .  9(1 ) 

e 499 7 
p 208 2 

c 0 83 
p15 

e 2 (H),  0 71) ( I ' )  
p I 0 ( I I ) ,  IC)( l  ) 

_+55 

e 263 ( I lL  69 (1") 
p 293 ( I lL  95 ( l ' )  

4 

e 23 5 
p 47 

e 61) 
p 90 

c 9 2 
p 8 9 

e 4(X) 
p 416 

e 592 
p 242 

e ( ' -shaped 
p s c ,  collared, 

cold iron 

e 0 274 
p 465  

I ; N K  
(Serpukhov) 

1995 " 

PP 

04 

4OO 

io 772 

4 

3 

8000  

550 

6 

4 5  

lob 

005  

2 

2OO 

I00 

I0 

1 

_'20 

50 

4 

918  

82 5 

58  

2176 

454 

PP 

8 

LHC 
(('ERN) 

1995 ') 

ep 

e 005  
p 8  

0450 e (302 
p 0450 

14(~ 200 

26 659 

7 3 

25  e 8  
p 30 

3564 540 

164 e 80 
p 3OO 

25 e 4OO 
p 33 

4 40 

18 50 

96 0 

Ol  01 

015  e 2 6 ( t l ) , 3 4 ( 1 " )  
p 1)6 (H),  0 6 11") 

400 c 352 
p 400 

1200 

75 

I e 064  (H),  0 20 (1') 
p 4 5 ( 1 t ) , 2 8 1 1 " )  

41) 20 

,2 23olt7; 
57 (I) 

2 

IOO 

9O 

9 54 

1760 

560 

SC 

2 m l  
cold *ron 

I0 

SS(" 
([.JSA) 

1996 o 

PP 

20 

I 

I000, /~" = 0 5 m 
56, d = 1 0  m 

83 631 

4 
(initially) 

0 8(I 

15.456 

71 

I 8 in crossing plane for 
_ _ _ l d *  = 0 5 m, 9 otherwise 

1 

~ 4 0  ]-- - -  

~ 2 4  

75 
I 

O05 

0 047 

354 2 

10OO 

6 8  

0 5 at 2 IR's  
10 at 2 IR's  

± 2 0 . ' d * - O 5 m  
± 120 .8"  = 10 m 

4 8 , 8  ° = 0 5 m  
21 7,,0 • = 1 0 m  

4 

228 5 

9O 

16 54 

7664(/I) I 2 
160(I') l nngs 

1576 (2 rings) 

5C 

661 
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COSMIC RAY FLUXES* 

The fluxes of  part icles of  different t~pes depend at the ~ 10% 
level on the lautude,  their  energy, and  the c o n d m o n s  of  measure-  
ment  Some typical  sea-level values  I for charged particles are gP.'en 
below 

I r flux per umt  solid angle per umt  hor izontal  area 
about  vertical d~rechon 
-= / ( f l=O.  ¢,~) l(~ = zemth angle, ,,6 = az imutha l  angle] . 

Jl total  flux crossing uml  horizontal  area from above 

=- f ] (0  ~ ) e o s t g d n  [d~  = smOd(td, '6] ,  
0 ~ ~-,,'2 

,J 2 total flux from above  ( imping ing  on a sphere of  umt  
cross-sectional area) 

--- j ]co q~) d~.Z 
~<'n,'2 

Total  Hard Soft 
Intensi ty Component  ( ' omponent  

~ . - I  I 11 1 I×102 08×102  03×102  m -sec  sterad- 
J I 1 8 × 102 1 3 ~< 102 0 5 × 102 m - 2 sec - I 

~ I J2 2 4 x i 0 2  I 7x102 0 7 x 1 0 2  m -sec  

V e D  approximately,  about 75% o f  all parhcles at sea level arc 
penetrating, and are muons (the dominant  por tmn o f  the hard com- 
ponent at sea level) The sea-le,,el vert ical f lux ratm for protons to 
muons (both charges together) ~s about 3t_'% at I ( ;eV/~ , decreas- 
ing to about ~:% at I0 GeV /c  

The muon  flux at sea level has a mean energy of  2 GcV and a 
d~fferentml spect rum falling as E - 2  s teepemng smooth ly  to E - 3  6 

9 
above  a few TeV The angular  d~str~buuon ~s cos-~9, changing to 
sec0 at energies above a TeV. where 8 ~s the zenith angle at produc- 
tion The + -  charge ratm ~s I 25-1 30 The mean energy of  
muons  o n g m a t m g  m the a tmosphere  ~s roughly 300 GeV at slant 
depths  ~ a few hundred meters  Be)ond  slant depths  of ~ 1 0  km 
water-equivalent ,  the muons  are due pr imar i ly  to m-the-earth neu- 
tr ino interact ions (roughly 1/8 interact ion Ion I ".'ear I for E - 
300 McV. ~ constant  throughout  the earth) 2 Muons  from th~  
source arr ive  w, nh a mean energy of  20 GcV. and have a flux of  

"~ I 2× 10 - 9  m - sec sterad - I m the vertical d~reclton and about  
twice that m the horizontal .  3 down at least as far as the deepest  
mines 

Updated  April 1986 
1 B RossL Rev Mod Ph,,s 2 0 . 5 3 7 ( 1 9 4 8 )  S e e a l s o C  Orupen.  

"News  from Cosmic  Rays at High Energies,'" S~egen LIm,,erslt~ 
preprmt  SI-84-01, and AIIkot~r and Grteder. Co~',ltC Rat.s" on 
l:'arth, Fachmformat lonszcn t rum,  Karlsruhe (I 984), flux ratio 
for protons  at sea level from G Brook and A W Wolfcndalc,  
Proc o f t h e P h y s  Soc of  London Vol 8 3 ( 1 9 6 4 ) . p  843 

2 J ( ;  Learned, F Remes, and  A Sore, Phys Re'. Lett 43 907 
(1979) 

3 M F  ( ' r o u c h e t a l , P h ~ s  Rcv D 1 8 , 2 2 3 9 ( 1 9 7 8 )  

PARTICLE DETECTORS* 

In this section we g~',e var ious  parameters  for common  detec- 
tors The quoted numbers are usually based on some l}plcal  
apparatus, and obviously should be regarded as rough approx lma- 
tlons, vahd only for  prehmmar3 design when apphed to other 
cases A more detailed mt roductmn to detectors can be found m 
E.~pertmental Techniques tn l h g h  t:'neL~ Phv~tc~. T Ferbel ( e d )  
(Addison-Wesley.  Menlo  Park, CA, 1087) 

(1) ~ i n t i l l a t o r s  The photon yield m the frequenc' ,  range of  
practical  p h o t o m u h t p h c r  tubes ~s =~ 13, per 100 eV of charged part~- 
t ie  l omza tmn  energy loss m plastic sc int i l la tor  1 and as below m 
other  matermls  

Properhes  of  three scmtdla tors  I 6 

BaF 2 BGO NaI(TI )  

Densi ty  (g/cm 3) 4 9 7 I 3 7 
Radmt ton  length (cm) 2 1 I I 2 6 
dEl t i c  (avg for M1P) (MeV/cm)  6 6 9 0 4 8 
Peak emiss ion  (nm) 220 480 410 

310 
Decay cons tant  (ns) 0 6 300 250 

620 
Index of  rcfractmn 1 56 2 15 1 85 
Light yield (pho lons /McV)  2x 103 2 8x  103 4x 104 

6 5 x 1 0 3  
Hygroscoptc shghtl~ no '. er~, 

(2) Cerenkov 7 The half-angle ,9 of  the Cerenkov  cone aperture  
m te rms  of  the veloc~t)/'~ and the index of  refraeuon n ~s 

0 c = arccos [i~-~-7 ] .  ~ [ [ 2 l -  "~1 ] I  `''2 

The threshold velocity, is ."~t - l ln., ~rt =~ I / ( ]  - ,d2)l"2t 

Therefore. 13t'y t = I / (26 ~- ~2) I /2  where 6 = n I Values o f  A for 

var ious  c o m m o n l y  used gases are gwen  as a functmn of  pressure 
and wavelength m Ref  8, for values at a tmospher ic  pressure, see 
the Table  of  Atomic  and Nuclear  Properues  

The number  of  photons  V per cm of path length is g~ven by 

= 500 sm2f~ .,,'cm (','lsJble spectrum) 

(3) Photon eolleetlon In addi t ion to the photon ',leld, one should 
take into account the light col lection eff ioenc',  ( E 10% for l )plcal  
I-cm-th~ck scinti l lator), the at tenuatmn length (=  I to 4 m for tSpt- 
cal scmtdlators~), and the quantum effictenc', o f  the photomulu-  
plier cathode ( ~ 25%) 

(4) Typical detector characteristics 

Resoluuon  Dead 
Detector T~,pc -Xccurac} (rms) T~me r m l e  

B u b b l e  chamber ~ : 1 0 t o  ~ : 1 5 0 , u m  ~ I ms ~ I / 2 0 s  a 
Streamer  chamber +_ 3()()`um ~ 2 ,us -.~ 100 ms 
Proport ional  chamber  ~ _+ 3()()`urn 1' ' =~ 50 ns ~2()0 ns 
Drift chamber  - 50 to 300`um ~ 2 n~ d ~ 100 ns 
Scmtdlator  ~ 150 ps ~. I0 ns 
Emulsmn _+ I`um --  
Sil icon strip _+ 2 5`urn e e 

a Mul t ip le pulsing t ime 
b 300`urn ts for I mm pitch 
c l)ela', l ine cathode readout can gv,e .-_ 150`um 

parallel to anode wire 
d For two chambers 
e L~m~ted at present by nmse and readout 

ume o f  attached eiectromcs 



62 

PARTICLE DETECTORS (Cont'd) 

(Sa) Electromagnetic shower detectors We gl..e below typical  
energy resolut ions  ( F W H M )  for an incident  electron m the 1 GeV 
range. E is in GeV For a fixed n u m b e r  of  radia t ion  lengths. 
F W H M  in the last three detectors  would be expected to be propor-  
t ional  to V"t for t (= plate thickness)  >~ 0 2 radia t ion  lengths 10 

For  all detectors,  opera t ional  reso lunon  may be up to 50% 
worse duc to dead areas, non-normal ly  incident  tracks, and other  
eflbcts 

2% Nal  (20 rad lengths) I I 
E l : ' 4  

Lead glass (14 rad lengths) 12 l0  ~12% 
\," If 

Lead-hqutd  argon (15 75 rad lengths) 10 -_=16% 
(42 cells I I m m  lead. 2 m m  h q m d  argon. V E 

2 3 m m  lead-Gl0 .  2 m m  l iquid argon) 

Lead-sc in t i l la tor  sandwich (12 5 tad lengths) 13 17% 
(66 cells 1 mm lead, 5 mm scint i l la tor)  v 'E  

Propor t ional  w~re shower  chambe r  (I 7 rad lengths) 14 40% 
(36 cells 0 474 rad length b p e - m e t a l  ~ -M, VE: 

9 5 m m  80% Ar - 20% CH 4 gas) 

(Sb) Hadronic shorter detectors 15 The per formance  of  hadron 
ca lonme te r s  is crucmlly inf luenced by the re lanve  response to the 
e m and non-e m shower  componen t s  ( e / h  rano)  Ideally. this  
r ano  should  be I ( compensanon) .  thus e h m m a t m g  the effects of  the 

large non-Gauss tan  f luctuat ions  in the r 0 content  o f  hadron 
showers  A noncompensa t cd  ca lor imeter  has the following prob- 
lems 

a) A non-Gaussmn  signal dLstribunon for monoenergcnc  
hadrons .  

b) A nonl inear  response to hadrons.  

c) .An energy reso lunon  a/l:" that  does not scale as E - 1/2. but 
t:" - I/2 ra ther  a s c  I - c ~  where~'~ ~s de t e rmined  by the e / h  

value (('2 ~ 0 for e / h  ~ I) 

These effects ma~ severel)  de ter iora te  the performance,  parhcu-  
larly at high energies (E > 100 GeV) a 20% devmt lon  from 
l m e a n t y  over  one order  of  magn i tude  m energy, cons iderable  non- 
Gauss tan  tails, and  a cons tant  term c~ = 5 -7% m the energv resolu- 
tion were observed  for ca lor imeters  w~th e / h  ~ I 3 and  0 8 "16 

Ful l )  s ensmvc  detectors  cannot be made  compensa t ing ,  unless 
made  out  o f  hydrogen In all more  pracucal  cases c / h  >__ 1 4. since 
the undelec table  b ind ing  energy lost when pro tons  and neut rons  are 
released from their  nuclear  e n v i r o n m e n t  accounts  for 30-40% of  
the energy carr ied by the non-e m shower c o m p o n e n t  

Compensa t i on  can be achieved in s a m p h n g  ca lor imeters  w~th 
hydrogenous  acnve  layers sandwiched  between passp.'e lavers mak-  
ing use of  the fact that  the ca lo r imete r  response to the var ious  
shower  c o m p o n e n t s  (~'0"s. m m ~ m u m - m m z i n g  panic les ,  nonrela-  
nv]sl~c pro tons  and neutrons)  may be very different in Ihal  case 
The re lanve  con t r ibu t ion  of  neu t rons  ( through elastic tip scattering) 
to the non-e m ca lor imete r  s~gnal, wMch is ~3()% for a compensa t -  
ing ca lor imeter ,  can be tuned through the sampl ing  fraction Effi- 
o e n t  neut ron  de lecnon  as p rov ided  by hydrogenous  acnve  layers 
also cons iderably  reduces the con t r ibu t ion  of  f luctuat ions  in nuclear  
b inding-energy losses to the energy reso lunon  

C o m p e n s a n o n  has been exper ,menta l ly  demons t r a t ed  m 
ca lor imeters  using 2 5 m m  plastic sc in t i l la tor  actp.'e layers and  
238 17 18 ~. tJ (3 ram)  or Pb (10 ram)  passi 'e layers, with a total  energy 

. . . . .  1," - - I D  • " r e s o l u n o n a / l :  of  0 3 4  I: ' -  o r 0 4 4  1: -. respectr. 'e y (t: m 
GeV) The former  has also been shown l inear  to v.athm 2% over  
three orders  of  magn i tude  m energ',  with Gauss ian  signal dis t r ibu-  
t ions 

(6) d E / d x  resolatmn m argon Panic le  ident t f icanon (relattvmnc. 
Q = 1 m o d e n t  panic les )  by d E / d ~  is dependen t  on the w~dth of  
the d i s t r ibu t ion  

Mul t ip le -sample  Ar gas counters  (no lead) 19 

''"''! lmo,, 0 ,,bob,o] . . . .  0 96N -0  46(t p ) - 0  32 , hc 

r d~ most probable 

N = no samples,  t = th ickness  per sample  (cm), p = pressure 
( a rm) ,  most  c o m m o n l y  used chamber  gases (except Xe) g)vc 
approx imate ly  the same resolut ion 

(7) Free electron drift velocmes in hquid tomzatton 
chambers .  20-23 

1 0  

9 

\ B  

7 
% 

6 

5 

> 3 

1 r 1 I I I i I 

~ TMS 

/ ~ ~ +  C H ,, (0.5/.i 

. TMP 

I I I I I 2 / 114 I 2 4 6 8 10 1 16 

F I E L D  S T R E N G T H  ( k V  c m - 1  } 

(8) An approxtmatton for the calculation of particle momenta in a 
uniform magnetic field 24 The path of  morion of  a charged parncle  
of  m o m e n t u m  p,  m GeV/c ,  ]s a helix of  cons tant  radius  of  curva-  
ture and constant  pitch angle X, with the axis o f  the helix a long 14 
and 

pcosX = 0 2 9 9 7 9 Z I t / h  , 

where the field strength 11 is in tesla, the charge Z is in umts  of  the 
electronic  charge, and the curva lure  k.  equal  to I / r a & u s  o f c u r v a -  

-1  lure. is measured  m a plane normal  to the field, in m 
The d i s t n b u n o n  of  measurement s  of  curvature  about  its true 

value Is approx ima te ly  Gauss ian  The curvature  error  for a large 
n u m b e r  of  uni formly spaced points  measured  on the trajectory of  a 
charged parhele  in a uniform magnet ic  field can be approx imated  
by the following expression 

-) .) 

(6k)2 = (bkres)_ 4_ (6~. ms)- • 

where 6k ~ curva ture  error 
6kre s ~ curva ture  error due to finite measurement 

resolution 
6/, ms - curvature error due to multiple scattering 

For a charged panicle measured many limes along ~ts path 
(>i l0 measurements) in a uniform medium, 

6kres 1!,2 ~ '  
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where N = n u m b e r  of  points  (umforml ' .  spaced) measured  
a long track 

L" = the projected length of  the lrack onto  the 
bending  plane 

- measu remen t  error  for each point  perpcn&cular  
to the trajector', 

The cont r ibu t ion  duc to muh lp l e  ( ' o u l o m b  scat ter ing ~s approxi-  
mate ly  

hh ~- (0_ O__~))(GeV/c ) Z  -~ _ / / - T  
m s  Lp 3 V ~.~ 

where p - momen tum ( G c V / ( )  
Z - charge o f  mc)dcnt particle m units o f  e 
L R = radmtlon length of  the scat ter ing m e d m m  
t~ = the k inemat i c  varmblc ~/~ 
L ~ the total track length 

More accurate app rox ima t ions  for mul t ip le  scat ter ing may be | bund  
m the sect ion on F'assagc of  Particles Through  Matter  (following) 
The cont r ibu t ion  to the cur`.aturc error  ~s gp, en approx imate ly  b~ 

rrns 2 rms ~s def ined there 6kms ~ 8~ plane/I ,  , `.~.herc ~ plane 
(9) P r o p o r t m n a l  c h a m b e r  ~ r e  ms tabd i ty  The hmt t  on the `.ol- 
|age l for a wire tcnsmn 7 .  duc to mechamca l  effects when the 
electrostat ic  repulsmn of  adjacent  '~,lres exceeds the restoring force 
of  w~re tensmn.  ~s g~ven b~ (MSK4)25 

S 
~~ 7( V ~ r  

where s .  ,¢, and ( are the w~re spacing, length, and  capaci tance per 
umt  length .An a p p r o x l m a u o n  to (" for chamber  half-gap t and 
wire dmmete r  d (good for s" ~ t) gp,es 26 

• [ :  ] ]  I < 59T1'/2 / 7rl ~d  ' 

where I '  ts In kV, and  T ~s m grams-wmght  eqmva len t  

(10) Proportmnal and dr,ft  c h a m b e r  potent ia ls  The potent ial  d~s- 

l n b u t m n s  and fields m a p ropor tmnal  or drift  chamber  can usually 
be calculated w,~th good accuracy from the exact formula tbr the 
potent ia l  a round  an arra~ of  parallel hnc charges q (coul /m)  along 
z and  located at ~ = 0  ~ = 0  +_s,~ 2s, 

I ' (A- , ; ' )= -47rq0  ¢',1 { 4  [sln2(---rrsx--] + - s l n h 2 { ~ - ] ]  } 

Errors from the presence of  cathodes,  mcchamcal  defects, TP('-t` .pe 
edge effects, c t c ,  are usuall)  small  and are be.~ond the scope ot this  
review 
(11) Sihcon s t r ip  d e t e c t o r s  and photodmdes These are sdlcon 
dmdes  operated w~th a reverse bins vohage I (t,,p~call.~ 30-300  
volts)  sufficient to deplete the sensmvc  ` .olumc of  most  mobdc  
charge carriers (electrons and holes) The actp, c (deple lmn la',er) 
thickness  t (cm) ~s gwen  m a s~mplc model  b`. 

V tl~' 

'.,,'here n ~ n u m b e r  of  tmpunt.', cen le rs /cm 3 
c - electron charge 
,~ - dmlec t r~ccons tan t  ~ 1 pF /cm ~ 11 9 %  
p - res~stP.'lt~ ~ 1 20 k~2-cm 
,a = maJori ty charge carr ier  mobd~ty 

1300- 1500 cm2/~ oh-see (electrons) 
450 -600  cm2/ ' .o l t -sec (holes) 

The capaci tance of the d iode  ~s ¢/t per umt  area. but  m the case of  
m~crostnps this  is usually domina t ed  b', the ra ters | r ip  capamtanec 
of  ~ 1  pF per cm of  str ip length .X m m ~ m u m - m m z m g  parl lcle has 
a Landau energy-loss d is t r ibut ion  w'~th average energy loss 39 
keV/100 urn. most  probable  energy loss 26 keV m 100 um (whmh 
scales wi thin  ~ + 10% from ~ 2 0  to ~ 3 0 0  ,am) and full wJdth at 
ha l f -max imum of  roughl`. 0 l t / f l  2 keV, v, h e r e t  ~s the detector  

thickness  m mmrons  and ~ = i )nc/C l h e  w)dth is usually 
increased further by electromc noise (o- ~ I - 1 0  keV) and for thin 
la' ,ers by a Gauss lan  cont r ibut ion  due to a tomic  effects [o- 
(0 3 - 0 4 ) V t  keV] The average energy, reqmred to produce an 
electron-hole pair  is 3 6 eV, from wh)ch one can es t imate  total 
charge of  rather sign released Sdmon detectors  can tolerate 
integrated charged-part icle  fluxes of  up to ~ 1010-1014/cm 2 and 
stdl operate as efficient detectors 

T,.ptcal pho todmdes  are sensltp, c (quan tum efficlcncms greater 
than ~ If)%) to wa~.elengths from ~ 200 nm to I I00  nm 
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PASSAGE OF PARTICLES THROUGH MATTER* 

(1) E n e r g y  l o s s  r a t e s  for hear', ' c h a r g e d  p r o j e c t i l e s  -'~ hca ' ,y pro- 
jectt le (much more  massv<e than an electron)  of  charge Zmce 
mctdent  at speed/~c (!3, >> l /137)  through a s lowing m e d m m ,  dis- 
s ipates  energy prmctpal ly  ",ta in teract ions  wtlh the electrons of  the 
m e d m m  The mean  rate of  such encrg', loss per umt  path length ~, 
called the s topping power, ts gtvcn by the Bcthe-Bloch cquatwm I 

dE D Zme d Pined mE 

lnc "! reed 

2m( ,~ ' 3 - c  - ~ C" 
× (On / - d2 ) I • v 

- Zme  d 

w h e r c D  = 4rN 4q?me c2 - 03071 M e V c m 2 / g ( s e e  Phystcal 
Cons tan t s  Table)  Mean range and energy loss figures appear  at the 
end of  th)s sect)on 

Here, Zme d and -I reed are the charge and mass  numbers  of  the 
m e d t u m  and  .pine d t s  the mass  dens)t), of  the m e d m m .  I. A ( and 

arc phenomenolog~cal  functmns  Frequcnt l ) ,  the values  of?~. ( .  
and  v are neghg)bly small ,  the pa ramete r  / character izes  the b m d m g  
of  the electrons of  t h e m e d m m  A s a r u l e o f t h u m b .  we ma) cstt- 
mate  1 for an )deahzed m e d m m  as / ~ 16 (Zmcd)09  eV when 
Zme  d > I For reahsuc  mcdta  the value of  I will ,.'at2: at the 10% 
level from thts es t )mate  V a n a h o n s  of  th~s order  occur  due to 
a tomtc  effects such as comple t ion  of  a shell, also due to chem)cal  
b ind ing  and even due to the phase of  the subs tance  Hydrogen.  
perhaps  the most  senst t tvc has / of  about  15 cV m the a tomtc  
mode.  n s m g  to about  19 2 eV as H~ gas and  to 21 8 cV as H~ 
h q m d  2 For man' ,  substances,  the t ' ransmon from gas to soh~t ~s 
a c c o m p a m e d  by a 20-30% mcreasc m / 2 We may approvtmate/v 
treat medta  wh)ch are chcm)cal  mtx tures  or c o m p o u n d s  b) comput-  
ing 

<t,-- .Z ~ ,," 
wHh (dE/dx")n approprmtc  to the n th chcmtcal  cons l t tuen t  (using 

(n) Pined as the part ial  densi ty  m the formula for dE~dr ) 3 For man). 
chemtcal  compounds ,  small  correct ions  to thts add)uvHy rule may 
be found m Ref  2 

The function 8 represents  the denstt ' ,  effect upon the energ', loss 
rate, 11 ts non-neghg)ble onl,. for htghl), relal),.qst)c projectdes m 
denser  medm ,1 For ultra-relattv~st)c projecttles. 4,3 approaches  2[n"t 
- constant ,  where the value of  the constant  depends  upon the den- 
s~ty of  the m e d m m  as well as )ts chemica l  compos t t ton  

The  funcuon C represents  shell co r recuons  to the energy loss 
rate I These effects are non-neghgtble  only for projectdcs v.*th 
speeds not  much  faster than the speeds of  the fastest e lectrons 
bound  m the m c d m m  

The funchon v represents  corrccUons due to h*ghcr order  clec- 
t rodynamtcs  5 These effects become impor t an t  when I Z nc/lJ I IS 
comparab le  to 137 For relatt ' , ,st ,c umt-chargc projecttles,  v *s 
of  the order  of  1%, p o s m v e b  charged pro lectfles lose energy more 
ra ~d 50 • p Iv than do their  charge conjugates  • 

For nonrelattvtst~c projectdes,  our  formulae  above  are mapphca-  
ble At the very slowest speeds, total energy loss rates arc beheved 
to be p roporhona l  to ~:~, n s m g  through a peak at projecti le speeds 
comparab le  to a tomic  speeds (i3 on the order  of  ac ) ,  after hav ing  
passed through a smal ler  peak (due to elastic C o u l o m b  colhs~ons 
w~th the nuc[et of  the s lowing m e d m m  7) at m te rmedmte  speeds 
For example ,  for pro tons  m St, dE~dr = 61 23/~ GeV/ (gm cm 2 )  
for/.4 < 0  005, the peak occurs at 3 = 0 0126 where dE/dx  = 522 
MeV/(gm cm - 2 )  In some cases, energy loss rates depend s~gmfi- 
cant ly  upon the re la tmn of  the projecti le trajectory to the cD'stalhne 
s t ructure  of  the s lowmg m e d m m  8 

For rclat~vtsUc projectdcs,  (dE/dx)me falls rap)dl.v w)th mcreas- 
mg 3 un ld  reaching a m t m m u m  around  H = 0 96 (a lmost  indepen-  
dent  of  medtum) ,  followed by a slow r)se Because of  the denst ty  

effect, the quant t ty  m square brackets approaches  ( n " t ) -  constant  
lbr large 3' 

The quanu ty  (dE/d~)mcAX is the mean total energy loss vta 
mterac t tons  with electrons of the m e d m m  m a la )c r  of  thickness  
6~ For a n )  fimtc ¢3x-. I)o~sson f luc tuauons  can cause the actual 
energ), loss to devmtc  from the mean For thm layers, the d*stnbu- 
uon Is broad and skcv, ed. being peaked below (dl:'/d~)fiA, and 
hav ing  a long tad toward large energ,, losses 9 Only for a v c r v  

• .,) ") , )  -) , . 

thtck layer [(dl: ..'d~ )ill -..> - . ¥ 3 - ~ - ,  -] will the d t s tnbu t lon  of  
encrg), losses become ncarl). Gauss tan  The large f luc tuauons  of  
the total cncrg~ loss rate from the mean  are duc to a small  number  
o f c o l h s l o n s  m v o l v m g  large energ), transfcrs The f luc tuamms arc 
grcatl.,, reduced for the so-called rcslrtcted cncrg',  loss rate, 
described m Sccuon (4) 

(2) Iomzat lon yields Ph).slclsts frequentl.~ relate total energy loss 
to the number  of  ton pmrs produced near the proJectile 's track 
l h ) s  rclatton becomes  comphca ted  for rclattvtsUc projectiles due to 
the v, ande rmg  of  encrgcuc knock-on electrons whose ranges exceed 
the d)mcns tons  of  the fiductal ' ,p lume For a quahta t )vc  apprmsal  
of  the nonlocaht ' ,  of  encrg,, d c p o s m o n  by such modestl.,, energet)c 
knock-on electrons m vartous medm, see Rcf  10 Fur thermore,  the 
mean local energy d l ss tpauon  per local ton pmr produced.  II 
while  esscntmll.,, constant  for relat~v~shc projccttles, increases at 
s low projectde speeds 11 The numer ica l  value of  11 for gases can 
be surprising]), sensltl , ,e tO trace amoun t s  of  var ious  contam-  
inants  I I Of  course, m a d d m o n  to the preceding effects, practical 
~omzatton vtelds may bc greatly influenced b~ subsequent  recomba- 
nat tons and other lactors 1-  

(3) Energet ic  knock-on electrons For a rclauvtst~c point-charge 
projccttle, the product ton of  htgh energy (kmehc  energ). I .-:. I) 
electrons ~s gp,cn b.,, 13 

d7il.~, ~ D .I reed d Pmed - .2 t" 
1 

f o r / - <  1 ---.~ ? m a x . w h e r e  

7"ma x 

I • 2") 

"~ "~ 2 
- m  e fl-"t-t 

_ , 

?~1¢, t~l(, 

Atln c Is the mass of  the me)dent  projectile, and all other  quantttLes 
except  I. a r e a s  m Sec (1) F(_~  I f o r T  <<: "/'max) lSa  factor 
dependent  upon the spin of  the projecttle 
For spm-O projectiles, 

/ .  = I 3 2 - - / - .  , 
T m a x  

for s p i n - l / 2  pro.lecules. 

/ -  = I - 3  2 -  ( - .  
Tmax 

,{ , /2 
:) ~. ,2 
" / 'me " t)nc C 

where Tmc is the kmet tc  energy of  the projecttle, 
for electrons mordent, 

F = 327 .2 7"mc 
T ( T m c  

1] 2 
7 ) 7 inc ' 

and for posl t rons  mcldent ,  
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For mctdent  electrons,  the m d l s t l n g w s h a b M t y  of  projecti le and tar- 
get means  that  the range of  7 ~s only up to Tmc /2  For add i t iona l  
formulas  see Ref  14 Our  formula  is inaccurate  for 7 close to 1 
for 21 < 7 < 101. the I / T  2 dependence  above  becomes  ~ T '1 
wHh 3 < n < 5 15 

(4) Rates of restricted energ) loss for relat,vtst,c charged projec- 
t r i e s  The var iab i l i ty  of  energy loss for hca' ,s  projecti les is due pri- 
mar i ly  to the var iab i l i ty  m the product)on of  energet,c knock-on 
electrons Bremss t rah lung  and pa i r -product ion  processes make  this  
var iabi l i ty  even greater  for e lectrons than for heav~ pan ic les  as pro- 
ject l les  (see. e g .  the figure Fract ional  Energy Loss for Electrons 
and Pos i t rons  in Lead) If  an ins t rument  such as a bubble  
chamber ,  is capable  of  isolat ing these high-energy-loss interact ions.  
then it is appropr ia te  to cons ider  the rate of  energy loss excluding 
them. l e .  a restr icted energy loss rate The mean energy loss rate 
via all co lhs lons  which have  energy transfer  7 such that 

T ~< Ema  x << / 'max Is I 

x / n  i2 - F) 2 ~ - - - - -  
Z med 

Notice the overal l  factor of  1/2 See Sec (1) abo,,e for def in i t ions  
of  the q u a n t m e s  m this  equat ,on  

The denst ty  effect causes  the restr icted energy loss rate to 
approach  a constant ,  the Ferm, plateau value,  for the fastest proJec- 
tiles 

(5) Mul t ip le  scattering through small angles As a charged parti-  
cle t raverses  a m e d i u m  it is deflected b', m a n y  smal l -angle  e lasuc 
scat termgs The bulk  of  th~s deflect ion is due to elastic C o u l o m b  
scat ter ing from the nucle~ wi thin  the m e d w m ,  hence the usual tden- 
t l f icat lon as mul t ip le  C o u l o m b  scat ter ing (note. however ,  that 
s trong in terac t ions  do cont r ibute  to the total  mul t ip le  scat ter ing for 
had romc  proJeCtiles) For both C o u l o m b  and strong interact ions  
the Central  L imi t  Theorem provides  ht t le  useful guidance  tn estab- 
h shmg  the precise nature  of  the d~smbutJon of  the total def lechons  
resul t ing from mu lup l e  scat ter ing The true d l s m b u t , o n  ,s roughly 
Gauss lan  only for small  deflect ion angles, while  ~t shows much  
greater  p robablh ty  for large-angle scat termgs ( >_.. a few 00` see 
below, depend ing  on absorber)  than the Gauss~an would suggest 
These tails on the d is t r ibu t ion  (a few. per cent of  peak height m the 
region where the Gauss lan  part becomes  neghglble) are more pro- 
nounced  for hadrons  than for m u o n s  as project i les  The large-angle 
behav io r  of  these d i s t r ibu t ions  is best e s u m a t e d  b~ comput ing  the 
exact d~str]butlon for the vectorial  sum of  the largest deflect ions 
based upon the true elastic scattering cross seetlon o f  the projectile 
against the medlum, 16 or, when apphcable, by mterpolatff)n from 
tabular data 17 .An easier ahernat)ve which may suffice for honer)I- 
leal applications would be to use a Gaussmn approx)mauon wlth 
the fol lowing w~dth 18 

l I 00 14 1 M e V / c  Z m  e I ~- ~ I O g l o ( L / I . R )  (radlans),  
pB 

where p,  ~, and  Zinc  are the m o m e n t u m  (m MeV/c) ,  velocity, and 
charge n u m b e r  of  the incident  particle, and  L / L  R is the thickness,  
m radia t ion  lengths, o f  the scat ter ing m e d i u m  L R for cer ta in  
m a t e n a l s  ~s g~ven m the Table  of  A tomic  and Nuclear  Propert ies  of  
Mater ia ls  See also Sec (8) below The angle. 00` ~s a fit to 
Mohere  16 theory, accurate  to about  5% for 10- ' <  L / L  R < l0 
except  for reD'  hght e lements  or low veloci ty  where the error  is 
about  10 to 20% In th,s Gauss lan  app rox ima t ion .  00 has the 
mean ing  

00 0 rms 1 rms 
= -- 0spac e p l a n e -  

The nonprojec ted  (space) and  projected (plane) angular  d,str lbu- 
t ,ons are gv,en approx imate ly  16 by the Gaussmn forms 

1 exp - space d(2. 

I exp 0plane 
. ~  d0plan e 

V 27r O 0 20~ 

where 0 is the deflect ion angle In th~s app rox lmauon .  0spat e 
0 '  ") ( plane.~ ÷ Oplane.v)" where the x and i' axes are or thogonal  to the 

d,rectffm of  mot ion,  and d<.t ~- d0plan e ~ d0plan e ~" Deflect ions 
into 0plane. ~. and 0plane. I are independent  and  liJenucall,, distr i-  
buted 

Other  quant i t ies  are somet imes  used to describe the a m o u n t  of  
mu lup le  Cou lomb  scattering the a u x M a D  q u a n t m e s  eplane" 
Vplan e, and Splan e (see the figure) obe', 

t rms l 0rms _ l 0 
kVplane \ ~ plane k.".~ 0 " 

.rrns _ 1 (/rms = I L 
l plane \...~ 1. t') 0 "plane V'3 

and , rms = ] rms 1 
"Splane 4V"3 L 0plan e = 4 \ "~  1"00 

- - L . . . . . . .  ~ |  
i 

L I 1 ' - -2 -  - " :  
, , . I . , ~ , ~ .  ~:- _ .  ,_ _ ,  . . . .  , . . . .  

' ~ ........ , ......... ~o,ooo , ..... 

" "" / p l o n e  

All the quant,tatlve estimates in this section apply onb  in the ItmJt 
o f  small Op~aS e and in the absence of  large-angle scatters The ran- 
dom variables ~. ~, i'. and g m a given plane are distributed in a 
correlated lash+on (see the section on Probability. Statistics. and 
Monte Carlo for the definit ion of  the correlation coefficient) Obvi- 
ously, v.--~ / .~ In addmon, y and ,9 have correlation coeffie,ent 
hi. O = V 3 / 2  _~ 0 87 For Monte  Carlo generauon of  a jo in t  
()'plane.0plane) d is t r ibut ion  or for other calculat ions,  it may be most  
conven ien t  to work w~th independent  Gauss lan  random variables  
(z  i.-_2) with mean zero and variance one and subsequent ly  set 

2 0 /2 /  \...~ + \,.,~ 
Vplan e = ---ILO0 (l  - P r O  ~ i -2Pvt lLO0/  

= Z l l .  O0/ V I 2 +  z 2 1 . 0 0 / 2 ,  

0plan e - -..200 

Note that  the second term for v p,ane equals  1. 0p,ane/")_ and 
represents  the d i sp lacement  that  would have  occurred had the 
deflecUon 0plan e all occurred at the single point  L / 2  

(6) Muon energy loss at high energy .At muon  energies above  a 
few hundred  GeV. radia t ive  processes (bremsstrahlung.  direct pa~r 
product ion,  and photonuc lear  interact ions)  d o m i n a t e  over  ioniza- 
tion as sources of  energy loss The figure below shows the total 
average energy loss o f a  muon  per g /cm 2 in var ious  mater ia ls  
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plot ted aga ins t  the m u o n  energ,. In the case o f  ~ron, the con t r i bu -  
t ion o f  each  process  ts also s h o w n  Avoragc  dl- /d~ ~alues t.or 
m a n y  m e d i a  for m u o n s  m the energ)  range  I If X)00 GeV arc  tabu-  
la tcd m R e f  19 The  radia tp ,  c processes  arc  cha rac te r i zed  h x small  
cross sect ions,  ha rd  spect ra  large cnerg~ f luc tua t ions  a n d  the asso-  
c ia ted gene ra t ion  o f  e l ec t romagne t i c  and (in the case o f  p h o l o n u -  
c lear  m t c r a c u o n s )  h a d r o m c  showers  As a c o n s e q u e n c e  the treat-  
m e n t  o f  energ' ,  loss as a un i fo rm  ant] c o n t i n u o u s  process  at these 
energies  ~s i n a d e q u a t e  for man,.  pu rposes  I)etmlcd c a l c u l a t m n s  o f  
the d i f fcrcntml  cross  s cc tmns  for  these processes  w n h  respect  to the 
energy loss f r ac tmn  ~ arc  a ' . a f lab lc  2(I-23 In a d d i t i o n  R c f  24 pro-  

',~des useful p a r a m e t n z a t i o n s  o f  the different ia l  cross  sec t ions  

1 0 0  . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . .  t . . . . . .  

~/~//// U total 
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M u o n  E n e r g y  (GeV)  

The  average  energy  loss o f  a r o u e n  per g / c m  2 o f  h., .drogcn, ~ron a n d  
u r a n i u m  as a func t ion  o f  r o u e n  cncrg ' ,  ( ' o n l n b u l t o n s  o f  several  
processes  to d E / d x  m Iron are  also s h o w n  (11) d~rcct c " e parr  
p r o d u c t i o n .  (h i  b r e m s s t r a h l u n g  (n)  p h o l o n u c l e a r  in te rac t ions ,  a n d  

(~) ~omzauon  

The  total cross  sect ion for r o u e n  b r e m s s t r a h l u n g  is not  large 
the p robab i l i ty  for a 1 TeV r o u e n  to b r e m s s t r a h l u n g  m I m o f  i ron 
is 5% but  the p robab th t ' ,  denst t ' ,  rdcr/dv for  p r o d u c i n g  a p h o t o n  
o f  energ'~ vE is nearl,¢ flat ac ross  a wide range  o f ' , a l u c s  o f  t Th i s  

" / t  " ") 
m e a n s  that  I J remss t rah lung  con t r i bu t e s  a taft o f  ca t a s t roph ic  loss l( 
the r o u e n  energy loss d i s t r i bu t i on  P c t r u k h m  a n d  Shes t akov  20 pro-  
v~de an exp re s smn  for the different ia l  cross  sect ion for r o u e n  
b r e m s s t r a h l u n g ,  t ak ing  in to  accoun t  the effects o f  nuc lea r  a n d  
a t o m i c  fo rm factors  The  fo rm fac tor  Z - d e p e n d e n c e  is nont rp ,  ml, 
the average  dE ~dr f rom b r e m s s t r a h l u n g  depa r t s  f rom Z2/ . I  scal- 
ing by 1 0 - 1 5 %  as one  ex t rapo la tes  f rom iron to u r a m u m  

At energies  a b o v e  ~ 500 G c V  in i ron.  a n d  - 150 G c V  m 
uranium, direct c -  c palr productlon becomes the smgle most 
i m p o r t a n t s o u r c e o f o f m u o n e n e r g ~  loss l . !nhkethe 
bremsstrahlung case the pa~r energy probahlht', peaks at low ener- 
gies. making h gh-energ', pairs relatively unhkelv Kel 'ner antl 
Ko tov  -2 gp,e an cxpressmn for the diffcrcntlal cross section for 
e * e  production b)  muons which includes screening Set" Ref 21 
|or an evaluation o f  various theoretlca] treatments and approxtma- 
lions For muon energies abo~e ~ I00 GeV, u - P -  pair productmn 
~s also possible Such v - la  production b~ muons is a potentlall~ 
important process that can lead to mtsasstgnment o f  the sign o f  the 
incident muon, but this mechamsm contributes less than 0 01% to 
the total energy loss It) 

Photonuclear mteractmns account for about 5% of  the total 
energy loss o f  high-energy muons m iron. and about 2% m 
uramum The losses are concentrated in rare relatwel', hard 
events Bezrukov and Bugaev 23 derive an expression for the dif- 
ferential cross section that includes nucleon shadowing effects 

These energy-loss processes will have a sigmficant impact on the 

design o f  m u o n  de tec tors  o p e r a t m g  m the m u h i h u n d r e d - ( i e V  
reg ime Energ~ l l u c t u a m m s  can  exceed nominal detec tor  resolu-  
Irons, 25 necess i ta t ing  the r econs t ruc t ion  o f  lost energ' ,  E lcc t romag-  
nettc and hadromc showers in detector materials can obscure rnuon 
t racks  in de tec to r  p lanes  a n d  reduce the t r ack ing  t'fficlenc.~ 26 
1 Inrcso l ' , cd  shov, er  par t ic les  can also deg rade  posfl~on measure -  
ments 28 

(7) Longitudinal distnbutmn of  electromagnetic shn~ers  A pho-  
ton o f  energy I : . ,  0 I GeV c o n x e r t m g  m a s e m H n f i m t e  m e d m m  
p r o d u c e s  an  e l c c t r o m a g n e u c  cascade  w.hosc mtensn.~ mmal l~  
increases  v,,flh dep th  a n d  then falls o f f  The  average  n u m b e r  o t e  "- 
w~th kinet ic  cnerg,, abo ' , e  I 5 McV. c ro s smg  a plane at  a dep th  o f  
L rad ia t ion  lengths f rom Ihc beg inn ing  o f  the m e d i u m ,  m a 
mater ia l  o f  a t o m i c  n u m b e r / ,  ca lcu la ted  using the Monte  ( a r k )  
p r o g r a m  E(iS. 27 can bc lit b'. the empir ica l  fo rmula  28 

.\ .\ o l .  a c I,I 

w h e r e , \ 0  = 5 51 t ( ( ( ie \" )  k / .  h a "  I / l ' (a  • l l a n d t ,  = 0 6 3 4  
- 0 0021 / For  / .:~ 26. a = 2 0 Z / 3 4 0  t (0 664 - Z/'340)ln 
1; For  / = 13 a = I 77 --- 0 52(tl I) The m a x m l u m  mtcnsl t ' ,  
• \ max occurs  at the dep th  1. = a ..'h "1"he maxm~um er ro r  o f  the fit 
occurs  m the ,.~cmitx o f  this dep th  and  ~s less than 0 15 X max The  

integral  o f  the taft. f .\ dl. ts fit to bet ter  than  2 5% ] h e  total 
I 5 ,,'. t, 

Iongltudmall. ' .  p ro jec ted  c + path  length 3".V dL = 5 51 E \ Z is 

less than  the total c " path  length due  p n m a n l , ,  to mul t ip le  
( ' o u l o m h  scat ter ing  

(8) R a d i a t m n  length  For  the passage o f e l e c t r o m a g n e u c a l l 3  
in te rac t ing  part~cles t h rough  a m e d i u m  ~t ~s c o n , , c m c n t  to measu re  
th ickness  in t e rms  o f r a d m u o n  length 29 For  mos t  e l ec t romagne t i c  
prty,:esses (Bremss t rah lung ,  C o u l o m b  scat ter ing,  shower ing ,  pai r  
p r o d u c t m n ,  etc ). o ; c r  large energ.,, in ter ' .a ls ,  some  or  all o f  the 
d e p e n d e n c e  upon  the m e d i u m  is con t a ined  in the rad ia t ion  length 

The  rad ia t ion  length ma' ,  be def ined ;is the d~stance 1. R o ' .e r  
which  a high energ' ,  e lect ron ( .~ I GeV [or mos t  matermls)  loses all 
but  a f ract ion l / c  o f  its encrgx to Bremss t rah lung ,  on a ' . e rage  For  
a h o m o g e n e o u s  m u n o a t o m l c  m e d i u m  /7 ~ 5 

1194 ~ I 4 , , , , 7 . ' 4 Z -  [ 18_4.15 l 2 0 2 , , ' / "  

[ ' R  .I . / - . ' -  

t t I - ~ t 2 / .  2 - 7164i )5  I 

where ~. r e and V.! arc found m the Ph.'.slca] ('onstants lah lc  
and Z and .1 are the atomic number and '~mght o f  the medmm I f  
r e ~s expressed m cm.  I. R will ha, ,e  the c o n v e n t i o n a l  u m t s  o f  
g / c m  2 For  Z -: 5. a more  complex  numer ica l  ca lcu la t ion  is 
requi red  R a d l a u o n  lengths tor  man~ subs tances  are t abu la ted  m 
the Table  o f . A t o m i c  a n d  Nuc lea r  Proper t ies  o f  .Materials For  
media which are chcmlcal mixtures or compounds 

I ~ ; , .  11 

LR "¢" t / . ~ ?  

where l~ is the fraction b) mass o f  atoms of  t)pc t. radtatmn 
length L~ Chemical binding can lower L R from this t.,,ptcall.~ b~ 
a lew per cent  

Fo r  e lec t rons  o f  energy below a b o u t  one  GeV,  the average  frac- 
u o n a l  energ)  loss per  uni t  length decreases  as the energ' ,  decreases  
(see F t a c u o n a l  Energy Loss for Elect rons  a n d  Pos i t rons  m Lead fig- 
ure) Wi th  d i s tances  m e a s u r e d  m umts  o f  1. R de[.×'ndencc o f  the 
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Bremsstrahlung fractional energy loss upon Z of the medium m the 
low energy region (>  10 MeV) Js of order a few percent or less 

For photons of mfimte energy, the total pa~r-productzon cross 
SeCtion IS 

a = 7(.4 /1, R :V,! ) 

This Is accurate to within a few per cent down to ~ 1 GeV for most 
materials For energies below about I GeV. the cross section vanes 
m a manner wMch may bc determined from the Photon Attenua- 
lion Length figures Sec also Contributions to Photon ('ross Sec- 
tion In Carbon and Lead figures 

(9) Electron practical range The electron "'practical range" a 
common mcasure of stra~ght-hne penetration d~stancc is shorter 
than the total path length because of multiple Coulomb scattering, 
which becomes increasingly important as the electron slows down 
E g. for a fast electron the rms proJected angle due to multiple 
Coulomb scattering reaches I radmn by the t~me the electron has 
slowed t o 0 4 M e V  m h,,drogen I 5 MeV mcarbon. 9 MeVin 
copper, and 24 MeV in lead Electrons which have cnerg~ less than 
02 MeV in Ar I 5 McV inCu,  35 MeVlnSn .  and 5 MeV m Pb 
are likely to deposit 10% of their energy M'htnd thehr starting plane 
The practical range R is defined as that absorber thickness 
obtained by extrapolating to zero the hnearly decreasing part of the 
curve of penetration probablhl.~ xs absorber thickness Data for AI 
m the 7 range up to about 10 MeV are axaflable, and fit (to 
~+_ 10%)R, =.-IT[I B / ( I  ~("I)]  mgcm 2. a form suggested m 
Ref 30 v,ltg .1=055 m g c m -  2 k c V  I , B  =09841. andC" = 
0 0030 keV - I At this penetration depth, 90 - 95% of the incident 
electrons have stopped Data for other elements are sketchy, but 
suggest that hlgher-Z (<50) elements ha',,e I < R. / Rp( AI) < I 4 
below ~10  keV, and 06 ~< R . / R , ( A I )  < 1 abo '~ ~ 100 keV 
The "'critical energy" (above v,ghlc~ the energ~ loss due lo 
bremsstrahlung exceeds that due to ~omzat~on, and showering 
becomes important) ts 400 MeV for hydrogen. 100 McV for car- 
bon, 25 MeV for copper and 10 MeV for lead The mean positron 
range may d~ffer from the mean electron range b~ several percent 
See Refs 31 and 32 Electron energ~ deposition and penetration 
probabdlty vs range arc discussed m Refs 10, 33. and 34 
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon 
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Mean range and energy loss due to Jomzation for the indicated particles m Pb, wllh scahng to ('u, AI. and C indicated, usmg Bethe-Bloch 
equation [See Sec (1) or Passage of Particles Through Matter] with corrections Calculated b~ M J Berger, using ionization potentials and 
density effect corrections as discussed m M J Berger and S M Seltzer, "Stopping Powers and Ranges of Electrons and Positrons.'" (2 nd ed ), 
U S National Bureau of Standards Report NBSIR 82-2550-A (1982) The average ionization potentials (/)  assumed were Pb (823 eV), Cu 
(322 eV), AI (166 eV), and (" (78 0 cV) Figure indicates total path length, observed range may be smaller (by ~ 1% - 2% m heav~ ele- 
ments) due to multiple scattering, primarily from small energy-loss collisions with nuclei The funcuonal forms have not been experimen- 
tally verified to better than roughly ~ I% For higher energies refer to discussion by Cobb ]"A Stud:r of Some Electromagnetic Interactions 
of High Velocity Particles with Matter," Umverslty of Oxford Report HEP/T/55 (1973)] and by Turner ["Penetration of Charged Particles 
m Matter A Symposium," National Academy of Sciences, Washington D C (1970). p 48] For lower energies both data and theoD, arc 
not well understood Scaling to other beam parhcles is. to a good approximation, described by the formula on the next page 
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MEAN RANGE AND ENERGY LOSS (Cont'd) 

Mean Range and Energy Loss in Liquid Hydrogen 
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Range and energy loss m lnqmd hydrogen bubble  chamber ,  based on Belhe-Bloch equat ion [See Sec (I)  of  Passage of  Parhclcs Through 
Mailer]  using an average nonnzatnon potentnal for H~ of  I = 20 0 eV whnch ns an approx imate  average of  the exper imenta l  resuh of  ( ; a rbm-  
cms and H y m a n  [Phys Rex. A2, 1834 (19"70)] and  the theoreucal  result o f  Ford and Bro~,ne [Ph.~s Rex AT. 418 (1973)] Bubble 
chambe r  c o n d m o n s  are chosen lo be those of  Garbnncms and Hvman  parahydrogen ofdenslLv = 0 0625 g /cm 3 (note range -x l /densub) .  
~,nth vapor-pressure  60 8 Ib /m 2 (absolute)  and  tempera ture  26 2';K The funcUonal dependence  o f l h e  Belhe-Bloch equauon  ~s not expcru- 
menia l ly  verif ied to bet ter  than about  z 1% over  large m o m e n t u m  ranges h should be noted lhal  the number  of  bubbles per cm of a track 
nn a bubble  chamber  Js nearly p roporhona l  to I / 3 - ,  nol dl: ./dx For the hnear  portnons of  the range curves, R :x p" 6 Scahng law for 
l~ t t l¢ l~  o f  other" mass or ¢i~rge (c~.c'epl e/e(trons) for a g ~ e n  m e d m m ,  the range Rt, of  any beam paruele wllh mass W b charge z/, 
and  m o m e n t u m  Pb is g0ven nn terms of  the range R u of  anx other  partncle w~th mass .'~l a, charge z a and m o m e n t u m  ,n a = Ph Ila / '~lb (I e 
hav ing  the same veloci ty)  by the expression 

I ~ t t , / I I .  ] 
RI~ ( ~Ih --h "Ph ) . . . . .  Ra ( Ila "za Pa - Pl, ~Ia / ~lh ) 

L :~?,' :3 
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PHOTON AND ELECTRON ATTENUATION 

l o  1 

Photon Attenuation Length 

m m  mmmm • mIm mm 

H - ~ /  _- 

1° 0 / c/ .  : Fo / / / ,  - 
E I ..'1 / : 

.~0 H2 ¢' / _ 

i / - 

- I : , -_ 

II -" ! 
I,i./[. 

,< c: - I,//.; "/ W I -- 
l ;#l  l 

I(~' ~#AFl. ~ Ar 
Pb - 
I 

J 

I I l l  I , I l l  I I I l l l  I I i i , ,  1 0  - 4  I I 

10 .3 10" I0" 10 o 10 ~ 

Photon energy (MeV) 
The photon mass attenuauon h:ngth X = I/(la..'l>) (also known as mfp. mean free path) for ~arlous absorbers as a function o f  photon energ). 
where/a is the mass attenuahon eoemc~ent For a homogeneous medmm ordcnsltb p. the mtenslt) / remaining after traversal o f  thickness 
t is given by ).he expression I ~ /o exp( - [p , . ' k )  The accuracy is a t~w percent Interpolation to other Z should be done in the cross sec- 
t ion a = . 4 / X N  i cm- /a tom,  where .I )s the alom)c weight of  the absorber materml in grams and .V I is the Avogadro number For a chem- 
ical compound or mixture, use ( I / X ) e f f  _~ ~wa( I / , k )  ~ . accurate to a few percent, where % is the proporhon b)  weight o f  the l ih constituent 
See next page for high energy range The processes responsible for attenuation are given in the bottom figures of the next page Not all of 
these processes necessarily result in detectable attenuatmn For example coherent Rayleigh scattenng offan atom may occur at such low 
momentum transfer that the change m energy and momentum of the photon may not be significant From I|ubbell,  ( ; imm, and Ovcrb0, 
J Phys Chcm Ref D a t a 9  1023(1980) S e e a l s o J  H Hubbell. lnt J ofApphed Rad and Isotopes33, 1269(1982) Dalacourlcsx J H 

Hubbell 
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PHOTON AND ELECTRON ATTENUATION (Cont'd) 

Photon Attenuation Length (High Energy) 
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E 
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II 
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40  

20 

1'1, . . . .  
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Photon energy (MeV) 

The photon  mass  a t t enua t ion  length, htgh cnerg3 range (note that ord inate  zs hncar  scale) See caption on pre~ tous page t'or detads  

a t t enua t ion  length ~s cons tant  he.~ond the range shown for al least t ~o  decades m energ.~ 

The 

Photon Pa=r Conversion Probability 

/_,/._, ! / i 
", ,iV. ; ~L,.,r / ': 

0 6  :,I,,_.. ; ,'.: 

p i i~;~ /,,~ 

0 2  / 

O 0  ,~I , i , l~ , , ,  J i ==~1 

100 10' 102 103 104 
Photon energy (MeV) 

Probabthtv  P that  a photon  mnteractlon wdl result *n convers ion  to an e +e pair  Except tbr a few-percent cont r ibut ion  from photonuclear  
absorpt ton a round  IO or 20 MeV essent~all~ all other  in terac t ions  result  m Compton  sca t tenng off an a tomic  electron For a photon 
a t t enua tmn  length X (g/cm 2) (upper  figure), the probabd~ty that  a given photon v, lll produce an electron parr (w~thout first Compton  

scat tenng)  m th,ckness  t (cm) of  absorber  of  densi ty  # (g/cm 7') is P [ I  - exp( -tp/X)} 
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PHOTON AND ELECTRON ATTENUATION (Cont’d) 

100 r- 

60 

20 

0 

Photon Attenuation Length (High Energy) 
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kc 

---_ hrn --_--_--- ,, --- 

81, 1 ll11ll 

10' 

Photon energy (MeV) 

The photon mass attenuation length, hkgh energy range (note that ordinate IS linear scale) See captlon on precious page for details The 
. . I P ~. I__ . . .._ _ >._..,d”” _^ ____“. 

attenuahon length 1s constant be)ono tne range snow nor al draw (WV UCCNC~ 111 CIW~;.Y 

Photon Parr Conversion Probability 

I:;1 ~~~ I 

/ ,/ 
00 - 

I I I IllIll I I IlIllll I I lllllll 

IO" IO' 10’ IO” IO” 

Photon energy (MeV) 
Probablhty P that a photon InteractIon ~111 result m converslon to an e +c- pair Except for a few-percent contnbutlon from photonuclear 

A In --,n \lo\I abso@on WXtiGu LV VL LU LVLCT a==--tt-ll*~ 011 nfhor ~nter~+mn~ r~c111t I" Cnmnton wattenng offan atomic electron For a photon ._JJC",,",,, ",. ",.._. .,,......_.._.." ._"_.. __...r._~. __. 

attenuation length X (g/cm2) (upper figure), the probabdlty fhat a given photon WIII produce an electron pair (wlthout first Compton 
scattering) m thickness I (cm) of absorber of denslty p (g/cm3) IS P[ 1 - exp( -/p/X)] 
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PHOTON AND ELECTRON ATTENUATION (Cont'd) 

Contributions to Photon Cross Section in Carbon and Lead 
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PHOTON ENERGY 

Photon  total  cross sect ions as a function ofenerg.,, in  carbon and lead, sho,xmg the con tnbu t tons  of  dltl;..'rcnl processes 

r - -Momtc photo-effect (electron cjecnon,  photon absorpnon} 
cr(-oi t - Coherent  scat ter ing (Ra.~le~gh scat ter ing a tom nei ther  tomzed nor exerted) 
nlN(.()tl  - Incoherent  scat ter ing (Compton  sca t tcnng o f f a n  electron) 
~n = Pmr product ion,  nuclear  field 
% = Pmr product ion,  electron field 
Crpt4 N - Photonuclear  absorpt ton (nuclear  absorpt ion,  usual]~ followed b.~ em~ssmn of 

a neutron or other  pamcle )  

From Hubbel l ,  G i m m .  and Overb¢,  J Ph.,,s ( ' h e m  Ref  Data  9. 1023 (1980) The photon total cross section is a s sumed  approxmlate l}  tlat 
for at least two decades  beyond the energ) range shown F~gures courtes} J H Hubbell  
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Fractional Energy Loss for Electrons and Positrons in Lead 
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: ;t .,_'ol 
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t "  
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Fract ional  energy loss per radmtnon length m lead 
as a funcnon o fe l ec l ron  or posnron  energ} Elec- 

tron (posi t ron)  scat ter ing ~s considered as ~omza- 
t~on when the energ} loss per colhslon is belo~ 
0 255 MeV, and as Moiler  (Bhabha) scat tering 
when it ts above  ,~dapted from Fig 3 2 from 
Messel and Crawford l:'lectron-Phot~m ~'hnwcp I)Js- 
trtbutmn Functmn Tat@~ lot Lead. ())pl)('r and -hr 
..Ibsorl~er~, Pergamon Press, 1970 Messel and 
( ' rawford use Lr(Pb)  = 5 82 g/cm 2, but v,'e have  
modif ied  the figures to reflect the value gP,en in the 
Table  of  Atomic  and Nuclear  Properl~es of Materi-  
als, namel~ Lr(Pb)  = 6 4 g / cm 2 The deve lopmen t  
of  e lec t ron-photon cascades ~s approxmaatel> 
independent  of  absorber  when the results arc 
expressed m terms of  reverse rad lanon  lengths h e .  
scale on left of  plot) 

E ( M e V )  
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COMMONLY USED RADIOACTIVE SOURCES* 

Decay 

Nuclide tt,2(y) mode ~ 

22Na 2 602 d ' , E C  

54Mn 0 854 E(" 

55Fe 2 73 E(" 

57Co 0 744 E(." 

60('0 5 271 

68Gc 0 742 
(68(;a) 

90Sr 28 5 
(9Oy) 

106Ru 1 020 
(106Rh) 

d 

E(" ~ . d '  

P r inc ipa l  e m i s s i o n s  

E(keV)/Intensn~ (%) 

546/90 (51 I) 
1275/100 

5 4/22 ~t 
835/100 

5 89/25 X 
6 49/3 3 "t 
14 4/10 
i ~', __/86 
136/11 

318/100 1173/100 
1332/100 

1899/88 (511) 
9 4/44 ~t 

d - - , . d  546/100 
2284/100 

d --*d- 39/100 512/21 
3541/79 622/10 

62/42 1, 22/'83 ~t 
109Cd l 267 E(" 84/44 e -  25/17 ~t 

87/10 ; 88/3 7 

113Sn 0 315 EC 364/28 } 24/'79 "f 
388/7 e -  392/65 / 

137Cs 30 17 f l -  512/95 
1173/5 662/85 

133Ba If) 54 EC 45/48 ~ 81/34 
75/7 j e 303/18 

356/62 

482/2 ) 570/98 
207B~ 3_ "~ - "~ EC 976/7 ¢' 1004/75 

1048/2 1770/'7 

(5341 334/85 239/45 
228Th I 913 6¢~ 2;~' 8785) 1794/18 583/30 

" I " 212pg) 246/48 2615/36 (224Ra, 220Rn 216po. 212pb, -  "BL 

14/13 ~t 
241Am 43_ _ (~ 5443/13 18/20 ~. 

' "~ 5486/85 60/36 

244Cm 18 10 (t 5763/24 14/4 ~t 
5805/76 18/4 ~t 

252(.f 2 638 0 12 fission neutron, 0 6 't (~1  MeV),/dcca.~ of  Cf 

432 2 6× 10- 5 neutron. 4× I0 I 5 ~ (4 43 MCV)/deca} oF -~m Am/Be 

• Updated April 1988 b~ E Browne 
EC denotes electron capture V an atomic .'~-ra.,, Maximum d *  
energies are hsted, unless followed by e indicating monoenergeuc 
conversion electrons (51 I) indicates anmhf lauon radmtlon, where 
intensity depends on the number  of  stopped positrons In some 
cases, the 7-ray values arc approximate  we=ghted a`,erages of  two or 
more close-together lines Daughter ISOtOpeS the  actual sources of  
some hnes, are hsted in parentheses where appropriate 

E Browne and R B Firestone, TaHe ofRadtoa~ tt~e lsotope~ (John 
Wfle~ & Sons, Ne'~, York, 1986) 

Half-lr~es from J K Tub,  Nuclear Wallet Cards (1985), National 
Nuclear Data Center 

Energies and mtensmcs  from D C Kochcr, Rad~oacuvc Deca~ 
Data Tables ( 198"1 ), DOE/TIC-11026 

Neutrons from ,%'eltlron Sottrce'~ [or Ha*to Phi'sic.t; a n d  -Ipl).lleallon. ', 
(Pergammon Press. 1983) 

RADIOACTIVITY & RADIATION PROTECTION 

The International Commiss ion  on Radtauon LJmts and 
Measurements  (ICRLq recommends  the use of  SI umts There- 
fore we list SI units first, follov,'ed b.~ cgs (or other common)  
units m parentheses, v, here the', dflTer 

• Unnt of actnvlt~ = becquerel (curie) 
1 Bq = 1 disintegration/see [ - /(3 7.,~1010) (]1 

[;nit of exposure the quanta ' ,  of  .V- or "t- radiation at a point 
n space l n t eg ra t ed o ~e ru me  m t e r m s o f c h a r g e o f e n h e r s i g n  

produced b> showering electrons in a small ~olume of air about 
the point 

= I coul/kg3ofalr(roentgen.  I R - 258×10  acou l /kg  
1 c s u / c m  = 87 8 erg released energ~ per g ofa~r), 

~mphc~t m the def inmon is the a s sumpuon  that the small test 
~olume is embedded m a suffic~entl> large umforml.', =rradmted 
volume that the number  of  secondaD electrons entering the 
volume equals the number  lea× mg 
• Unit of absorbed dose - gra~ (rad) 

I (i} = I joule/kg,( = 10 erg/g = 10- rad) 
- 6 24x I0 I- McV/kg deposited energ~ 

• Unit of dose equivalent (for biological damage) - sle',ert 
[ = 102 rein (roentgen eqm~alenl for man)] 
Dose equl',alent m Sx = gra',s ," Q v, here Q (quaht,, factor) 
expresses long-term risk (prJmanl> cancer and leukemm) from 
low-level chrome exposure ~t depends upon Ihe t,,pe of radia- 
tion and other thctors For 3 ra}s and d parucles, Q --_ I. tbr 
protons. + Q ~ I at ~ I0 McV. n smg  graduall} to ~ 2 at ~ I 
(icY. for thermal neutrons t- Q ~ 3, for fast neutrons + Q 
ranges up to 10. and for ¢~ parucles "I" and hear> ions t" (assuming 
internal deposmon - - skin and clothing arc usuall', sufficient 
protecuon against external sources) Q -;- 20 
• Natural annual background all sources Most world areas. 
wholc-bod> dose eqm~alcnt rate = (0 4-4) mS~ (40-400 mll- 
hrems) ( a n  range up to 50 mS~ (5 reins) m certain areas l! S 
average ~ 3 6 m S ~  inc lud ing=  2 m S ~  (~  200torero)  from 
inhaled natural rad~oactp.~t,, mosfl> radon and radon daughters 
(0 I - 0  2 mS~ m open areas a~erage ~s tbr t',plcal house and 
varies b~ more than an order of  magmtudc can be more than 
two orders of  magmtude higher m poorl', '.entflated mines) 
• Cosmic ra', background m counters (Earth's surface) 

4 "'~ 10 / m m / m - / s t e r  For moreaccura t ces tm~a tesand  more 
details see (osm=c Ra~s sect=on 
• Fluxes (per m-)  to deposit one (i.~ m one kg of  matter assum- 
ing uniform ~rradmuon 

i.~ (charged particles) 6 24× I0 -/(dl-,.'d~ ). where d l . / d \  
(MeV m2/kg) the energ> loss per una  length ma.~ be obtained 
(after convers=on of  umts) from the Mean Range and Energ~ 
Loss figures 

3 5× 10 t3 mm~mum-=omzmg smgb charged parucles m car- 
bon 

(photons) 6 24-< lOI2/[E(MeV)/(kt)(m2,.'kg)], for photons 
of energ', E. at tenuauon length X (see Photon kt tenu;mon 
Length figures) and fracUon /" ~ I expressing the fraction of 
the photon 's  energ> deposned m a small ~olume of thickness 
< <  X but large enough to contain the sccondar~ electrons 

2× I015 photons of  l MeV energ~ on carbon 
(Quoted fluxes good to about a factor of  2 for all matermls ) 

• U.S  maximum permissible occupatmnal ~hole-bod)  dose 
50 mSv/year  (5 rem/ycar) 

Lethal dose Whole-bod', dose from penetrating ~omzmg rad~- 
ation resulting in 50% morlallt~ in 30 da~s (assuming no medi- 
cal treatment) 2 5-3 0 G.'. (250-300 rads) as measured mternall.'. 
on body Iongttudmal center line, surtace dose ',aries due to ",art- 
able body attenuation and ma'. be a strong funcuon ofenerg,. 

For a recent re,.lew, see E Pochln, .\'t~¢lcar Radlallon RI%L 
and Benefits (Clarendon Press Oxford. 1983) 

+ The Internauonal  Commiss~on on Rad~olog]cal Protection has 
prov~s]onall,, recommended that these Q factors for protons 
neutrons, and hea~ ~ charged parucles be doubled 
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PROBABILITY, STATISTICS, AND MONTE CARLO* 

1. P R O B A B I I J I Y  

1 A General 
If  v ts the o u t c o m e  o f  an o b s e r v a t m n ,  we def ine  the probabd~l ' ,  

o f  x as the re la t ive  f r equency  wflh which  v occurs  out  o f  a (possi-  
bly hypo the t i ca l )  large set o f s~mf l a r  o b s e r v a u o n s  If v m a y  take 
an,,' va lue  f rom a contlnuou~ range  v,c wri te  t ( x  ,O)dx as the pro-  
b a b d n , ,  o f  o b s e r v i n g  v be tween  x a n d  x - dx The  f u n c t m n  
f ( x .  0) ~s the prot,ahdtt~ dcnsttv lim~ t .m  (p d f )  for the random 
rarlahh'.x which  may d e p e n d  upon  a p a r a m e t e r  O If  x can  take 
on  onl,, one  o f  a set ofdtscrete values  (e g the n o n - n e g a n x c  
integers),  then  ; ( v , 0 )  ~s ~tself a probabdn. , , ,  but  we stdl rcti.'r to tt as 
a p d f  T h e p d f  ~ s a l w a y s n o r m a h z e d t o u m t a r e a ( u m t s u m  if  
d~screte) Both x a n d  O m a y  have  muh~ple  c o m p o n e n t s  a n d  are  
then  u s u a l b  wr i t t en  as c o l u m n  vectors  Iffl  ~s u n k n o w n  anti  we 
w~sh to e s t ima te  ~ts value  f rom a g~ven set o f  da t a  x ~ c  ma.,. use 
s tat is t ics  (Sec tmn 11 ) 

The cumulattle d~strttmt.m fun('tmn l " (a  ) expresses  the p roba -  
bd~tx that  x ~< a 

O 

F(a) - j t ( x ) d v  (I I) 
- ~ C  

Here and m what follov, s. ~f x ~s dlscrele-valued the integral ~s 
replaced by a sum The endpomt a ~s expressb included m the 
mlegral or sum Then 0 < /-(x ) -<. I l - (x ) ~s nondecreasmg and 
Prob(a < v ~< h ) =  F ( h ) - / " C a )  l f x  ~s&screte l - (X) lS  fiat 
except at al lowed values o f  v, ",,,here tt has a d~scontmuous jump 
equal to f (  v ) 

An.,, functmn o f  random variables ~s nself  a random variable. 
w~th (m general) a d~fferent p d f The evpeclotmn i,ahw o f  any 
functmn u ( v )  ~s 

=<-, 

E [ u ( v ) ]  = J" u(x ) / (x  )d \  (I 2) 

The expectaHon ~alue ts satd to exist onl)  tr tl ts f imte For x and 
I an.', t w o r a n d o m  var iables .  /-.(x - v) -. E ( x ) - E ( I )  F o r (  a n d  

cons tan t s .  E ( c v  + / ,  ) = ( / . ( x )  • ~ The  mos t  c o m m o n b  used 
expec ta t ion  ~alues are the m e a n  a n d  va r i ance  

p -: /'.(x ) (13a)  

Var(~) / . [ ( ~  ~ ) 2 ]  ._ l : . (x2)_.#2 (13b) O- 2 

T h e  m e a n  i'., the  [ o t a t l o n  ol + the  c e n t e r  o f  m a s s "  o f  the  d t s t r ~ b u h o n  

ot ~ and  the " ,ar lance ~s a m e a s u r e  o f  its ' a ld lh  squa red  Note  that  

In add~tmn Io the incan  a n o l h c r  useful i nd ica to r  o f  the x /or {l- 
m m  nca~ w h w h  mos t  o f  lhe p robabd t t ' ,  ~s h k c b  to c o n c e n t r a t e  ts 

the medmn ~ reed Th~s ~s thal  value  o f  x such  that  

F(.Vmed) = I /2 .  ~ e .  exactl} h a l f o f t h e  p robahht . , ,  hes  a b o v e  a n d  

ha l f  hes be low .Vine d For  a gp,'en saml)le o f  events ,  x reed ~s that  

o b s e r v e d  x such  tha t  ha l f  the  even t s  have  larger  x a n d  ha l f  have  
smal le r  x (as c losely as poss,ble,  not  c o u n t i n g  an,.' tha t  have  the 
s a m e  x as the m e d m n )  If lh~s hes be tween  two obse rved  v ' . a lues  
the s amp le  m e d m n  ~s set by c o n v e n t m n  to be ha l fway  be tween  
t h e m  I f t h e p d f  f o r x  has the fo rm f ( v  - # ) a n d #  ~ s ~ ) t h  mean  
a n d  reedÁan, then for  a large n u m b e r  o f  even t s  ..% the va r i ance  o f  

the  r e ed , an  a p p r o a c h e s  l/[4Af2(O)], p r o v i d e d  t ' ( 0 ) >  0 
Let x a n d  r be two r a n d o m  var iab les  wi th  jo in t  p d  f I(A , r )  

T h e  marginal p d f of, for  example ,  v. expres s ing  the p d f for x 
wi th  )' u n o b s e r v e d ,  is 

f l ( x )  = f f ( v . v ) d v  (I 4) 

and s~mdarly for f2(.; ') I f  r ~s fixed, the condt tmnal  p d f for \ 
given the fixed v ~s gp,'en by 

. f (x  I v )  = . f (v  v) / l2(~ ) (I 5) 

The  x mean  ts 

= _~ J , / ( x . ,  )(~x ,a. = .r , : , ( x ) d ,  (~ 6) 

a n d  s t m d a r l y  for  I The  (or r ( ' l a tmn between x a n d  I ~s a measu re  
of the d e p e n d e n c e  o f  one on  the o the r  

,,,., - t . [ ( x  - . , ) ( t  - . v ) ] / " a  a ( ' o v i x . v l , " a , a  , (1 7) 

where  a~ % arc  def ined  in ana logy  with Eq (1 3 bL It can  be 
s h o w n  tha t  - 1 ~ P w  '< 1 The  s ) m b o l  " ' ( 'o~ '"  represents  lhc 
c o v a r l a n c e  o f  ~ a n d  v, a 2 -~anab le  ana logue  to the va r i ance  
Eq (I 3b) T w o  r a n d o m  var iab les  are mdt7wndent d a n d  onl.~ iI 

/ ( \ , r )  = / l ( x ) / 2 ( t )  (18) 

I f  x a n d  I are  i n d e p e n d e n t  then P u  = O. the conver se  ~s not 
necessar i ly  t ruc  except  for G a u s s m n - d ~ s m b u t e d  x a n d  r If  x a n d  

I are ,ndependent r l , . ,  iv(. II = t.l , ,*, )lt:l,(, II and Var( ,  - ,  ) 
= Var(v)  + Var( r )  

In a (h/Jl/~(, Of(t~tllltlllt)tl~" ?'~(lld()lll r(lllah/('~ f rom.  c g ~" 

(x I, ,xn) ,w) th  p d  f /(X 1 ,Xn). tO ~" = ( r  I I n ) . a  
one-to-one functmn o f  the x "s, the p d f t.,(~ 1 .~ n) is found b~ 
s u b s m u t m n  for ( : I" ' ~,l ) m I fol lowed h} n ]uh~phca tmn  h'. the 
abso lu te  value  o f  the J a c o b t a n  o f  the t r a n s f o r m a t m n  

¢(i ' )  = I [ .  [( i ' )  . ,~( i  ) ] l . I I  (19) 

The  func t ions  " t  express  the r(,l('t~c t r a n s f o r m a t i o n  x I u ( i : )  for 
t -. 1 n a n d  I.I I Is the abso lu te  value  o f  the d e t e r m i n a n t  o f  

the square  ma t r ix  .Itl - ovt/',H" I Such t r a n s f o r m a t i o n s  mus t  
a lwa ' , s  preserxe  the n u m b e r  o f  r a n d o m  x anab les ,  n to t r a n s t b r m  
to fewer var iables ,  first pe r fo rm  (I 9) a n d  then take the marg ina l  
(I 4) to e h m m a t e  u n w a n t e d  var iab les  To  change  x a n a b l c s  for 
d~scrctc r a n d o m  var iab les  s~mplx subs t i tu te ,  no J a c o b t a n  ts neces- 
s a d  because  there I ~s a p robah f ln )  r a the r  lhan  a p r o b a b d . , ,  den-  
s~t', If l d e p e n d s  upon  a p a r a m e t e r  set O. ,ae can  change  to a dd :  
ferent  p a r a m e t e r  set d) = (h(fl) b) s imple  s u b s m u l t o n ,  no . lacobtan ~s 

used 

i B Spectflc Probabdfl) Density Functions 
We describe here a l'e~ p d f ' s  commonl~ encountered m phx- 

Sits a p p h c a l ] o n s  Tables  for mos t  o f  these (.hslr~butmns. r e la tums  
a m o n g  them a n d  fur ther  m t b r m a l l o n  ma.,, be t b u n d  m R e f ' s  1 

a n d  2 

I B.I Uni fo rm d is t r ibu t ion  (continuous) 
l h~s  p d f a s sumes  equal  probabfllt. ' ,  d e n s . ' ,  for an.', ~ m an 

a l lowed range  [a  h ] 

I'(~) = 1,"(t) a)  a ~-: x .'-... h ( I  10) 

- 0 otherwise, 

E ( x )  = (h * a ) / 2 ,  Var(~:) - (h a)2/12 (I 11) 

I.B.2 B,nomml distribution (discrete)  
A n y  process  with exact ly  two possible  o u t c o m e s  ts a Bernoulh 

process  If  the process  is repea ted  n t imes  m d e p e n d e n t l ) ,  a n d  tf  
the p robab i l i ty  o f  o b t a i n i n g  a cer ta in  o u t c o m e  (a "'success") tn each  
trial ]s p ,  then the p r o b a b d t D  o f  o b t a i n i n g  exact ly  r successes ts 
g iven by the b l n o m m l  d~s tnbu tmn  

f ( r , n . p ) _  [nr iprq . . . .  n ~_ .prqn r .  (1 12) 
L J  r'(n - r ) '  

r = 0 , 1 . 2 .  ,n .  

where  q = 1 - p a n d  the o rde r  m which  the successes a n d  failures 
c o m e  is a s s u m e d  i r re levant  



75 

PROBABILITY, STATISTICS, 

E ( r )  = n p  , Var ( r )  = npq (I 13) 

I f r  successes  are  o b s e r v e d  m /7r Be rnou lh  t n a l s  with p r o b a b t h t y  p 
o f  success,  a n d  if  s successes  are  obse rved  I n  /7 3 s imi l a r  trials,  then 
t = r + s ks also b i n o m i a l  with /7t ~ /7r + /7~ 

I .B.3 Po i s son  d . s t n b u t m n  (discrete)  
T h e  Potsson  d~s t r tbu tmn with  m e a n  ta ~s 

f (n. ,a)  e- ,a ,an /7 = 0, I "~ (I 14) 
/ 7 ?  ' , -  

T h e  o b s e r v e d  result  o f  a P m s s o n  process  Js a n o n - n e g a u v e  integer  
n ,  the p a r a m e t e r  ,a ~s a n y  n o n - n e g a u v e  real n u m b e r  The  P m s s o n  
descr ibes  the p o p u l a t m n  o f  even ts  m a n y  in terval  o f  v (e g ,  space 
o r  t ime)  w h e n e v e r  (a) the n u m b e r  o f  even t s  m a n y  sub in te rva l  o f  
x is i n d e p e n d e n t  o f  that  m an3, o the r  s u b m t e r v a l ,  (b) m an ' .  smal l  
&x,  the p robabd~ty  o f  one  event  Js X.Xx a n d  the p r o b a b t h t )  o f  two 
or  m o r e  van t shcs  as .Xv ---* 0, a n d  (c) k does  not  d e p e n d  on x 

Then  ,a =- h.v, 

/£(n)  = ~a, Var (n )  = ,a (I 15) 

When ,a is large ( > 7  or 8), one may often usefully approx imate the 
d~slnbutmn o f  n b', a Gaussmn dts tnbut ton o f  mean ~ and van- 

0.2 ance  = ,a, as t h o u g h  /7 were  a c o n t i n u o u s  var iab le  T w o  or  more  
P m s s o n  processes  (e g,  wgnal plus hacl~grou/Td, w~th p a r a m e t e r s  ,aS 
a n d  ,aB" respect rce ly)  wh ich  independent l3,  con t r i bu t e  a m o u n t s  n S 
a n d  n B to a g iven m e a s u r e m e n t  will p r o d u c e  an  obse rved  n u m b e r  
n = /7S + riB' wh ich  ts d~s tnbu ted  a c c o r d i n g  to a new Pmsson  dls- 

t r l b u t m n  w~th p a r a m e t e r  ,~ = ,aS + ,~B 

I . B  4 N o r m a l  o r  G a u s s i a n  dis t r ibu t ion  ( con t inuous )  
T h e  G a u s s m n  d l s t n b u u o n  ts 

9 

f ( x , `a ,a  2) = 1 ,~  e - t , ,  -~ ) - . / 2a -  , - ~  < ', < m (I 16) 
a \ , "2 r  

9 
E ( x )  = , a ,  Var(.v) = a "  (I 17) 

For  x a n d  v i n d e p e n d e n t  a n d  n o r m a l l y  d~s tnbu ted  ..- = v - v 

obe',s l(z,,a~. - ,ai ,o~ + % )  
The  in tegra ted  p r o b a b i h t y  for  .v to fall m the range  ,a - o to 

,a ~- o ~s 0 683 O t h e r  m e a s u r e s  o f  wid th  c o m m o n l y  e n c o u n t e r e d  
arc  p robab le  e r ro r  (central  region c o n t a i n i n g  0 50 o f  the p robab i l -  
ity) = ,a _+ 0 67a .  m e a n  abso lu te  d e v t a t m n ,  E l  I x - u I ] = 0 80a,  
R M S  d e v m t m n  = a ,  half-w~dth at  h a l f - m a x i m u m  = 1 18o" 

The  G a u s s m n  gets ~ts ~mpor lance  m large par t  f rom the ce/7tral 
hm+t theorem f f a  c o n t i n u o u s  r a n d o m  var iab le  .~ ~s d~s tnbu tcd  
a c c o r d i n g  to any p d f with f imte  m e a n  a n d  var iance ,  then the 
.sample m e a n  ? n  of /7  o b s e r v a t m n s  o f  ~ will have  a p d f tha t  

a p p r o a c h e s  a G a u s s m n  as n increases  There fo re  the end  result  
t /  

~ ~  =- nZ n o f  a large n u m b e r  o f  smal l  f luc tua t ions  .x, will be dis- 

t r i bu ted  as a G a u s s t a n ,  even  f f t h e  x+ themse lves  are  not  

The  c u m u l a t i v e  d~s t r tbuuon  (I 1) for  a G a u s s m n  with ,a ~ 0 a n d  
a 2 = 1 ts g~ven by the error fitnctum, e rRa ) ,  t h rough  the fol lowing 
ugly r e l a tmn  

F(a,O, 1) = 0 5[1 ~- e r r ( a / V 2 ) ]  (I 18) 

The  f u n c t m n  e f t ( a )  ~s t abu la t ed  in R e f  I [ c a u t m n  o the r  def im-  
u o n s  o f  e r f ( a )  are  s o m e t i m e s  used] ,  for  o the r  m e a n  a n d  v a n a n c c  
replace  a by [(a • , a ) / a ]  

For  .7 a set o f  n (not  necessar i ly  m d c p e n d c n t )  G a u s s m n  r a n d o m  
var iab les  .~t a r r a n g e d  in to  a c o l u m n  vector ,  thew jo in t  p d f is the 
mulll varlale Gales,wan 

f(.~,ff, ~,) 1 (2a.)n12 I I ' I - I / 2  × (I 19a) 

[,- ] 

AND MONTE CARLO (Cont'd) 

where  l ' l s t h e c o v a r t a n c e m a l r t x o f t h e  v ' s  I = Var (x  )and  ' 
• " " t " t J  

= l - [ ( x  ,a )(v - u / ) ]  =- p / r a  a n d  1' s t h e d e t e r m n a n t o f  - .  , , -) . , , , ,  _ • 
V The  quant~t,, 0~. ~s the co r r e l a tmn  coet t~oent  for  v t and  v . ,  

-~ " 1 / 
Ip la l  ~ ~< l F o r n  = 2 t M s b e c o m e s  

1 
l'(Vl"V2"lal'la2"al'a2"P) - -  × (l lgb) 

2rra la 2 V"I - 02 

2p(A I - ,al)(V2 ] - I  (A I - ' U l ) 2  `a2 ) 

exp I ~ o ?  °"1°'2 

(.v 2 - # 2  )2 ] 

+ - -  ] i 

°5 
If  1 ~s s ingular ,  there ~s a h n e a r  re la tmn a m o n g  some  var iables ,  m 
th~s case one  usuall3, wan t s  to e h m m a t e  comple te ly  d e p e n d e n t  va t>  
ables  a n d  work  m a smal le r  n u m b e r  o f d l m e n s m n s  The  marg ina l  
d ~ s m b u u o n  o f  a n y  .x t ~s a G a u s s m n  with m e a n  ,a t a n d  va rmnce  1 
1 ~s n ×/7. symmet r i c ,  a n d  posi t ive  def imte  There fore  for  an3, 
vec tor  ,~, the q u a d r a u c  fo rm . f l  I , -  1~ = c>~0 traces  an  n -  
d i m e n s i o n a l  c lhpso ld ,  center  ,~: = 0, as X v a n e s  for  an3, gp,'en c If 
2t t = (A -- ,a)~/a t m this c q u a t m n ,  then ~ ks a r a n d o m  var iable  
obey ing  the × ' ( n )  d t s t n b u t m n  Therefore  the probabd~ly  tha t  a 
r a n d o m  value  o f  ~ will occu r  reside this  e l hpsmd  is ( ' L  r e a d m g  the 
o rd ina t e  as 1 - CL on  the large X 2 figure be low f rom the curve  for  
n =- /7D at X 2 = c TMs a s s u m e s  that  ,at a n d  a t are correc t  For  
example ,  the - o n e - s t a n d a r d - d e v i a t i o n  e lhpsotd '"  occurs  at X- = I. 
lbr  a two-var iab le  case (/7 = 2) the probabi l i ty  that  bo th  .v I a n d  .x 
will .~tmultaneousA" fall reside that  e lhpse  is 39% The  use o f t h e s e -  
e l h p s m d s  as ind ica to r s  o f  p robab le  e r ro r  is descr ibed  m II E 1 

It ~s a charac te r i s t ic  o f  the m u l m , a n a t e  G a u s s m n  that  Pu  = 0 ~s 
necessary  a n d  suff icmnt  tbr  ~ and  ~ to be i n d e p e n d e n t  Fo r  a 

- t j 

g yen c o v a n a n c c  mat r ix  I ,  there a lways  exist n o n s m g u l a r  t/),(/7 
mat r i ces  11 such that  1III T - I ' ,  II ~s usuall.~ uppe r  or  lower  tri- 
a n g u l a r  m the mos t  efficient a l go r i t hms  Then  _-- = 11 - I(.f _ ~) ts 
a vec tor  of/7 i n d e p e n d e n t  G a u s s m n  r a n d o m  var iab les  with zero 
m e a n  and  v.llh c o v a r m n c e  ma t r ix  equal  to the Ident i ty  

I.B.5 The  X 2 d is t r ibut ion  ( con t inuous )  
If  v 1" "xn arc i n d e p e n d e n t  normall, ' ,  d i s t r ibu ted  r a n d o m  

t l  3 / 9 
variables ,  the sum : = ~ ( v  a ,a~ ) - / a ~  is d i s t r ibu ted  as a X 2 v.lth 

/7 degree.~ of.lreedom [ ×2(n )] 

1 . ( : . / 7 )  1 h I e : / 2  h = /7/2, : >/ 0 .  ( 1 2 0 )  
2 h l '(h ) - 

E(=)  = n , Var(=) = 2n (121) -) 
For a set o f  - i '  each o f  whlch is X-(/7t ). ~ = i  Js a new random van- 
able wh,ch ,s X'[ 2;",I 

The large figure below disp lays  the integral  o f  Eq (1 20) for hi) 
degrees o f  f reedom,  

CL(Xo)  = f~ / ' (= ,  n D) dz . (I 22) 
~a 

],,"., . .  

which  is 1 0 m i n u s  the cumulatp , ,e  d ~ s t n b u t m n  func t ion  
F ( :  - X(~, nD) Thi s  is useful m eva lua t i ng  the cons i s t ency  o f  da ta  
wi th  a mode l ,  as will be exp la ined  m Sect ton I1 
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I .B.6  S t u d e n t ' s  t d i s t r i b u t , o n  ( c o n t i n u o u s )  
I f x  is a n o r m a l l y  d~s l r lbu ted  r a n d o m  v a r i a b l e  w i th  m e a n  u a n d  

v a r i a n c e  a 2, a n d  --" is a n  m d e p e n d e n t  X 2 r a n d o m  v a r i a b l e  wi th  n 

deg ree s  o f  f r e e d o m ,  t h e n  

t = [ ( x  .. ~ ) / a ] / \ , "_ - "~n  (I 23)  

~s a r a n d o m  v a r i a b l e  d i s t r i b u t e d  a c c o r d i n g  to S t u d e n t ' s  t d t s m b u -  

l ion  wi th  n d e g r e e s  o f  f r e e d o m  

F . n + l  ( n + l )  

f ( t , n )  ~ I * - -  , - ~ e < t  < , ' ~ , ( 1 2 4 )  

r( 2 ) ~, ~/~n n 

E ( t )  = 0 .  V a r ( t )  = n ( n > 2 )  0 2 5 )  
n - 2  

S t u d e n t ' s  t r e s e m b l e s  a G a u s s l a n  wi th  w ide  tai ls  I f  n --~ cc 
S t u d e n t ' s  t c o n v e r g e s  to a G a u s s i a n  itself, t f  n - 1 the  d ~ s t n b u l i o n  
is a Brett-ll '~gner, also  cal led a C auchy  N o t e  tha t  for  n = I o r  2 
t he  d i s t r i b u t i o n  has  m f i m t e  v a r i a n c e ,  t he re fo re  such  r a n d o m  v a n -  
ab le s  do  not  obey  the  cen t ra l  hm~t  t h e o r e m  

S t u d e n t ' s  t d e sc r i be s  the  d i s t r i b u t i o n  o f  the  r a h o  o f  the  samph" 
mean  .T ~ ~ . v J n  a n d  the  sample  variance 

s 2 =  ~ ( . x  t -. 7 ) 2 / ( n  1) for n o r m a l l y  d i s t r i b u t e d  r a n d o m  va r i ab l e s  

?"t w i th  u n k n o w n  m e a n  U a n d  v a r m n c e  n .2 T h e n  
t 

t = ~(.~- - ~ ) / , ~ v , ,  t / V . , - / I n - -  t)~- , s o f t h e  form Eq (I 23), 
wi th  n - I deg rees  o f  f r e e d o m ,  because  .~-/a-  is a X-(n - 1) a n d  
~: - / a  is an  i n d e p e n d e n t  G a u s s l a n  r a n d o m  v a r i a b l e  w i t h  v a r i a n c e  

ncr 2 T h e n  the  u n k n o w n  t rue  v a r m n c e  o .2 cance l s  a n d  t can  be 
used  to test  the  probabil i t ,v  tha t  the  t rue  m e a n  ~s s o m e  p a r h c u l a r  

va lue  ;a 
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[.B 7 The  g a m m a  d is t r ibu t ion  ( con t i nuous )  
I f a  process  gene ra t i ng  even t s  as a func t ion  o f  x (e g ,  space or  

t~me) satisfies c o n d i t i o n s  (a) - (c)  o f  the Po~sson  distr~but ion,  then 
the x d i s t ance  f rom an  a rb l t r a r )  s ta r t ing  poin t  (v.h~eh m a y  be some  
pa r t i cu l a r  event)  to the k th event  is d i s t r ibu ted  as a g a m m a  

.vk IX~ c -,~v 
/'(x-.X /,) - -  . 0 - "  ~ -" :~ (I 26) 

1"(/, ) 

I'(k ) = (,( I )' ~s the g a m m a  func t ion ,  the F'oisson p a r a m e t e r  u ~s 
per  uni t  v 

E ( v )  = k / X  V a r ( v )  - /,./X2 1127) 

The  special  case ~, = I ~s called the c~poncnnal d ~ s t n b u u o n  A 
sum o f k '  exponen tml  r a n d o m  , .armbles  v I t s  d i s t r ibu ted  as 
/ ( X x I . X , k ' )  Eq (I 26) ~s general  e n o u g h  to a l l o w / ,  to be n o n m -  
tegral  l fX = 1/2 a n d  :, = n / 2 .  the g a m m a  ~s ~denucal to x2 (n )  

II S T A T I S T I C S  

II.A Gene ra l  
A p robab i l i ty  dens i ty  func t ion  r u t h  k n o w n  p a r a m e t e r s  enables  

us to predic t  the f requen t ' ,  with which  a r a n d o m  , .armble  wdl  lake 
on a pa r t i cu l a r  value  f l fd~screte)  or  lie in a gt , ,en range ( f f c o n t m u -  
ous)  In parametrw stat is t ics  we ha ' , e  the oppos i t e  p rob l em o f  
e s t ima t i ng  the p a r a m e t e r s  o f  thc p d f f rom a set o f  ac tua l  obser~a-  
l i o n s  

We refer  to the t rue p d f as the popldatmn, the da ta  form a 
.samph' f rom this  p o p u l a t i o n  A s'tatmtw ts an ' .  func t ion  o f  the da ta ,  
plus k n o w n  cons tan t s ,  wh ich  does  not  d e p e n d  upon  an~, o f  the 
u n k n o w n  p a r a m e t e r s  A stat is t ic  is a r a n d o m  x.arlable f f l h e  da ta  
have  r a n d o m  er rors  An t'.';ll,'Halor IS an' .  statistic" whose  value is 
i n t ended  as a m e a n i n g f u l  guess for the value  o f  an  unknov ,  n 
p a r a m e t e r  we d e n o t e  e s t i m a t o r s  b', a " '" " .  e g ,  .O 

Of ten  tt is possible  to cons t ruc t  more  than  one  reasonab le  esti- 
m a t o r  Let O represent  the t rue  value  o f  a p a r a m e t e r  to b e  
e s t i m a t e d , # l s a  v e c t o r t f t h e r e t s  more  t h a n o n e  T h c n t f O ~ s a n  
c s t i m a t q r  for  0. des i rab le  p roper t i es  for  0 a rc  (a) i nhta.wd, bias 
I, ~ E ( O ) -  8. where  the e x p e c t a u o n  value  ts taken  ove r  a 
hypo the t i ca l  set o f s ~ m d a r  e x p e r i m e n t s  m which  ,q ~s cons t ruc t ed  
the s ame  way  The  bias may be due  to stat is t ical  p r o p e r u c s  o f  the 
e s t i m a t o r  o r  t o  st'~'teDlaltf" er rors  i n  the exper lmen~ l f w e  (.'an esti- 
m a t e  t h e  average  bias we usually sub t rac t  ~t f rom O to ob t a in  a new 
(r =- 0 t~ H o w e v e r  ~t m a y  d e p e n d  upon  fl or  o the r  u n k n o w n s  in 
w h i c h  case w c  t r y  to  c h o o s e  a n  e s t i m a t o r  w h i c h  m l n l m t J e S  i t s  a x c r -  

age s~ze (b) i[tnmlunl lartance, the m i n i m u m  possible  va rmnec  o f  
e ts g iven by the R a o - C r a m e r - F r e e h e t  b o u n d  

V a r m l  n = El - i!l,,/,)fl]2,,'I(O) ( I I  1) 

• tl 

I ( 0 )  = I:" I n  / ' ( x l  0) 
i I 

The  s u m  is ove r  all da t a  a n d  t, *s the bins, f f an : , ,  the ~1 are 
a s s u m e d  i n d e p e n d e n t  a n d  the a l lowed range  o f  ~ mus t  not  d e p e n d  
upon  0 The  ra t io  e - V a r m m / V a r ( 0 )  is the ef l icwml An c/fi<wnt 
e s t i m a t o r  (with ~ - -  I ) exists  on ly  for  ce r ta in  cases ,(c) ~IItIItHll/H 
mean-.squared error (rose). rose - 1:" [(O - 0) 2] = I (0) + [E(0)  - 0] 2 

The  rose c o m b i n e s  the e r ro r  due  to an~ bias  quad ra t i c a l l y  with the 
var iance ,  which  expresses  on ly  the spread  a b o u t  1-(0) as d t s tmc t  
f rom 0 (d) Rotmst, a robus t  e s t i m a t o r  is not  sensl t ixe  to e r ro rs  m 
o u r  a s s u m p t i o n s  e g .  to d e p a r t u r e s  f rom the a s s u m e d  p d f due  to 
noise or  w h a t e v e r  

These  critt~ria (and  others)  a l low us to eva lua te  a n y  p rocedu re  
for o b t a i n i n g  0 In m a n y  cases these cr i te r ia  confl ic t  The  bias,  
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var i ance ,  a n d  mse m a y  depend  on the u n k n o w n  0 In this case the 

o p t i m u m  prescr ip t ion  for t'l ma~ depend  on the range in wMch we 
a s s u m e  0 to he 

Fo l lowing  are t echn iques  m c o m m o n  use for  o b t a i n i n g  es t ima-  

tors  a n d  their  s t a n d a r d  e r rors  rr(O) = ~ )  W h e n  the condi -  

t ions  o f  the cent ra l  l imit  t heo rem arc  satisfied,  the interval  (/ _- or(O) 
fo rms  a 68 3% confidence tnterl'al Th~s ~s a r a n d o m  interval  m 
tha t  its e n d p o m t s  d e p e n d  upon  the r andoml : ,  s amp led  da ta ,  its 
m e a m n g  here will be taken to be that  m 68 3% o f  all s imi la r  experi-  
men t s  the interval  wdl include the t ruc  value 0 O n e  should  be 
a w a r e  tha t  in mos t  pract ical  cases the centra l  hm~t theo rem ~s only  
approx tmate l , ,  satisfied a n d  accordmgl , ,  conf idence  in tervals  which  
d e p e n d  on that  arc  o n b  a p p r o x i m a t e  Conf idence  in tervals  are  d~s- 
cussed m Secuon  11 E below 

II.B Da ta  ~ t h  a C o m m o n  M e a n  
( 1 ) Suppose  we hax.e a set o f  N i n d e p e n d e n t  m e a s u r e m e n t s  v I 

a s s u m e d  to be unb iased  m e a s u r e m e n t s  o f  the same  u n k n o w n  q u a n -  
tnx ,u ~.llh a c o m m o n  but  u n k n o w n ,  ~a rmncc  0 .2 r c s u h m g  f rom 
m e a s u r e m e n t  e r ro r  Then  

1 

1 = 1  

' [ -1 .~ I i ,v - I (II 3) 

are unb iased  e s t ima to r s  of ta  a n d  0 .2 The  va r i ance  o f j  is a2i .V If  
the c o m m o n  p d f o f  the v~ ~s Gauss l an ,  these s taus t ics  are 
i n d e p e n d e n t  If; also, .% is large, the va r i ance  o f ~  "2 is 2 a 4 / . \  ' If 

t h e  t l arc G a u s s i a n  or .\ ~s large e n o u g h  that  the cent ra l  h m n  
theo rem applies,  then ,~ ~s an efficient e s t ima to r  for ~z Othe rwise  
~s s o m e n m e s  subject  to large f luc tua t ions ,  e g ,  if  the p d  f for 1. I 
has subs tan t i a l  p robab th tx  in long tails In this case the m e d m n  o f  
the I' 1 ma' ,  be a more  rol*usl e s u m a t o r  for  U. p rov ided  the med ian  
a n d  m e a n  are  expected  to he at the same  point  m 'the p d f for v 
For  G a u s s i a n  v the m e d i a n  has  a s y m p t o t i c  ( l a r g e - \ )  e f f i oenc )  
2 / r  ~-- 0 64 .As an example  o f  cases v, l t h  large tails, for a 
S tuden t ' s  t I the l a rge - \  ct'fic~cnc) o f ' j  = the s amp le  m e d i a n  
re lauve  to ,~ ~ the sample  mean  ~s f-x,  "z,. 1 62. I 12. ( . )96.0  80, 
0 64) for ( 1 . 2 . 3  4 . 5 . 8 ,  7:) degrees  o f  f r eedom 

If a -  is knov, n, u in Eq (11 2) is still the best e s t i m a t o r  for  .u, if  
is known ,  subs t i tu te  it for ~ I n E q  (11 3) a n d  replace .V - 1 by .%, 

for a s o m e w h a t  bet ter  e s t ima to r  a -  
(2) If  the 11 have  d~fferent, known,  va rmnces  a ] ,  then 

I ?'; 
= ~-t ~ w l  vl (II 4)  

'.,,here ~1 = l"cit- a n d  ~t = ~ i~  c is an  unb iased  e s t ima to r  for v 
with smal le r  va r i ance  than  (11 2) The  va r i ance  o f ~  is 1,/~ 

II .C L m e a r  l , e a s t -Squa re s  Fit 
We wish to d e t e r m i n e  the best fit o f  unbmsed  da t a  v I. m e a s u r e d  

at .V po in t s  xt ( a s sumed  k n o w n  ru th  neghglble  error) ,  to the form 
v(x ) = Va n fn ( ' ,  ), where  the 1)i arc  any  known ,  hnear ly  m d c p c n -  
dent  func t ions  (c g ,  Legendrc  po lynomia l s )  which  are s ingle-valued 
over  the a l lowed range o f  v. a n d  the sum runs  f rom I to ~, We 
r eqmre  ~, ~ ,V, a n d  at l eas t / ,  o f t h e  x 1 mus t  be d~stmct We v.~sh 
to es t imate  the h n e a r  coeff icients  a n 

The  m e t h o d  o f  least squares  a s s u m e s  that  each m e a s u r e d  tl is 

equal  to this  sum plus an  e r ro r  ~1 I f t h e  d t s t r t b u t m n  o f  e t has an  

c x p e c t a u o n  value  o f  zero lunb iased )  a n d  has a fimte,  k n o w n  ,,arl- 
ancc  which  is fixed (does not  depend  on the pa r ame te r s  o f  the fit). 
then the es t imates  o f a  n o b t a i n e d  by m i n i m i z i n g  the sum o f  

squares  which  physic is ts  call X 2 = ~ [ I' I ~ a n I), (.x,)l 2/tr~ will 
t 

be u n b m s e d  a n d  have  the smal les t  possible  ~a rmnce  o f  all l inear  
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unbiased es t imates  (Gauss -Markov  Theorem)  If  the point  errors ~t 

"~ 2 are Gauss lan ,  then ×2 = ~ ~ f / %  will be d is t r ibuted  over  a large 
t 

number  of  s imi la r  exper iments ,  as a X 2 r andom var iable  with N - / ,  
degrees of  f reedom We can then evaluate  the goodness-of-fi t  from 
the large ×2 figure The observed ×2 for n D = ;V - k can be used 
to find the "conf idence  level"  CL This  expresses the probabtht.x 
that  a worse  fit would be ob ta ined  m a large n u m b e r  of  s imi la r  
e x p e n m e n t s  under  the a s sumpt ions  that (a) the model  
(y  = ~ a , r f  n ) IS correct and (b) the errors  % are Gauss tan  and 
unbiased  with var iance  a7  If  this  p robab thD is larger than an 
agreed-upon value (0 001, 0 01. or 0 05 are c o m m o n  choices), the 
data  are cons i s t en t  with the a s sumpt ions ,  o therwise  we may want to 
find improved  a s sumpt ions  As for the converse,  most  people do 
not regard a model  as being truly im'onst .stent unless the probabi l i ty  
~s as low as four or five s tandard  d e v m t m n s  for a Gaussmn 
( 6 × 1 0 - 3 o r 6 × 1 0 - 5 ,  s e e S e c  I I E I )  I f t heC t  are not Gaussmn,  
the me thod  of  least squares  still works,  but the goodness-of- i l l  test 
would  have  to bc done  using the correct dzstr tbutmn of  the r andom 
var iable  we will con t inue  to call "'X 2 " 

If, more  generall,, ,  the measured  r~ 's are not independent ,  then 
the set of  a [  s must  be replaced b v the N × N  covar lancc  mat r ix  
I '  v Then.  in matr ix  no ta tmn,  if  t i  is the N ×/, matr ix  with cle- 
ment  t t m  = . fn(xt ). the vector  (all vectors  are co lumn  vectors)  of  
so lu t ions  ~. wtth k e lements  is given by the solut ion to the nort~lt, ll 
equa t ion  

( t l T V I - t t t ) ~  = l l T l ' i - I f  . ( l15a)  

or, formally,  

6 = ( H l l '  3, I t t ) - ] H T l l i F I f  ~ D f  , (11 5b) 

where f is the N-e l emen t  vector  of  measured  I ) ' s  The normal  
equa t ions  may  be solved by numer ica l  me thods  much  more  com- 
puta t lona l ly  efficient than Eq (II 5b) In te rms  of  the / ,  × N  matr ix  
D. the s tandard  eovar lance  mat r ix  for the fi is e s t imated  by 

I'fi = D I ' v D T  (II 6a) 

If  the measured  l'~'s are independent ,  llv is diagonal  with u *h ele- 
ment  o 2. and 

Vd--1 = ~ f n ( X ~ ) f m ( x t ) / a 7  (11 6b) 

expresses the c o v a n a n c e  o f ~  n and am [ see Eq (l 7)], which are 
not  usual ly  independen t  even if  the I t ' s  are 

The es t ima ted  var iance  of  an l n t e ~ o l a t e d  or ex t rapola ted  value 
o f y  at a point  .v, )~ = ~ a n / n  (A')" IS 

a2(.i3) = ~ ( l'& )n,n f n  (x )  f,n (x )  ( l l  7) 
n m  

The same results  may  be ob ta ined  by nun. ' : r tcal  techniques  
from the sum of  squares,  X 2, directly,  tf we have  a reasonable  first 
guess ~0 for the solut ion vector  

rJ = a 0 -  [, 0a 2 do aa  a 0 ( l18a)  

and  

I." a = 2 [. 0a 2 Ja ' ( H  8 b )  

where OX2/Oa is a k - e l e m e n t  vector  whose n Ih e lement  is b X 2 / h a n ,  

02X2/Oa 2 is a k × k  mat r ix  with mn  th e lement  b2~(2/(/~am ha n). 
and  all de r iva t ives  are to be eva lua ted  at the poin ts  indtcated If  
"'x 2'' is a true X 2. the second-der iva t ive  mat r ix  is independent  o l d ,  
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and the shape of  the X 2 as a function of  a is a parabolold,  other- 
wise one may need to i terate Eq (11 8a) to arr ive at a solut ion 
(Newton-Raphson  method)  

Note that  the errors on the solut ion d are independent  of  the 
value of  ){2 at  m i n i m u m  - -  they depend on l )  upon the shape about  
the m m l m u m  Eq (II 8b) impl ies  that one-standard-de, , )at lon hm- 
its on the e lements  of<5 are gp,'en by the set o f d '  such thai 

-) 

x2(a ' )  = ×ram + I (11 9) 

(compare with the corresponding relation for maxtmum-hkehhood 
estimation. Sec 11 I) 2) This equation, which defines a contour in 
a-space, is often convenient for estimating errors in apphcatmns o f  
least-squares techniques to tlOti/ltl~,ar cases, where the second 
derivat ive [Eq (11 8b)] maybe a rapidly yawing function o t 'a  In 
general, contours at .s standard devmtmns may be found by replac- 
ing the I in Eq ( l l  9) by s 2 I f  the problem is highly, nonlinear, all 
such contours are at best onb  approxlmauons to confidence 
regions v,,lth some gwen probabi l i ty o f  covenng the true value o t d  
It ma.~ be that Eq (11 9) wdl define a set o f  disJoint regions In 
addmon, iteration o f  Eq (11 8a) may require sophLstacated tech- 
tuques 3 to reach convergence in a practical amount o fcomputa-  
l ion 

l.~ast-squares esttmatlon, unlike maximum l ikel ihood 
(See I I D ) ,  requires that an error matrix l be known For count- 
ing expcrlments it is therefore nccessaD' to group the data m bins 
in order to associate a Polsson error wHh each bln In thls case i t 
is the bln height and the error depends on the cxpectatmn value o f  
the theory in each bln. ,Vff. as estimated by the best fit o f  the 
model Thus the requirements o f  the Gauss-Markov theorem are 
not ,satisfied Man~ exper imente rs  arrange the bins to conta in  
enough expected events  (say >_ 7 or 8) that  the Gaussmn approxi-  
ma t ion  to the Potsson (Sec l B 3) ks accurate,  m which case the 
expected error  is the square root of  the theoretical  height and  "'X 2"" 
)s approxlmatel : ,  a true X- l f t h e  error  )s a s sumed  to be based on 
the actual  observed height : \obs  rather  than the theoret ical  height 
;vtth, the Gauss-Markov condmons are satisfied but a blas favormg 
downward fluctuations wil l  occur 

For blns wlth few e',ents, a procedure that converges to the 
above when N[ h is large and yields correct error estimates for a]] 

,v: h is to de f ine  ×2 .. 2 ; [ 2 ( , v : ; ' - - L " %  • 2,",°bV"(.'V,°%V:%] 
This  assumes  that 3;t°b~ )s the ou tcome of  a Potsson process, with 
Polsson pa ramete r  u - ..V[ h, filling the bln In blns  where ,~obs 
= O, the second term is zero For an.~ ..V: h," s - s t andard -dev ia t ion  
error  es t imates  are constructed as in Eq (l l  9) and subsequent  dis- 
cussion 

E x a m p l e  - gt ra lgh t - I , ine  Fit 
For the case of  a s t r a ~ g h v h n c f i t ,  v ( x )  = a ~ h.v, one obtains,  for 
independent  measu remen t s  r t the following es t imates  of  a and h .  

= (Sv.S'.~. x -- 3,~v.~'xv)ll), (II I0) 

I; = (SIS.~.y - S v S y ) / D ,  

where 

St" S x ' S v  S-tx"S'W = ~ ( l ' ) " t "  vt"vt2"vtvt)/a)' ( l l  I I )  

respectively, and 

_0,2 D = Sl ,S 'xx . .~ 

The covanance  matr ix  of  the fitted parameters  is 

i'~, ~'bb - g ( -  .s, .s~ 



79 

PROBABIL ITY,  

The e s u m a t e d  var iance  of  an in terpola ted  or ex t rapola ted  value of  
t' at point  .~: is 

"~ est - SII SDI S,c (-~ - ~ ' t ~ ) "  x - 7 , -  (t, ~3) 

l l . D  The  Method  of M a x t m u m  Likehhood 

II.D.I General 
Th~s is often the s imples t  method. ,  m many  cases the only prac- 

tmal m e t h o d - - f o r  e s t imat ing  the unknown values  of  a set of  param- 
eters 8 We suppose  that a set of  measurtLd q u a n u t m s  . ~ c a m e  from 
a par t icular  p d  f f which depends  upon 0, hence /(~' ,O) Now v,e 
assume that  the probable  range of  values  oft)  ~s restricted by the 
condi t ion  that it must  not have  been too unhkely  that ~" could have 
come from our  f The pr inciple  o f m a x i m u m  hkehhood  (M L ) 
asserts  that  the best explana t ion  for a set of  data is provided by 
that value of  O which max tm,zes  the jo in t  probabi l i ty  dens l t )  for all 
the data  .f If we have a set of  measured  {'~ values which wc 
assume were mdependenth" sampled  from f ,  then the jo in t  proba- 
bihty denslt,, is 

-/(fi) = I I . / ( ~ ,  '~) (If 14) 
! 

J is called the l ikel ihood,  it ts a function of  0" for the fixed set of 
measured  .~'~'s Although it is compu ted  from a p robabihty  dens~l~ 
for the data  .{', it is not a probabi l i ty  densi ty  for O 

In eva lua t ing  the ../, it is l ~ p o r t a n t  that  any normal iza t ion  fac- 
tors m the f ' s  which involve  8 be included However ,  we will only' 

interested m the m a x i m u m  of  . . / a n d  m rat ios of  _/ at different 
0"s, hence any mult~phcat tve factors which do  not revolve  the 
parameters  we want  to es t imate  may be dropped,  th~s includes fac- 
tors which depend on the data  but not on 8 

It is often more conven ien t  to work with 

~(0) = :n ./tO) i l l  15)  

since that  conver ts  the product  in Eq (II 14) into a sum, also the 
p d  f ' s . f  often revolve  exponent ia l s  The m a x i m u m  ~Lft" is at the 
same 0 as that of  -.1'i since, for each componen t  8 n of  0, 

a t  M n  _/ '  1 ;~./ 
- S - 0 (II 16) 

dO n :iO n ..l bO n 

finds the same e x t r e m u m  for both,  S t s  called the ~core funcuon 
Eq (11 16) is called the hkehhood condition for the op t imal  solut ion 
0 We must  be alert to var ious  poss ibf lmes  for error  
(a) Eq (l l  16) may ymld a m i n i m u m ,  therefore one must  check the 
second d e r w a u v e .  (b) there may be more  than  one m a x i m u m - - o n e  
must  t~ '  to find the global m a x i m u m .  (c) the global m a x , m u m  may 
lie at a b o u n d a ~  of  the physical  regmn, m which case Eq (l l  16) 
wdl not find tt 

If  an unbiased,  efficient e s t ima to r  exists. M L will find it If  
the e s t ima to r  is efficient, the score function ~s l inear  v, qth a down- 
ward slope through zero. m which case the shape o f /  is a parabola  
{open at the bo t tom)  and .../ has a shape p r o p o m o n a l  to a Gaus- 
slan This  will obta in  in certain specml cases and m the as.vmptot~c 
hm~t of  large a m o u n t s  of  data,  p rovided  certain c o n d m o n s  (e g ,  
that  the solut ion does not lie on a boundary.,) are met However.  
"'large" is not well defined, and  m man,,  practical  s i tua t ions  the 
M L es t ima to r  may be nei ther  unbiased  nor  efficient 

The results o f  two or more expe r imen t s  ma~ be combined  b.,, 
add ing  the score functions,  add ing  the ("s, or mult~p_l)mg the _~s 

Under  a one-to-one change of  parameters  from 8 to ~ = ~(0). 

the M L es t ,mate  ~s s imply  & = qS(8), gv,'en the so lu tmn for 0 for 
Tha t  ~s, the M L soh4tlon for ~ ts found by s imple  subst i tu t ion  of(t  
into the t rans format ion  equa t ion  It is possible that  the nev,. sglu- 
l ion & will be a bmsed solut ion for the true value of  0S even i f 0  is 
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not biased, and v~ce-versa In the a s y m p t o n c  l imit  both 0 and 
will converge to unbiased solutmns,  but at d~fferent rates 

Unhke  least-squares est~mation, the value of  the hkehhood  at 
the so lu tmn does not tell us v, hether  the final fit v, as a sensible 
d e s c n p t m n  of the data  or not To evaluate  this. one ma.~ 
(a) prepare h~stograms of  the data projccted on var ious axes and 
make  X ~ (or other) compar i sons  with the fitted model  projected 
upon the same axes. and /o r  (b) do numerous  Monte Carlo s imula-  
t ions of  the exper iment  under  the h.',pothes~s that the ti l ted parame- 
ters arc correct, fit each of these, and compare  the exper imenta l  
l ikel ihood ( o r / )  with those obta ined from these s imula t ions  If  the 
e x p c n m e m a l  hkchhood  ~s Iov, cr than that of  some agreed-upon 
fractmn of  these rcsuhs, one should quest ion the appropr ia teness  of 
the p d f ' s  / -~t the same t ,me one can check for bins m the solu- 
finn 

The hkehhood  approach has the advamagc  ovcr  least-squares 
methods  that no b m m n g  of the data. with its consequent  loss of  
reformation.  ~s reqmred For small  data samples  this ma.~ be ~er3. 
~mportant Addmonal ty ,  the p d f f may depend on a number  of  
measured q u a n t m e s  [:or least-squares fitting ~t ,s necessar3 to pro- 
JeCl the data onto a h~stogram m one or more d~mensmns and fit to 
this h~stogram This  loses the in fo rmatmn about  an.~ variables  not 
m the histogram, in addi t ion  to that  lost by the b inning  M I. 
reqmrcs no such projection, it uses the full muhid~mensmnal  mfor- 
matron m the data However.  M 1. e s t tma tmn reqmres that the 
lorm of f Ix" kno'xn,  the results ma', be s ensmve  to dev ia tmns  
from this form That ,s M k esttmators ma.~ not be robust 
Least-squares fitting onl,, reqmres that the point errors (+ bc 
unbmsed and o f t im te  ",armnce In the hnear least squares prohh.'m 
of  Sec 11 ( .  i f  the ~+ are Gausstan-dlsmbuted both least squares 
and M L v.fll give the same cstimators 

II.D 2 Error estimates 
The covanance  matrix I ma~ be es t imated  from 

624 
nm . . . . .  (11 17) l" ~ E aOn "O,n 

If the es t imator  is efficmnt or ncarl:, so the " 'expectat ion" opera- 
l ion in Eq (11 17) has no effect because the second d e n v a u v c  o f (  
is constant  Otherv.zse. ~t may be approx imated  by taking the a~er- 
age of  the quant i ty  in square brackets over  a range of  0 n and O m 
near the solut ion For complex  cases ~t may be more practical to 
evaluate  s - s tandard-devia t ion  errors from the contour  

((~) = /max - " 2 " 2  ' 

where (max Is the value o f /  at the so luuon  point  (compare with 
Eq (11 9) for least-squares fitting) The extreme hmi t s  ofth~s con- 
tour parallel to the O n axis glxe an approx imate  s -s tandard-  
devia t ion  confidence interval  m (/,7 These intervals  ma~ not be 
s v m m e m c  and the.', ma.~ even consist  of two or more d~sjomt inter- 
vals This  procedure g~ves one-s tandard-dcvmt ion  errors m 0 n 

I"T-- equal  to V nn of  Eq (II 17) f f t h e e s t l m a t o r l s e f f i c m n t  I f l t l s  
not efficient, the level o f con t idence  lmphed  b3 the ~alue o f s  ,s 
onl~ approxzmatc  

11 E Errors and Confidence lnter','als 

II.E.I Gausslan errors 
If  the data  are such that the d i s t r ibu lmn of  the est imator(s)  

satisfies the central  hm~t theorem (I B 4). the Gauss lan  d is t r ibut ion 
is the basts of  the error anal:,sls If there is more than one parame-  
ter being est imated,  the m u l t w a n a t e  Gauss ian  ~s used Wc define a 
conlidence Interval as being an interval  constructed from the data to 
have  probabi l i ty  at least CL (called confidence level) of  cover ing 
the true value of  0 For the u m v a n a t e  case with known a, 
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CL = f f ( v , / ~ .  (re)dr (It 18) ~ o )  

20 o 0 o 20 

is the probabi l i ty  that  the true value of~u will fall w n h m  ) ,3 (fi > O) 

of  the measured  ~ This  interval  ,*fll cover  ~ m a fractmn CI. of  
all  s imi la r  measu remen t s  The  small  figure m Eq (11 18) shows a 
6 = 2a conf idence interval  unshaded  The choice 

6 = V/-~ar(~)  ~ rr gives  an interval  called the s t a n d a r d  error which 
has CL = 68 33% i f o  is known Other  frequcntl.,, used chmces  for 
6, in te rms  of  1 - CL (which is the probabfl~t.~ that the stated Inter- 
val f a d s  to cover  the unknown  ~). are 

I- CI. (%) 

31 67 
4 5 5  
0 2 7  

6 4 x 1 0  - 3  
5 8 x l 0  - 5  

I ( 'L  (%) 

10. 10 
2a 5 
3a I 
40. 0 1 
50. 0 0 I  

,3 

I 640. 
I 960- 
2 580. 
3 290. 
3 89a 

For other  6. read the ordinate  of  the X 2 figure above  as 1 CL on 
the tl D = 1 curve  at  X 2 = (6/0.)2 ~"e can set a one-sided (upper  
or lower) l imi t  by exc luding  above  ~ ) 6 (or below ~ - 6), 1 - ( 'L  
for such l imi t s  are 1./2 the values  m the table above 

i f  the var iance  0.2 of  the es t ima to r  is not known,  but must  be 
es t imated  from the data.  then we need to incorporate  the error  in ~" 
Into our  conf idence  interval  using Student ' s  t d l s t n b u t m n  If v,.c 
have  N data  points  with which we es t imate  ,~ parameters ,  the 
Gauss tan  a p p r o x i m a t i o n  is adequate  for ,V - / ,  > >  I Otherwise  
replace 3 by a factor Ta'. T being def ined by 

f f ( x , N - k ) d x  = ( ' k  
T 

(I1 19) 

w h e r e f  is def ined in Eq (! 24) T is tabulated in Ref  1 and here 

1 - ( 'L  (%) 

N - k 31 6 7  

I 8 4  6 31 
2 32 2 92 
3 20 2 35 
4 14 2 13 
5 11 201 

10 05 I 81 
2O 03 I 72 
oo 00 1 64 

1000 5 0 0  4 5 5  100  0 2 7  

12 71 13 97 63 66 235 78 
4 30 4 53 9 92 19 21 
3 1 8  331 5 8 4  9 2 2  
2 78 2 87 4 60 6 62 
2 5 7  2 6 5  4 0 3  551 
2 23 2 28 3 17 3 96 
2 0 9  2 13 2 8 5  3 4 2  
196 2 0 0  2 5 8  3 0 0  

For mu l t iva r i a t e  8 we mus t  consider  pair'wise corre la t ions  
A s s u m i n g  a m u l t t v a n a t e  Gauss ian ,  Eq (I 19), the s tandard  error  
el l ipse for the pair  {0 m , O n ) may be drawn 
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( l  n 

0 n  . ~. 

J-[. 
= 0 m 

0m 
m i n i m u m  X 2 or m a x m m m  hkehhood  solut ion is at (t~m' 0n ) The 

The s tandard  errors G ,  and 0., are def ined as sho.~n, where the 
clllpse ]s at a constant  ~alue <fiX- = Xmm - I or ¢ - ¢max - I,,"2 
To construct  this  con tour  from these relations, an',' other parame-  
ters 0t. I ~ r e .n .  must  be al lowed to freely find their  o p t i m u m  
values  for e'..ery rea l  point  The angle of  the major  axis of  the 
ellipse is gp.en by 

21)ttltl ffttl f i l l  
tan 20 . . . . . . .  (I1 20) 

2 2 0.ttl - {'ill  

For any unbiased procedure (e g ,  least squares or ML) being 
used to c s n m a t c / ,  parameters  0~. i - 1, ,k.  the probabfla.', CL 
that  the true xalues of  a l l / ,  he w n h m  the s - s tandard  devmnon  
e lhpsmd may be found from the large X 2 figure Read the ord)nate 
as 1 -) ( ' l . .  the correct value of  1 - CL occurs on the n D - a curve -) 
at X- = s -  For example ,  for/ ,  2. the probabi l i ty  that the true 
values o f #  1 and 02 s )mul t aneousb  lie wHhm the one-s tandard-  
dev ia t ion  error  ell ipse (s - I ). centered on #1 and 0~. is 39% This  
probabi l i ty  only assumes  Gauss lan  errors, unbiased es t imators ,  and 
that the model  descr ibing the data m te rms  of  the t')j ~s correct 

II  E 2 G a u s s l a n  errors  - -  bounded  p h y s i c a l  reg ion  

In certain statist ical  problems the true value of  the parameter  to 
be es t imated.  ,u. )s constra ined to lie within a hounded ph i . s . ' a l  
r e g u m  (e g .  the mass of  a neut r ino  is hounded  from below b', 0) 
However .  due  to random measurement  error, real measured values 
ma~, or ma> not occur inside the ph,,s)cal regmn For this case no 
comple te ly  sallsfact(:.~ approach exists, but here we suggest a tech- 
tuque tbr ob ta in ing  approx ima te  l imi ts  v.)thm the physical regmn 
at specdied confidence levels 

We assume a m e a s u r e m e n t . , ,  which represents  one observat ion 
(or the result  of  combin ing  mul t ip le  measu remen t s  as in Sec 11 B) 
from a Gauss lan  of true (but unknown)  mean t* and known,  fixed. 
var iance 0.- We ( ' s t tmate  p by ,~ = ~ and a t tempt  to construct  a 
confidence interval  for ,u from the resultant  Gausstan.  as above If  

or a significant p o m o n  of  the probabi l i ty  hes m the unph~slcal  
region, the result, while stat ist ically perfectly correct as stated is 
ph.', s,call.v unsaus fae toD 

If we a s sume /a  is bounded  from below by ,Umm (the a rgument  
tot  u bounded  from above is similar) ,  we ma~, c suma te  a reason- 
able upper  l imit  for # at the ( 'L  (e g ,  90% or 95%) level by the fol- 
lowing procedure (1) r e n o r m a h z e  the Gauss lan  p robabdny  d is tn-  
buuon  for .~ such that the integral of  Eq (I 16) with # = ~ over  x 
from ~mm to mf imty  (~ e .  over  the physical region), unshaded m 
the figure below, is equal  to 1 0, (2) find the value .u I such that  the 
integral over  x of  the renormahzed  d is t r ibut ion  from tamm to ,u I is 
equal  to the desired value of  CL, (3) set ,% to be the desired upper  
h m n  wnh  confidence CL In fact, tt can be shown that  this  is con- 
ser~attve,  in the sense that the probabi l i ty  that this  interval  actuall ' ,  
covers  the true value o f u  is > CL 
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Pmin 
For/a - /amm > >  a, this technique which may be applied for 

an}' measured x (physical or unph,,slcal) converges smoothly to 
tha t  o f  the p rev ious  s echon  since x ~s then effectP.el,, conf ined  to 
the phys ica l  r egmn  

O n e  shou ld  exercise  c a u u o n  tbr  va lues  o f  x v.hich hc  man}  
s t a n d a r d  d e v m t t o n s  ou ts ide  the ph~s ca rcgton It ma.~ be that  the 
pa r t i cu l a r  probabfltt..,  mode l  (Gauss l an  with . . a n a n c c  or-) ma~ not  
be a cor rec t  desc r ip t ion  o f  the m e a s u r e m e n t  process  (e g ~ e  true 
va r i ance  m a y  have  u n a n t i c i p a t e d  c o m p o n e n t s  a n d  be > or- or  
there ma ' ,  be a bins), m v.htch case conf idence  levels o f th~s  sort  
wdl not  be cor rec t  

l f ~  < / ~ m m '  some  a u t h o r s  prefer  to use a fixed u p p e r  l imit  cal-  
cu la ted  for u = /amt 0 or  ,~ = U m  m - ,7 r a the r  than  a l low the u p p e r  
hm~t to decrease  as ~ decreases  In an} case. ave rag ing  o f  experi-  
m e n t s  requi res  tha t  ~ a n d  its ` . anance  be quo ted ,  m a d d m o n  to an} 
u p p e r  hm~Is, even  lf,u ~s unphys}cal  

11 E 3 PoJsson p r o c e s s e s  u p p e r  hmt t s  

Because  the o u t c o m e  o f a  Poisson  process  is an  integral  n u m b e r  
o fe ` . en t s ,  n 0, it zs usual ly  not  possible  to set conf idence  mte r ' . a l s  
for  the t rue  Poisson  p a r a m e t e r  ,u at a ce r ta in  exact  C[. For  large 
n 0 an  a p p r o x i m a t e  interval  can  bc  set us ing the ( i a u s s m n  approx~- 
mar ion .  See I B 3  a n d  t h e t e c h n t q u e s o f E q  ( l I E  1) 

Fo r  smal l  n 0 wc can  def ine  an  u p p e r  h m t t  \ for la as being that  
value  of~u such  that  Et would be exact ly  Cl.  (c g .  CI. = 90% or  95%) 
p robab le  that  a r a n d o m  o b s c r v a t m n  o f  n wou ld  then I)e a b o v e  the 
obse rved  nil Thus 

CL = '~. / ' (n . .V)  

,'1 - n i l  • l 

CL 

t,: ~ N) 

L _ l  , _ _ q  

8 ~2 

t CL 
n o --- " ~  

: I ~ /(n..V) 
; t ~ O  , ] 

(11 21) 0 

S o m e  useful values  are  

Poisson  u p p e r  h m l t s  ..V for n 0 obse rved  

C L =  C L =  C L =  

The  smal l  f igure a b o v e  d lus t ra tes  the case wtth n 0 - 2 and  CL = 
9(1%. for  wh ich  it ma ' ,  be s h o w n  that  .V ~ 5 3 For  an`. gl`.en n 0 
a n d  des i red  ( ' L  we can  ob ta in  N f rom the X 2 figure because  o f  a 
r e l a n o n  be tween  the P m s s o n  a n d  the X 2 read the o rd ina t e  as 
1 - CL.  find X 2 on the c u p <  for  n D = 2(/El) I. I ). then ,V = X2,,'2 

n 0 90% 95% n 0 90% 

events 

( L =  
95% 

6 1 0 5 3  11 84 
7 II 77 13 15 
8 1 3 0 0  1 4 4 4  
9 1421 1571 

10 1541 1 6 9 6  

0 2 30 3 00 
1 3 89  4 74 
2 5 32 6 30 
3 6 68 7 75 
4 7 9 9  9 15 
5 9 2 7  1051 

These  choices  o f . " ,  wdl give ~(m.set~atlte u p p e r  hm) t s  Tha t  ~s 
the p r o b a N h t y  that  .V >1 ~ ~s at least ( 'L .  a n d  it ma~ be more  For  
example ,  i f .  <--- 2 30 an}' o f  the abo`.e u p p e r  h m l t s  v.dl be abo`.e 
the t rue  ,u regardless  o f  the o u t c o m e  o f  the expe r imen t  n 0 ~ e the 
true C L  = 100% 

1I E 4 Po t s son  processes  ,stth b a c k g r u u n d  4 

If we obse rve  n 0 even ts  m a Pmsson  process  which  has t`.vo 
c o m p o n e n t s ,  signal a n d  b a c k g r o u n d  e s n m a t m g  a hmJt  on the s~g- 
nal ~s more  c o m p h c a t e d  Let/a~, Ix., the unknov,  n expec t a tmn  ,.alue 
for  the signal a n d  " B  be the e x p e c t a n o n  `.alue (the I:'msson p a r a m -  
eter) tbr  the sum of  all b a c k g r o u n d s  -',,ssume VB is k n o w n  w n h  
neghg~ble error ,  hov, e', 'er v.e d o n ' t  kno,.,, I1B the actual  n u m b e r  o f  
even ts  r e s u h m g  f rom the b a c k g r o u n d  We do  hov.,e,.er know that  

tt B -"~ tt 0 l f /a  fl + #.,, ~s large, the G a u s s t a n  a p p r o x E m a h o n  to the 
Poisson  (see Sec I B 3) ts usuall,, adequa te ,  a n d  one  can  define con-  
f idence in tervals  or  h m l t s  as abo~e,  a s s u m i n g  fib -~ ,uB and  there-  
tbre ~.~, - n 0 - vfl  u, lth ' . a r tance  equal  to n 0 ( larger titan ~,.  to 
al low for the e r ro r  m r} B) 

f) therwzse an upper ]lmH can  be def ined  b} ex t ensmn  o f  the 
a r g u m e n t  o f  the p reced ing  sect ion I.eI .\ be the des i red  uppe r  

hmit on ,u.S. at confidence le;el ( ' k  .Set \ to be thai ~alue o f ~  s 
such that an', random repeat o f  the current experiment `.,,tth the 
same ,us. - .X and ~,,¢ v, ould obser`.e Inmc than n 0 evenls in total 
and would ha`.e n a < n 0 all v, tth probabdlb CL For an} 
assumed V and #a  v,.c can calculate this probabtht`. 

( ' L :  I 

tit} 

I~/~ • ~.) ~ (ta B • X)n,,, u,  
n = 0 

t l  U 
~, IJ'll ~ Id t l ' t l  1 

B. 
n - N 

( l l  22) 

We adjus t  \ to o b t a m  a des i red ( ' L  For  v/,j = 0 this (, 'on'.erges to 
i l l  21) As m that  case this gJ' .es a ~onv 'na ln ' e  upper  }Emit in thai  
for a n y  given t rue /a  3 we get a t rue probabfl)t. '. ~ CL that  V ~ ~ S '  
a` .eraged o ' . e r  a large set o f  idenheall , ,  p e r f o r m e d  expe r imen t s  For  
CL = 0 90 the figure belov, shows  .',. as a func t ion  o f n  0 a n d  v B 

16 
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E x p e c t e d  b a c k g r o u n d  (even ts )  
20 

Averaging ofexpcrzmcnts and other comparisons rcqmre thai 
n 0 and #B be quoted and the techmque used for upper hmlt  
ext rac t )on  be gE~.en 



82  

PROBABILITY, STATISTICS, 

If  it B > >  n o the exper imen te r  should  ques tmn the probabi l i ty  of  
observ ing  n B as that n O Ifth=s ~s very small  the background,  #B '  
may not have  been calculated properly and the upper  hm~t for/a S 
ob ta ined  under  those a s sumpt ions  may be too low For example .  
m the above  figure the dashed  porl~ons of  the curves  he m the 
regton where n O ~s expected  to exceed the observed  value 99% of  
the t~me (or more),  even m the comple te  absence o f s tgna l  In 
these regions one should  be cau t ious  about  accept ing the results  of  
the measu remen t  

As m the Gaussmn case (11 E 2), whenever  n 0 < ,u B some exper- 
imenters  may prefer to use N calculated as ff n O ~- /a B rather  than 
the smal ler  value ob ta ined  from the observed n 0 

il.F Propagatmn of Errors 
Suppose we have  a set of  .V random v a q a b l e s  t'~ which may be 

direct  measu remen t s  or der ived es l tma lo r s  0. and  we have  a covarl-  
ance mat r ix  1" for these We can make  a t ransformat ton  to a dif- 
ferent set of  var iables  ~f" =- f / ( v l . / =  I, . M ( M  ~< ,V) and obtain 
best es t imates  for the /~ from 

"/'/ ~ - ' f / ( f )+  2 kZ.,, "k,, L a,'~, O,' n f (II 23) 

with £ovar lancc  mat r ix  

l ' , / ( f )  --~ DJ'( . / ' ) I 'D/ (?) .  t . )  = I M (II 24) 

The ~ are our best esttmates for the v's The vectors D~ have ele- 
ments Oft /O) '  n ,  n = I. , N .  evalua ted  at .~, a r ranged m a 
co lumn vector  For a s~ngle-valued funcuon  f o f a  smgle measure-  
ment  y w~th vanance  a -  (t e ,  .U = I , N  = 1), th~s becomes  

.[" ~ . / (v )  ÷ l a 2 f " ( ~ )  

(I1 25) 
l ' ( f )  --~ rr2f'2(.~) . 

where the p r imes  denote  d~fferentmtmn wtth respect to v, eva lua ted  
at  6 

These approx~mauons  are based on a Taylor  expans ion  o f /  
about  the true value of  v I f f l  ~s app rox ima te ly  hnear  tn v over  a 
range of  roughly f~ _+ a(y t ), the approx~mauon  ~s good and the 
second-order  te rms  m (lI  23) and  (l l  25) can be neglected If  hnear-  
~ty ~s badly v~olated (e g I ~ 1/v and i ~ ~s no more than  a few o 
from zero), ~t should  be recogmzed that  propagat ion of  errors will 
g~ve very app rox ima te  results In thts case f ~- f ( f ' )  may be a 
bmsed e s u m a t o r  for f even ff f" ~s unbmsed for v. and the second- 
order  te rms  m (I1 23) and  (II 25) will help to reduce that  bins 

!I1. M O N T E  C A R L O  T E C H N I Q U E S  

Monte  Carlo t echmques  are used to s~mulatc on a compu te r  
r andom behav io r  which is too complex  to be der ived  ana lyuea l ly  
Most ea lcu la tmns  are based upon p s e u d o r a n d o m  numbers ,  a repro- 
duclble  sequence of  numbers  generated on the open interval  (0,1) 
m such a way that  they satls~'  var ious  stat is t ical  tests for a uniform 
d~stnbutmn,  w~th independen t  numbers  No such number s  are 
truly un i fo rm and  independen t  Many  commercLal r andom 
n u m b e r  generators  sacrifice r andomness  m favor of  speed It ~s not 
rare that  unforeseen eor re la tmns  wdl in t roduce non-neghDble  
errors  m the results A useful lest for lh~s ~s to recompute  the same 
results  w~th a d~fferent a lgor i thm for the pseudorandom number s  
To ~mprove the per formance  of  an exis t ing genera tor  one may use 
the B a y s - D u r h a m  a l g o r t t h m  Isee Ref  3 for d t scussmn]  
(a) I n m a h z e  by generat ing and s tonng  N (e g ,  N = 97) r andom 
numbers  in an array v, usmg the avadab le  generator  Genera te  a 
new r andom n u m b e r  u and save  it (b) On the next call, use th~s u 
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as an address . /  = I + ( integer part of  Nu)  to select ~) as the ran- 
d o m  number  to be returned .Also save th~s v I as u fbr the next 
call Replace ',j m the arrav w~th a new random number  usmg the 
avadab le  generator  On the next call, go to (b) 

Monte  Carlo s tmula t lons  of  complex processes break them 
dov.,n mto  a sequence of  steps At each step a par t icular  ou tcome 
Js chosen from a set of  poss~btht~es accordmg to a certain p d f To 
do lh~s we must  t ransform our  umform random numbers  tnto ran- 
dom numbers  sampled  from a d~fferent dts tnbut~on on a dtfferent 
range 

Two techmques  are m w~de use to do lhts  We wdl discuss onl) 
single varmble cases, mul t ip le  variable cases use s traightforward 
extenstons  of  these techmques  We assume we arc m possesshon of  
a r andom n u m b e r  It chosen from a uniform d . s t n b u u o n  on (0,1) 

I I I .A Inverse Transform Method  
If  the des=red probabthty  densi ty  function is f ( x )  on the range 

- . ~  < v < zc. tts cumula t tve  d~strtbutton function (expressing the 
probabtht ' ,  that x ~< a )  ts gP,'en by Eq (I I) I f a  ~s chosen wtth 
probabfllLv denst ty f ( a  ), then the integrated probabfl*ty up to point  
a ,  l . ( a  ), ts t t se l f a  r andom vartable which wdl  occur wtth u m l b r m  
probabi l i ty  densi ty  on [ 0,1 ] Ignoring the e n d p o m t s  (v.hlch occur 
w~th zero probabflny),  we can then find a umque  x d~stnbuted as 
f ( v )  for / ' (x )  c o n t i n u o u s ,  for a Dven  u f fwe  set 

u = l ' ( . x ) .  (I11 1) 

p rovided  we can find an mverse  of  I.. defined by 

- / " -  ~(u) (1112) 

F(x) 

F(x) 

Cont inuous 
distribution 

1.0 

X = F -1 (u) x 

Discrete 
distribution 

Xk Xk + 1 X 

For a discre te  o l s tnbu t lon ,  F ( x )  will have a d t scon tmuous  j u m p  of  
size f ( x  k ) at each al lowed x k . k - 1.2.  Choose u from a 
umform d t s t n b u u o n  on ((I.l) as before Fred .v k such that 

k 
F( .~ . -k_ l )<U ~ / - ( A L )  =-- Prob(x ~ . x  k)  = ~ f ( x ~ ) ,  ( I l l  3) 

t = l  

then x k ~s the value we seek (note l . ( x  0) --= 0) 

I I I .B Acceptance-Rejection Method (Yon Neumann) 
Very c o m m o n l y  an analyt tc  form for t . ' (x ) ~s unknown or too 

complex  to work w*th, so thai obta in ing  an reverse for n as m 
Eq ( I l l  2) is impract ical  We suppose that  for any given value of  x 
the probabi l i ty  densi ty  functmn f ( x )  can be computed  and further 
that  enough ~s known about  f ( x )  that  we can enclose Jt enurely  
reside a shape which is strtctly propon*onal  to a d~stnbut~on h (x)  
which we can generate re lauvely  quickly,  for example  
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Oh (x) 
f(x) 

STATISTICS, 

~ X  

( x )  

= X  

Frequen t ly  h (x )  is u n i f o r m  or  a n o r m a l i z e d  sum o f  u n i f o r m  dis lr l -  
bu t l ons  Note  tha t  bo th  / ( v )  a n d  h ( v )  mus t  be no rma l i zed  to uni t  
a rea  a n d  therefore  the p r o p o r t i o n a h t y  c o n s l a n l  C > 1 To  genera te  
f ( x ) ,  firsl genera te  a c a n d i d a t e  x a c c o r d i n g  to h ( x )  Calcu la te  
f ( x )  a n d  the height  o f  the enve lope  C h ( ~ ). genera te  u as a b o v e  
a n d  test i f  f ( x ) ~ < u C  hi .v)  If  so, accept  ~. if  not  reject .t a n d  t O  
again  If  we rcga rd  .~ a n d  u C  h ( . t)  as the absc issa  a n d  o r d i n a t e  o f  
a poin t  in a t w o - d i m e n s i o n a l  plot ,  these po in t s  will popu la t e  the 
ent i re  a rea  ( h (x )  in a s m o o t h  m a n n e r ,  then we accept  those  
wh ich  fall u n d e r  f ( . t  ) The  eff ic iency is lhc  ra t io  o f  areas ,  which  
mus t  equal  I / C ,  therefore  we mus t  keep C as close as possible  to 
1 0 There fo re  wc u-y to choose  C h ( v )  to be as close to f( .~ ) as 
c o n v e m e n c e  dicta tes ,  as m the lower  f igure a b o v e  Th i s  p r acnce  ks 
cal led importance samphng,  because  this  fo rm o f  h ( t ) m e a n s  tha t  
we will genera le  more  Irial values  o f  t in the region where  f(.t- ) is 
most important 

l l l . C  Algorithms 
M a n )  a l g o r i t h m s  for gene ra t i ng  c o m m o n  dls t r ibutff)ns  are  given 

by Rub tns l e ln  ( 1 9 8 1 ) 5  D e v r o y e  ( 1 9 8 6 ) 6  Press (1986), 3 a n d  Walck  
(1987),  7 a few o f l h e s e  are  r e p r o d u c e d  here For  m a n y  d i s t r lbu-  
l ions  a l t e rna t ive  a l g o r i t h m s  exist, v a r y r a g  m complexes) ,  speed• a n d  
a c c u r a c y  We have  selected c o m p a c t ,  accura te ,  a n d  r ea sonab ly  fast 
a l g o r i t h m s  Var iab les  n a m e d  ••u'" are a s s u m e d  u n i f o r m  on  (0.1) 
a n d  m d e p e n d e n l  

Il l .C.l  Gausslan distribution 
G e n e r a t e  14 I a n d  u~ T h e n  v I = 21: I - I a n d  ",'~ = 2141 -- I arc  

u n i f o r m  o n ( - I , I )  C a l c u l a t e s  = v [  , ; '2 l f S  > ' 1  0, s t a r t o v e r  
Otherwise ,  

:1 = V l l - 2 f n ( S ) / ~ ; ] l ' 2  a n d  z~ = v2l-2ept(S)lSl '/2 

arc  i n d e p e n d e n t  a n d  G a u s s l a n  d i s t r i bu ted  wi th  m e a n  zero a n d  

a 2 = l Fo r  o lhe r  m e a n  Ix a n d  va rmnce  , 2  use z t '  = or-._ t + ix 

For  a m u h r . ' a r i a t e  G a u s s l a n  it of ten ~s s lmples l  to f ind a 
t r a n s f o r m a t i o n  ma t r i x  f i  as desc r ibed  at  lhe end  o f  See I B 4 a n d  
genera te  n i n d e p e n d e n t  z t 's  wllh zero m e a n s  a n d  uni t  var iances .  

then r e t u r n . t  ~ = H Y + f f  F o r n  = 2 i t  ~ s c o n v e n l e n t t o c h o o s e t f  

such  that  x I = ZiG- I + Ixl a n d  .t~ = 

1,12A. l / a 2  _ ~ ~ /2 " -=2ll~r°_¢ i , ,) i .?l" - " 2 '  whereo f=  l , ,  

111 C 2 xI (nD) distribution 
n D/2 

For  n D even,  genera te  n D / 2  u , ' s .  then  r = - 2 ; h i  [-I  u4] is 
4 = 1  

X2(nD) For  n D odd,  genera te  (n D - 1)/2 14 t 's a n d  one  
(n D - I ) / 2  

Gauss lanzasml l lC l , t henr  = -24n [  1-'[ ut] -_-'2is 
4=1 

x2(nD) For n D ~ 30 the milch faster Gaussmn approximations for 

AND MONTE CARLO (Cont'd) 

the ×2 m a y  be preferable  genera te  z as m III C I a n d  use 

" =  l- + ,< 12/2 
111 0.3  Student's t distribution 

Use Eq (1 23), first genera te  one  G a u s s i a n  : with mean  zero 
a n d  a 2 = 1 as in III C 1, a n d  then genera te  one  r o b e ) m g  x2(nD ) 

in 111 C 2 Then  t = : , / \ ~  has  a S tuden t ' s  d~stnbut~on as 
with n D degrees o f  f r eedom 

!I1 C 4 Binomial distribution 
i f p  ~< 1/2 in Eq (1 12), then i terate until  a successful  choice  ~s 

m a d e  begin w i t h / ,  = 1, c o m p u t e  P,t = qn [ for  k ~: 1 use Pk =- 
f ( r  k n , p ) , E q  (1 12)] a n d s t o r e l '  k l n t o B ,  g c n e r a t c u  l f u ~ B  
accept  r k = /` I a n d  slop,  o therwise  i nc r emen t  /, by 1 a n d  com-  
pute  next  P,t a n d  a d d  to B ,  genera te  a new 14 a n d  repeal  If  we 
a r r ive  a t / `  = n ~ 1, s lop a n d  accepl  r n _ I = n l f p  > I / 2  it will 
be more  efficient to genera te  ~' f rom [ ( 4 .  n .  q),  i c ,  with p a n d  q 
in te rchanged ,  a n d  then set t - n - I' 

I11.C.5 Poisson distribution 
I terate unti l  a successful  choice  is m a d e  Begin wllh k = 1 a n d  

set ,.I = I to start  G e n e r a t e  u Replace  ,.I with u- l ,  i f  now 
.4 < e x p ( - i x ) ,  where  Ix is the Poisson  pa r amc le r ,  accept  n,t = K --- 1 
a n d  s top Other.,,,lsc i nc r emen t  k by 1. genera te  a new 14 a n d  
repeat ,  a lways  s ta r t ing  wllh the value  of..I left f rom the p rev ious  
try For  large Ix ( > 10) Jt m a y  be sa t i s fac tory  (and  m u c h  faster) to 
a p p r o x i m a t e  the Polsson bb a G a u s s i a n  Sec I B 4i a n d  genera te  - 
f rom 1(_-'.0.1), lhen accept  x = max(0 ,  Ix - ..- " - 0 5] ). where  [ / 
signifies the grealesl  mleger  ~< lhe express ion  

I l l  C 8 Gamma distribution 
• I f / ,  = 1 i n E q  (126) , accep l .x -  = - ( ( n u ) / X  

I f 0 < / `  < I, in i t iahze with d ~ k A''(I - A ) ( I  - h i  ~ G e n e r a t e  

v I = .. ((;1 Ul)/X a n d  ".'-~_,= - ( ( n  u2)/X ICy I + ' 2  
+ vii// ' ,  accept  ~ = ' ¢ 1  ~/A a n d  s top,  o lherwise  go back to ~ d  

• If  k ts a small  integer,  repeat  the / `  = 1 case / `  t imes  a n d  a d d  the 
results 

• Otherwise ,  if/` > 1 in l t iahze with c = 3/, 0 75 ~ G e n e r a t e  

= u l ( l - U l ) a n d v  2 = ( U l - 0 5 ) \ ~ , .  If  v [  

.~ = /, • ~ I < 0 ,  g o b a c k t o  @. o therwise  c o m p u t e  

v 3 = 64v[u -~  ICy 3 ~ 1 - 2 v ~ / , ,  o r i f  

e, tv 3 -<- 2 ( 1 / , ' - I l e ; t  I , /I/ ,  - 1 5 1 - ' 2 i ,  accept v and stop, 
otherwise  go back  to E: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• Revised  .April 1988 wllh lhe ass is tance  o f T  L Lavlne  a n d  
R Waldi  
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1975), A G Frodesen,  O Skjeggestad,  a n d  H T¢fte,  Proha- 
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ELECTROMAGNETIC RELATIONS 

Q u a n t n y  

U m t s  a n d  
c o n v e r s i o n s  

Cha rge  

Poten tml  

M a g n e u c  field 

Elect ron charge  

G a u s s m n  C G S  

2 9 9 7 9 2 x  109 esu 

( 1/299 792) s t a t v o h  

= (1 /299  792) e rg /esu  

104 gauss  = 104 d~,ne/esu 

e = 4 8 0 3  2 4 2 × 1 0 - 1 0 e s u  

NIKSA 

= 1 c o u l  = 1 amp- sec  

= I volt  = 1 j ou l c / cou l  

= I t e s l a  = 1 n t / a m p - m  

= 1 602 189 2 x l o - ] g c o u l  

L o r e n t z  
F = q ( E +  v x B )  F = q ( l :  + ~ x B )  

force c 

Maxwel l  
e q u a u o n s  

Mater ia l s  

Perml t t lv~ty  o f  
free space 

Pe rmeab i l i t y  o f  
free space  

X7 D = 4~rp  

1 bB 
~7 x I." . . . . .  

c hi 

V B ~ 0  

V x H  = 4-ZJ-+ 1 a D  
t" C i t t  

D = t E ,  B = ~ 1 t  

( v a c =  l 

~vac = 1 

1 OA 
E = • V V  . . . . .  

(" ,gt 

B = V x A  

charges r 

I I 
A=7  ~; 7 

currents 

E '  = F 

E '  = "y(E± + I v  x B) 
C 

B '  I = B 

B' ,  = 3 , ( B ±  - --Iv x E )  
~ C 

Fields  

Stat ic  
p o t e n u a l s  
( c o u l o m b  
gauge)  

Rela t iv is t ic  
t r a n s f o r m a -  
t ions  
(v is the 
ve locny  o f  
p r i m e d  sys tem 
as seen in un-  
p r i m e d  sys tem)  

V D = p  

aB 
~ T x E  = .- 

a t  

~ 7 B = 0  

;,I) 
V × l l  - 1 + 

# l  

D = r E ,  B = o H  

evac ~ % 

~ a c  = ~0 

i,A 
E = -XTV - - -  

t i t  

B -  V x A  

I ' - -  l E q 

4r ' t  0 charges r 

_~0 y. _1 
A = ~ r 

47r currents 

E i = E I 

EIL = -y(E_ 

B I = B h 

B ' I .  - -  M B _  

+ v x B )  

- l ~ v  × E )  

C * 

c_oul2 coul  2 
47re 0 = 107 I x 10 -9  m2 

• " nt  sec-  8 987 55 nt 

~'0 10-7 nt  see2 c = 2 997 924 5 8 ×  108 m sec - I  
4rr coul  2 
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ELECTROMAGNETIC 

Impedances ( M K S A )  

p = res is t ivi ty  m IO -8  .qm 

I 7 f o r C u  ~ 5 5 f o r W  
2 4 for ,%u ~ 73 tbr  SS 304 
2 8 for  AI ~ 100 for N t c h r o m e  

(AI a l loys  ma.v have  
doub le  this  ",alue ) 

For  a l t e rna t ing  cur ren t s ,  i n s t a n t a n e o u s  cu r ren t  I ,  ~oltage | , 
a n g u l a r  f requency  o: 

I '  = l'oet~"t = Z I  

I m p e d a n c e  o f  se r f - induc tance  L Z = z w L  

I m p e d a n c e  o f  c a p a c i t a n c e  (" Z = I /~. , ("  

o f  free space Z = ~,,/v.0/~ 0 = 376 7 ~.Z I m p e d a n c e  

I m p e d a n c e  per u m t  length o f  a flat c o n d u c t o r  of , .v ldth , (h~gh 
| r equenc~ ,  v) 

Z = (1 * t ) p  , where  5 - effect~,.e skin dep th  

p 66cm . t b r C u  

= ~"u ' / , , (~ec ~) 

Capacitance C" and mductance/~  per umt  length (MKSA)  

Flat r ec t angu la r  plates o f  wid th  , .  s epa ra ted  b~ d .<--, ~t 

" L d 
(" = * ~ '  - u , 7 '  

--  = 2 to 6 for  plast ics  4 to 8 for porcela in ,  glasses 
f0 

Coaxia l  cable o f  inner  rad ius  r I" ou te r  r ad ius  r-, 

( .  2rr~ [ ~ ~ [ t zO2 , , , r l  ) 
I t  ( r 2 / r  I) " 2re 

T r a n s m t s s l o n  hnes  (no loss) 

I m p e d a n c e  Z -  k'/~.,"(" 

Veloci ty  r = 1 / \  I.( = 1 / \  /~ 

RELATIONS (Cont'd) 

Synchrotron radiation (CGS) 

For  a re la t tv t suc  part icle  o f  charge  ('. ~clocnty fi ~ energ)  L 
t r a v e h n g  in a cnrcular orbi t  o f  r a d m s  R 

47r e 2 ~ 4 
Energy Ioss / revoluUon (MeV) = -~(- ~ - i  " 

- 0 0 8 8 5  [E( ( i eV) ]4 , , 'R (m)  for c ± t f d  _-I 

Energ?  s p e c t r u m  The  energ' ,  r ad ia ted  into the p h o t o n  energ,. 
interval  d ( h w )  is 

d l  = (~2. l-(,,',,'~, c )d(h~,)  , 

.) 

where  t~ = e-./(h~ ) ns the f ine-s t ruc ture  cons t an t  

5C 

F ( v )  - 2 X,"'3~ ['dx K5.:3( x ) , with /~ 5 '3 ( ~ ) a modi f i ed  c , .hndr lca l  
2~ 

B e s s e l f u n c t l o n o f t h e t h ~ r d k m d ,  a n d w  = 3")3~:'R ~ s a c r m c a l  
f r e q u e n t ) .  

ha , '  (keV) 77 4 4 4 [ t : ( ( i e V ) ] 3 : ' R ( m ) l ' o r c  ' f l ' d  --I 

In the hm~t ", ---- 1, 

for w -~-: % 

• d /  . . . .  3 3(~ R " . 
d ( h  ~..) - 

for  -~  = ( 0 0 1  O I  0 2 , 1 0 . 2 0 )  

d l  
~ ( 1 0 .  I 6 I 6 0 5  0 ( )8 ) (~  respectl~cl~ 

d(h,,, ') 

f i ) r  u: >-_. 2u :  

d l  37r~"t u: c 
d(hu. ' )  

The  r a d t a u o n  ~s conf ined  to angles  ~ 1,") relat~,.e to the ins tan-  
t aneous  d~recuon of  m o t i o n  

See J D Jackson .  ( la~w~ ul l:lc~ t r o d v n a n m  ~, 2nd edi t ion  ( John  
%'lie) & Sons Nev. York.  1975) to t  more  fo rmulae  a n d  dc t ads  
(Prepared  April  1974 re '~lscd-Xpnl 1984 ) 



86 

C L E B S C H - G O R D A N  C O E F F I C I E N T S ,  S P H E R I C A L  H A R M O N I C S ,  & d F U N C T I O N S  

I12 × 112 

1 1/2 

2 ×  

o <: 0 ]  I - i ; ~ . ; I ; ; ; o - ; ) i ;  ii:,,gl-r;.:-i>.:,-i;,,~ / 
IS t,iz /'t I*llZ -il3,/'l~ 8~'it: l , " t a ~  
,,, o .z,.s I .7 . , I I-,,-' o[3.,s -,.l, ,/4 s, 'z 3.,"el 
/ ~ ' "  ~/'°1-' ' ' 1  i-5/., .,,,;..,o-..i.~ ';"'I-'"" ' " '1  

I o-l[,,...,, ,..'.: , . , l , ~ i _ ~  I-I. 'e-ll 3,[s :."S I 
- 0 8 :  5- .,'~ -3'." o . . , 2  Ol g/5-5,"~ I-. , . ,!,  ,,-,>., ,:,, i , ;.: ,. 5,.,,,i 

~ll,II ~ - -  ¢ 7  I 
! - I 1 " 

-{-11 . : , l l ) : ' , : ' , l l . ,  

, . , :  . . . . .  < . . . . :  3/2 , ~  ', -' .... . .  - 

':1.I 2 Ul ,  

7,2 52 ~.. i -, :1 .? a, I 2 1 0 
'3.2 ' £ 2  - 5  I 5 - 1 Z  310 9 ,) 0 0 I I-~os ¢! 

L ! 7 I t,, 55 Z 51 ~ • - : ?0 1 4 ,a. ? 3 1/4 ': 1-1 ? 
4. g I. ~5 - 2  5 ," 2 5 2 3:2 L/p ~ .i 20 ~.4  - ! . 2 0  - 1 . 4  
z,.," - I~ ,  35 i,,'5,1 - I  z , )  2 "L '2  - L Z  - ! . ~  . '  "~ :) ? o  - :  4 - '  z,q ~ ? i 

- 5 + 2  = £ ' 2  13 :>  t ,  5 5  2 " "~ 5 ~ <%; 
)I -I 2 IZ ]S =,.. :4 ":) I( I  ~ I• "~) I 2 J IC 

,,2 I,'2 4 3 2 0 I 2 18. JS -k ~5 -I n :, 7 Z S, 2 ~'2 !, ~ ~ S ,; =2,.~ 
~2 '2 "Z 4~ 35 .2 ",,. 70 -1 2 -! 2 =l 2 -I 2 I. ") -1,2 3 1C 
5.1'1 : 2  2"7 | - 1  -Lg  - k 3 ¢ 2 : , 0  2 m '. I~ -! .2 -3/2 
4., c -1 7 4 ~ Z 1 ")-t 2 !i, ~, I /~ - t  ~ ~ . . . .  
314-1, .2  2,," "1 , '  '1 -~ ! 2  :2 ~ : -  ~, ! C Z 5 .32 -12  

111 .i  ~.. : () t, I :~ 1 $ 5 - t /  "~ ? 5 - , - - 5. 2 

• (I, ~ 3, 7 ] 5 -! !4 -5,,10 ~ O -5.2 ? " 18. 17 : 
. 5, ? - 1 . ~  - 1  1 , i  3 , 1 0  .1 ~ 2 11 0 - !  - : . . 2  . i ' .  - !  ~ , ¢ - 2  ~ 

~'~ L.I ~: >d: J ,' - - , .  -I~ :.,,,~¢t~"~°Z < ~ : " ' 4 " : n " r "  '~;,, 1,t  - klO , :5'' 15, ~7,'0: l - ,  ~' echt~$-,~,,Sb Z?'~! O~X:C _~,[2;: ,3 !4"4' -:251 O" ~ : 0 : 0  -1"111 O. 5S~' -14 -Z -:'" -II ",1 -I ~, b . " 

~2 l-toss' ~ I ~:~s¢) I,'70-1,~0 2i 7 -2,5 :," -: 

'~,.,..~ _' ~ "[1.1 e "~'~ . 1 - 2  • - I, 1 "i t I 0  ~ , I 

~L I ~,ls c' ti [ ',(, .! I "~os'~lZ:<:sgj_ 1 , - ~ 7 -?.S -1:!4 ~ I0 "I ~ 2 
' :32 . -~L - - ~ - - s i n 7  ': .: - - - "  ' '~  <1.'. ' " I]'14-3[.10 5]; -1.. ~, -2 -2 -2 - - - E  - ~ ' .4 1 2  27  

~ : '  , . . . .  ~,-1 ' .~ L - ~ , ~ , ,  ., I 1 7  . . . .  ' . . . . . .  ~; i . )  - , . e  1 2, 1 2 T ~ ,>s ":,{, -1 - - 

( : l Z  -!L 2 >':l~ ~' . - .  "1.-1 I 

Sign c o n v e n t i o n  is that o f  Wigner  (Group Theory, A c a d e m i c  Press, N e w  York, 1959), also used by Condon  and Shortley (The  Theoo, of 
Atomic Spectra, Cambridge  U m v  Press, N e w  York,  19531, Rose  (Elementary Theory of Angular Momentum, Wdey,  N e w  York, 19571, and 
Cohen  (Tables of the Clebsch-Gordan Coeffictents, North  A m e r i c a n  Rockwel l  Science Center,  Thousand  Oaks, C a h f ,  19741 The  signs and 
numbers  m the current tables have  been calculated by c o m p u t e r  programs written mdependent ly  by Cohen  and at LBL (Table extended 

April  1974 ) 
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S U ( 3 )  I S O S C A L A R  F A C T O R S  A N D  R E P R E S E N T A T I O N  

The most  commonly  used isoscalar factors, corresponding to the 
stagier, octet, and decuplel content of  8 ® 8 and 10 ® 8. are 
displayed at the right The notation uses particle names to identify 
the coefficients, so that the pattern of  relative couplings can ix: seen 
at a glance We illustrate the use o f t h e  coefficmnts by example see 
J J de Swatl. Re',, Mod Phys 35. 916 (1963) for detailed explana- 
tion and phase convent ions 

A \," Is unders'lood o~t'r everl Integer t#I lhe matrtct's, the 
exponent c,, ~S a reminder  of  lhis For example, m dc Swart 's nota- 
tion the E --- £K element of  our  10 --,. 10 ® 8 matrix reads 

{ 10 8 10 ) = -~_]6 
0 - 2  '5 1 i'2 - I  V."}44 

Intramulhplel  relal,ve decay strengths can be read d~rectl) from 
o u r m a l n c e s  Thus.  t h e p a r t l a l w l d t h s f o r A ~ ( X r r ) / ~ 3 / 2 a n d £ *  
"" (-'-K)/ • 0 arc In the ratio 

I'(~2"-..~ (--K)/ 0 ) 12 
- - -  ",<: (phase space factors) 

I'(A -... (..V 7r )1 _ 3 / 2) 6 

Supplying lsospm Clebsch-Gordan cocffiocnts, onc obtains, e g.  

- ---- - 0 K  12 3 I'(~2" = - )  I/2 X p .s f = x I '  ~1" 
l ' ( A - - - p r  o ) 2/3 x 6 2 

Partial widths for 8 -,. 8 ® 8 invol'vc a linear superposl tmn o f g  I 
(symmetric) and 82 (ant t symmetnc)  couphngs For example. 

The relatmn between g l , g  2 (with de Swan ' s  normahza tmn)  and the 
standard 1),I. couphngs appearing m the interaction Lagrangmn 

. i  = - Vq_D l ' r ( l i t , B ] _ . t l )  + x , '2F  T , ' ( I f i . B ] .  3 / ) ,  

IS 

x.,"30 \ 'g 

Thus,  

I'(---* -...,. ,Err) ~ (I - 2o0 2 

where ~ =- D / ( D  + I " )  

When acting upon a rcprcsentahon ofd~mensmn d. lhe genera- 
tors of  SU(3) transformations,  X a (a = 1,8), are d x d  matrices which 
obey, the follov,'lng commuta t ion  and ant~commutatlon relatmn- 
ships 

[Xa 'X/ ,  ] = 2t / 'ah X ̀  

X a ,x / ,  = ~ ah I + 2dal,(X¢ 

where / ~s the et × d  unit matrix The fa& are odd under the pcr- 
muta tmn of  any pmr of indices, while the du& are even The 
nonzero elements are 

ahc .lab ̀  

123 I 

147 112 

156 112 

246 112 

257 112 

345 112 

367 - 1/2 

458 V'312 

678 \ , ~ / 2  

ahc da& 

l i 8  t / x,.."] 
146 1/2 

157 1/2 

228 I/V'3 

247 - I/2 

256 1/2 

338 1 / , .3  

344 I/2 

abe dab < 

355 112 

366 112 

377 1/2 

448 - I/(2 V'3 ) 

558 - I/(2 ',/3 ) 

668 - I/(2 v."3 ) 

778 • I/(2 v '3)  

888 i / v ~  

M A T R I C E S  

1 ~ 8 0 8  

/ / I  /o ,o / / 1 "~ 3 I .~' , --~ .,'K "rr ,;7 --h = ~ . 
1 8 8 

8 i ~ 8 ® 8  

[}[ } /  / A .",'rr %;7 "OK th  q I -9 - I  
~J AK Z.n. 'trr Z;7 EA _1 - 6 0 4 4 6 
't --*" ,V/k-Zrr ~.;7 --A -- ~.T0 2 - 1 2  4 -2 

~h" %K-Tr -;7 9 I 9 I 
"- 8, 8 8 

8 2 ~ 8 @ 8  

[ ]:% ,Vrr .% ;7 "OK 'th ] 

82 "~: ~K-- 'rr  - - ;7 J8®8 

3 3 3 3 "1/112 

/ 2 8 o o 2 
6 0 o 6 
3 3 3 -3 

1 0 ~ 8 ® 8  

,2 

10 

.' ' / / .% re "h 6 6 
] . v k , ' r  ~ "_;7 --K ~ -2 2 -3 3 2 
/ zh  ~ h - .  -~ - -  v ~  3 3 3 3 

12 
~8 8 

8 ~ 1 0 0 8  

..~,. Art ?.:h ] 
..XK Err -.S;7 --h _ I 

zrr --it = x.i5 
"oh Err --';7 ~.:R 

10 8 

-12 3 
8 -2  -3  

-q  6 
3 3 3 

2 ]1/2 

6 

I0 ~ I0 ® 8 

{0 

I 

] 
Art" ";7 Zh | 

..Xh Zrr "..:;7 - h  ] 1 _  
"K --',-r 20 ~.lh = ~ _~ 

7.h ~.l;7 IO® 8 

15 3 6 
8 8 0 -8  

12 3 3 6 
12 12 

1/2 

In the fundamental 3-dtmens,onal representation, the X a ' s  arc 
given by' /i,o] / { oo 1 
X I = 0 0 X~ = 0 0 X 3 - -.1 0 

0 0 0 0 0 0 0 [!o, / [!o, / [ oo / 
X 4 = 0 0 X 5 = ) 0 0 X 6 - 0 I 

0 0 0 0 I 0 

r oo / o / 
X 7 = 0 -~ X 8 = 0 I , ,"v3 0 

t 0 0 0 -. 21 \ . 3  
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SU(N) MULTIPLETS AND YOUNG DIAGRAMS 

This  note tells how SU(n )par t t c lc  mul l ,p iers  are ~denufied or 
labeled, how to find the n u m b e r  of  part ,cles tn a muh~plet from ~ls 
label, how to draw the Young dtagram for a mult tplet ,  and  how to 
use Young dmgrams  to de te rmine  the overal l  muhtp le t  s t ructure  of  
a compos i te  system, such as a 3-quark or a meson-baryon system 

(I)  Mult~plet labels  .- An SU(n)  muh~plet ~s umquel.~ ~dent~- 
fled by a s tr ing of  (n - 1) nonnega t r . c  integers (~.fl ~. ) Any 
such set of  integers spec*fies a mul t lp le t  For an SU(2) mutt~plet 
such as an tsospm muh~plet,  the single mtcgcr  ~t ts the number  of  
steps from one end of  the muh ,p le t  to the other  (~ e ,  *t *s one fewer 
than the n u m b e r o f p a r l ~ c l e s  m themul t~p le t )  In SU(3) t h e t w o  
integers ,, and 3 are the numbers  of  steps across the top and bot- 
tom levels of  the mu lup lc t  dmgram Thus  the labels for the SU(31 
octet and  decuplct  

~-1-1 I . . . .  3 -t 

I'-1~1 

- ' 1 " -0  

are ( I, I ) and  (3,0) For larger n. the mle rp re t ahon  of  the integers 
m te rms  of  the geomet ry  of  the muhlp le t s ,  whtch exist  m an 
( n -  I )-d~menstonal space. ~s not so rcaddy apparen t  

The label for the SU(n)  stagier is (0.0, 0) In a fla ' ,or SU(n ). 
the n quarks  together  form a ( t .0 ,0) muhtp le t ,  and  the n anU- 
quarks  belong to a (0, ,0 1) muhtp le t  These two mulup le t s  are 
conjugate to one ano the r  v'h~ch means  their  labels are related b)  
(c~.3. ) ~ (  . 3 ~ )  

(2) Number  o f  part ic les The number  o f  parhcles m a muh l -  
pier..% = .V&~.3. ). ts g iven as fo l lows (note the pattern o f  the 
equat ions)  [n S1.1(2)..V = 3 (~) is 

.V = (~_~_?-1) 
I 

In SU(3) .V = 'V(a..d) ~s 

I 1 2 

In SU(4). V = ~.(~ ~f .~ ) ~s 

3 ( ~ + 1 )  ( . d - l )  (.'~+1) ( ~ - 3 ÷ 2 )  ( ! ~ - ~ - 2 )  ( ~ * f l - ~ - _ 3 )  
1 I I 2 2 3 

Note that there ~s no factor with (~+'~ +2)  onl ' ,  a c¢m.~ecttttvc 
sequence of  the label integers appears  m an' ,  factor One more 
example  should  make  the pat tern clear for an~ SU(n ) In SU(5), N 
= .V(~,fl.%~5) Is 

.%. _ ( , r - l )  (hq- I )  (7~  I) (6 t  ]). (,~_+,fl+2) . ~ _ + 7 + 2 ) ×  
I l I 1 2 2 

( ' ~ + 6 * 2 )  ( , ~ i : t + ~  ÷3 )  (.fl • 3' t h~-3_ ) ( _ c L + ~ * Y - f i - 4 )  
2 3 3 4 

Mult tp le ts  that  are conjugate  to one ano the r  obvtous ly  have  the 
same n u m b e r  of  particles, but so can other  mul t tp le t s  For exam- 
ple. the SU(4) multzplets  (3,0.0) and  (1,1.0) each have  20 parhcles  

(3) Young dmgrams  A Young d iagram consis ts  of  an array of  
boxes (or some other  symbol)  ar ranged m one or more  Ie~/i-:ust(fied 

rows. wtth each row bemg at least as hmg as the row beneath The 
correspondence between a d iagram and a mult~plet label ~s The 
lop row ju t s  out & boxes to the rtght past the end of  the second 
row. the second row ju ts  out 3 boxes to the right past the end of  
the third row, etc A dmgram m SU(n)  has at most  n rows There 
can be any number  o f "complc t cd ' "  co lumns  of  n boxes but t ress ing 
the left o f a  dmgram,  these don ' t  affect the label Thus  m SU(3) the 
d iagrams  

represent thc muhtp le ts  (1,0), (0,1), (0,0), ( I , I  ), and (3,0) In an)' 
StJ(n ), the quark  mult tplet  ts represented by a single box, the anu-  
quark  mult~plet by a co lumn of(, ' , ,- I) boxes, and  a stagier by a 
comple ted  co lumn of  n boxes 

(4) C o u p l i n g  m u l t l p l e t s  t o g e t h e r  - The fbl lowmg recipe tells 
how to find the mulup le t s  that occur m couphng  two mulup le t s  
together  To couple  together more than tv"o muluple ts ,  tirst couple  
two. then couple  the third w~th each of  the muh lp le t s  obta ined 
t'rom the first tv"o. etc 

F~rst a de f inmon  A sequence of  the letters a.t..c, is admt~sthle 
f i a t  any pomt  m the sequence at least as man3 a 's  have been 
reached as h's. at least as man' ,  h's have been reached as o's, ctc 
Thus  ahcd and aahct~ are admiss ib le  sequences and at~t~ and ach are 
not Nov,' the rectpe 

(a) Draw the Young dtagrams for the two muluple ts ,  but m one 
of  the d tagrams replace the boxes m the first row w~th a's. the 
boxes m the second row wtth h's. etc The unlet tered dmgram 
forms the upper Ic#-hand corner of  all the enlarged d tagrams con- 
s tructed below 

(b) Add the a 's  from the lettered dmgram to the unlet tered 
dmgram to form all possible l egmmate  Young dmgrams  that haxe 
no more  than one a per co lumn (All the a 's  appear  m each nev" 
dmgram ) 

(c) [Isc the t ; s  to further enlarge the dmgrams alread.~ obtained.  
subject to the same rules Throw awas an.~ dmgram m which the 
sequence of  letters formed by reading rtght it)/c/t  m the firsl roy" 
then the second row, elc ts not admiss ib le  

(d) Proceed as m (c) v'lth the o's, elc 
Thus,  for example,  the calculat ion t() find the muhtp le t s  that 

can occur m a system made  up of  two SU(3) octets (one might  be 
the r - m e s o n  octet, the other  the .~. -bar )on  octet) ~s as follow,~ 

~® aa = 
b 

b b a a b  

where on l s  the d iagrams with admtssJble sequences and v"llh fewer 
than four rows (since n = 3) have been kept In terms o f m u l t l p l e t  
labels, the aboxe may be wri t ten 

(I ,1) ~ (1,1) = (2.2) ® (3.0) e (0.3) e (1,1) e (1,1) (9 (0.0) , 

or m te rms  of  numbers  of  particles, 

8 ® 8  = 27 e I0 e i-6 ~ 8 0 8  (~ i 

The product  of  the numbers  of  the left ts equal  to the sum on the 
right (See the section on the Nonre la l lv ls t lc  Quark  Model  for 
results for 3-quark sys tems ) 
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 
(for scattering on a fixed proton target) 

= = m  v ,  d P ,  ~- EcmdEcm mpdTbcam p ncam ncam mpdPbcam 

Pbeam . . . . . . . . . . . .  Ecru . . . . . . . . . . . . .  M o m e n t u m  in 
(GeV/c) (GeV) (GeV/c) 

"tP,VP ~rp Kp PP "tP,vP 7rp Kp 

000 
0 02 
0 04 
0O6 
0 08 
010  
012  
014  
016 
018 
0 20 
022  
024  
0 26 

~ep 
938 
958 
977 
996 
015 
033 
051 
O69 
087 
104 
121 
137 
154 
170 

078 432 877 01~) 00() 
079 432 877 020 017 
083 433 877 038 035 
089 434 878 056 052 
096 436 878 074 068 
105 439 879 091 085 
116 441 1 880 107 lOl 
127 445 1 882 123 117 
139 448 I 883 138 132 
152 453 I 885 153 147 
165 I 457 1887 167 161 
178 1 462 1889 182 175 
192 1 468 I 892 195 189 
206 I 473 1 894 209 202 

0 28 186 I 219 I 480 1 897 222 
030  1201 1233 1486 1900 234 
032 1217 1247 1493 1903 247 
0 34 1232 1261 500 1906 259 
0 36 I 247 I 275 
0 38 1 262 I 288 
0 40 I 277 1302 
0 42 I 292 315 
0 44 1306 329 
0 46 1320 342 
0 48 I 335 356 
1/50 1349 369 
0 52 1362 382 
0 54 1 376 395 
0 56 I 390 1408 
0 58 1403 421 
0 60 I 416 434 
0 62 I 430 447 
0 64 443 459 
0 66 456 472 
0 68 468 484 

507 I 910 271 
514 913 282 
522 917 294 
530 921 305 
538 925 316 
546 929 327 
554 934 337 
563 938 348 
571 943 358 
580 947 268 
589 952 378 
598 057 388 
~97 962 397 
616 968 407 
625 973 416 
634 978 425 
643 984 434 

0 70 
0 72 
074  
0 76 
0 78 
0 80 
0 82 
0 8 4  
0 86 
088 
0 90 
092  
0 94 
0 96 
0 98 

00 
02 
04 
06 
(18 
I0 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 

481 496 653 989 443 
494 509 662 995 452 
506 521 671 001 461 
519 533 681 007 470 
531 545 690 013 478 
543 557 699 019 486 
555 569 709 2 025 495 
567 580 718 2031 503 
579 592 728 2037 511 
591 604 737 2 043 519 
603 615 747 2050 527 
615 627 756 2056 535 
626 638 765 2 062 542 
638 649 775 2 069 550 
649 661 784 2 075 558 
660 672 794 2 082 565 
672 683 803 2 088 573 
683 694 812 2095 580 
694 705 822 2 102 587 
705 716 831 2 108 594 
716 726 840 2 115 601 
727 737 850 2122 609 
738 748 859 2 129 616 
748 759 868 2 136 622 
759 769 877 2 142 629 
770 780 887 2 149 636 
780 790 896 2 156 643 
791 800 9(15 2 163 650 
801 811 914 2 1711 656 
812 821 923 2 177 663 
822 831 932 2 184 669 
832 841 941 2 191 676 
843 851 950 2 198 682 
853 862 959 2 205 689 
863 872 968 2 212 695 
873 882 977 2 219 701 
883 891 986 2 226 708 
893 901 995 2 233 714 
903 911 2 004 2 240 7211 
913 921 2013 2247 726 
922 931 2 022 2 254 732 
932 940 2031 2261 738 
942 951) 2 039 2 268 744 
951 959 2 048 2 275 750 
961 969 2 057 2 282 756 
970 978 2 065 2 289 762 
980 988 2 074 2 296 768 
989 997 2 083 2 304 773 
999 2006 2091 2311 779 

68 2 0 0 8 2 0 1 6 2 1 0 0 2 3 1 8  785 

215 
228 
241 
253 
265 
277 

288 
300 
311 
322 
332 
343 
353 
363 
373 
383 
393 
402 
412 
421 
430 
439 
448 
457 
465 
474 

482 
490 
499 
507 
515 
523 
531 
538 
546 
554 
561 
569 
576 
583 
591 
598 
605 
612 
619 
626 
633 
639 
646 
653 
660 
666 
673 
679 
685 
692 
698 
704 
711 
717 
723 
729 
735 
741 
747 
753 
759 
765 
770 
776 
782 

000 
013 
026 
039 
052 
065 
078 
091 
104 
116 
129 
141 
153 
166 
178 
189 
201 
213 
224 
235 
247 
258 
268 
279 
290 
300 
310 
321 
331 
341 
350 
360 
370 
379 
388 
397 
406 
415 
424 
433 
442 
450 
459 
467 
475 
484 
402 
5O0 
508 
515 
523 
531 
538 
546 
553 
561 
568 
575 
583 
590 
597 
604 
611 
618 
624 
631 
638 
645 
651 
658 
664 
671 
677 
684 
690 
696 
702 
709 
715 
721 
727 
733 
739 
745 
751 

PP 

000 
010 
020 
030 
O40 

050 
060 
070 
080 
090 
099 
109 
119 
129 
138 
148 
158 
167 
177 
186 
196 
205 
214 
224 
233 
242 
251 
260 
269 
278 
287 
296 
304 
313 
322 
330 
339 
347 
355 
364 
372 
380 
388 
396 
404 
412 
420 
428 
435 
443 
451 
458 
466 
473 
481 
488 
495 
5112 
510 
517 

524 
531 
538 
545 
552 

559 
565 
572 
579 
585 
592 
599 
605 
612 
618 
624 
631 
637 
643 
650 
656 
662 
668 
674 
680 

[abeam . . . . . . . . . . . . .  Ecm ... . . . . . . . . . .  Momentum In 
(GeV/~) (GeV) (GeV,/c) 

"fp,up rp Kp pp ~p t.,p "n'p Kp 
~-ep ~ep 

170 2 0 1 8 2 0 2 5 2 1 0 9 2 3 2 5  791 
172 2 0 2 7 2 0 3 4 2 1 1 7 2 3 3 2  796 
174 2 0 3 6 2 0 4 3 2 1 2 6 2 3 3 9  802 

76 2 045 2 053 2 134 2 346 807 
78 2 0 5 4 2 0 6 2 2 1 4 3 2 3 5 3  813 
80 2 0 6 4 2 0 7 1 2 1 5 1 2 3 6 0  818 
82 2 073 2 080 2 159 2 367 824 
84 2 082 2 089 2 168 2 374 829 
86 2091 2 0 9 8 2 1 7 6 2 3 8 1  835 
88 2 I 00  2 107 2 184 2 388 840 
90 2 1 0 9 2 1 1 5 2 1 9 3 2 3 9 5  845 
92 2 1 1 7 2 1 2 4 2 2 0 1 2 4 0 2  851 
94 2 1 2 6 2 1 3 3 2 2 0 9 2 4 0 9  856 
96 2 1 3 5 2 1 4 2 2 2 1 7 2 4 1 6  861 

. . ~ ~'~ 2 423 98 "~ 144 "~ 151 . . . 6  867 
20  2 153 2 159 2234 2430 872 
21 2 1 9 6 2 2 0 2 2 2 7 4 2 4 6 5  897 
22 2238 2244 2314 2500 922 
2 3 2 280 2 286 2 353 2 534 947 
24  2320 2326 2392 2568 970 
2 5 2 360 2 366 2 430 2 602 994 
26  2400 2405 2468 2636 02 
2 7 2 439 2 444 2 505 2 669 04 
28  2477 2482 2542 2702 06 
29 2 5 1 4 2 5 2 ( 1 2 5 7 8 2 7 3 5  08 
30 2551 2556 2613 2768 10 
31 2 5 8 8 2 5 9 3 2 6 4 9 2 8 0 0  12 
32 2624 2629 2683 2832 14 
33 2660 2664 2718 2863 16 
34 2695 2699 2752 2895 18 
3 5 2 729 2 734 2 785 2 926 20 
36 .'s763 ."768 _~818 ."957 ._'~'~ 
37  2797 2801 2851 2987 24 
38 2 8 3 0 2 8 3 5 2 8 8 4 3 0 1 8  26 
39 2863 2868 2916 3048 28 
4 0 2 896 2 900 2 947 3 077 30 
41 2 9 2 8 2 9 3 2 2 9 7 9 3 1 0 7  31 
42  2 9 6 0 2 9 6 4 3 0 1 0 3 1 3 6  33 
43  2 9 9 2 2 9 9 6 3 0 4 1  3165 35 
44  3023 3027 3071 3 194 37 
45  3054 3058 3 101 3223 38 
4 6  3 0 8 4 3 0 8 8 3 1 3 1  3251 40 
47  3 1 1 5 3 1 1 8 3 1 6 1  3279 42 
48  3 1 4 4 3 1 4 8 3 1 0 0 3 3 0 7  143 
49  3 1 7 4 3 1 7 8 3 2 2 0 3 3 3 5  145 
5 0 3 204 3 207 3 248 3 363 1 46 
52 3 2 6 2 3 2 6 5 3 3 0 5 3 4 1 7  150 
54 3319 3322 3362 3471 I 53 
56 3375 3378 3417 3524 156 
58 3 4 3 0 3 4 3 3 3 4 7 1  3576 159 
6 0 3 484 3 487 3 524 3 627 1 62 
6 2  3 5 3 8 3 5 4 1 3 5 7 7 3 6 7 8  164 
6 4  3590 3593 3629 3728 167 
66  3642 3645 3680 3778 170 
68  3 6 9 3 3 6 9 6 3 7 3 1  3827 173 
7 0 3 744 3 747 3 781 3 875 I 75 
7 2 3 794 3 797 3 830 3 923 1 78 
74 3843 3846 3878 3070 181 
76 3891 3 8 9 4 3 9 2 6 4 1 1 1 6  183 
7 8 3 939 3 942 3 974 4 062 I 86 
80  3987 3 9 8 9 4 0 2 1  4108 188 
82 4 0 3 3 4 0 3 6 4 0 6 7 4 1 5 3  191 
84 4 1 1 8 1 1 4 0 8 2 4 1 1 3 4 1 9 8  193 
86  4 1 2 5 4 1 2 8 4 1 5 8 4 2 4 2  196 
88 4 1 7 1 4 1 7 3 4 2 0 3 4 2 8 6  198 
9 0  4 2 1 5 4 2 1 8 4 2 4 7 4 3 2 9  200 
92  4 2 6 0 4 2 6 2 4 2 9 1  4372 203 
9 4  4 3 0 3 4 3 0 6 4 3 3 5 4 4 1 5  205 
9 6 4 347 4 349 4 378 4 457 2 07 
9 8 4 390 4 392 4 420 4 498 2 09 

100 4432 4433 4462 4540 2 12 
105 4 5 3 7 4 5 3 9 4 5 6 6 4 6 4 1  217 
I I 0  4 6 3 9 4 6 4 2 4 6 6 8 4 7 4 1  222 
1 I 5 4 739 4 742 4 767 4 839 2 28 
120 4837 4839 4864 4934 233 
125 4933 4935 4960 5028 238 
130 5027 5 0 3 0 5 0 5 3  5120 243 
135 5 1 2 0 5 1 2 2 5 1 4 5 5 2 1 1  247 
140 5211 5 2 1 3 5 2 3 6 5 3 0 0  252 
14 5 5 300 5 302 5 324 5 388 2 57 
150 5388 5390 5412 5474 261 
155 5474 5476 5498 5559 266 
160 5559 5561 5582 5642 270 
165 5643 5645 5666 5725 274 
170 5726 5727 5748 5806 279 

PP 

788 756 686 
793 762 692 
799 768 698 
805 774 704 
810 780 710 
816 785 716 
821 791 721 
827 796 727 
832 802 733 
837 808 739 
843 813 744 
848 819 750 
853 824 756 
859 829 761 
864 835 767 
869 840 772 
895 866 799 
920 892 826 
944 917 852 
968 941 877 
991 965 901 
I 01 989 926 
I 04 OI 949 
I 06 03 972 
I 08 116 995 

10 08 02 
12 IO 04 
14 12 06 
16 14 08 
18 16 I0 
20 18 12 
22 20 14 
24 22 16 
26 24 18 
28 26 20 
29 27 22 
31 29 24 
33 31 26 
35 33 27 
36 34 29 
38 36 31 
40 38 33 
41 4(] I 34 
43 41 1 36 
45 43 1 38 
46 44 I 40 
49 48 I 43 
53 51 I 46 
56 54 I 49 
59 57 I 52 
61 60 I 55 
64 63 I 58 
67 65 I 61 
70 68 I 64 
73 71 I 67 
75 74 I 70 
78 76 I 72 
81 "79 I 75 
83 82 I 78 
86 84 1 80 
88 87 1 83 
91 89 I 85 
93 92 I 88 
95 94 I 00 
98 96 I 93 
O0 99 I 95 
03 20 l  1 97 
05 203 200  
07 2 06 2 02 
09 208 204 
12 2 10 2 07 
17 2 16 2 12 
22221 218 

228 226 223 
233 231 228 
238 236 233 
243 241 238 
247 246 243 
252 251 248 
257 256 253 
261 260 257 
266 265 262 
270 269 266 
274 273 270 
270 278 275 

Pb,eam . . . . . . . . . . . . .  Ecru . . . . . . . . . . . . .  M o m e n t u m  m c m 
((ieVA) (GeV) (GeV/c) 

?p,vp rrp Kp pp ~p,vp 7rp Kp pp 

175 5 8 0 7 5 8 0 9 5 8 2 9 5 8 8 6  2 8 3 2 8 3 2 8 2 2 7 9  
180 5887 5889 5909 5065 287 287 286 283 
185 5 9 6 6 5 9 6 8 5 9 8 8 6 0 4 3  2 9 1 2 9 1 2 9 0 2 8 7  
190 6044 6046 6066 6120 295 295 294 291 
195 6122 6123 6142 6196 299 299 298 295 

20 6 1 9 8 6 1 9 9 6 2 1 8 6 2 7 2  3 0 3 3 0 3 3 0 2 2 0 9  
21 6 3 4 7 6 3 4 9 6 3 6 7 6 4 1 9  3 1 0 3 1 0 3 0 9 3 0 7  
22 6 4 9 3 6 4 9 5 6 5 1 3 6 5 6 4  3 1 8 3 1 8 3 1 7 3 1 4  
23 6636 6638 6655 6705 325 325 324 322 
24 6 776 6 778 6 795 6 843 3 32 3 32 3 31 3 29 
25 6 9 1 3 6 9 1 5 6 9 3 2 6 9 7 9  3 3 9 3 3 9 3 3 8 3 3 6  
26 7 0 4 8 7 0 4 9 7 0 6 6 7 1 1 2  3 4 6 3 4 6 3 4 5 3 4 3  
27 7 1 8 0 7 1 8 1  7 1 9 7 7 2 4 3  3 5 3 3 5 3 3 5 2 3 5 0  
28 7 309 7 311 7 326 7 371 3 59 3 59 3 59 3 56 
29 7 436 7 438 7 453 7 497 3 66 3 66 3 65 3 63 
30 7562 7563 7578 7621 372 372 371 369 
31 7685 7686 7701 7743 379 378 378 376 
32 7806 7807 7822 7864 385 385 384 382 
33 7925 7926 7941 7982 391 391 390 388 
34 8 043 8 044 8 058 8 099 3 97 3 07 3 96 3 94 
35 8 158 8 160 8 174 8214 403 402 402 400 
36 8273 8274 8288 8327 408 408 408 406 
37 8 3 8 5 8 3 8 6 8 4 0 0 8 4 3 9  4 1 4 4 1 4 4 1 3 4 1 1  
38 8496 8498 8511 8549 420 420 419 417 
39 8606 8607 8621 8658 425 425 424 423 
40 8 7 1 5 8 7 1 6 8 7 2 9 8 7 6 6  431 431 4 3 0 4 2 8  
41 8 8 2 2 8 8 2 3 8 8 3 6 8 8 7 2  4 3 6 4 3 6 4 3 5 4 3 4  
42 8927 8928 8941 8978 441 441 441 439 
43 9 0 3 2 9 0 3 3 9 0 4 6 9 0 8 1  4 4 7 4 4 7 4 4 6 4 4 4  
44 9 135 9 136 9 149 9 184 4 52 4 52 4 51 4 5(1 
45 9 2 3 7 9 2 3 8 9 2 5 1  9286 4 5 7 4 5 7 4 5 6 4 5 5  
46 9338 9339 9352 9386 462 462 462 460  
47 9438 9439 9451 9486 467 467 467 465 
48 9 537 9 538 9 550 9 584 4 72 4 72 4 72 4 70 
49 9635 9636 0648 0681 477 477 477 475 
50 9 7 3 2 9 7 3 3 9 7 4 5 9 7 7 8  4 8 2 4 8 2 4 8 1 4 8 0  
52 9923 9924 9935 9968 492 492 491 489 
54 1011 1011 1012 1015 501 501 501 499 
56 1 0 2 9 1 0 3 0 1 0 3 1  1034 5 1 0 5 1 0 5 1 0 5 0 8  
58 1047 1048 1049 10 52 5~20 5 19 5 19 5 17 
60 11165 1065 1066 1069 528 528 528 526 
62 1083 1083 1084 1087 537 537 537 535 
64 1 1 0 1 1 1 1 0 0 1 1 0 1 1 1 ( M  5 4 6 5 4 6 5 4 5 5 4 4  
66 1 1 1 7 1 1 1 7 1 1 1 8 1 1 2 1  5 5 4 5 5 4 5 5 4 5 5 3  
68 II 34 II 34 II 35 II 37 563 563 562 561 
70 1 1 5 0 1 1 5 0 1 1 5 1 1 1 5 4  5 7 1 5 7 1 5 7 1 5 6 9  
72 11 66 I 1 66 I 1 67 I 1 70 5 "r9 5 79 5 79 5 77 
74 I I 82 I I 82 I 1 83 I I 86 5 87 5 87 5 87 5 85 
76 1 l 98 I 1 98 I 1 99 12 02 5 95 5 95 5 95 5 93 
78 12 13 12 14 12 14 12 17 603 603 603 601 
80 1229 1220 1230 1232 611 611 6 1 0 6 0 9  
82 1244 1244 1245 1248 6 1 8 6 1 8 6 1 8 6 1 7  
84 1259 1259 12611 1263 626 626 626 624 
86 1 2 7 4 1 2 7 4 1 2 7 5 1 2 7 7  6 3 3 6 3 3 6 3 3 6 3 2  
88 1288 1280 1280 1292 641 641 6 4 0 6 3 9  
90 1303 1303 1304 1306 648 648 648 646 
92 1 3 1 7 1 3 1 7 1 3 1 8 1 3 2 1  6 5 5 6 5 5 6 5 5 6 5 4  
94 1331 1332 1332 1335 6 6 2 6 6 2 6 6 2 6 6 1  
96 1345 1346 1346 1349 669 669 669 668 
98 1 3 5 0 1 3 5 9 1 3 6 0 1 3 6 3  6 7 6 6 7 6 6 7 6 6 7 5  

100 1373 1373 1374 1376 6 8 3 6 8 3 6 8 3 6 8 2  
150 1 6 8 0 1 6 8 0 1 6 8 1  1683 8 3 8 8 3 8 8 3 7 8 3 6  
2(X) 1940 1940 1940 1942 968 967 967 966 
250 21 68 21 68 21 69 21 70 108 108 108 108 
30(1 2 3 7 5 2 3 7 5 2 3 7 5 2 3 7 6  1 1 9 1 1 9 1 1 9 1 1 8  
350 2565 2565 2565 2566 128 128 128 ~28 
400 2741 2741 2742 2743 137 137 137 137 
450 2907 2907 2908 2909 145 145 145 145 
5iX) 3 0 6 5 3 0 6 5 3 0 6 5 3 0 6 6  1 5 3 1 5 3 1 5 3 1 5 3  
550 32 14 32 14 32 14 32 15 16 I 16 I 16 I 160 
600 3357 335 .7 335 .7 3358 168 168 168 168 
650 3494 3494 3494 3495 175 175 175 174 
700 3 6 2 6 3 6 2 6 3 6 2 6 3 6 2 7  181 181 181 181 
800 3876 3876 3876 387 .7 194 194 194 194 
900 41 I1 41 11 41 11 41 12 205 2115 205 205 

1000 43 33 43 33 43 33 43 34 21 7 21 7 21 7 21 6 
2000 61 27 61 2 .7 61 2 .7 61 28 306 306 306 306 
5(XXI 96 87 96 87 96 87 96 87 48 4 48 4 48 4 48 4 

10000 1370 1370 1370 1370 685 685 685 685 
2(X)(X) 1937 193 .7 1937 1937 0 6 9 9 6 9 9 6 9 9 6 9  
50000 3063 3063 3063 31k53 153 153 153 153 
I×105 4332 4332 4332 4332 217 217 217 217 
2xlO 5 6126 6126 6126 6126 306 300 306 306 
5xlO 5 9686 9686 9686 9686 484 484 484 484 
IxlO ~ 1370 1370 1370 1370 685 685 685 685 
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KINEMATICS 

Throughout  wc work tn UralS v..hcre h = c = I 

A L O R E N T Z  T R A N S F O R M A T I O N S  

The energ> E and 3 - m o m e n t u m  ~ of  a pamc le  of  mass  m form 
a 4-vector  p = (I : .~)  ',,,hose square p -  =- I : -  - I pl  - - m -  The 
velocity of  the parhcle  ~s i~ = f ) / t -  The cnerg> and m o m e n t u m  
(E*.I~*) v,cwcd from a frame m o v i n g  with ",clocll,. ~ t  are given b> 

/ 
- ' ~ t ; ~ t  "~t P*  - P ~ (A I) 

t. p ) 

v,'herc "rr = (I ~3~)  I/2 and  p i (p,) are the c o m p o n e n t s  o f ~  
perpend]cular  (parallel)  to ~3t The  scalar product  of  tv.o 4-~ectors 

Pl  P2 = E I E 2  - Pl P2 ~s m ~ a n a n t  ( f ramc independent )  
In the colhston of  two parhcles  of  masscs  m I and m ~ the total  

center-of-mass energy ~s 

I"~ [ (1 :  1:,)2 - (~1 ~- ~2)2 ] 1'2 Ecm = (Pl ¢ P2 ) ' -  ~ 1 ~ 

= [ , n ? . m ~ . 2 t i l l f 2 ( l - ; , l d 2 C o s O ) ]  1:'2 " ( A 2 )  

where 0 ,s the angle between the part icles In the frame where one 
p a m c l e  (of mass  m ~) ~s at rest (lab frame), 

" ~ 2E 1/2 (A 3) Ecru = (m f" - n i~  - i labm2 ) 

The veloetLv ,n the lab of  the center-of-mass frame ~s 

f l c m =  P l l a b / ( E  llab " m-,)  (A 4) 

and 

7cm = t - c m / ( E l l a b ,  m2)  

B I . O R E N T Z  I N V A R I A N T  A M P L I T U D E S  

The m v a n a n t  a m p h t u d c  - t # for a sca t tc rmg or deca> proecss 
ts de te rmined  m pc r tu rbamm theoD b> a set of  Feynman  dmgrams  
The c o n v e n u o n  of  Bjorken and Drell ,s used except  that fermton 
spmors  are no rmahzed  so that Eu =. 2m As an example  the % 
matr ix  for 2--*. 2 sca t te rmg ,s related to /f b.', 

< P l P 2 1 S I p ~ P 2 ~  - I -  ; ( 2 r14 f i4 ( / , l+ l , 2  Vl / ' 2 )  

~'(P I.P 2.v i P ~ ) 
x (B I) 

1;2 "~ • 1.'2 -~ .-' I/2 -~ : '  1"" 
( - ~ 1 )  (-A 2) t - / -  I ) (-1. 2 ) . -  

This  phase space can be generated recurs,vel.,,, v u  

d 4 ' , ~ ( f ' . p i  , p n )  = d q ' / ( q . p  1" "PI ) ((" 3) 

Xd@n - - / -  I ( t " q ' P ~  - I " P n ) ( 2 r ) 3 d q 2  • 

w h e r e q 2  = ( ~ 1 : , ) 2 _  z ~ 1 ~t T h , s t o r m , s p a r t , c u l a r l ' .  
~ = / + 1  - /  I. 

useful ,n the case v, hcrc a paruclc  decays into another  par t ,de  
v~htch subsequent ly  deca>s 

C 1 Survival  probabdtt.,, I r a  particle of  mass  3t  has mcan hfe r 
( -  I :T) (m ,Is rest frame) and has m o m e n t u m  (t-4~). then the pro- 
babfln3 that  ~t h~es for a u m e  t O or greater before decaying is gp.en 

by 
1o1":% tirol "t: ((" 4) 

P(t  O) = c - e 

and the probabi l i ty  that ~t t ravels  a dis tance ~ 0 or greater ~s 

- t t~ol , . . lpI  
t'(~ 0) = c ( (  5) 

C 2 Two-bod) decays 

/p•,m, 

P2,m2 

In the rest frame of  a parhcle  of  mass  ~,1. deca.~mg into 2 part,- 
d e s  labeled I and 2, 

'tt 2 - m ~  • ,nl- 
E~ = 2 ~  . . . .  

and 

1fi21 ( ( ' 6 )  

( m l - m 2 ) 2 )  [.%/2 

21/  

dl'- 1 I / f l - ~ d ~  - - - -3  
3 2 r -  M - 

where dg. = dq, ld (eosO I ) ,s the sohd angle o f  parhcle 

C 3 a Three-body deea)s 

{(-" 7) 

The state normal iza t ion  ~s such that  

( p ' l p )  = (2rr)3~3(15 - ~') ( B 2 )  

C. P A R T I C L E  D E C A Y S  

The p a m a l  deca~ rate of  a part icle of  mass  3!  into n bod,es  m its 
rest f rame ,s g iven in te rms  of  the [ .orentz invar lan t  mat r ix  ele- 

ment  # by 

dl" = (27r)4 ] # [ 2 d ~ b n  ( P ' P I "  "Pn )" (C l)  
2~1 

where d4,  n ts an e lement  of  n -body  phase space g,ven by 

n n d3pt  
= = ((" 2) 

d ~ n ( l ' . p  I, ,Pn ) f i4(P- t~_~lPS) tg- I  I (27r)32E t 

P,M ~ p~,m, 
= k , ~  P2'm2 

P3,m3 

D e f i . . n g  p , j  = ,,. + p , .  - ' 4 "  t h e n  '" L" + - 

.~12 ~ " r  " , , i  ~ + , ,  .~ a n d  , ,  i'_ - I P  - p .~I "~ 

M 2 - m ~ 2MI:, 3 The relat lve o n e n t a h o n  of  the three final=state 

particles is fixed ff thmr energms are known Thelr  m o m e n t a  can 
therefore be specified by g lvmg three Euler angles (t~,d,7) whlch 
specify the or ien ta l ,on  of  the final system relatp,'e to the m m a l  par- 
ucle Then 
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dl"  1 1 I #'12 d E l d E " 3 d ~ r d c o s f l d  3, 
(2r)5 16M ~ (C 8) 

Alternauvely 

d r  I I I /(I 2 115~'I 11531dm12d(.lld£ 3 (C9) 
(27r) 5 16.1/2 

where (I 15/I ,QI*) is the m o m e n t u m  of parhcle I m the rest frame 
of  1 and 2, and £3 is the angle of  parhcle 3 m the rest frame of  the 
decaying parucle I fiTI and I fi31 are given b', 

2m 12 
and (C I0) 

[ [ M 2 - ( . , n 1 2 + , , n 3 ) 2 )  [ M 2 - ( m 1 2 - m 3 ) 2 ) ]  1/2 

231 
1fi31 = 

[Compare with Eq (C 6) ] 
Integrating over  the angles m Eq (C 8) (this is only possible tf 

the decaying particle is a scalar or we average over ~ts spin states. 
otherwise / (depends  on (r. d. and "))gives 

dl" 1 l I / f l 2 d E  I dE- ,  
(2~.)3 8M 

t I I / / I  2 dm ~, d,.-~ (c" l I) 
(2~r) 3 32M 3 - _. 

Thls ts the standard form for the Dahtz plot 
"3 

C 3.1) l)ahtz plot l f m  i'2 is fixed then the range o f  m ?3 is deter- 
mined by its values when 151 is parallel or anttparallel to 153 

A nonumformt ty  m the plot gtves tmmedlate reformation on 
I /(I 2 For example, m the case of  D --,. KTrr. bands appcar when 
m ( K , O  = inK. .  reflecting the appearance of the decay cham 

D --* K * Tr .-~ K ~r Tr 

C 4 Kinemattc hmtts In a three-body decay the max imum of  
11531, Eq (C 10), is achieved when m 12 = ]]11 + m2. i e .  particles 
I and 2 have the same vector velocity m the rest frame o f lhe  
decaying parhcle If, m addmon,  m 3 > m  i , m 2 ,  then 11531 max > 
I 1511 max, I 1521 ma × 

C.5 Multibody decays The above results may be generahzed to 
final states containing any number  of particles by combining some 
of  the parhcles into "'effective particles" and treating the final states 
as 2 or 3 "effectp.'e particle'" states Thus, if 

Put, = Pt - P) " Pk * , then 

m u k  = ~ l l J k  

and m t ~ may be used m place of  e g ,  m 12 m the relahons m 
Sec C ] a  or C 3  b above 

D. CROSS SECTIONS 

The fo]lowmg conversmns are usefu] hc  - ]97 3 MeV fermL 
(he)  2 = 0 3 8 9 4 ( G e V )  2 mb 

(m ~3 )max = 
. 2 

' / ' ;  "* ~ [ ~ / / / 1 : ' ; 2  ~ " / I ' * ~  _ , n 3  1 * I ; 3  )" - m i  V : 3 -  • 

( t . q  / ~  ) m l n  = 

_,, 2 ,/; ,] ( / ' ~  -~ I ~ ) -  r '; 2 ' "  r - ~ - 

, ,here l -~ -(~.12 ,n~2 ,,, ] ) / (2ml2)  and l: r 
"3 -) -) .~ 

(,'n 12 - .'n I" - roT_ )/(2.,n i-I)_ The scatter plot m m i.3_ and m i-3 has 
unlfbrm phase space denslt', {see Eq ((" II1] and is called a Dahtz 
plot 

(M-m2)2 (mla3)max 

E 

(m,+m3)2 
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(m,+mz)2 (M-ma)  2 

m, 2 

pl,ml p ',m / 1/ 1,, 
P2 ,m2 

P2,m 2 ..a, ~ pn / ,mn /  

The dtfferentml cross sechon ts given b.,, 

d a  - (27r)4 ] I l l 2  

4 (PIP2)2- m~m 

x dcl) n (Pl " 112 P3 "% " 2) (D l ) 

[See Eq ( ( ' 2 ) ]  In the rest f rameofm2( lab)  

v l ( p  I p.,)2 _ -, ~ 
. o1"~]n~ = m 2 P l l a b ,  

while m the center-of-mass frame 

( P l P 2 ) 2 -  mi';~'12 =Plcrn Vs 

O.I Two-body reactions 

Two parhcles of  momenta  P l and P2 and masses m 1 and m 2 

scatter to parttcles of  momenta  P3 and P4 and masses m 3 and m 4, 
the Lorentz mv an an t  Mandelstam variables are defined by 



9 2  

s = LOl + p 2  )2 = ( P 3 + P 4 ) 2  

-) 

= m [  +2k . ' 1 l : ' 2 - -2~1  ~2 + n l ~  , 

t = (I;I - P 3  )2 = ( P 2 - / 7 4 ) 2  

= m ?  - 2 E l / - 3 + 2 O l 1 5 3 + m  3 . 

It = ( P l  P4 )2 = ( I ) 2 - P 3  )2 

= m [ - 21:'11:" 4 * 2~) 1 P4 + ° l . i  

a n d  the)'  sat isfy 

+ t - t  u = m r  - m ;  - m s  ~ m~, 

The t w o - b o d )  cross  sect ion m a }  be wr i t ten  as 

d o  l 1 I /112 
dt 6 4 r ~  I f i lc rn l  2 

In the cen t e r -o f -mass  f r ame  

t = (E Icm - /" 3cm )" - (P Icm - P3cm )" 

KINEMATICS (Cont'd) 

( D 2 )  

• 4P l cmP3cm sin2 (//cm."-") 

( D 3 )  

= t o - 4p  ^ _ p ~ . _ s m ' ( O ~ _ , / ~ )  I k u l  . ~ C m  k m  - 

~,here 0cm ~s the angle  be tween  pa ruc l e  I a n d  3 

{ ] m r  . 1 5  - m ~  . . l i  
l 0 . . . .  ~ 

I 2 Vs 

-[ 2 _  I : '- 
S" ~ m [" - -  t ) t g  .) 

2 \ 7 , l  r 

( D 4 )  

[{ } ] ,  - • m ~  ( [ ) 5 )  
2 ,,7 

Note  tha t  t 0 (t 1 ) is the largest  (smal les t )  ~alue o f t  for 2 ~ 2 
sca t te r ing  processes  a n d  tha t  t 1 is alwa.~s nega t ive  In the h t e ra tu re  
the n o t a t m n  t ram ( tma x) for  t 0 (t 1) ~s s o m e n m e s  used Th~s usage 
shou ld  be d i s c o u r a g e d  since t 0 > t I The  cen t e r -o f -mass  energms 
a n d  m o m e n t a  o f  the i n c o m i n g  p a m c l e s  are  

s ÷ m  j- • m ~ "  ( 1 )  6 )  

E Icm = 2 \."~- 

P l c m  2 x,~'- 

P Ilabnl2 (D 7) = _ _ _  

Vs 

Here  the subsc r ip t  lab refers to the f r ame  where  pa ruc l c  2 )s at  rest 
[Fo r  o the r  r e l a n o n s  see Eqs ( A 2 - A 4 )  ] 

D.2 Inclusive reac t ions  ( ' b o o s t  some  dJ rec tmn  (usual l )  the beam 
d i rec t ion)  for  the ..--axis, then the energy  a n d  m o m e n t u m  o f a  p a r h -  
cle can  be wr i t ten  as 

l:" = t n  1 c o s h  ~ P z  - l i t  s l n h  I .  p ~  /)~ 

where  m is the t r ansverse  mass  

m -  = m 2  ' P~-  " PL- 

a n d  the rapldlt}, I is def ined  b.~ 

l , ,  [ I l l ' P c  
i '  7 i " /;- 

L , i  1 -- 

U n d e r  a boost  in the z -d~recnon to a f rame  v, lth ~elocit} d, 
~ ~ - l anh  I;3 Hence  the raptd l t )  d i s t r ibu t ion  d. \  ~'dr is 

i nva r l an l  Also 

k c~3~- . . . .  d 3 a  • 

d 3 p  dv  d 2 p  1 

If  the par t ic le  has angle  0 to the : - ax i s .  then the pseudorap~dJt} 

;7 = - , '~  [ t a n h ( 0 / 2 ) ]  (D 9) 

Since t = rt when  E : -:-. m ,  ~ can  be used as an  a p p r o x t m a n o n  
tor  I when  the m o m e n t u m  or  mass  o f a  para~clc ts not well knov, n 

F e y n m a n ' s  ~ xa rmble  Js g ~ e n  h.~ 

P z  
V - . . . . .  

D:  m a x  

i n  t h e  cen te r -o f -mass  f r ame  

-/~ )_- cm 2 o l  s l n h  i cm 
~ ~ - (I) I0) 

\ ~ \.~ 

For  I cm such [hal  e - 2 1 c m  < <" 1 

I) l  I C m  
A ~ - -  " U 

k,s 

a n d  

() cm)ma× ~ ( n  ~ 

D.3 Pa r tml  ,~aves The  a m p h t u d e  m the cen te r  o f  mass  for elastic 
sca t te r ing  o f  spmless  par t ic les  m a y  be wr i t ten  in a p a r n a l - w a ~ e  
e x p a n s i o n  in l e g e n d r e  pol .vnommls 

1 ~ ( 2 1 + l i a  t ( ( o s  O) , [ ( / ,  O) = ~- t '¢ ( I )  11) 
t 

',,,here ,q ~s the c m m o m e n t u m .  O is the c m sca t te r ing  angle,  a¢ = 

2, 6¢. 
(rl,,e I).,'2t. 0 ~- ~7~ ~.: I a n d  fi, )s the phase  shift o f  the / th  

par t ia l  wave  For  purely elastic scat ter ing.  7// = I The  dlfl 'crenl)al 

cross  sect ion Is 

d a  _ i t . t l , .O)12 

] h e  opt ica l  t heo rem states  that  

4rr 
crto I - ~ -  lm l { ~ . O ) .  (D 12) 

a n d  the c ross  s e c n o n  m the ¢ lh par tml  wave  is therefore  b o u n d e d  
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KINEMATICS (Cont'd) 

4 r  12 4 r ( 2 (  , I) 
a¢ = ~ .  (2,," - I) l a (  -<- k2 (D 13) 

The  p a r h a l - w a v e  a m p h t u d e  a(  can  be d i sp layed  m an A r g a n d  plot 

where  E is the c m energy Th~s gp,es  a c*rcle in the Argand  plot 

'~nth cen te r  txe l /2  a n d  r a d m s  Xel/'2. where  the e lasuc] ty  ~cl = 

l 'el /Fto t The  a m p h t u d e  has a pole at  t :  = E R -. t I ' tot /2 

Im A 

-1/2 0 1/2 
Re A 

Im A 
I 

1,  @ 
Re A 

The  usual  Loren tz  t n v a r m m  ma t r t x  c l emen t  /f (see Sec B 
above) for the elastic process is related to f(~ ,0) by 

# = - 8 r rV~  f(t,.O). 
SO 

I 
Im I¢(t =0) (D 14) 

°tot  2/, k." .~ 

where  ~ a n d  t are  the cen te r -o f -mass  energy squa red  a n d  m o m e n -  
t u m  t rans fe r  squa red ,  respecttvely (see Scc D 1 ) 

D.3 a Resonances  The  Brett-W~gner fo rm for a( with a r e sonance  

at c m energy E R, elasttc wid th  l'el. a n d  total  wid th  l ' to t is 

I 
~- rcl 

a /  -- , (D 15) 
I 

E R E - "7 l 'tot 

The  Brel t -Wlgner  cross sect ion for a spm-J resonance  produced 
m the colhsion of  parhcles of  spin S 1 and S ~ is 

CrBH (/:.) = (2J  + I) rr B,nBoutl'f'ot 

( 2 S 1 - 1 X 2 S  2 ~ 1) /2  (E -I:R)2-1"(ot /4 

w h e r e / ,  Js the c m m o m e n t u m .  E is the c m energy a n d  B m and  
Bou t are  the b r a n c h i n g  f r ac tmns  o f  the r e sonance  into the en t r ance  
a n d  exn  channe l s  The  2S -- I factors  are the m u h ~ p h c m e s  o f  the 
inc ident  spin  states,  so the )  are replaced by 2 for pho tons ,  ctc 
Th i s  cxp re s smn  ts ~ahd  o n h  for a pa ruc l e  o f  n a r r o w  w~dth If the 
v, tdth ~s not  small ,  l 'to t c a n n o t  be t reated as a c o n s t a n t  i ndependen t  
o f  E There  a rc  many  o ther  fo rms  for aBl t all o f  whtch, arc  
equ iva len t  to the one g ~ e n  here m the narro~.-w~dth case Some  o f  
these t o r m s  ma~ be more  a p p r o p r i a t e  f f t h e  r e sonance  is b r o a d  

A. 1 , E P T O P R O D U C l l O N  

P , M  

CROSS-SECTION FORMULAE FOR SPECIFIC PROCESSES 

Q2 = _q2 = 2(I-E' - k--k') m¢-" m Z,' ',,,here m , ( m 4 . )  is the im- 
tm~(final)  lepton mass  If 1-1: ' s i n -  (0.,'2)>>. 
m 7 .  m [ .  then 

4EE'sm2(O/2), where  0 ~s the lep ton ' s  sca t ter ing  angle m the 

lab 

q = k - k '  is the f o u r - m o m e n t u m  t rans fe r red  to the target  

I n'-,'arlan t quan t i t i e s  

= ~ = E - E '  ~s the lep ton ' s  energy loss m the lab (m ea rhe r  p 
i /  

h te ra tu re  s o m c u m e s  v = q I ' )  Here,  t( a n d  
t:" are the tmt ta l  a n d  final lep ton  energtes  m 
the lab" 

__~2 
. . (  = _ _  

2 ~1. 

q P 
k P  

In the p a t t o n  model .  Y ~s the f rac t ton  o f  the target  
nuc leon ' s  m o m e n t u m  t a m e d  by the s t ruck 
q u a r k  Sec sect ton on  Q C D  

= v is the f rac tmn of  the lep ton ' s  energy lost m the lab 
k 

H "2 = ( / ' + q ) 2  112 2 M y - Q 2  - ~ ~s the mass  squared  o f  the sys- 

t em r e c o d m g  agains t  the lepton 

= .Q2 
S - (/~ • p ) 2  + ~,12 

. ' fV 

A I L e p t o p r o d u c t ~ o n  c r o s s  s e e t s o n s  

- d 2 y -  = ,,(s ~,/2) d~,r 2rr ~1,, d2rr 
d.v dt dudQ2 I'." d(21abdL'" 

= v(s - II 2) d2a 
dx dO 2 
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C R O S S - S E C T I O N  

A.2 Electroproductton structure functions The neu t ra l - cu r ren t  p ro -  
cess, eN --.. eX. ~s panI~, conserving at low Q -  and can be written 
m lerms of  two structure funcnons I-INC( ~ ,Q 2) and /:.NC( x ,Q 2) 

d2a 4 r r a - ( s -  M - )  [ 
dx  d~ ~ = Q)/ -- I -- ( l -- ' ) t" " ~ C 

F O R M U L A E  FOR SPECIF IC  PROCESSES (Cont'd) 

_ -~.  • . 2 "~ 1:3 . X [ l u ( ~ , Q  )+ /~(.~.Q') 

. 1.2,k'NC M 2 x;I..NC] 
( s -  I 1 2 )  " 

T h e  charged-current processes, e - A  --,. vX. ,..V-,. e X .  and 
7V --.. e* X. are partly vmlalmg and can be whi ten  m terms of  
three structure funcuons  FCC(.v.Q2). F2CC(v.Q2). and 
I.-CC(,: ,02) 

d2,~ G~(s - m 2) m~ .  
(A2  I) 

dx  dv 2rr (Q2 + ltii I ' )2 

'~ ~ 2 F [ C l ' f f 2 , - ; .  ~ ( " ( ' I f f  ) ' / ' ' ~ C  X I - -1 '  - - -  ' -  " " "  - 
(s - .*.I 2 )  - - " 

A.3 The Q C D  parton model In lhe Q C D  parlon model, the slruc- 
lure funclmns defined above can be expressed m lerms of  pat ton 
d t s m b u t m n  funclmns The quanuty  f~(.v,Q2)d.v ~s the probablhly 
thai a parton o f lype  t (quark antlquark, or gluon), carrms a 
m o m e n t u m  fraclmn belween v and x ,- dv o f l h e  nucleon's 
m o m e n l u m  in a frame where the nucleon's  m o m e n t u m  ~s large 
For the cross secllon corresponding to the neutral-current pro¢'es's 

• 9 ep -*-eA, we have for s > >  'if- (m the case where the incoming 
electron ~s mlher left- (L) or right- (R) handed) 

.2° , ] 
dX" dv SX2|.2 ~a(Xfq(v,Q-) - Vfq(~ ,Q2) 

q 

X [ A q  + ( 1 - r ) 2 B q ]  

Here t h e m d e x q  refers to a quark f l a v o r ( , e ,  u . d .  ~ ( t ) . o r t ) .  
and 

.4q = -qq - g L q g L c  "~ - - ~  - -qq - g R q g R c  %1 ~ 

Q-, u 2 

eq = - qq * gRqg'l'e t t -  - qq gLq'~Re I[ -  

Here qq ts the charge of  flavor q For a left-handed electron, gRe = 

0 and gLe = ( -  I /2  - sin201,1 )/(smOla.COSOl4 ), while for a nghl-  

handed one. gLe = 0 and gRe = ( s i n20 , ) / ( smOwe°sO~l  ) For the 

quarks, gLq = (T3 - qqSm201! )/(sin014 c°s0~l )" and gRq = 
( -  qqSm':Og)/(SmOl, rCOSOIi ) 

For neutral--currenl neutrino (antmeutrmo) scattering, the same 
formula apphes with gLe replaced by ,,4Lv - I / ( 2 sm0n  cos0~t ) 

(gL7 = 0) and gRe replaced by gRv " 0 [gR7 = 
- l / (2s,n0 w c o s 0 w )  ] 

In the case of  the charRed-current processes eLP -.,. vX and 
7p ---,.e+X. Eq (A 2 I) apphes wllh 

F 2 = 2x / "  I = 2.r E fu  ( . r .Q2)  - f c (x .Q2)  

+ f t (x .Q2)  -.fd~ x .Q2) + fs_(x ,Q2) ~_ .fh~ v . Q 2 ) ] ,  

+ l t (x .Q2)  fd_(,.Q2)_ t~x .Q2)  /.i,~x (.)2)] 

For  the process ep --.. e X 

/-~ = 2v/.  I = 2 ~ [ / d ( V , Q 2 )  - f~(~..Q2) 

l't,(x..Q2). 1.i7(v.(..22 ) . l c ( \ .  Q 2 ) +  l.t_i~.O2)] 

. • "~ 
I'" 3 = 2x I d ( . X . Q - )  + fl,(Y,~2") 

÷ 1 ) , ( ~  ( ~ 2 ) _ .  f f l i ( X , ( ) 2  ) _ 1 ( ~ . ( , ~ 2 )  1)~\,(22)] 

B.  e * e -  A N N I I I I L A T I O N  

For pomlhke spin- l /2  fermlons m lhe c m ,  the differential 
cross seclton ['or (' + e -  --~ /" T via single pholon anmhflalmn Is 

. . . .  do ( 2 __-. ~ , .~1- I , 
fl-(-3.~ -d) I +  cos-O + (I d - ) s , n - (  .j O f .  

d¢2 4s l 

where d is the ~eloc~ly o f l h e  final state fermmn in the center of  
mass and Q!  ~s the charge o f t h e  fcrmmn m umts of  the proton 
charge For :d -.-,. 1. 

8 6  8 0 ~  nh 4a-a 2 
" = -37- Or- ~ .-'.~ 

s ( ( , e l  -) 

At  h igher  energms the Z 0 (mass ' i l  Z and w l d l h  I ' / )  mus l  be 
inc luded,  and the dk f ferentml  cross sect ion fo r  e " e ~ 17= 
becomes 

-j 
(31l ' : j ] )  I"" 

= L 0 , : [ ,  - c o : 0  + ( ,  - d2)s,n2 O] 
d~2 4s 2 

2OtX l { l ' l ' / [ I  + c o s 2 O - ( I  d2)s,n21)] 2ulflcos# } 

"~ ~ t "~ ~O + X 2  I f ( l  + I 2 )11 • cos-¢. ( ,  , ~ - ) s , n -  l 

+ - 1 2 ) i I  cos-0l - 8ill cos0  

X1 
I s ( s  ~I~). 

16sm '81 tc° s20H ( s - I / 2 ) -  + l ' 2 , t l  ~ 

l 3 2  

X2 2 5 6 s m 4 0 ,  c°s4Ol, I ('; t / Z )  2 + l ' ~ . t l ~  

I = - 1 +4sm28 !4  , 

af  = 2 T 3 f .  

Vf ~ 2 7 3 /  - 4Qfsm2Otl • . 

where the subscript f refers to the particular fermmn and 

7 3 = + I/2 for %. v u, v T, u, c, 1, 

T 3 = I/2 for c , ta-, r - ,  d , s .  h 
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CROSS-SECTION FORMULAE FOR SPECIFIC PROCESSES (Cont'd) 

C e+e  - T W O - P H O T O N  P R O C E S S  

In the equiva len t  photon  approximation, the cross section for 
e " e -  --,. e + e - X  is related to the cross sectmn for Y"r -'* X by 

I 
dae + e -  ~ e + e -  X (s ) = ~2~do.'.f (~o)da y ~ x (WS ) . 

",,,'here 

r/ ~ 2 r  L 4111, 2 

and  

/(") = ±E (2 +'°)2~'l±aJ w - 2 ( 1 - ~ ) ( 3 + w ) ]  

The factor r /a r i ses  from integrat ing over  the mass  squared of  the 
vir tual  photon  For the produc t ion  of  a resonance,  form factors 
suppress  con t r ibu t ions  from very vir tual  photons,  so in the stan- 
dard  formula  for product ion  of  a resonance of  mass  m R and spin 
J :~ 1, namely.  

a(e+e - . ~ e ' e  R )  = rl 2~2J ¢ 4. I ) 8 ~ r 2 I ' ( R - - - - ~ 7 7 ) . I ( - - ) .  
Sm R S 

it would be bet ter  to use 

I-m  ] 
, 7 =  '~ ~ ' n / - -  , 

- L 4m,7 

where m l, is the mass  of  the vector  (p.~b. ) thai  enters  into the 
form factor 

D I N C L U S I V E  H A D R O N I C  R E A C T I O N S  

One-parhcle  reclusive cross sect ions E(d3a)/(d3p~ ) for the pro- 
duct lon  of  a part icle of  m o m e n t u m  Pt are conven ien t ly  expressed 
in terms of  rapid i ty  (see above)  and the m o m e n t u m  p ± t ransverse  
to the beam d~rectlon (defined in the center-of-mass frame) 

d3a E d 3 a  

dvd2p ~ " d3p 

In the case of  processes where p ± is large or the mass of  the pro- 
duced part icle is large (here large means  greater  than 10 GcV), the 
par ton model  can be used to calculate  the rate Symbol ical ly  

%adron,c = z f f ,  (t I" O2)fy(v2" Q2)d 'c  idv2o'parton,c . 
U 

w h e r e / / ( x . Q  2) is the par lon d is t r ibu t ion  in t roduced  above and Q 
~s a typical  m o m e n t u m  transfer in the par'tonic process and D is the 
par tonic  cross section Two examples  will help to c l a r l ~  The pro- 
duct ion  of  a I4"* in pp react ions at rapidi ty  t' in the center-of-mass 
f rame is given by 

de  Gl"r \i~- 

dv 3 

E { , ' ' '  } x r cos28 c U(Xl... I f f )d( .v  2, 4.t h )+ u(v- , .Ml~ )d(.V l, ) , / l]  ) 

{ '}1 sin-0.' u(v,. .~r~ V(.v 2, ~¢~ )+ .~(,,..~s ~ )~(, ,. ~1 a ) 

where x I = V ' r e  I', .~.'~ = V/ re  - l ' ,  and  r = i l l~/ .~ Similar ly the 

product ion  of  a jet  in pp {or p~-) colhs ions  is gp,'en by 

d3. ).qc,.>p2 I 
d2p ± d r  tj 

× f,,~d~" ] d x l d X 2 , ( . ; ; + [ ÷ r S ) ,  ( D I )  
L d/' ,j 

where the s u m m a t i o n  is over  quarks, gluons, and an t tquarks  Here 

s = (17 I * p 2 )  2 ,  

t = (/71 - P j e i  )2" 

u = (P2 Pjei ) ' '  

P I and P2 are the momen ta  of  the incoming  p and p (or ~-) and .'~. 
/'. and ~ are s ,  t.  and u with l)l --.PxiP I and p~--.~.vgp.~ The par- 
tonic cross section g[(da)/(di)]  can be found in R e f ' l  - E x a m p l e  
for the process gg ~ qq, 

.~da = 3 2([ 2-172 )  f 4 1 ] 

dt " %  8.~ L 9h7 .~2 

The predict ion of  Eq (D 1) is compared  to data  from the UA1 and 
UA2 col labora t ions  in a figure labeled "'Jet Product ion in pp and 
~-p Interact ions"  in the Plots of  Cross Sections and Related Quant t -  
l ies section 

E. O N E - P A R T I C L E  I N C L U S I V E  D I S T R I B U T I O N S  

In order  to describe one-part icle inclusive product ion in ( ' + ( ' -  
ann ih i la t ion  or deep melast ic  scatterlnga, it is convenien t  to intro- 
duce a f ragmentat ion function Dh(z Q - ) / z  which is the probabi l i ty  
that  a par lon of  t',,pe t and m o m e n t u m  p will fragment into a 

2 '  
hadron of  type h and m o m e n t u m  zp The Q-  evolut ,on  is 
predicted by Q C D  and is s imi lar  to that of  the parlon d is t r ibut ion  
funct ions (sec section on Q u a n t u m  C h r o m o d ) n a m l c s )  The 
Din(z." Q2) arc normal ized  so that 

o/'(:, o 2 1 , t :  = 
h 

If the cont r ibu t ions  of  the Z boson and three-jet events  are 
neglected, the cross section for producing a hadron h m e ' e 
ann ih i la t ion  is given by 

' h "~ ~e,-D~ (:. O-) 
I d o  t 

%ad d :  ~ e l 2  

I 

where e t is the charge o fqua rk - typc  t. aha d is the total  hadronic  
cross section, and the m o m e n t u m  of  the hadron is : /£cm/2  

In the case of  deep inelastic muon  scattering, the cross section 
for producing a hadron of  energy 1- h is given b.v 

~e l2q l ( v .  " h Q ' ) I ) ,  ( - .  Q2) 

I d a  I 

alot d :  ~ct2q, ( .x .  Q2) 
t 

where E h = vz (For the k inemat ics  of  deep inelast ic scattering, see 
section D 2 of  the Kinemat ics  section of  this Review ) The flag- 
men ta t ion  funct ions for light and hea`*,y quarks  have a different _- 
dependence,  the former peak near z = 0 They are i l lustrated m a 
figure in the section on Plots of  Cross Sections and Related Quant i -  
ties 

G F Owens.  F Reya, and M Gluck. Phys Re', DI8.  1501 
(1978) 
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A T H E  Q C D  L A G R A N G I A N  

Q u a n t u m  ( ' h r o m o d y n a m l c s  (QCD). the gauge field theoD 
whnch describes the unterachons o f  colored quarks and gluons, ~s 
one o f  the components o f  the S [ ; (3 )×S[ ; (2 )×U(1)  Standard Model  
The Lagranguan ~s (up to gauge-fixing terms) 

LQCD = _ l  t.'(a)l.'(a)tav + t~wtt.~lalD ~ ~t l 4 tat, ~"~'q" " l a ' t J r q  
q 

QUANTUM CHROMODYNAMICS* 

[ 1 ] "~ .) ' 

(33 - _!1/)- ¢n(p2/'A 2) 

The next term un thus expansuon us 

o~-[~,,(u',,'.t-)] 
0 3 "~ " 

(n(~", . 'A-)  

- ~_~mqV, qV, qt , 
q 

F (a) = a .4 a "V'lau -g~fat,c Ih Ic 

~ a  

• 3 ' ~  ' /  .I a ( A  I ) (Du) q = 6qo u - t , e s ~  2 "-~ " 

where g.~ ~s the QCD coupling constant and the tabc are the struc- 
ture constants o f  the SU(3) algebra (the X matruces and ~ alues for 
fahc can be found nn "'Sit(3) lsoscalar Factors and Representatuon 
Matruces") The ~/,q(.~ ) are the 4-component Durac spmors assocn- 
ated wnth each quark field o f  color t and f lavor q and the . la(~ ) 
are the (8) Yang-Mdls (gluon) fields A complete list o f  the ~e,.n- 
man rules which derive from thts Lagrangmn, together wuth some 
useful color-algebra ndent~tues can be found un Ref  I 

The prmop le  o f "asympto t i c  f reedom" (see below) determines 
that the renormahzed QCD coupling is small only at high energies, 
and tt ts only nn this domain that hugh-preos~on tests s~mular to 
those m QED can be performed using perturbauon theor} 
Nonetheless. there has m recent years been much progress m 
understanding and quant ]~mg the predtct~ons o f Q C D  nn the non- 
perturbauve domaun, for example m soft hadromc processes and on 
the lattuce 2 Th~s short revnew will concentrate on QCI )  at short 
dnstances (large momentum transfers), where pcrturbatuon theory us 
the standard tool 

B. T H E  Q C D  C O L ' P H N G  A N D  RI ' ;NOR.MAI . IZATION 
S C H E M E  

The renormal ,za t ,on  scale dependence  of  the effecuve Q ( ' D  
couphng  ¢~ = g~2/4~ ns controled b', the fl-funcluon 

"% %,q _ , , 3  
P ;~p 2~r 8~r 2 

flO = 11 - 3 n /  , 

f l l  = 102-  38n.i (B I) 

and nf  ns the number o f  quarks v.'uth mass less than the energ) 
scale u In solving th~s dufferenual equatuon for % ,  a cons tant  of  
mtegratuon us untroduccd Thus constant  us the one fundamenta l  
cons tant  o f Q C D  whuch must  be de t e rmined  from exper iment  The 
mos t  senmble choice for thus constant  ns the value o f ~  at a fixed 
reference scale u 0 but  ut us more  convenuona l  to untroduce the 
dnmens~onal pa ramete r  A The de f imtmn  of  't us arb~traD One 
way to define ii (adopted here) us to v.rute a so[uuon o f E q  (B 1) as 
an expanmon m reverse powers of  (n(/a 2) 

12~r 
~. (~ )  = ~ "~ ~ × 

(33 _~ t-Vn(u' . ."~-) 

(B 2) 

Th~s solutuon illustrates the a~vmptotl( /keedom prolx'r t}  ~t~ --,. 0 as 
/a --* zc Ahernatn~e defimtnons of.% are possnble For example, the 
solutnon o f  Eq (B I) v.uth the f l - funchon truncated at the second 
order 

l [ hl~', ] t,o,n~, 
. . . .  (,., h l ' " t ~ J  

flo f l  l 
h 0 = - -  . . . . .  (B 3) 

2 r  b l - 4 r d  0 

can be used 3 For a guven value o l ' r ~ ( p  - 5 GeV) one finds that 
[X[Eq (B 2)] - X[Eq (B 3)], ,,arues b} 5 to 22 MeV as A goes 
from 120 to 350 McV. v.'hfle fi)r % ( ~  = 30 GeV) ut ,,aries b} 3 to 
11 MeV over  the same x_ range 

In the above  d~scusmon we have ugnored quark-mass  effects u c 
v.e ha~e assumed  an ndealnzed s i tuat ion ~ h e r e  quarks  of  mass  
greater than u are neglected complete ly  In thus picture, the d- 
funcuon coeffichents change by d~screle amoun t s  as flavor thres- 
holds arc crossed ',','hen integrat ing the dafferenual equauon  for (t~ 
It follows that. for a re lauonsMp such as Eq (B 2) to remain  ,.Mud 
for all ,.alues o f u  '~ must  also change duscretel} through flavor 
thresholds  ThLs leads to the concept  of  a dnfferenl A for each range 
o f p  cgr rqspondmg to an efl;~ctLve number  of  massless quarks  
A --*. A ~n'J This  us the s tandard convent ion  It fo[lov.s that ',,,'hen 
compar ing  measured  A values, account  must  be taken of  the effec- 
uve  number  of  quark  flavors un each ex, peDment  In practuce nt ~s 
s t ra ightforward to relate the dufferent .1tn~j using the aho' ,e  expres- 
s ions For example,  one finds 4 (the m c a m n g  of ~ will be 
explained belov. ) 

~'~s ~ts nZT~- ~n u~-13-f 
t AsTts L ~'~-s 

(41 131 I "  ~tS 
x ' R s ~  ~'MS] gn (3i (B4)  

Note that these dufferences are numencal l ; ,  ,,er', s~gnuficant, lbr 
t ~ h  

e , a m p , e .  , f  : 2OO MeV. the correspondung 293 U e V  
- . (,~ 

Most data  from PEP/PETR A quote  a ", alue o[ 3.~-ts We have con- 
141 

verted it to %.~s as reqwred 
All this  confusnon could be avoided  by ignoring A ahogether.  

but old habLts dLc hard The confusLon can be mnnumuzed by 
(4) 

a d o p t m g . l ~ d e f i n e d t h r o u g h  Eq (B 2) as the s tandard Thusns 
done  for all values of  A quoted m thus summar ' ,  In a gnven experu- 
men! where 1 5 G e V - : p < 5 G e V .  A (4) l s o b t a m e d  from Eq (B2)  
vvuth n! = 4 For 5 G e V < u ' < m ,  GeV ( m t  is the top-quark mass). 
'x(5) Lsobtamed from Eq (B2)  v. 'uthn/ = 5 Eq (B4)  u s t h e n u s e d  
to conver t  to k (4) 

We turn nov.' to a duscussuon o f  renormahzatlon-scheme depen- 
dence un QCD Although necessarily rather techmcal, thus dlscus- 
snon Ls vLtal to understanding how A values can be measured and 
compared See the revnev, by Duke and Roberts 5 for further 
details 
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QUANTUM CHROMODYNAMICS (Cont'd) 

Constder  a " ' typical" Q ( D  cross secuon whmh. when calculated 
perturbatp,  ely, starts at 0 ( %  } 

rr = "t I% + .I 2~Q - (B 5) 

The coefficments .-I I 1 2 come from calcula t ing the appropr ia te  
Fe.~nman dmgrams  In performing such ca lcu la lmns  var ious  d~+cr- 
gences arise and these must  be regulalcd m a consis tent  ~a.~ Th~s 
rcqmres a parucular  r cno rmahza tmn  scheme (RS) The most  com- 
monly  used one ts the modtf ied m i n i m a l  subt racuon (~IS) 
scheme 6 Th+s ln,,¢)lves con t inu ing  m o m e n t u m  integrals from 4 to 
4 -2~ d tmens tons  and then subtract ing off  the ~esuhmg I .."+ poles 
and a l s o ( ( n 4 r r  ~'t: )' whtch +s a n ° t h c r  artifact ° f c ° n t m u m g  the 
d~mcnsmn ( t lere  Yt: ~s the Euler -Maschcrom constant  ) To 
preserve the d~mcnmonless nature of  the couphng,  a mass  scale u 
must  also be in t roduced ,~,, ~ ,u+g The fimte c o e ~ c t e n l s  I t thus 
obta ined depend ~mphc~tl,, on the r cno rmahza tmn  conxcn tmn  uscd 
and exphc~tly on the scale 

The first two coeffictcnts (do.all} m Eq (B I ) a r e  mdependen t  of  
the chmce of RS's In contrast ,  the coefficmnts of  te rms propor- 
uona l  to a (  + for n > 3 are  RS-dependent  .Although the ~alue of  +,. 
def ined as abo~e does depend on the convcnt ton .  ~t ~s strmghtlbr+ 
ward to relate the different A's corres._p0ndmg to d~ffercnt Rg's  It 
has become convent tona l  to use the MS scheme lot  ca lcu la tmg 
QCI)  cross sccuons  bc.~ond leading order  

The fundamenta l  theorem of  RS dependence  ~s stra~ghtfor'+ard 
Physical q u a n t m e s  m parucu la r  the cross sectmn, calculated to all 
orders  m per turbat ton theor.,, do not depend on the RS h follows 
that a t runcated scncs  doe~ exhibi t  RS dependence  In pracuce all 
Q C D  cross scct ,ons are known rather to leading or to next-to- 
leading order, and  t t t s  only the latter, v,h~ch has reduced RS 
dependence  that are useful for prcc~ston tests At second order  the 
RS dependence  ~s comple te ly  g~+en b.~ one c o n d m o n  v,h~ch can be 
taken to be the value of  the r cno rmahza tmn  scale +u One therefore 
has to address  the qucsuon  of  what is the "bes t"  chmce for # 
There ts no def imte  ansv,er to th~s ques tmn h~gher order  correc- 
hons  do not " f ix"  the scale rather  the'. render the theoretical  pred- 
ict ions less senSltl,,e to its variat ion 

There has been much  d~scussmn as to ,*hat const t tutes  the best 
chmce of  scheme One could ~magme that choosing a scale 
cha rac t ensuc  of  the typical energ.,, scale m the process would be 
most  appropr ia te  More sophls t tcated choices arc the scale for 
which the ncxt- to- leadm$-ordcr  correctmn vamshes  ("Fastest  
.Apparent ( 'onvergcnce '"  ]) or the scale for which the next-to- 
leading-order  predict ion ~s statmnar, .  - 

.An tmpor tan t  corollaP, ~s that ff the h~ghcr-order correc tmns arc 
natural ly  small ,  then the a d d m o n a l  uncc r t amues  in t roduced b~ the 
RS dependence  are hkel.~ to be less than the cxper tmenta l  measure-  
ment  errors There are some processes, hov, exer  for which the 
chotcc of  scheme <1 c the value of+a) can influence the extracted 
value of  X~-tg There ts no resolu tmn to th~s problem other than to 
try to calculate  even more terms in the per turba t ion  series + 

In the cases where the h~ghcr-order cor recuons  to a process are 
known and arc large, some cauuon  should  be exercised when quot-  
ing the value of{~, In what follows ,.ve ,xfll, where possible, md~- 
care the stze of  the correcuon and will assign a theoreucal  uncer- 
ta inty to ~s which corresponds  to the s~ze of  th~s h~gher-order 
correctmn We es t imate  th~s error  b.~ compar ing  the xaluc of{~. (,u) 
obta ined b', f i t t ing data using the Q C D  formula to h~ghest knov. n 
order  m ~r,. and then compar ing  ~t w~th the value obta ined using 
the next-to-h~ghest-ordcr formula  (# ts chosen as the t.'.p+cal energy 
scale m the process) The cor responding  Vs are then obta ined b', 
evol , ,mg as(/~) to ~u = 5GeV ustng Eq 4(B I) to the same order  m 
% as the fit and then conver t ing  to A { ) using Eq (B 4) 

C. Q C D  IN D E E P  I N E L A S T I C  S C A T T E R I N G  

The original  and sttll one of  the most  powerful quan t t t auve  tests 
of  pcr turba l lvc  Q C D  is the breaking of  Bjorken scahng m deep- 
melasuc  lepton-hadron scat termg In the leading-logari thm approx- 
imat ion  the measured  structure functmns l"~(x. (.)2) arc related to 
the quark  d l s t n b u t m n  functmns %(A Q2) according to the nap,e 
parton model  b3. the lb rmulac  an "Cross-Sectmn Formulae  for 
Specific Processes" (m that sectton, qt ~s denoted b.'. the nota tmn 
lq) In describing the v,a.v m which scahng is broken m QCI) .  3t is 
convemen t  to define nonsmglet  and stagier quark d~s tnbutmns  

i. ',.S = %  _ q: I 'S = ~ ( q t "  qt) ( ( ' I )  
I 

The nonsmglet  structure functmns ha' .e nonzero values of  fia~or 
quan tum numbers  such as ~sosptn or baDon  number  The varia- 
t ion ~.tth ,O 2 of  these ~s described by the so-called Altarelh-ParJs~ 
equa t t ons ' "  

Q2 "I"VS % ( I  Q 

#Q2 2~ 

Q" ~ (; - 27r 

- - - -  P q q  • I" 'V  ~" 

f pqq 2n t Pqg 

where • denotes a con~ olut lon integral 

I 

The leading-order -Mtarelh-Parlsl sph t tmg funct ions are 

4 f 1 " x2 ] . 2 8 ( I - , )  
l'qq - 3 I 1 ~ . 

' ( ' v 2 - ( I  • "~)2 1 l, qX = ~ 

pgq = -~ \ " 

I(" 2) 

(( '  3) 

.,,] 
n I 

- - - ~ <  - ~ )  ( ( ' 4 )  
3 

Here the gluon distr ibut ion G(v .  Q2) has been introduced and 
l / ( I  - ~)+ means 

1 I 

I 
'dv  f ( v )  _ . d v f ( x )  I ' ( I )  

~- - ,L  ~ --T-~;- 

The prectsmn of  contemporaD expertmenta[ data demands that 
higher order correctmns also be included 9 The abo~e results arc 
for massless quarks Algorithms eMst for the mclusmn of  nonzero 
quark masses l0 ,At low Q2 values there are also ~mportant 
"'higher-twist" contr ibutions of  the form 

t . + ( 1 t 1 + ) (  .~ , Q2) 
/. (~.(_)2) _ i . / l . l ) ( x  Q2)+  Q2 (C5) 

These corrections are numerical ly mlportant onl} for Q 2 < O (  10 
OeV 2) except for x ~e D c l o s e t o  I 
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A detailed revmw of the current status of the experimental data 
can be found, for example, m Ref I 1, and only a brief summary 
will be presented here From Eq (C 2). it Is clear that a nonsmglet 
structure functmn offers m prmctple the most prectse test of the 
theory since the Q2 evoluuon is independent of the unmeasured 
gluon distribution In practice, however, such a measurement 
involves forming dtfferences between cross secuons (e g,  1. 3 m 
neutrino scaUerlng) Untd recently this has meant that the most 
accurate measurements, revolving stagier-dominated structure func- 
uons such as/"2" have resulted m strongly correlated measurements 
of A~S and the gluon d~strtbuuon The most accurate data 
currently available are from the BCDMS collaborauon By uuhz- 
mg hlgh-staustLcs data at large x ( > 0 25) and large Q 2  the impact 
of the gluon dlstnbutmn on the evolutmn and hence on the meas- 
ured value of Afis is much reduced 

The result obtained is, 12 

~(4) 
"-~s = 230 _+ 20(star ) -r_ 60(sys ) MeV (C 6) 

which is consistent wtth earher measurements A s u m m a ~  of pub- 
hshed ,'t~s values from various experiments is displayed m Ftg l 

14)  .~ + . In Ftg 2 we have indicated the average value o f  . ' ~  (.38 _ 43 
MeV, statlst,cal and systematic uncertainty added m quadrature) 
from the deep-me]aside experiments shown m Ftg I 

0 

0 

0 

J ' , , , 

0 

0 

0 

0 

0 

1 1 , , j , , , , 

Deep-lnelastm Scattering 
BCDMS (# C) 
BCDMS (# Ha) 
EMC O, Fe) 
EMC (/~ H2) 
BEBC WA59 (v N e o n )  

CDHS (v Fe) 

CCFRR (v Fe) 

CHARM (v Marble) 

F27 
o PLUTO a 

o PLUTO b 

o TASSO 
o JADE 

o TPC a 
O TPC b 

I ~ a e r l l y - ~ a e r g l r  C o r r  

T~SSO (All) 
TASSO (Lund) 
CELLO (Lund) 
Mark It (Lund) 

O 

i i i I l i 
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A (4) 

0 

0 

0 

0 

Mark J (Planar Triple E Corr ) 

, , , I . . . .  I . . . .  

400 800 800 

(strong coupling In M-S scheme in MeV) 

. ( 4 )  
Fig 1 Values ol  A~-~ as determined by various experiments The 

12 48 49 results on deep inelastic scattering are from BCDMS, • EMC, 
50 51 52 53 BEBC, CDHS. CCFRR, and CHARM The photon struc- 

54 46 ture functmn results are from PLUTO and TPC, who quote 
two values of A arising from d~fferent assumpuons about the 
hadromc pan of the structure funcuon, and from TASSO 55 and 
JADE 56 The Energy-Energy correlation results are from TASSO, 37 

28 57 CELLO, and Mark 11 The Planar Triple Energy correlatmn 
result ~s due to MARK-J 58 

The impact on the measurement of % of the higher order 
corrections can lx esumated as tbllows BCDMS used the evolu- 
tion Eqs (C 2) to leading order m (ts" and defned ALO from 
%(Q2)=127r/ [ (33 2nfVn(Q2/ALO )1 They thenobtamedAko = 
215 McV Thin corresponds to %(5 GeV) = 0 240, whereas thetr 
next-to-leading-order fit corresponds to %(5 GeV) = 0 191 We 
have used this to esttmate the theoreucal uncertamt,y shown on 
Fig 2 

Typically. A ~s extracted from the data by paramelnzmg the par- 
ton dcnsmes m a s~mple analyuc way at some Q(~. evolving to 
htgher Q2 using the next-to-leading-order evolutton equauons, and 
fitting globally to the measured structure functmns to obtain -~-ffl~ 
Thus an ~mporlant by-product of such studms ~s the extractmn of 
parton densmes at a fixed reference value of Q~ These can then 
be evolved m Q2 and used as mput for phenomenologlcal studies 
m hadron-hadron colhsmns (see below) To avoid having to evolve 
from the starting Qt5 value each ume, a parton densny IS reqmred, 
~t ~s useful to have available a stmple analytic approx~matmn to the 
densmes vahd o,,er a range o f x  and Q" values Such parametnza- 
lions are avatlable m the hterature 13 

a~(Q= 5 GeV) 

01 0 2  0 3  

. . . . . . . .  I . . . . . . . . .  I 

O Deep-Inelastic 

O T decays 

- -  O F2 ~ 

. . . . . .  o R ( e * e - )  

O E-E Corr 

, , , [ . . . .  [ . . . .  I . . . .  

200 4O0 600 

A (4) ( in M~ s c h e m e  in MeV) 

800 

(4) 
Fig 2 Summary. of the values of A ~  from vanous processes The 
deep inelastic value is an average of those shown m Fig 1 The T 
result ~s from 22 an average of measurements 23-25 The two- 
photon value is the allowed range from the results of Fig l and 
takes into account the systematic error from the d~fferent models 
for the nonpenurbatlve component of the structure function The 
value from R is the average 29 of the compilation of Ref 28 The 
result for the energy-energy correlauons 40 ~s a range of allowed 
values and includes the systematic errors due to different fragmen- 
tation models The dashed hnes give our estimate ofthe possible 
uncertainty due to higher order QCD correctmns, see text For 
convemcnce, the top scale gives the value of ors(5 GeV) 

. (4) 
corresponding to the values or,X~s The verhcal dotted hnes indi- 
cate our allowed range and central value for .'t 
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D. Q C D  IN I I I G t l  E N E R G Y  t I A D R O N  C O L L I S I O N S  

There are many  ways in which per lurba t ive  Q ( ' D  can be tested 
in high energy hadron colhders  The most  precise of  these is the 
product ion  of  single l a rge - t r ansverse -momentum photons  The 
leading-order  Q ( ' D  subprocesses  are qq  --,. ~., and q g  --~ "rq Exph- 
CLt expressmns  for the cor responding  scalternng a m p h t u d e s  can be 
found, for example ,  in Ref  14 If the par ton dls l rnbunons are 
taken from other  processes and a value of  ~~s assumed,  then an 
absolute  pred~cuon is ob ta ined  ("onversely,  the data can be used 
to extract  nnformanon on quark  and gluon d~strnbutnons and the 
value of.'W~s Th~s is also one of  the few hard scat tering processes 
for which the next- to- leading-order  correct ions are known.I  5 and so 
a precision lest is possible m principle  In practice, however,  the 
residual  uncertannnes on the (most  accurate) exper imenta l  data and 
in the theoret ical  predict ion are on the order  of 20-30%, and this ~s 
sufficiently large to l imit  the accuracy of  an % measuremen t  
Never theless  a value for " ~ s  m the range 100-300 MeV gives very 
sal~sfactor,, agreement  with a wLde range of  data 16 

The product ion  of  hadrons  with large t ransverse  m o m e n t u m  nn 
hadron-hadron  colhsnons pro, . ldes a direct probe of  the scat tering 
of  quarks  and gluons  q q  --* q q .  qg  ---~ q g .  g g  ~ ~,~,,, etc The 
present generat ion o f p f i  colhders  provide  center-of-mass energies 
whLch are sufficiently hugh that these processes can be unambigu-  
ously ident if ied un two-jet p roduc lmn at large t ransverse momen-  
tum Corrected mclus~ve jet  cross sec lmns  can be dlrectl,, com- 
pared to the cor responding  par ton cross sections,  and the agree- 
ment  is umpressp.e As an example  the figure on "'Jet P roducuon  
in  p p  and p p  Inleraclmns '"  m "'Plots of  Cross Secnons and Related 
Quantmes ' "  shows the inclusive  jet  cross section at zero pseudora-  
pnd~ty as a function of  the jet  t ransverse  m o m e n t u m  for pfi colin- 
snorts The QCI)  predict ion combines  the par lon d~strnbutnons wHh 
the leading-order  2 -.. 2 pat ton scaue rmg ampl i tudes  Data are also 
avai lable  on the angular  dlstmbutnon of  jets. these are also m agree- 

17 menl  with Q ( ' D  expectatt<)ns 
QCI)  correct ions to DrelI-Yan type cross sect ions (~ e ,  the pro- 

ducl ion  in hadron colhsnons by quark-antnquark anmhl l a t lon  of  lep- 
ton parrs of  m v a n a n t  mass  Q from '.nrlual photons,  or of  real II 
or Z bosons)  are known 18 These 0 ( % 1  Q C D  correct ions are siz- 
able and approx~matel~ constant  over  the lepton-pa~r mass  range 
probed b.,. exper iments  Thus  

2,Ira!( 
~}°  t 1 -- + (D  1) (r [)  }. 

It is interest ing to note that  the cor responding  correctmn to tt 
and Z producnon ,  as measured  at p p  colhders  has essential ly the 
same theoret ical  form and is o f o r d e r  30% Total II and Z pro- 
ductnon cross sect ions soon will be measured  accurately enough to 
be sensmve  to such 30% effects and  can in pr inciple  offer a test of  
the theory The ke.~ ingred~em which ~s miss ing  at present ~s the 
comple te  O(¢Q) Q C D  correct ion which us potennal ly  impor tan t  nn 
vLew of  the large O(~  s ) term Q C D  effects are also observable  nn 
the p roduc tmn of  IV and Z bosons with large t ransverse  momen-  

19 turn There ~s good q u a h t a h v e  agreement  a l though the statist ics 
are ra ther  poor  at present 20 

E. Q C D  IN H E A V Y  Q U A R K O N I U M  DECAY 

t i n d e r  the a s sumpt ion  that the hadromc and leptonLc deca.~ 
wid ths  of  heav.', Q{~ resonances can be factorized into a nonper lur-  
bat ivc  part dependent  on the conf in ing  potent ia l  and a calcul- 
able perturbatnve part, the rat ios of  parltal  deca.~ ~udths al low 
measu remen t s  of  iv s at the heavy quark  mass  scale The most  pre- 
cise data  come  from the decay widths  of  the I - - J / ~  and T reso- 
nances Potent ial  model  dependences  cancel from the rat ios of  
deca} widths  Impor t an t  examples  of  such rat ios are 

1"(I " - - -gg ,~}  , I ' ( I  ----}g,g) (E 1) 
I'(1 --~p p ) 1'(I - -~ggg) 

The per turba t lve  correct ions to these ratios are rather  large 21 
They change the predict ions b.~ a thclor of  1 64 and 0 77 respec- 
l ive l )  in the case of T deca~ The correct ions m the j z~ case are 
much larger Rela tn~suc  correcuons  are unknown and could bc 
substant ia l  for the J : ' ~  case We will theretbre assign a 20% uncer- 
tannD, to the xalue of a obtanned from T deca',s 

A recent ana lys is - -  of  bot tomonnum deca,,-wLdth ratios from 
CUSB, CLEO, and A R G U S  23 2a 25 finds 

( ts(m h) - 0 179_+0 009 {E2) 

if  the theoreucal  uncer tamues  are ignored These uncertanntnes arc 
Lnd]cated in Fig 2 

F P E R T U R B A T I V F  Q C I )  IN e + e  - C O L L I S I O N S  

The total  cross section tbr e " e -  ~ hadrons  is obta ined b \  mul-  
t iplying the muon-pa i r  cross section b,., the factor R = 3 -q~;q" " - 

The higher order  Q C D  correct ions to this  quantlt ' ,  have been calcu- 
lated, and the results can be expressed m terms of the factor 

R = RI0} I ÷ - - ÷ ( 2  + ( 3  
71", 

(.~,lS _ ( ( 3 ) - ~  n! * ~  _ 

R (0) can be obta ined from the formula ['or dcUd~2 for  

e "e ..-*. t / :  by integrat ing over  ~.Z The formula us given m "'( 'ross- 
Section Formulac  for Specific Processes," Section B Numenca l l }  
( ~ls = I 4 /  Recentl~ ( 3  has been computed ,  26 n u m e n c a l k  for 

- -  5" ( "st~i n/ J 3 = 64 7 Thus result Js strnctl.~ onl} correct m the 
zero-quark-mass  l imit  The O ( ~  ) correctmns are also known for 
mass ive  quarks  27 

At the hLghest energies currentl} accessible (PETRA-PEP-  
TRISTAN),  the correct ions from Q ( D  and Z exchange are com- 
parable -X compar i son  of  thc theoretical predict ion of  Eq (F I) 
(corrected for the b-quark  mass)  with all the a~al lable data  (includ- 
ing those from TRISTAN at \ ~ = 50 GeV) has been performed b'~ 
the (.'ELL() col laborat ion 28 The result us a correlated measure-  

20 ", ment  o f a ~  and sm 9 it Fixing sm-(  tl at the ~or ld-axeragc  ",alue 
of  0 23 then g i v e s -  

% ( 3 4  GeV) - 0 1 3 2 - 0  016 (F 21 

The corresponding value of  %~.~, is shown m Fig 2 Tv, o com- 
ments  are in order  First, the principal  advantage  of  de te rmin ing  
% from R in c " e annih i la t ion  is that there is no dependence on 
f ragmentat ion models,  jet a lgori thms,  elc Second. the order(~?  
term m Eq (F 1) is numerical ly  twice as large as the order  a ~  term 
The accurac.~ of  the Q ( ' D  predict ion ~s therefore suspect To take 
account  of  this v,e h a t e  green tn F~g 2 a theoretmal uncertainty 
which corresponds to the difference of  the ~alues o f %  with and 
wi thout  the a ?  term (12% of¢~s) 

The t radi t ional  method of  de te rmin ing  % m c "e " anmhulatnon 
is from measur ing  quant i t ies  ,.vh~ch are senslt l ' .e  Io the relalp, e rate 
of  two- and three-jet events  There are man.', possible choices of  
such "shape ~anables '" thrust,  30 cnergy-energ', correlations.  31 
planar  lnple-energ.~ corrclalmns.  32 a~erage jet mass, etc -MI of  
these are infrared safe, ~h tch  means  the~ can be relnabl.~ calculated 
in per turbat ion theory The star t ing l~nnt for all these q u a n t m e s  IS 
the s imple  "'three-jet'" cross section for e " e ~ qqg  

1 __d2a_._ = 2t~ x i- - v-; (F 31 

a d~.ld~. 2 3r, ( 1 -  ~.IRI ~-,) 
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and 1 1 9 z 3 4 M e V  dependmg upon how t h e n o n p e r t u r b a t l ' . e c o m -  
ponenI is parametrlzcd S',stemallc errors from thls parametrl,,a- 
t lon domina te  stallStlcal errors and the SltUatlOn is somev,,hat s lml-  
far to that |br the energ,,-energ.,, correlations d~scussed abo'.c .'..II 
the data on the photon slructure function (scc ["~g I ) are consistent 
wnh 4-', 

. ~t~ + 10o McV "K-~s I ° " -~0 (FS) 

"lh~s ~alue ~s shov,.n m F~g 2 The h~gher order Q( 'D  cnrreetlons 
correspond approx~matel,, to a shall of  20% m the" pholt)n structure 
function and heno.' m <~, 43 The correspondmg uncertamt.,. ~s md~- 
cared on F~g 2 

G. ('ONCI,USIONN 

In th~s short re',~ew ~e  ha' ,e focused on those h~gh energ'. 
processes ,.sh~eh currentl.~ offer the most  q u a n m a w ,  c tests of  per- 
tu rbau~e  Q ( ' I )  The precision measurement s  of  ~'(~s come from 
those processes ~tl~ch m~ol~e real or ~.trtua[ photons  and for ~h~ch 
the next- to-leading correct ions arc known From F~g 2 ~e  see that 
all measurement s  arc consistent  and point  to a '~alue of  't ~-I. ~ Ior It I 
= 4 o f  order . . . . . .  ~,o M e V  l h e  remarks m Scc B ,,'oncernlng tiff- 
fcrent %'s l'or different effecw,'e n t ,.alues shnuld be remembered 
It is Interesting It) note that the measurements are not ',et precise 
enough to reveal the expected differences from dffl~'rcnt processes 
Jet product ion data from h~gh energy hadron cnlhmons, whde nnt 
)el m the precision measurement  class, demonstrate in a '.er) ch.'ar 
v,a) the scattering o f  quarks and glunns over man,, orders of  mag- 
nltude in cross section 

] h e  need for bre', n~ has meant that man) other u'nportanl 
tOl)~Cs m Q( 'D  phenomenolog.,, ha'~e had to be" t)nmted from th~s 
re'.~ev,, One should menhon m pamcular the" stud.,, ot'excltJs~'.c 
processes (form thctors, elastic scattering ). the beha', for o f  
quarks and gluons m nuclei, the spin properl~es o f  the theor', and 
the mlportancc ol polarized scattering data. the interlace of  soft and 
hard Q ( D  as rnanflbst for example b.', minuet productum and 
hard dfl'fracm, e processes and QCD effecls m hadrnn spcctroscop~ 
Whflc v,e can be confident that Q( 'D  l~ the strong interaction field 
thcor.',, there arc still man.~ mlporlant tests to be made 

Prepared Apri l  1988 b', R M Barnett, I lhnchhf fe and 
W J St~rhng 

4. Since the perturbation expanslon ]s an as.~mptollc ser~es e',en- 
tuall', the computation of  addmonal terms ~s ()I" no ", alue 
Th~s lit includes the" ( 3 term Ifth~s term is not included lhe 
fit gl'.,'es (t; (34 GeV) = 0 1 4 5 z 0 0 1 9  28 
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2 For a recent revlev, see ~ .1 G He L Sup. Ihgh Energ,, I-'h.',s~cs 
.~ 287(1987) 

3 P M  Ste',enson Ph)s Re,. I)23, 2916 (1981) and Nucl F'h.,,s 
B203, 47" (1982) 

4 W Marcmno Ph.'.s Re', D29 580(1984) 
5 I-)W Dukeand  R G  Roberts, Ph~s Reports 120. 275 (1985) 
6 %' A Bardeen et a l ,  Phys Re'.' l ) l &  3998 (1978) 
7 ( ;  ( irunberg, Ph,.s Left 95B, 70(1980) .and Ph',s Re".' D 2 9 ,  

2315 (1984) 
8 ( i  Altarelh and G PansL Nucl Phys i]126. 298 (1977) 
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are the center-ol=mass encrg.,, f racuons  o1 the final-statc (massless) 
quarks  A d l s t r lbuhon  m a "'three-jet " ~anablc  such as those hsted 
abo,,e, is obtained b.', integrating this dlffercnhal cross section o',er 
an approprmte phase space region for a fixed ",alue o f  the variable 

.See I-tg 1 for a cornpdatlon o f  the more recent data on x fronl 
the energ.,,-energ.,, correhmon Three commcnts must ['K" made con- 
cermngthesedetermmatu)nsof ( t+  F~rst there are theoreucal 
amblgumes m thc wa,. that the second-order matr ix clement', are 
combined v, nh parton fragmentahon These ha',c been a source o f  
some confusion and ha',c accounted for some of  IIi,." dflTercnccs m 
the results obtained from d~fl;,.'rent anal',ses Fortunateb. there 
appears to nov, be some conscnsus and the dlfferent approaches 
ha~e converged 33 A more serlous source o f  uncerlalnt.,, concerns 
the effect o f  using dlfl'erent hadrom.,'ahon models ',vh~ch are used 1o 
describe the" e' ,oluhon o f  a patton jet into a hadron jet 34 35 36 
"Ihese d',namlcs are controlled b', Q ( ' I )  effects ,,vh~ch ,a.e ~.annot )et 
calculate Some expcrmlental groups continue to quote, separate (~ 
~alues according IO the []agmentat~on model used ",+.hfle t)thers 
combine the unccrlamt~ v, lth other % s temat lc  errors For example 
the TASSO collaboration 3~ uses the energ)-encrg) ,:orrclat~on and 
quotes t~ (44 GeV) = 0 143 -_0014 for the I.t, nd fragmentahon 
model 34 and (~ (44 GeV) = 0 129_+ 0 012 for the -\h model_. 35 after 
the fragmentauon models ha',e been fitted to tile data at \ ~ - 
44 ( ieV 

Third,  numencal l~  the order  (t~ terms produce correct ,ons oF 
order 13% 38 We wfli therefore ass.gn a theoretical unccrtamt,, o f  
t h ~ s s l z e t o t h e ; a l u e o t o  extracted(see Fig 2) 

-k e'ompdat~on o f  all the a'.adable data and a complete hst o f  
references can be found m Ref 39 .k "'v,t)rld-a',erage'" ~s 40 

( t ~ ( 3 4  G e V )  = 0 14 • 0 02 ( F 4 )  

wnh the error being the spread betv, cen the ddTerent experiments 
including the fragmentauon uncertamt,., but not that due to the 
s~ze o f  the higher order corrections v,h~ch from our esumate abo',e 
~s somewhat larger than th~s error N o h c e t h a t t h t s , . a l u e o t o  ~s 
m agreement v, nh the ,.alue obtained from the measurement o f  R 
described abo',e Since these results are essentmll,, completel', 
independent, the assocmted ~-I~ ,.a]ues are d~spla)ed separatel.', m 
Fig 2 

There are man) other v,a~s m v,hlch Q ( 'D  can be tested in 
electron-posnron co]hs~ons Ment ion should be made m particular 
o f  the interesting and important results from "'two-photon'" 
processes For a comprehensp,'e re; ~e,.v o f  the data, see Ref 41 
Paramount among the'se ~s the measurement o f  the photon struc- 
ture function m colhsJons m'.ol ;  mga h~ghI.'. '. ~rtual and an ahnost 
real photon 

In contrast to hadromc structure tunctlons the photon structure 
function increases hnearl.~ wflh log Q.,4_ and a measurement o f  
the absnlute s~ze at large ()2 pro',~des mformat~on about '~ How- 
ever. the exact snua t lon  ~s comphca ted  and somev, hat con t ro ; e r -  
sml The d~fficult~ arises when the h~gher order  Q C D  correchons  43 
are included These appear  to in t roduce a negat ive s m g u l a n b  m 
the s t ructure  funct)on at x = 0  44 .,k more comple te  t rea tment  then 
reveals  that  these smgu la rmcs  are m fact compensa ted  b', the non- 
per turbam, e hadromc componen t  (the so luuon  of  the homogeneous  
p a r t o f t h e A I t a r e l h - P a r ) s ) c q u a t ) o n s )  Th~s appears  to reduce the 
usefulness of  the photon s t ructure  function to thai of  hadromc 
s l ructure  funct)ons, m that onI) the e ' . o luhon  can be unamb~gu- 
ousl.', predicted m Q ( ' D  and the s e n s m v n y  to % ~s much reduced 
Fur thermore ,  fits to the data )nvol~e the d e t e r m m a u o n  of  parame- 
ters which fix the nonper turbam,  c componen t s  as v, ell as % 45 "['he 

46 T P ( / 2 - g a m m a  co l l aborauon  quotes  two ~alues o t  ~,~s = 215 - 55 



101 

QUANTUM CHROMODYNAMICS (Cont'd) 

II R Voss. talk at the 1987 lnternataonal S'.mposaum on Lepton 
and Photon Interactions at Htgh Energies. Hamburg 1987 

12 BCDMS collaborauon A (" Benvenutl et al Ph)s I,ett 
Bi95. 97 (1987) 

13 M Gluck, E Hoffmann and E Re~,a,Z Ph}s CI3, 119 
(1982) D W  [ )ukeandJ  F Owens Ph~s Re,. I)30 49(1984). 
E Elchten, I Hmchhffe, K Lane and C Qu~gg Rex Mod 
Ph~,s 56 579 (1984). M D~emoz F Ferrom, E l,ongo, and G 
Martmelh CERN preprmt('ERN-TH-4751-87(1987).;and 

I) Marian. R (] Roberts, and %'J St~rhng, F'h.'.s Re'.' D37, 
1161 (1988) 

14 J F Owens. Re', Mod Ph'.s 59, 465 (1987) 
15 P .kurenchc R Bmcr, A Domra, M Fontanna,,, and I) Schaff 

Phys Lctt 140B, 87(1984) 
16 P Aurcnchc R Bmcr, M Fontannaz, and D Sch~ff. Nucl 

Ph'.s B297 661 (1988) 
17 UAI collaborauon (i -~rmson c t a l ,  Ph',s [.ett BI77 244 

(1986) 
18 G Altarclh, R K  Elhs, a n d G  Martmelh, Nucl Ph',s BI43. 

521 (1978) 
19 F Ha lzcnandW Scott Ph3s Re,, DIS, 3378 (1978), and G 

Aharc lhc ta l ,  Nuel Phys B246, 12 (1984) 
20 1-~1 collaborauon G Armson ct al Phys Lett 139B, 115 

(1984), and -~ ( Bav.a and W J SUrhng, Ph.'.s Letl B203, 172 
(1988) 

21 P Lepageand P Mackenzie. Ph~s Re,, Left 47 1244(1981) 
A summary o f o m u m  deca.~ rates can bc found m %' Kv, ong, 
( Qu~gg and J Rosner..~.nn Rex Nucl and Part Sea 37, 
325 (1987) 

22 W Kwong. P B Mackenzae. R Rosenfeld, and J L Rosner. 
L;nt~crs~t~ of('hacago preprmt EFI 87-31 (1987) 

23 SE C s o r n a e t a l ,  Ph~s Rev Left 56, 1222 (1986) 
24 R D  Schambergeretal .  Ph.~s Lett 138B. 225(1984) 
25 FI -Mbrechtelal Ph3s Left BI99,291 (1987) 
26 S G Gor~shn3 -~ Katac'.. and S A Latin. INR preprmt. Mos- 

co.`v, 1988 
27 E (  Poggao. tt R Qumn, and S Wemberg. Ph)s Re'. I)!3. 

1958 (1976) and R M Barnett, M I)me. and L McLerran. 
Ph'.s Re', I)22 594(1980) 

28 (ELL()  collaboration tt J Behrend et al,  Ph~s Lctt B183 
400 (1987), and %' dc Boer, SI.-~(" preprmt S/AC-PUB-4428 
11987) 

29 %' de Boer. prr, atc commumcat~on 
30 E FarhL Ph)s Re.` Left 39, 1587(1977) 
31 CL Basham. LS Brov, n. S D  Elhs, a n d S T  Love Ph~s 

Rc~ DI7, 2298 (1978) 

32 F Csakore ta l ,Ph~s  Re', D31, 1025(1985) 
33 T GotlschalkandT Shatz Phys Lett 150B 451 (1985) 
34 B Anderssoneta l .  Ph3s Rep 97.33(1983) 
35 -~ ~ h e t a l .  Nucl Ph~s BI68 409 (1980). and -~ -~handR 

Barretro. Ph'.s Lett II8B, 155 (1982) 
36 BR Webber. Nucl Phys B238 492 (1984) 
37 %: Braunschwmg el al, Z Ph'.s 36. 349 (1987) 
38 I ) G  Richards WJ Starhng, a n d S D  Elhs Ph.'.s Lett II9B 

193 (1982). and K Ellis D A Ross and T Terrano. Ph.~s 
Re.` l,ett 45 1226(1980) 

39 %' J Surhng and M R Whalle,~, I)urham-R-~L Database Pub- 
hcauon RAL/87/107(1987).andSL Wuln  f ' to~cedmg.so/ thc  
/9~'7 In ternal , real  ,$ l otpowton o n  l, cplott and  Photmt ]nl et ac- 
/runs at Ihgh  I:nogtcs (Hamburg 1987) 

40 %'J Stlrhng, an Pto~ ccd/tt~s ~f tht" I9S"  ltl totl¢itltmal.S'lmpo- 
s lum , i t  Lcpltm arid Phottm lntoa~ llOtlS ~ll Ihgh  EIICI,~H'S 
(Hamburg 1987) 

41 Ch Bergerand W Wagner. Ph.,.s Report 136. 1 (1987) 
42 E Witten Nucl Ph~s BI20, 189(1977) 
43 W-~ Bardeenand-~ Buras, Ph.~s Re~ D20 166(1979) 
44 1) DukeandJ  Ov.ens. Ph~s Rev I)22.2280(1980) andG 

Ross~ Ph~s Lett 130B, 105 (1983) 
45 W Frazer. Phys l.ctt B194. 287 (1987). and [ -kntonaldesand 

G Grunberg, Nucl Ph~,s B213,445(1983) 
46 TP('/2 Gamma collaborataon H .~ahara et al submitted to the 

1987 ]ttH'rtl~gllOtla[ ~'t topOS'tiltH Otl l,cpton attd Pholtm Inlet'at- 
ttotzs at l h g h  l;'tlo'gtc~ (Hamburg 1987) 

47 W Wagner, m Proc ecdltt~s o f  ~ X l l l  ln tonat to t la[  ( ott[i'tctlce 
on l h g h  Phv.stts. edited b3 S ( Loken (World Scientific Pub- 
hshmg, Singapore. 198 .7) 

48 B('I)MS collaboration -\ C Benxenutt ct al report no 
JINR-EI-87-689 (1987), ln tc tnat tonal  l:utophl st~ s ( on/i'tcnce 
on Ihgh  t-nctX~ I'hl~t~s i;ppsala. Sv, eden (June 25 - Jul 3 1. 
1987) 

49 J J  Auber te ta l .  Nucl Ph)s B272, 158 (1986) andNucl 
Phys B259. 189 {1985) 

50 K Var , .e l le ta I .Z  Ph.~s C36 1(1987) 
51 II -~bramo~aczetal Z Ph.',s CI7. 283 (1983) 
52 D MacFarlane et al. Z Ph~s (-'26 I (1984) 
53 F Bergsmact al. Ph3s l.ett 153B. I11 (1985) 
54 Ch Bergeretal .  Nucl Ph)s B281. 365(1987) 
55 M A h h o f f e t a I . Z  Ph'.s C31.527(1986) 
56 %' Barteletal Z Ph.~s C24.231 (1984) 
57 I) R WoodetaI ,SL.~( -PUB4374(1987)  
58 B Ade~,aetal, Ph.~s l_ett BI80. 181 (1986) 



102 

STANDARD MODEL OF ELECTROWEAK INTERACTIONS* 

The standard eleclroweak model ~s based on the gauge group I 

S U ( 2 ) x U ( l ) . w ~ t h g a u g e b o s o n s  It t i - I 2.3. a n d B  fo r the  
,u .u 

SI.J(2) and U(I )  factors respcctr, eb .  and the corresponding gauge 
couphng  constants  g and g '  The left-handed fermlon fields 

¢'t = l~ d /  of  the t th fcrmton famtb transform as 

doublets under SU(2). where d [  ~ ~ )  l~)d), and I ,s the 

Kobayashl-Maskawa mixing matrix "" The right-handed fields arc 
St ' (2)  smglets In the mtmmal  model there aq: three ferm,on fam,- 

h e s a n d a s , n g l e c o m p l e x H , g g s d o u b l e t O  _=_ [.;;)l 

After spontaneous  s~mmetr~ breaking the Lagrangtan is 

[ gm, tl]2,/,, 

R e n o r m a h z a t i o n  a n d  r a d m t i v e  c o r r e c t m n s  The Standard Model 
has three parameters (not counting l l l l  and the fcrmlon m a s s e s  

and mtxmgs) A pamcularly useful set ~s (a) the fine structure 
constant ~ = 1 / 137 036.* determined from electron magnetic 
moment  anomaly (,~,, -- 2). (b) the Ferm~ constant, ( '1.  = 

I 16637xi0  - S G e V  - .de te rmined  t r o m t h e  muon hfehme for- 
mula (including lepton mass and O(~)  radmttvc correct,ons) 

r - I GfTU p ~ .  2(~ m~a 
= l . 2,7r vr 2 I - - - - l t l  - -  

u 192,.r 3 3rr m c 

2V2 ~ u u 

" e~.~q,~,3"¢,- l~, -  2cosOl I ~ -  ~ ¢ , 3  ( 1 ' - - t " ~ 5 ) ¢ , Z .  ( l )  
l 1 

0~.~ ~ t a n - l ( g ' / g ) ~ s t h e w c a k a n g l e  e = gsm0t l  ~s thepos l t ron  
clecmc charge, and 4 --- Bcos01~ • I! 3sln0H ~s the (massless) 
photon field IV-: ~ ( H ' I = t H  - ) / \ q .  and 
Z =- - BsmOit  + H 3cos0tl are the massr¢c charged and neutral 
weak boson fields, respect~el)  T ' and T -  are the weak ~sospm 
raising and lowering operators The vector and axial couphngs arc 

.) 

I t == t31.(t ). 2qtsm-OH 

.I I =-- t31.(t) (2) 

where t3L(I)  is the weak isospm of fermmn ~l " I / 2  for u¢ and re. 
- I/2 for dj and e~) and q~ ,s the charge ofq,~ m urals o f e  

The second term m ..~/. represents the charged-current weak 
interaction 2 For example the couphng o f a  W to an electron and 
a neutrino is 

e [ v l u F ~ ' ( ]  ' r S )  v*  IIu*]Ty~'( l - ' t  5 ) e l  (3) 
2 \"'2Sl n 0 ii 

For momen ta  small compared to l l~  the second term reduces to 
the effectr.e four-fermmn mteraetmn w,th the Ferm~ constant g, ven 
(at tree level, i e .  lowest order m pcrturbatmn theor'.) b', 
( i f~  V'2=g2/8.11~ CP vmlauon  ts incorporated m the Standard 
Model by a single observable phase m l ' ,  The third term m .2~/. 
describes electromagnetic mteractmns (Q1ED). and the last ts the 
weak neutral-current interaction 

In Eq (I). m~ is the mass of  the t th fermlon t}~ For the quarks 
these are the current masses, which for the hght quarks are 
estimated 3 to be m .  ~ 5  6+_ I 1 MeV. m d ~ 9  9 -_ I I MeV 
m s_~199_+ 33 MeV. and m c ~ I 35 +- 0 05 GeV (these are running 
m a s s e s  evaluated at I GcV) For the heavier quarks m h ~ 5  GeV. 
and m t > O / 5 0 )  GeV 

t l  Is the physical neutral Higgs scalar which ,s the only remain- 
mg part of  4~ after spontaneous  symmetr3 breaking The Yukawa 
couphng  of  t l  to '~(. which is flavor diagonal m the minimal  
model, is gm t/2.~1H The II mass is not predicted by the model 
Experimental hmtts  are given in the Stable Pamcles section In 
n o n m m l m a l  models  there are addmonal  charged and neutral scalar 
Hlggs parl~eles 4 

3+] 
× 1 -  , , "  × 1 + ~ - - - -  , (4) 

and (c) sm2O|! . determ,ned f rom neutral-current processes and the 
II and Z masses r h e v a l u e o f s m 2 , 9 | l  depends o n t h c r e n o r m a h -  
zatmn prescr,ptlon A ",'er,' useful scheme 6 is to take the tree-le,,el 
formula sin-011 = I I/~] ,,'M~.. as the def inmon ot the renormal- 
,led sm-0t~ to all orders m ~crturbatlon theory Mternauvely. one 
can take U Z rather than sm':0jl as the third fundamental  parame- 
ter t h i s  wdl be uscful when ver?. precise xalues of  117 are deter- 
mmcd at S L (  and LEP 

Experiments are nov, at such a level of  p rcosmn  thai complete 
O(~0 radmtp.'e correctmns must  be apphcd These corrections are 
convement l )  d~v~ded into two classes 

I QED diagrams revolving the em,ssmn of  real photons or the 
exchange of  xulual  photons m loops, but not including 
vacuum rmlanzatmn diagrams These graphs )leld fimtc and 
gauge-mvanant  contmbutums to observable processes How- 
ever. the', are dependent on energies, experimental cuts etc.  
and must  be calculated mdl,.tduall,, for each experiment 

2 Elcctroweak correct,ons, including "r? -fZ. ZZ.  and It I| 
vacuum polarization dtagrams, as v,ell as vertex corrections. 
box graphs, etc .  revolving xmua l  It "s and Z ' s  Man.~ of" 
these correctmns are absorbed into the renormahzed Ferm, 
constant  defined m Re|" 4 Others modify the tree-level 

5 expressions for neutral-current amphtudes  m several v,a)s 
In addmon,  the tree-level expressmns for till and 11/ are 

modd]ed 

A 0 
M H . 

slnfl |1 ( 1 _X, .)1 ... 

t l  H 
.'tl Z - c°sOH (5) 

w h e r e  . - I o - O r a /  V"} ( ; I . ) i / 2  = 37 281 GeV The radlanve correc- 
t ion parameter 3 r  is predicted to be () 0713 .: 0 0013 for 
m I = 45 GeV and .'¢11t = 100 ( ieV.  whi le Ar  .-~ 0 for m / ~ 245 ( }cV 

I f  M Z ts regarded as fundamental,  then 

~0 - 4 4(7 
sin" 1~ I -  1 . . . . . . . . . . . . .  (6) 

. . t t~(  1 - ~ r )  

is a der ived parameter, and t l t t  = t t l cos ,g l t  

C r o s s  s e c t i o n  a n d  a s y m m e t r y  f o r m u l a s  It ~s convement  to write 
the four - ferm,on mteraeuons relevant to v-hadron, v(,. and e- 
hadron processes m a form that is vahd m an arbnrary  gauge 
theor,, (assuming massless left-handed neutr inos) One has 
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( i  t. _ _ ~i,Hadron = "-~ ,.~l, yU(l .~51t , A simple zeroth-order approx~manon is 

R = g[+g/~ 

_ . . ~ e  G / . .  _ 

- -,-:VV2 u "~u(I ' 35 )vu - ' e ru (g ' e |  . .g!iy5)c (8) where 

(for re/7 OrTee.  the charged-curren t  conmbut ton  must be 
included), and 

_ ..oqae H a d r o n  = (;/'~ 
\q 

xZ[C l ,e~ iS~Seq,~ laq ,~- ( '2 ,e~ laeq-~ '~u35q, ]  (9) 
I 

The Standard Model expressions for ~L R (/), g f  I, and C u are 
gp,'en m Table I 

Table I Standard model expressions tbr the neutral-current 
parameters for u-hadron l,e and e-hadron processes I f r a d m n v c  
correctmns are ~gnored p = ~ :: I k = (] -M O(a) .  ~( '  - I 0[)074. P~, % - 
%X" = 0 9 9 0 2 " X .  - -0(X)31,X d - - 0 0 0 2 6 ,  and 

X u~ = 112XdR = / 3 5 X 1 0  5 t b r n  k " 7 4 5 G c V  I111 .-- 100GeV, 

sin-011 = 0.3," and < Q-> = _0~ ( ;eV-  For vc scattering. 
'3 

h~,e = 0 9 8 9 7 a n d p v e  = I 0054 (at .;O2) = 0 )  For atomic par~t,. 

vmlauon Peq = 0 9793 and hcq - -  0 (~948 For the SL-~(" polarized 

electron experiment,  p~,q = 0 9 7 0  h~',q - 0 993 I y q  = 0 993 and 
h e q  = I 0 3  after incorporating addmonal  QED correcuons 

Quanut. .  Standard Model Expression 

¢1 (it)  ,Y(" I 2 " • P,,?. [ _~ ~, .  ~, s'n-(/n ~ '~uL ] 

, w  , . ,,~sin2o. ] ~l- (d)  Pv.'~ [ " ~. . , - )~dL 

v (  ] 2 
tR(d)  I',~, ['~^,,xSm #l! - XdR ] 

• I * 2 h  2 t  '~'~ ~',,,.[ " 7 , , , . s ,n  ~. 
1 g!i ,',,,.I ~1 

' I . _ ~ t , . ~ q S l n 2 0 1 1  ( ' l  l,, I"cql - I " 

I 2 ' ~ ( I  
( ' I d  Pt'q[~ 3heq sin- I l l  

I ~_ 2^eqSm2/) l l  ( '2u  Pcq [ X 

("2d ( "2. 

.At present the most precise determinations t)fsln-L II arc from 
deep me]ast~c neutr ino scattering from (approxtmatel ' .) Lsoscalar 
targets The rat,o R v ~- aj~C'./ae~(" o f  neutral- to charged-current 
cross sections has been measured to I% accuracy b~ the CDHS 7 
and C H A R M  8 col laborauons so it ~s Impor tan( to 'ob tam theortm- 
cal expressions for R and R ~ aN( ' / a  ( ' ( ' (as funcnons o f  

stn-0~! ) t o  comparable accurac.~ f~ r tun~tek  most o f  the uncer- 
tamtms from the strong interactions and neutr ino s~wtra cancel m 
the ratio 

R__ g , -  ÷ - -  
/ )  r 

gl-'- --- eL (u)2 " eL(d)-  "7 - sm-01t ~ 5sm40!4 
_ 9 

( 1 0 )  

.'4~ =- ~ R ( u ) 2 " ~ R ( d )  2 ~ - sm40n (11) 

and ~ ~ cr C ( ' a  (T" s the rauo of~-and u charged-current cross sec- 
t,,%, , 1, % - 

t]ons, which can be measured dtrectl} Iln the simple patton 
model, ~gnormg hadron energy, cuts. i ~(±3 " (),,'(I - /~)  where 

~ 0  125 is the ratio of the fractmn of the nucleon's momen tum 
carried by antiquarks to that carried b', quarks I In pracnce. 
Eq (10) must be corrected f o r q u a r k  mix ing ,  the Y and ~ seas, ~ - 
quark threshold effects (which maml)  affect a C( - these turn out 
to be the largest thcoreucal uncertamt)) ,  nomsoscalar target effects, 
H -Z propagator differences, and radlatv,'e corrections (wMch Io~er 
the extracted value of  sin20 n b) ~ 0  009) Detads of the neutrino 

spectra, experimental cuts. v and Q2  dependence of structure func- 
tions, and longitudinal structure funcnons enter onl} at the le,.el of 
these correc t ions  and there fore  lead to vcD small u n c e r t a m t m s  
Altogether. the theoreucal uncer tamt)~s  ~sm2/tll ~ ~0 005 v, hlch 

would bc veD hard to impro' ,e m the future 
The laboratory cross section for u e --.,. u e or~- e __.~7 e elastic 

scattermg is 

dot ~. 
~, ,, O~mel:"  v g u 

dl 27r 

x f(,t;~' - ~.e)2 e "~ )2 e "~ 
- , . t  - ( g l '  - g . t ) - ( I - v  - ( g t -  

-I 
l m I 2 c  - c 15 i , J (12) 

where the upper (Iov,.cr) sign refers to t, ( ]7) and I =- t :  /'E 
/a ~ ¢' I '  

[ w h l c h r u n s f r o m 0 t o ( I  + m e / 2 E  ) ] t s t h e r a t m o f t h e k m c t c  

energ,, o f  the recoil electron to the modent  u o rTenergy  For 
l:," > >  m c this yields a total cross section 

' E 1 
G l ? ' e l : v  )2 I ~ c ' 

a = 2rr (g~' "-g~ - ~(,~"i +g4  )- (13) 

The most accurate ]eptomc measurements 9 l0 ofszn2fln arc from 

the ratio R = a ,,'a_ m v,.htch nlan,, o f  the s.~stemauc uncer- 
1, (, 1,1 C 

tannUes cancel Radtatn~e correcuons, v, hlch are small compared to 
the preoston o f  present expcrm3ents, increase the extracted sin2011 

by ~ 0  002 The cross sections for l'ec and]Te c ma'. be obtained 

from Eq (12) by replacing 3,'[' t b'. t.,[' .! + I where the I is due to 
the charged-current contnbutmn 

The SLAC polarized-electron experiment I1 measured the 
panD-~, relating ass mmetD 

a R - -  al.  
t ( 1 4 )  

a R - al.  



104 

STANDARD MODEL OF ELECTROWEAK INTERACTIONS (Cont'd) 

where aR . I .  ts the cross section for the deep-inelast ic  scat tering of  a 
right- or left-handed electron CR I.'V --~ e X In the quark  par ton 
model  

• I I - ( I  - ~ )2 

__Q-3- ~ a j + a - , - - _ l + ( i  ~ ) 2  ' ( 1 5 )  

where ( 2 2 > 0  ~s the m o m e n t u m  transfer  and  ~ t s t h e  fractional 
energy transfer  from the electron to the hadrons  For the deuteron 
or other  lsoscalar  target one has neglecting the ~ quark  and ann-  
quarks.  

3Gt.z ~ I ( .  3(1"/_ ~'3 . 3--5sm2011 
a I = \ = -~ r ( - ( ( ' l u  -;- id)  ~ - ( 

) 
5 - 5V2r ra  

3(i k I . 9( i  ~ .~ 
a~ - ((-'~u - S ( 2d ) ~-- - ~ . .  (sin-014 I 

5 \  2fro - - 5 \  _rr(~ - ~ )  (16) 

Radmt tve  cor rec tmns  lower the extracted ,,aluc of  sin-/14 b', 
~ 0  005 

Exper iments  measur ing  a tomic  parlI} ' . lolat lon 12 arc no~, qui te  
precise, and the uncer ta int ies  associated with a tomic  wave func- 
t ions are relat ively small  ( e spec la lb  for cesmm)  For heav~ a toms  
one de te rmines  the "weak  charge" 

(,214 = - 2 [ ( ' l u ( 2 Z  * .V) ~ C l d ( Z  - 2?', )I 

Z( I  - 4sin2011 ) V (17) 

Rad ia t ive  correc t ions  increase the extracted sm20u  _by ~ 0  (X)8 
The forward-backward as)mmctr.~ for ~, " e - ----,¢/, ( = u  or r, Is 

def ined as 

a k - a B 
. - l / .B  = - -  ( 1 8 )  

crt.. - a B 

where a F ( a  B ) Is the cross secuon for / - to travel forward (back- 
ward) with respect to the e -  d i rec t ion  .1t.. B and R. the total  cross 
sectmn relat tvc to pure QED are g~ven by 

R =1"'1 

• tFB = 3 f : 2 / 4 F  I . 

where 

1- I = I - 2XOI 'e I 'dcOS~R ~ XO(I e2 + . le2)(l  / 2 _  .1/2) 

(19) 

1"'2 = -2X0"Ie"I(c°s(3R ~- 4 X o t e " l / l  " 14 • (20) 

where 

M Z l ' /  
tan6 R = _ 

M Z - 

G F s M ~  

X0 2 \ , 'q-ra 7 )2 ' . '  
(m 2 - s  + m21 2 

and V'~ is the CM energy Eq (20) is vahd  at tree level I f t b e  
data  are radmtp.'ely corrected for QED effects (as described abo'.e). 
then the r ema in ing  e leet roweak correct ions  can be incorpora ted  13 
(m an a p p r o x i m a t i o n  adequate  for exis t ing PEP and PETRA data)  
by replacing X0 by × i s )  = ×0(~)a/[rL~). where [~(~) ts the runn ing  
QED couphng  Numer ica l ly  a,/( 'ds) ~ I ' r  ff '~r ]s eva lua ted  
tbr m t < 100 GeV Formulas  tbr e + e -  --~ hadrons  may be found m 
Ref  14 

A t S L C a n d L E P .  II.B fbr  e + e  - .~(  ~ / a t t h e Z p o l e w f l l b c  
measured  to htgh preclsmn Similar ly.  thc lefl-rtght asymmctr~ 

al.  -- a R 
I L R  = (22) 

al .  • a R 

where a L ( a R )  Is the cross sectmn for a left- (nght) -handcd incident  
electron, will bc measured  vcr3 prec~sel3, at SLC and posslbl,, at 
I.EP .At tree level and neglecting terms of  order  (1"/ /~1Z)2 one 
has 

• I : 2 ( t ' v )  

3 r / / /  , 21'erTe 
% 

I1. R ~ 2rl e (23) 

where Pe ~s thc m m a l  ~, - po lanza tmn  and 

I ~- I  ~ 
r/t - lq  2 _  I~ 2 t - ~ ' ,  u, r (24) 

The h]gh-prectslon measurements wi l l  reqmre careful apphcat ton o f  
both Q E D  and eleclroweak radlaw.'e correct ions 13 to Eq (23) 

Neutral -current  exper imenta l  r e s u l t s  sm-(  II and eqmvalentl.,.. 
M Z ha,,e been de te rmined  from the tl and Z masses  and from a 
vartet~, of  neutral-current  processes spann ing  a ,. 'e~ wide Q2 range 
The resuhs, 5 shown m T a b l e . ,  '~ are m impress tve  agreement  v. tth 
each other,  indica t ing  the quant~tattve success of  the Standard .) 
Model  The best fit to all data yields sm-01t = 0  230_+00048 
which corresponds  to .II Z = 92 0 : 0 7 GeV. where the errors (as 
well as those given below for other  neutral-current  parameters)  
include full statist ical ,  s3,stemat~c, and theoretical  uncer tamttes  

Table  2 D e t e r m m a t m n  ofsm20~l  and ~I Z (m GeV) from ' , anous  
reactmns The central values of all fits assume m t = 45 GeV and 
I l t l  = 1[)[) GeV in the radia t ive  correc lmns Where  two errors are 

shown the first ~s exper imenta l  and the second (m square brackets) 
is theoretical ,  computed  assuming  3 fermmn famil ies  
m t < 100 GeV and , l i l t  < I TeV In the other  cases the theoreucal  
and  expcnmcn ta l  uncer ta int ies  are combined  When  m t ~s al lowed 
to be totalb. arbttrar",, the fits to all data  3,~eld 
sm20g  - d 2 2 9 . 0 6 0 7 a n d  I I  Z - 9 1  8 ± 0 9 G e V  T h c e x J s t m g  
e "e data  do not yield a useful de te rmina t ion  o f s ln20 t l  at PEP 
and PETRA energies the asymmet r i e s  are nearly an absolute pred- 
tcuon of  the model ,  and all values ol 'sm20t~ from 0 I to 0 4 g~vc a 
good d e s c n p t m n  of  the data ( T h e c ' e  a s ) m m e t n e s a r e n c a r l , ,  
independent  of  m t as well ) 

Reactmn sin20 H I I /  

Deep,ne last ,c ( tsosca lar )  0 233 ~ 0 003 _:10 0051 9 1 6 . 0 4 ± 1 0 8 1  

_ 1 o _ 0 0 3 3  9 5 0 _ ' 5  "~ t~ta[~ ~ .vj,~ 0 "~ ~ _ 

vup  ~ V u P  0 210_+ 0 033 95 0_+ 5 2 

v u e ' ~ v u e  0 2 2 3 ~ 0 0 1 8 , [ 0 0 0 2 ]  930_+.27 

L e - - - , - 7  e 0223_+0018-2-_10002] 9 3 0 z 2 7  
ta 

H , Z  0 2 2 8 ± 0 0 0 7 ± 1 0 0 0 2  ] 9 2 3 _ ' 1 1  

A t o m t c p a r t t }  viola t ion 0 2 0 9 ± 0 0 1 8 _ ' 1 0 0 1 4  ] 95 1 _ ' 3 0  

S L A C e D  0 2 2 1 _ + 0 0 1 5 - ' - [ 0 0 1 3 ]  9 3 3 ± 2 7  

/a(" 0 2 5 - 0 0 8  89 6 + 9 7  

All data  0 2307  0 0048 92 0 -'- 0 7 
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The  radia t ive  correct ions  are sensi t ive  to the isosptn breaking 
assocmted with a large m t Cons is tency  of  the sm20~l values  
der ived  from the var ious  react ions requires  m t < 180 GeV at 
90% CL for 3"ttt <~ 100 GeV with a slightly weaker  hml t  for larger 
• "~ttl S~mllar brui ts  hold for the mass  sph l tmgs  between fourth- 
genera tmn quarks  or leptons 

The measured  values of  .~.11~ and II Z are given in Table  3 
They are m excellent  agreemem wHh the pred~ctmns of  the Stan- 
dard  Model  when full radia t ive  correct ions  (to both the I1 and Z 
mass formulas  and to deep inelastic scattering) are included,  but 
disagree s~gmficantly when the correct ions  are excluded 

Table  3 The W and Z masses  (in GeV) The first uncer ta ln tms 
arc main ly  s taust lcal  and  the second arc energy cahbrauon  uncer- 
tamtms that  are 100% correlated between '~1|1 and .'~t Z for each 
group The last two rows are predic t ions  of  the Standard Model,  
using sm28t l  de t e rmined  from deep inelast ic scattering, v,'~th and 
wi thout  radia t ive  correct ions,  respect ively 

G r o u p  ~'Ill l lz 

UA2 (ReF 15) 

t ; A l  (Ref  16) 

Ua~l + UA2 combined  

Predict ion u, lth r admu~c  
correct ions 

Predict ion wi thout  r admt we  
correct ions  

8 0 2 _ + 0 8 : 1  3 

835Z1~:27 
80 9 ±  4 

8O 2 " I 

759  ÷ 0 

9 1 5 : 1 2 ± 1 7  

9 3 0 t l 4 : 3 0  

9 1 9 - 1 8  

9 1 6 : 0 9  

8 7 1 : 0 7  

II and Z decays The partial  deca.~ w~dth for gauge bosons to 
deca? into massless  fermtons  f i r . ,  is 

(iF 113 
[ ' l i t  + --- e - % )  6 \ ~,-r _ 230 MeV 

( G F tlf~ 
I'(14 + - ~ u ~ J ~ )  . . . . .  = • I I  I 2 7 1 7 1 1  12 6~, 27r u --~ U McV (25) 

I'(Z "~ ~/'t '¢'t ) = 6 V'2rr 

f l 70MeV(uT)  8 5 4  M e V ( e ' e )  

1.305 MeV(uE)  394 MeV(dd)  

% ( ~'11 ) 
For  leptons (" = I whde  for  quarks (" ~ 3[ I - - -  I where the 

71" 

3 ~s due to color  and the factor m parentheses is a Q ( ' D  correc- 

t ion 17 Cor recuons to Eq (25) for  massive f e rmmns  are given in 

Ref  17 Here the numer ica l  values  assume stn2Ol! = 0  230. 

MI4 = 8 0 9 G e V .  and U Z=91 9 G e V  E x p r e s s m g t h e w l d t h s m  

terms of  GFM a Z incorpora tes  the bulk of  the electroweak radia- 

t ive correct ions  f'?" The r ema in ing  correct ions  in t roduce neghglbly 
small  effects 

For 3-fermmn famil ies  the total 'audths arc 

l "  Z ~ (2 5 8 - 2  55) GeV 

I'i! ~ (2 5 2 - 2  1 2 ) G c V ,  (26) 

where the range corresponds to nl t varying from 45 GeV to ',er', 
large values, and the other fcrmmn masses have been neglected 

De,,mtlons from the Standard  Model  The |! and Z masses and 
neutral-current  data can bc used to search for and set hm~ts on 
dev ia t ions  from the Standard Model For example  the relatmn m 
Eq (5) between .~/H and 11Z is modif ied f f there  are Hlggs mulu-  
piers with v, eak ~sospln > I /2  wuh sJgmficant ",acuum expectat ion 
values In order  to calculate to higher orders m such theories one 
must  define a set of four fundamenta l  renormahzed  parameters  It 
~s con ' ,enlcnt  to take these as m (;I." WZ and ~'11| SmCC ~'111 and 

"?i M Z are dlrcctK measurable  Then sin- II and p can bc con- 
sidered dependent  parameters  defined b.~ 

sin- |1 =- 16 : '~ ' f f i ( I  - . 5 1 )  (27) 

and 

p ~ ~,/fi ,"( U~.cos-0 I ) (28) 

Provided that the new ph.,,slcs v, hlch Delds p-~ I is a small  per- 
turbatmn which does not stgmficantl.~ affect the radlau~c corrcc- 
t m n s . #  can be regarded as a phcmmacnologlcal  parameter  v,h~ch 
mul t ip l ies  (i k m Eqs ( 7 ) - ( 9 ) a n d  (21) (Also the expressmn lbr 
~t Z in Eq (5) is d iv ided  b~ \ p. the ' t i l l  formula ~s unchanged ) 
The allov, ed regions m the p - stn20H plane arc shown m F~g I 
and a global fit to all data .~mlds 5 

sm2#~l - 0229÷0(3064 

p - 0 998 _+ 0 0086 , (29) 

remarkably  close to unit.,. 0ust l f ' , lng the neglect o f p  l In the radi- 
a t ive correct ions)  

P 

1 5  - -  

1 4 -  

1 3 -  

1 2 -  

11 

10 

ogp 

0 

i , - T  - y  
l I 

I \ / I - 
\ \ / I - o - o  , 

/,,DI_:::,< 

," ! :'2 iI 
/ / \  \ 

, I .  , I . . . . .  ' . . . . . . . . .  I 

01 02 0 5  O4 
s !n - t t  11 

~0 Fig I The al lowed regions in s in-  1t 
react ions 
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p at 00% CL for varmus  
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Most of the parameters relevant to .u-hadron, re. e-hadron and 
e ÷e-  processes are nov,' determined untquel~ and prectseb from 
the data m "'model independent'" fits (t e fits whtch allow for an 
arbitral, clectroweak gauge theor.v) The ~alucs for the parameters 
defined m Eq (7)--(9) are gp,en m Table 4 akmg with the pred~c- 
Irons of the Standard Model for sm20~l = 0 230 The agreement ~s 
excellent The e -~e results are dtfficult to prcsent m a model- 
independent wa.~ because Z-propagator effects are non-neghgtble at 
PETRA and PEP energies Howe,,er, assuming c-O-r umversaht~, 
the lepton asymmetries zmply l e -  - 0  511 =0 013. m good agree- 
ment w~th the Standard Model predtctmn - I/'2 The ',ector cou- 
phng ts not ",','ell determined b~ existing e+e - data ~alues of 1 e 
from - 0  3 to 0 3 are allowed 

Table 4 Values of the model-mdependent neutral-current parame- 
ters. compared v,'~th the Standard Model pred~euon for 
sm20~ = 0 230 There ~s a second g )  I soluuon, g~ven approxt- 
mately by g[  .,-,. g~. which IS ehmmated by c ~ e data under the 
assumptmn that the neutral current ~s dominated b~ the exchange 
o f a s m g l e Z  O t = L  o r R  ~sdefinedastan-ll . . .(u). . ' (~(d)] 

Experimental Standard Model 

Quantity Value Pred~ctmn ('orrelat~on 

~l.(U) 0 3 3 9 + 0 0 1 7  0345 

%(d)  - 0 4 2 9 + 0 0 1 4  - 0 4 2 7  

~R(U) - 0  172+0014 - 0  152 

, R ( d )  - 0 011 _'. ((', ((')~ ~ 0076 

3 
g£ 0 2996 * 0 0044 0 301 

-) 

g,q 0 0298 +_ 0 0038 0 029 

0 L 247.-:.0004 246 

OR a t,~ -048 5 18 
. . . .  0 3 2  

g.!i - 0 4 9 8 = 0 0 2 7  - 0 5 0 3  

g )  -0  044_+0 036 - 0 0 4 5  

0 08 

Clu - 0  2 4 9 - 0  071 0 191 098 088 

( ' ld  0 381 _+0 064 0 340 0 88 
1 • ('2u - 5 (  2d 019_-2037 .0039 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Th~s secUon prepared Aprtl 1988 b~. P Langacker [:or add~- 
tmnal d~scussmn see P Langacker. "'Standard Model of Elce- 
trov,'eak lnteractmns.'" DESY 87-153 (1987) 

** Constramts on 1 are dtscussed m the sectmn on the 
Kobayasht-Maskawa mixing matrix 

+ ~ ts dependent upon the energ,, scale of the process m '.~,hlch it 
Ks measured Th~s ",alue ts appropriate for Iov, energy At 
energies of order ~./lt the value 1/128 ~s apphcable 

+ An ahernat~vc ts to use the modtfied mmlmal subtraction 
( I /S )  quant~t', sin-0 H (u). v,here ~ is convementl', chosen to 
be I/~.! for ele,~trov,eak processes The tv,o defimtlons are 
related b', sin2011 ( ~'/1! ) = U(mt. ~1tl sin20|! v,'bere 
(" =0 9907 for mi - 45 (it\", 31tl - 100 GeV 

I S Wemberg Ph',s Rex Left 19. 1264(1967), A Salam m t:/c- 
menlalvPalt t~h.  Thcml ed N S' .artholm(Almqulstand WJk- 
sells. Stockholm. 1969) p 367. and S 1. (;lashow. J Ihopoulos. 
and L Mature. Ph.~s Rc~ D2. 128511970) 

2 For re~ev,s, scc G Barb~elhm and (" Santom R]v Nuo~o 
(hmcnto 9(2). I (1986). and E D Commms and P H 
Bucksbaum, II ('a~ ]tlteta{ltOtls o['l.('plOtls and QuarLs (Cam- 
bridge Um~ Press, Cambridge. 1983) 

3 CA Dommguezand E deRafael Ann Phxs 174. 372 (1987) 
andJ  Gasserand H Leut,axler Ph.xs Rep 87, 77 (1982) 

4 For rev~ev, s sec R A Flores and M Shcr. Ann Ph~s 148 95 
(1983) a n d A T  Vamshtem V I Zakharox,and MA Shff 
man, So~ Ph~s Usp 23 429 (1980) For recentde~elc)pments 
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THE KOBAYASHI-MASKAWA MIXING 

In the Standard Model with SU(2)×LI(I)  as the gauge group of  
e lectroweak mterac tmns ,  both the quarks  and leptons are assigned 
to be left-handed double ts  and  r ight-handed smglets  The quark  
mass  e]genstates are not the same as the weak e~genstates, and the 
matr ix  connect ing  them has become known as the Kobayash~- 
Maskawa I (K-M) m a m x ,  since an exphci l  p a r a m e t n z a t m n  m the 
s ix-quark case was first gP,'en b', them m 1973 It generah;,cs the 
/bur-quark case. where the matr tx  ~s p a r a m e m z e d  b~ a single angle. 
the Cab~bbo angle 2 

B', convent ion ,  the three charge 2/3 quarks  (u. ( and t )  arc 
unmixed,  and  all the m~xmg ~s expressed m terms of  a 3×3 umtar., 
mat r ix  l ' o p e r a l m g o n  the charge - 1 / 3 q u a r k s ( d .  ~ a n d h )  

[ l'td l'ts l'th J 

The values  of  mdlv ldua!  K-M m a m x  e lements  can m principle  all 
be de te rmined  from weak decays of  the relevant  quarks,  or. m 
some cases, from deep inelast ic neut r ino  scat ter ing kIsmg the con- 
s t ramts  discussed below together w~th umtan ty ,  and  as suming  only 
three generat ions,  the 90% confidence brui ts  on the m a g m t u d e  of  
the e lements  of  the comple te  m a m x  are 

0 9 7 4 8  to 09761 0 2 1 7  to 0 2 2 3  0 0 0 3  to 0 0 1 0  / 

/ ")9 10217  to 0 - - 3  0 9 7 3 3  to 0 9 7 5 4  0 0 3 0  to 0 0 6 2  (2) 

[.0001 to 0 0 2 3  0 0 2 9  to 0 0 6 2  0 9 9 8 0  to 09995  

The ranges shown are for the mdtv tdua l  matr ix  e lements  The con- 
s t ramts  of  u m t a n t y  connect  d~fferent e lements  so choosing a 
specific value for one e lement  restricts the range of  the others  

There are s e v e r a l p a r a m e t n z a t i o n s o f t h e  K-M matr ix  In v~ew 
of  the need |i?r a " ' s tandard"  paramet r tza l lon  tn the hterature  we 
advoca te  the form 

I =  

( '12( '13  S l 2 ( ' 1 3  3" 13(' / 

" 1 ~ ' ~  - I "~ "~'~ ~ '  S~3(" 3 . . . . . . . . . . . . . . . . .  I_ _. I .  ( 3 )  ] I_ -3 I_ _3 13 I_ -3 I_ -3 13 -3 3 

m the nota t ion of  Haran  and Leurer 3 / b r  a form gcnerahzable  to an 
arbltrar?, n u m b e r  o f "genera t ions ' "  and also proposed by Fntzsch 
and Plankl 4 The choice of  rotat ion angles follows that of  Mamm 5 
and the p lacement  of  the phase follows that  of  Wolfens tem 6 The 
threc-"gcneratmn'" form was proposed earher  b~ Chau  and Keung ? 
Here cq = cos0t/ and st = smOtj, wtth t and  ) being "'genera- 
n o n "  labels ~ ,1=  1,2 .~'. In the hml t  023 = 013 = 0 the third 
generat ton decouples,  and  the s i tua t ion  reduces to the usual 
Cabtbbo mix ing  of  the f r s t  two generat tons  with 012 identif ied with 
the Cab~bbo angle 2 The real angles 012, 023 013 can all be made  
to he m the first quadran t  by an appropr ia te  redef imtton of  quark  
fie d phases Then all ~ and c U are posm',.e, and  

I l 'm.I = ' ,12cl3 , I | ' . b Y  = s13 and I I ' d , I  = s'23c13 ,-Xs( 13 
devmtes  from umty  only m the fifth dec imal  place (from experi- 

menta l  measu remen t  of~  13 ), [ l 'u.  ~ I = ', 12 I / ' uh  I ~ ~ 13' a n d  
[ l'ch [ = s23 to an excellent  approxm~atmn The phase ill3 hes in 
the range 0~t513<2zr.  with nonzero values generally breaking ( P  
i n v a r l a n e e  f o r  t h e  w e a k  i n t e r a c t i o n s  T h i s  p a r a m e t r i z a t l o n  (.'an be  
easi ly general ized to the n-genera t ion  case where there are 
n (n - 1)/2 angles and (n - I)(n - 2 ) / 2  phases 34 The range of  
mat r ix  e lements  m Eq (2) cor responds  to 90% C k  hmt ts  on the 
angles o f s l 2  = 0 2 1 7 0 2 2 3  ~ 2 3 = 0 0 3 0 - 0 0 6 2 .  and ~13 = 
0 003--0 010 

Kobayashl  and Maskawa I o r tgma lb  chose a pa r ame tnza t l on  
revolv ing  the four angles O 1. 02, ~3 ~5 

MATRIX* 

[;} = 51(-. ~ c'1('2c 3 s.~.~3('t~_ , ( ' 1 ( ' 2 ~ ' ~ + ~ ( ~  ( ' ~ 1 .  _ . . 

- ( -~s  (,t,~ Cl.S ,3 _ 3 J [. ~' 1 (' 2 CLS2C3 _ '3  . - (~("  ct° 
i } " (4) 

where c+ = cos0+ and s t = sin,9 for / - 1.2.3 In the hml t  
0-, = 03 - 0. this reduces to the usual ("abtbbo mixing  v, lth O I 
, Jenuf ied  (up to a sign) v,~th the Cab~bbo angle 2 Shghtl> different 
tbrms of the Koba}ash l -Maskawa p a r a m e t n z a t m n  are found m the 
hteraturc  The K-M m a m x  used m the 1982 R c v ~ e w o f P a r n c l e  
Propert ies is obta ined b', lett ing ~ I ~ - ~ I and ,~--,- ~ + rr m the 
matr ix  given above An alternaU,,c 8 ~s to change Eq 14) by 
~ I ~ s I but lea~e ~ unchanged With this change m + I the angle 
01 becomes the usual Cab~bbo angle. "o, lth the "'correct" s~gn h e 
d '  = dcos01 4 - ~ s m B i ) m t h e h m l t 0 . ,  = 03 = 0 The angles01 O-, 
03 can. as before, all be taken to lie (n the first quadrant  b~ adjust- 
lng quark  field phases Since all these p a r a m e m z a t i o n s  are referred 
to as "'the" Kobayashi -Maskawa form. some care about  v,h~ch one 
is being used is needed when the quadran t  m whtch ,5 hes ~s under  
d i s c u s s m n  

Other  pa rametnzanons ,  ment ioned  above arc" due to Malam 5 
to Chau and Keung, 7 and to Wolfenstem 6 The latter emphas izes  
the relau~e sizes of the m a m x  e lements  b', expressing them m 
powers of  the ( a N b b o  angle Still other p a r a m e t n z a u o n s  9 ha,.e 
come into the l i terature m connect ion wtth a t tempts  to define 
" 'maximal  ( P  vmla tmn  "" No physics can depend on which of  the 
above p a r a m e t n z a t m n s  (or an,, other) ~s used as long as a single 
one Is used consistent ly and care ~s taken to be sure that no other 
choice of phases is m conflict 

Our  present knowledge of  the matr ix  e lements  comes from the 
following sources 

( l / (Nyc lea r  beta deca,  ,, 'hen compared  to muon  deea~. 
gives 

] l ' ud ]  = 09747  = 0 0 0 1 1  (5) 

This  includes ref inements  over  the past few ",'ears m which leading 
log radtatl , ,c correct ions have been summed  using the renormahza-  
tton group and s t ructure-dependent  O((~) terms anal ' ,zed and 
e suma tcd  10 (thercbv lowering the ~alue of  I I ,  .j I ) and more 
important l ' , ,  the order  Z(~- Cou lomb correct ions ha~e been 
revised I 1 to bring the ft-~alues from lov,- and h~gh-Z Ferm~ trans,- 
l ions into better agreement  (thereb.,, raising the value of I 1 ud I ) 

(2) Anal.~sts of  Ke3 deca',s ',~elds 12 

I I..~1 - 0 2 1 9 6  t 0 0 0 2 3  (6) 

The lsospm vmla tmn  between A,~ and K !)~ decays has been taken 
role account  bringing the values of I / m  [ e x t r a c t e d  from these 
two decays rote agreement  at the 1% level ofaccurac~ The 
analysts  of  h.~ pcron deca~ data has larger theorel)cal uncertaint ies  
because of  first-order SU(3) s y m m e t ~ - b r e a k m g  effects m the axial- 
vector eouphngs,  but due account  of  s , .mmetD breaking g~',es a 
consis tent  ,,alue 13 of 0 220 : 0 (X) I -2_ 0 (X)3 We a~erage these two 
results to obtain 

I l m [  = 02197_+ 0 0 0 1 9  (7) 

(3) The magni tude  of  I [ ,d  I ma.~ be deduced from neu rone  
and a n t m c u t r m o  product ion of  charm off valence d quarks  When 
the d i m u o n  product ion cross sections of  the C D t l S  group 14 are 
supp lemented  by more recent measurement s  of the semflcptome 
branching fracuons and the product ion cross sectmns m neutr ino 
reacuons  of  var ious charmed hadron species, the ,.alue 15 

I I ( d l  - 021 _- 0 0 3  (8) 

~s extracted 
(4) Values o f l [ ~ l  from n e u t r m o p r o d u c t m n o f c h a r m a r e  

dependent  on assumpt ions  about  the strange-quark densi ty m the 
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par'Ion sea The most  conservat l ' . e  a s sumpt ion  that the strange- 
quark  sea does not exceed the ~alue cor responding  to an SU('~) 
s y m m e m c  sea leads to a lov, er bound 14 [ I t~ ] : -0  50 h )s more 
advan tageous  to proceed ana logousb  to the method  used for 
extract ing I Ius I from Kc3 decax, namely  v,e compare  the experi- 
menta l  value for the 'o.~dth of  1)c3 decay v,~th the expressmn 16 that 
follows from the s tandard  weak mte racuon  a m p h t u d e  

l , ( l )__, . /~=e~Ue)_ i f 1 ) ( 0 ) 1 2 1 1  . 1 2 ( 1 5 4 , , 1 0 i l s e c  I) (9) 

Here l D+ ((PD .t,~ I ' )  ts the t e rm factor for l) t~ deca', wh¢cb ts the 
analogue ot t + ( ( p h  - p, . )-)  tor k t 3  deca~ )Is va rmuon  has been 
taken into account wlth the parametr l la lmn 
t .D( t ) / fD(o)  = ~12,,(I/2 t )  where I I  = 2 ] GeV the massof  
the Ds', a form and mass cons)stent ~)th Mark - I l l  measurements l'r 
( o m b m m g  data on branching ratms for I ) ,~  deca}s l'r 18 with accu- 
rate values 19 for 7" and 7" 0 gives the value 

II  I ) -  I I )  
( 0 7 8 - 0 1 I ) " 1 0  s e c  for l'( l) ~ k ( "  t,(, ) Therel 'ore 

I / t ~ (0 )12 l  v 12 = o51 * 0 0 7  (10) 

W~th sufficient conf idence m a theoreucal  ca lcu lanon  of  l t l) (0)1, 
a value of  I 1 , ,  I follows 2021 but e~en v,~th the ver.~ conser~au~e  
a s sumpt ion  that I f  +(0)1 -:1 it follov,s that 

I I  s] > 0 6 6  ( l l )  

The const ra in t  of  umtant,~ when there are onl.~ three genera(runs 
g~ves a much ughter  bound (see belm~ ) 

(5) The rat~o I l ' ub . / l b  [ can be ob ta ined  from the s e m d c p l o m c  
deca~ of  B mesons  by fit t ing to the lepton energ.~ spect rum as a 
sum o f e o n t n b u u o n s  m v o l ' , m g  t~ ---,. tl and t~ --~ ~ The rclau~c 
overal l  phase space faclor bet',,.een the two processes ~s calculated 
from the usual four-fermton mte rae tmn  w~th one m a s s w e  ferm~on 
(c quark  or u quark)  m the final state The ,.alue of  this  factor 
depends  on the quark  masses  but ~s roughl,, one-ha l f  The lack of  
obser ' . a tmn of  the h~gher m o m e n t u m  leptons character is t ic  of  
t) --) u ¢'u--~ as compared  to h --,~ ¢'57. has rcsulted thus far o n b  m 
upper  l imi t s  ~.h~eh depend on the lepton encrg.~ spect rum assumed  
for each deea~ 2 1 2 2 2 3  Using the lepton m o m e n t u m  regmn near 
the end-poin t  lbr t) -..( ¢ut and taking the c a l c u l a t m n -  ot the lep- 

M 
ton spect rum that glxes the least res tncm,  e l imi t  results in- 

I luh ,/l'tt , I < 0  20 (12) 

A lower bound on I 1 uh I can bc es tabhshed from the observa-  
t ion 25 of  exelusv.e  bar.,,omc B decays rote p p r  and  p[irrr which 
mvo tve  h --* u + du at the quark  level A chain  of  a s sump t ions  on 
the relat~'.e phase space, the fraction of  the quark- level  process 
which hadromzes  rote b a o o n t c  channels  and the fraction of  those 
that  occur m the observed modes  ~s reqmred No other  channels  
that  reflect h --.-u at the quark  level ha~e been observed 26 (.h~en 
lhe b ranch ing  f raeuons  of the two observed modes  a reasonable  
lower hm~t ~s 25 

I Iut,/l~.t,I > 0 0 7  (13) 

(6) The  magni tude  of  l'~b )(self can be de te rmined  ff the meas- 
ured semt lep tome  bo t tom hadron part ial  width ~s a s sumed  to be 
that  o f a  h quark  decaying through the usual 1 - -I interact(on 

G[:mb F(h ~ c~U-¢-) BF(b ~ c¢'~],) ~ 5 
- - -  l " ( m  /mhJllet) l-,(14) 

7"t) 192r  3 ' 

where 7/, ~s the h hfet~me and t - ( m  ./m h) ~s the phase space factor 
chosen as 0 45 Using an average semt lep tome  branch ing  fraction 
BF measured  m the c o n t i n u u m  of  27 12 I + 0 8°4, (which from 
Eq (12) ~s BF(b ---,, cg~-t-) to w~thm 10%), a world-a~.erage bo t tom 
hadron hfe t lme 28 of(1 18 _+ 0 14)× 10 12 sec. and  m h between 4 8 

and 5 2 GeV, we get 

I l d ,  I -- 0 0 4 6 _ ' 0 0 1 0  (15) 

Most of  the error quoted m Eq (15) is not from the exper imenta l  
uncertamt} in the ~alue of the t) hfe tmle  but m the theoretical 
uncer ta int ies  )n choosing a ', alue of ml, and in the use o(" the quark  
model  to represent mclusi',el.~ semi lep tome de,.ass wh)ch at least 
for tile H meson are domina ted  b.', a li:v, exclus),.e channels  We 
ha,,e made  the error bars larger than the) arc somet imes  staled to 
reflect these uncertamt}es (he,, include the central '.alues obtained 
for I I ,t, I b.'. using a model for the exclusv, e final states m sern- 
dep tomc  B deca+~ and extract ing [ I ,t, [ fi-om the absolute v,.~dth (br 
one or more of them 21 23 29 

The results for three gencra tmns  of  quarks,  from Eqs (5). (7), 
(8 ) , (11) . (12)  (13), and (15) p l u s u m t a n t ' ,  a r e s u m m a r l , ' e d  r a t h e  
matr ix  m Eq (2) The ranges gwen  there arc different from those 
glxen in Eqs (5) ( 1 5 ) ( b e c a u s e o f l h e m c l u s l o n  ofumtarl t . ' . )  but 
art" consistent v, i lh  the one-standard-dc~ lat lon errors on the i npu l  

matrix elements 
The data do not preclude there being more than three genera- 

tmns Moreo,.er, the entries deduced from umtarlt ' ,  mtght be 
altered v, hen the K - M  matr)x Js expanded to accommodate more 
genera t ions  (on,,erseL',.  lhe known e n m e s  restrict the possible 
,. alues of  a d d m o n a l  e lements  ff the matr ix  Ls expanded to account  
for a d d m o n a l  generat ions For example  umtant ' ,  and the known 
e lements  of lbe first row reqmre thal an} a d d m o n a l  e lement  m lhe 
first row h a ' . e a  magmtude  ] lu/ .  1 " : 0 0 7  When there are more 
than three genera(runs, the al lowed ranges (at 90% ( L )  of the 
matr ix  e lements  connect ing the first three generat ions  are 

0 9 7 2 9  to 0 9 7 6 0  0 2 1 7  to 0 _ _ 3  0 0 0 3  to 0 0 1 0  

162 to 0 2 3 0  0 6 5  to 0 9 8  0 0 3 0  to 0 0 6 2  

tO 0 [5 0 tO 0 7 1  0 tO 0 9 q 9 5  (16)  

where we have used u n a a n t y  (for the expanded  matrix)  anti 
Eqs ( 5 ) . ( 7 ) . ( 8 ) . ( 1 1 ) , ( 1 2 ) ( 1 3 ) , a n d ( 1 5 )  

Fur ther  mfo rma tmn  on_the angles reqmres theorchcal  assump-  
t ions For example• B d - B  d m~xmg, d~ t  or iginates  from short- 
d~stance c o n t n b u t m n s  to A ~/B domina ted  b,. box dmgrams m,,ol,.- 
mg virtual t quarks, gives informatlon on I ib  [ l~l once hadromc 
matr;x elements and the t  quark mass are known 30 .\ s)mdar 

comment holds for I th Its and B~ - I~ mlxmg 
CP-vlolatmg processes wd] revolve the phase m the K-M 

matrix, assuming that the observed (7' ",)olatmn )s solel) related to 
a m)nzero ~a lueof th tsphase Th~sal lowsaddmonalcons l ramts lO 
be brought to bear More speclfieall,,, a necessary and sufficient 
condmon for ( P ~)olat)on w)th three generat)ons can be formu- 
lated m a parametr)zalmn-mdependent manner )n terms o f  the 
de te rminan t  of the c o m m u t a t o r  of  the mass  m a m c e s  (br the charge 
2 e / 3  and charge - ¢ , / 3  quarks  31 ( p . , .m la tmg  rates or dlfl 'erences 
of rates all are p r o p o m o n a l  to a single quanta, .  ,..,htch )s the pro- 
duel  o(  factors s 1-)'; i ] ' , n ] (  i-)l'i'~Cna~,, In the exp l i c i t  parametr lza-  

t lon of  Refs 3 a n d  4. and is si-.s233Cl(2 (3D) In that of  Re(  I 
Whde  hadromc matr)x e lements  whose xalues are imprecisel.'. 
known now enter,  the const ra in ts  from (7 '  ~.mlatmn m the neutral 
kaon system are ugh( enough that there may be no so luuon  at all 
for ce r iam quark  masses,  ~ alues of  the phase, etc 30 

P r e p a r e d A p n l  1988 by F J  ( h l m a n .  K Klemknecht ,  and 
B Renk 

1 M Kobayasht  and T Maskawa,  Prog Theor  Phys 49 652 
(1973) 

2 N Cab~bbo, Phys Re~ 1.ett 10,531 (1963) 
3 H H a r a n a n d  M Leurer, Phys Let( BI81,  123(1986) 
4 H F n t z s c h a n d J  Plankl. Phys Re'. D35 1732(1987) 



1 0 9  

THE KOBAYASHI-MASKAWA MIXING MATRIX (Cont'd) 

5 L Mamnt, Phys Lett 62B, 183 (1976). and m Proceedtng.~ (if 
the 1977 International Symposium on l.epton and Photon 
Interacttons at Htgh Knergle~ (DESY, Hamburg, 1977), p 867 

6 L Wolfenstem. Phys Re`.' Lett 51, 1945(1984) 
7 L-L C h a u a n d W - Y  Keung, Phys Re`.. Lett 53 1802(1984) 
8 L-L Chau, Phys Rep 95, I (1983) 
9 See, for example M Gronau and J Schechler, Ph3s Rev Lett 

54. 385 (1985) 
10 WJ Marciano and A Strhn Phys Re,, Lett 56, 22 (1986) 
11 A Strhn and R ZucchmL Phys Re,, Lett 57. 1994 (1986) 
12 H Leutwylerand M Roos. Z Phys C25.91 (1984) 
13 J F Donoghue. B R Holstein and ~; W Khmt, Ph>s Re`. 

D35, 934 (1987) 
14 H Abramowlcz et al Z Ph,.s C15, 19 (1982) 
15 K KlemknechtandB Renk Z Phys C34,209(1987) 
16 The result for ~.t = 2 2 GeV is found m F Bletzacker. 

H T Ntch, and A Sore. Ph'.s Re`. DI6, 732 (1977) 
17 D M Coffman. Cahforma Institute ofTechnolog'. Ph D 

thests 1986 (unpubhshed) 
18 K Sh`.,,a. )n,.ned talk at the Internattonal .S'l'mpo.Yntm on Pro- 

ductton and Decar of  tleat r Flaror~, Stanford (September 1-5. 
1987) (unpubhshcd) 

19 J R Raab et al,  Fermdab preprmt FERMILAB-PUB-87/144-E 
(1987) (unpubhshed) 

20 T M Ahev et al Yad Fiz 40, 823 (1984) [So`.' J Nucl Phys 
40, 527 (1984) I 

21 M Bauer. B Stech andM Wirbel Z Phys C29,637(1985) 
22 G Aharclhctal  Nucl Phys B208 365 (1982) 

23 B Grmstem, N Isgur, and M B Wise, Phys Re'.' Left 56, 
298 (1986) 

24 S Behrendsetal .  Phys Rev Lctt 59, 407 (1987) 
25 W Schmidt-Parzefall. invited talk at the 1987 Internattonal 

Srmpostum on Lepton and Photon lntepact/on~ at thgh /','nc'~- 
gtes, Hamburg, (Jul,. 27 31. 1987) 

26 K Berkelman, mvned talk at the Inlepnattonal Srmposntm otl 
the Productum and De~al of  tleall Hator.s. Stanford (Sep- 
tember 1-5, 1987), and Corncll preprmt CLNS 97/102 (1987) 
(unpubhshed) 

27 E Thorndlke, m Proceedlng~ el'Hie 1985 International ~'l;Hpo- 
stum on Lepton arid Photon Inlera~ltons at lhgh Enogleg 
edited b~ M Konuma and K Takahasht (K~oto I.)nwersttL 
Kyoto, 1986), p 406 

28 S L Wu, turned talk at the 1987 Internattonal Srmpos/um o n  

Lepton attd Photon lnteractton.~ at Htgh Energw5 Hamburg 
(July 27-31, 1987), and DESY preprmt DESY 87/164 (1987) 
(unpubhshed) 

29 T Altomart and L Wolfenstcm. Carnegie Mellon Umversn~ 
preprmt CMt'-HEP86-17 (1986)(unpublished) and Ph',s Re; 
Lett 58. 1583 (1987) 

30 See, for example, H Hararl and Y Nkr, Phys Lett B195. 586 
(1987). Y NiL SLA(" preprmt SLAC-PUB-4368 (1987) (unpub- 
hshed), C H Albnght, C Jarlskog, and B -A Lmdholm, Phys 
Lett B199. 553 (1987). and P Krawczyketal ,  DESYpreprmt 
DESY 87/171 (1987) (unpubhshed) 

31 C Jarlskog. Phys Re'. Lett 55. 1039(1985). andZ  Ph3s 
C29, 491 (1985) 

QUARK MODEL* 

A QUANTUM NUMBERS 

Each quark has spin I/2 The addmvc quantum numbers (other 
than baryon number = I/3) of the knov.n (and presumed) quarks 
are shown m the table 

Quark type (flavor) 

Quantum number d u ~ ( I h t 

P I 2 I 2 I 2 
3 3 3 3 3 3 

..l_ +_1 0 0 0 0 
2 2 

0 -- electric charge 

I z isospln z-component 

S strangeness 

C - -  charm 

B .... bottomness 

T -- topness 

0 0 - I  0 0 0 

0 0 0 *1 0 0 

0 I 0 0 0 -1 0 
L 

0 0 0 0 0 -1 

With these conventions an'. fla,,or carried b'. a charged meson has 
the same sign as the charge e g . t h e s t r a n g e n e s s S  of the K" is +l  
and the bottomness [3 of the B* ~s - I  

B. MESONS 

Nearly all known mesons can be understood as bound states of 
a quark q and an antlquark 0-' (the fla`.ors o fq  and q'  ma~ be dif- 
ferent) If the orbital angular momentum of the qq' state is L then 
the parity P = ( -  1) L 4 I A state qq- of a quark and its ov, n anti- 
quark is also an eigenstate of charge conjugation wnh C = 
(-I)1"*"" where the s p i n s  = 0 o r  I The L = 0 s t a t c s a r e t h c  
pseudoscalars JP = 0 .  and the `.ectors. JP = 1 See the table 
on the next page States m the "'normal" spm-parit.`, sencs. P = 
( -  1) J, must. according to the abo`.e, ha,,e S =1 and hence ( 'P = 
- 1 Thus mesons `.,,)th normal spin-parl!~ and ( P  = - 1 are for- 
bidden in the q~" quark model The j l ' (  = 0 state is forbidden 
as v.ell Mesons with such JP(" could exist, but would hc outside 
the qq-' model 

States with the same j l '  and addmvc quantum numbers can 
mix 0f  the,~ are eigenstates of charge conjugatmn, they must also 
have the same value o f ( ' )  Thus the physical JP = I - .  strange- 
ness S = I states, K1(1270) and KI(1400). are mixtures of the pure 
~uark-model states K I -I and KIB The ~,(377()) is a mixture of 
S I and 3D I The rt and r( are mzxtures of the SU(3) octet and 

smglet states 
For the pseudoscalar mesons, the Gell-Mann-Okubo formula is 

" I ", 
.'nr~ = ~-(4m/~ - ,n~.), 
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Standard quark-model asstgnments  for so_me of  the known mesons  Some assignments,  especlall~r for 0 + +. are controversial Note that 
only the states m the uE. dd sT, c?:. and I~b columns  and the neutral states m the I = I column are etgenstates of  charge con.lugatmn ( 

2S + I 1 jP("  ud ui}. d[l ud.  dd.  ~: 
"J 1 = I 1 = 0 

I s  0 O- + rr ~. r/' 

3.S- I I p O. w 

It,  1 1 + -  b1(1235 ) k l ( l l 7 0 )  

3P 0 0 ' "  a 0(980) f0(975) /0(1400) 

3P 1 1 - -  a 1(1260) 11(1285) (1(1420) 

3•' 2 2 ~" a2(1320) /2(1525)  / , (1270) 

ID-, 2 " ~r,(1670) 

3D 1 I " - 

3D.~ 2 

3D 3 3 [ P3(1690) ] w3(1670) 

(.~- 

/ = 0  

J ,.'¢ 

X, 0 ( I/ '  ) 

X~ i ( I / ' )  

X~2(IP) 

hF, 
/ = 0  

Xho(I P) 

Xt, I ( IP)  

3ql 

/ = 1/2 
cE, cd 
/ = 1/2 

cT 
I = 0  

1 hu, bd I = I/2 

K D D~ B 

h*(892) D*(2010) 

Xh2(IP) 

K i B  

h0(14-0)  

h i !  

K:(1430) 

ff(3770) 

h~(1770) 

K;(1780)  

assuming no octet-stagier m~xmg However.  the octet r/8 and 
smglet ;71 mix because of  SU(3) breaking The physical states r /and 
~" are given by 

17 = r/sCOS0 P - r71SmOp 

rl" = rl8smO P - rl I cOS0p 

These c o m b m a u o n s  dmgonahze the mass-squared matrtx 

M2 = Mi-~ 3ti-8 

.v ~8 .vg8 

where M28 1 ", = ~ - ( 4 m C - m ~ )  It follows that 

M 8 8  - '" 
tan20p 

m,7, - 3! g8 

The s~gn OfOp ts meaningful m the quark model If 

~8 = ( u E  * d d  - 2 ~ , :  V ' 6  , 

then the matrix element ~.1 i8, which ~s due mostly to the strange 
quark mass, ~s negatt',e From the relation 

.,1~, 8 - , , , :  
tan Op 

M i'8 

we find Of < 0 Ho'aever we note that caution is suggested tn the 
use o f  the q- r t '  m xmg angle formulas as they are extremely senst- ") ~ ") - 

tr.'e to SU(3) breaking If we allow 3/g8 = ~ ( 4 m E  - , ~7)(1 - A). 
the mixing angle ~s determined by 

tan201 , - 00319(1 ÷ 17&) 

0 I, = -101"(1  +85..X) 

to first order m A A small breaking of  the GelI-Mann-Okubo rela- 
uon  can produce a major  modfficanon of  Op 

For the vector mesons  we replace r --,. p, K ~ K*. rt --,- 4), and 
r / '  --.*- 0 ~ .  S O  

¢, = o:8cos0 ~ - w  l sm01 

w = w8 sm0 ;  • WlCOS01. 

For" tdea l  mixing," 0 = *T, tan0 t = l / V 2 ,  so 0| .  ~ 35 3" 
Experimentally, fl I t s  near 35* the sign being determined by a fol- 
mula analogous to that for t an0p  Following this procedure we 
find the mixing angles below 

Stagier-octet mixing for the pseudoscalar, vector, and tensor me- 
sons The s~gn conventions are as above The value Of 0quad ks ob- 
tained from the equations above, and 0hn ts obtained by replacing 
m2--~ m throughout Of  the two tsosmglets, the mostly octet one 
ts listed first 

j P C  Nonet Members  0quad 0hn 

0 - "  r,. A', r/. r( - 1 0 "  - 2 3  ° 

1 p, K*(892) ,  ¢. tc 39 ° 36 ° 

2'  " a2(1320), K2(1430 ), f2(1525), f2(1270) 28" 26 ° 

3 - P3(1690). K~(1780). X(1850). ~3(1670) 29 ° 28" 
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In the quark model, the coupling of neutral mesons to two pho- 

tons is proportional to : ~ Q 2  where Q~ is the charge of the/- th  
I 

quark. This provides an alternative characterization of mixing. 
For example, defining 

Amp[P --~ y (k  I)'r(k 2 )] - ,'t/(u,'~,d~ * k ( * k I~ h, 2,t _d. 

where ~ , is the ,k component of the polarization xector of the i th 
IA  

photon, one finds 

M(n--*.y"[). = I (cos0,, _ 2x,~sintgp) - 1.84 + O.I 
M ( r 0 - , . y 7 )  v'3 " \"3 - 

[ / _ M(~'-%1")') = 2V2~3 cos0/, * -~-V~ = (0.77 ,. 003)2 \ .2 /3  
M ( r  0---~ "yy) _ , - 

These data favor 0p -~ -20  °, which is compatible with the qua- 
dratic mass mixing formula with ~ 12% SU(3) breaking in .llgs. 

C. BARYONS 

All the established baryons are apparently 3-quark (qqq) states. 
and each such state is an SU(3) color singlet, a completel,, antisym- 
metric state of the three possible colors. Since the quarks are fer- 
mions, the state function for any baryon must be antisymmetric 
under interchange ofany two ofits  quarks. Thus the state is ~.rm- 
metric under interchange of the quantum labels other than color: 

I qqq )1 = I c°l°r).-I × I space, spin. flavor.. S , 

where the subscripts S and -I indicate symmetr~ or antisymmctr) 
under interchange of any two of the quarks. Note the contrast with 
the state function for the three nucleons in 3H or 3He: 

I.\',~;.~, ) l  = I space, spin. isospin).| . 

This difference has major implications for internal structure, mag- 
netic moments, etc. (For a nice discussion, see Ref. 1.) 

Fev, of the baryons containing c or heavier quarks have yet 
been discovered, so we restrict further attention to bar.',ons made 
u p o f j u s t d ,  u , a n d s  quarks. Thcthree flavors implya flavor 
SUI3). which requires that baryons made of these quarks belong to 
the muhiplcts on the right side of 

3 ® 3 ® 3 = l0  S e 8t  ! (t) 8.t / (~ I t  

(see the section on S[!(n) Muhiplets and Young Diagrams). Here 
the subscripts indicate symmetric, mixed-sy mmetr.,,, or antis3 m- 
metric states under interchange of any IWO quarks. The figure 
shows particle assignments in lhcsc multiplets. States .X 8 and .x. I 
that have the same spin and parity can mix: an example is the 
mainly octet D03 A(1690) and mainly' singlet D03 AII520). la the  
ground state multiplct, the $1 .̀:(33 flavor singlet A is forbidden by 
Fermi statistics. The mixing formalism is the same as for r/-r/' or 
q,-to (see above), except that for baryons the mass 3/ instead of 
M 2 is used. The section SU(3) lsoscalar Factors shows hov, rela- 
ti',e decay rates in, say. 10--..8 ® 8 decays ma3 be calculated. A 

summary of results of fits to the observed bar3on masses and dccax 
rates for the best-known SU(3) muhiplcts ts given in -Xppendix II 
of our 1982 edition. 2 

Flavor and spin may bc combined in a flavor-spin S['163 in 
which thesJx basic s t a t e s a r e d ' , d . ,  . . . ,  s, ( ' . .  = spin up. 
down). Then the bar3ons belong to the mult ip lets on the right side 
o f  

6 ~ 6 ® 6 = 56 S e 70 w .Q 70t/ "Q 20.j 
These SI.J(6) multiplets decompose into tla'.or 51.1(33 multiplets as 
tbllov, s: 

56 - 410 E) 28 

70 - 210 (9 48 ~ 28 e 21 

20 = 28 e a l ,  

",,,'here the superscript (25 ~ 1 ) gi,,es the net s~in S of the quarks tot 
each particle in the 51.J(33 muhtplet. The 3 ' '  = 1/2 " octet contain- 
ing the nucleon and the JP = 3/2 " decuplet containing the ..X( 12323 
together make up the "'ground-state'" 56-pier m which the orbital 
angular momenta between the quark pairs are zero (so that the spa- 
tial part of the state function is triviall3 s',mmetric). The 7(1 and 20 
require some excitation of the spatial part of the state function in 
order to make the overall state function s.,,mmetnc. States v, ith 
nonzero orbital angular momenta arc classified in 5(.'(63~O(33 
supermultiplets. F'hysical baryons with the same quantum numbers 
do not belong to a single supermuhiplet, since St '(6) is broken b3 
spin-dependent interactions, differences in quark masses, etc.: 
nevertheless, the 5Ut6)®OI33 bas~s provides a sunable framework 
for describing bar2,on state functions. 

It is con',enienl to classify the baDons into bands that haxe the 
same number .\' of quanta of excitation. Each band consists of a 
number of supermuhiplets, specified by (D,L( ' ) .  v.here D is the 
dimens~onality of the S1,)16) representation, l. is the total quark 
orbital angular momentum, a n d / '  is the total parit,.. Supermuhi- 
plots contained in bands up to .V -- 12 are green in Rcf~ 3. The 
.V ~ 0 band, which contains the nucleon and ~11232). consists 
only ofthe (56,0 u')supermuhlplet.  The.V - 1 band consists only 
of the (70.1j) multiplet and contains the negatixc-parily bar3ons 
with masses belov,, about I.q (ieV. The V = 2 band contains fi'.e 
supcrmultiplets: (56,02" ). 170.0_~ ~ ). 156.2.~-I. 170.22" ). and 120.1-" ). 
Ba~ons belonging to the (20.12" ) supermulltplet are not excr likely 
to be observed, since a coupling from the ground-state bar.~ons 
requires a Iv, o-quark excitation. Selection rules are similarl.~ 
responsible for the fact that many other baryon resonances haxe 
not been obserxed. 4 

In the table belov,, quark-model assignments are given tbr many 
of the established baryons whose $1..16)@O(3) compositions are 
relativel3 unmixed. Note that the unestablished resonances 
.V(1540) I' 13' A(1550)/'31. v(1480), v(1560), z( 1580L ~'( 177f)L and 
--(16203 in our Bar',on Full Listings are too low in mass to be 
accommodated m most modern quark models. 45 

Quark models tot baryons are extensi',el,,, rex ~e~ed in Ref. 6. 

__-° - - '0  

) 

) 
© 
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QUARK MODEL (Cont'd) 

D. DYNAMICS 

Many spcofic quark models exlst, but mosl conlam basically 
the same sel of  dynamical ingredients These include 

I) A confimng interaction ~hlch ~s generally spin independent 
is used 

11) A spin-dependent mlerachon ~s added modeled after the 
eflbcls ofgluon exchange m QCD For example m the S'- 
wave stales there ~s a spin-spin h xperfine interaction of the 
form 

111ft" = - (~5, '~l ~ (~-X "1 )t(~X, "l )t 
/ ' - ' j  

where ~.I ~s a constant v,~th umts ofenerg~ k ! 
-1 = I 8 ~s the set o f  S1,!(3) umlar.~ spin matrices 
defined m lhe "'SI, I(3) Isoscalar Factors and Representation 
Matr lces" sectlon and the sum runs o~er consll luenl quarks 
or antlquarks Spin-orbit mleracl~ons, although allo~ed 
seem Io be small 

m) The slrange quark mass ~s taken to be some~.hat larger than 
the up and down quark masses in order 1o spilt the .51:(3) 
mull~plels 

iv) In the case of isoscalar mesons, an inleracllon is needed for 
mixing qq- configurations of ddTerenl flavors (e g ,  
uE~dd.v~-)  m a manner  wh)ch is generall~ chosen to be fla- 
x'or independent 

These four ingredients prox tde lhe basic mechamsms v,h~ch deter- 
name the hadron speclrum 

Revised -Xprfl 1988 b', J I)onoghue and D M Manlcx 
I F E ('lose m Qttat~ uml .\'utleat I"otces (Spnnger-Verlag 

1982), p 56 
2 Particle Data Group, Ph}s Left 111B(1982) 
3 R H Dahtz and L J Relnders in ]lddH,l SIIII[IItIC u~ ]XtlOWll 

/tOm EIct t,,na,g, nctl¢ and Strong lnteta¢ llOn.~. I'to¢ ecdm~s ~d 
tile Iladtotl "77 ( onloence (Veda 1970) p I I 

4 N I s g u r a n d G  Karl Ph}s Rex DlS. 4187 (1978), lbJd 1)19, 
2653(1979) 1bid D20 1191 (1079),and K - T  ("hat) N lsgur 
a n d G  Karl, Phxs Rcv D23 155(1081) 

5 C P  F o r s } t h a n d R t !  Cutkosk) Z Ph',s ( ' i 8  219(1983) 
6 A J (; He', and R L Kelly, t-'h,,s Reports 96, 71 (1983) --Xlso 

see S (ias~orov, lcz and J L Rosner, . \m J Ph,,s 49 954 
(1981) 

Quark-model assignments for some of the known bar,.ons m terms o f a  fla',or-spm S[:(6) basis (')nl,. the dommanl  representation Is hsted 
Asskgnments for some states espec~all~ for ~(1810) '42350) -(1820). and -(2030), are mereb  educated guesses 

JP (D / t') .S Octet members Smglets 

I/2" (5600") 1/2 \ (939)  'L(I 116) "(1193) "--(1318) 
I /2"  (5602") 1/2 \ (1440) 'L(1600) Z(1660) V(") 
I/2 (70.1 t ) 1/2 \(1535} 'L(1670) ~£(1620) --(0) '~(1405) 
3/2 (70 1~-) I/2 \ (1520)  'q 1690) Z(1670) --V(182()) ~.( 15201 
I/2 (70 1~ ) 3/2 \ (1650)  X.(1800) "'(1750) --(") 
3/2 (70 1]-) 3/2 \ (1700)  At") v(',) _V(") 
5/2 (70,11") 3/2 %(1675) ~.(1830) Z(1775) -':(')) 
I / 2 '  (70 02" ) 1/2 \ (1710)  ~.(181()) "(1880) --(") '~{')) 
3."2" (56 2Z" ) 1/2 "(1720) ',(1890) Z(") v(") 
5/2" (56 2:" ) 1/2 ' (1680)  ~(1820) Z(1915) -(2030) 
7/2 (70.33 ) I/2 ',(2190) ~(") .~(") -(") 'L(2 I00) 
9 / 2 -  (70,33 ) 3/2 .\ (2250) '~(") "(") E(") 
9,'2 " (56,4,:") I/2 .\ (2220) k(2350) "(") --'(") 

Decuplet members 

3/2" (56,00") 3/2 .5(1232) E(1385) --(15301 L~(1672) 
I/2 (70.1 {-I I/2 .5(1620) ,,,-to) Z(") ~.2(") 
3.-2 (70,1 k ) I/2 .5(1700) L('~) Z(") !2('~) 
5./2- (56.22" ) 3/2 .5(1905) "(") E('~) L)(") 
7 /2"  (56 22" ) 3/2 .5(1950) "-(2030) --(") LT') 
I I / 2 -  (56 47" ) 3/2 .5(2420) L(") E(") LT') 
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MONTE CARLO PARTICLE NUMBERING SCHEME* 

Most particle ph.',sics Monte  Carlo and analysis  s.,,stems use a 
number ing  scheme to represent particles The lack ofs tandard~za-  
non of  such schemes  inhibi ts  interfacing d~fferent programs The 
fi>llov, mg table proposes a s tandard  number ing  scheme Some of  
the propernes  ofth~s scheme are 

I Quarks  and leptons arc ordered b.', famfl',, and '*~thln the Cam- 
ft.', b.', isospm Th~s puts Ihe u and d m the opposi te  order  
than ~soften used m other  n u m b e r m g s c h e m e s  [n our  scheme 
we call the hlghesl numbered  quark  the hea', ~est quark  

2 For mu lnp le  quark s>stems (mesons.  bar.,.ons and d~quarksL 
the n g h m m s t  digit  is generall,, 1. - 21 • 1 (The k,~ I and &/[: 
are e x c e p t i o n s  ) 

3 Mesons are represented b', the form \ II1. and bar>ons b.'. 
\ t l l x l .  ~,herc \ t /  and A are quark numbers  

4 For these s ' .s tems the hea',~esl quark  ~s usuall,, cm the left and  
the quarks  arc m decreasing mass order  from left to nghl  One 
exceplmn t o t h ~ s c o n x c n l m n  ~sthe A/LJk~ ~paw . \ s e c o n d  
excepnon ~s lot  the ",.'s tbr ',a, hlch v,,e m' ,er l  the up and down 
quarks  to d i s t lngmsh the k from the ..0 

5 The other cx~.cpnon to this  mass  order  rule ~s for some \ "s 
and k ' s  For .V's the u and d quark  are rc' ,ersed for spins 3/2 
and 7.,'2 For ~ s the5 are re ' .ersed R)r spins I /2 and 5/2 The 
quarks  arc m the normal  decreasing order  v, hen 1 t .I ~s odd 

6 Mesons  and onl.', mesons  ha' ,e Ihe thtrd dlgH nonzero and lhe 
fourth dlgH zero O.\'e designate the ngh tmos l  d~gtt as the first 
dig~t ) 

7 Only bar.,,ons and d lquarks  ha,.e the fourth digH nonzero 
8 Onl.,. quarks  and  d tquarks  ha' ,e the second dlgn equal  to zero 
9 Particles ha ' ,e  posm' , e  numbers  each ant ipar t ic le  has the ncga- 

t l ' , e  o f  i ts c o u n t e r p a r t  
10 The parncle-ant ,par t lc lc  con ' , en tmn ~s the one used b~ the 

Particle Data Group  so that the k " and B" are parneles  
I I The abo' ,e  rules impl,, thai for mesons  (as opposed to an t>  

mesons)  v, hen the number  of  the leftnlost (hea', rest) quark ~s 
e',,en it is a quark  and ~hen  the number  of the leftmost quark  
ts odd ~t ts an anuqua rk  

12 T h e g l u o n  has t',,o numbers  l t soff ic ,a l  n u m b e r , s  21 t o p l a c c  
it v, ith the other gauge bosons Its number  ~s also 9 so that a 
glueball ts speclficd as 99 

13 The fifth digtt is used to d l t tbrenhate  different particles v, lth 
the same quark content  and spin 

14 Although lsospm ts not mainlY'st m this scheme there is some 
lsospm content  Mesonsv,~th l l J  a re~sospm I and t h o s e ~ t h  
22.1 are ~sospm 0 For nonstrange bar ' ,ons ff the quarks  are m 
the normal  decreasing order then / - J ~s odd otherv.~se 1 - ./ 
~s e' ,en [l a strange baryon does not ha' .e the normal  decreas- 
mg quark  order i l h a s /  - 0 

More details  about  the molp, auon  behind and propcrncs  of  
this scheme can be tbund m Ref 1 Mthough th~s scheme has the 
ad, ,antage that a parucle 's  number  has cons,derable ph',s~cs con- 
lent  ~t has the dtsad ' .antagc that ~t ts n o l c o m p a c t  ,~n a l g o n l h m  
that t ranslates thts scheme mto a more compact  schcnlc is needed 
for its mlp lementa t ton  Contact  the Berkelex Parncle Data Group  
tot  further mlormat ton  on such an algori thm 

4 hst of parncle numbers  follov, s 

% n t t e n  .-kpnl 1988 b> G R L.,,nch and T ( i  T n p p e  
1 T G lr~pl:x" and ( i  R L.',nch Parncle I I) Numbers  Deca.~ 

Tables and Other  Possible ( ' o n t n b u t m n s  o f  the Particle Data 
G r o u p l o  Montc Carlo .Standards 1.BI.-_4_8, m 
O/ I/lC II ot,~',Jlo/) ¢~ll I)CICc lot  .g;llnll/dllOH /¢~t [hc  "~ %¢[. (&ugus I  
1987) 

E L E M E N ' I A R Y  I ) I Q U A R K S  
P A R T I C L E S  

d d  I 1103 

Q u a r k s  u d  0 2 1 0  I 

d I ud I 2103 

1¢ 2 uu  I 2203 

3 ~d o 3101 
c 4 
b 5 3d I 3103 

t 6 ~u 0 %201 

~u I 3203 

Leptons 

l, c I 2 

1',~ 14 STABI .F  .MESONS 
v r 16 
e II ,'r" 211 

u 13 ;'r ° I I I 

r 15 O 221 

K " 321 

Gauge  and K" 311 

HIggs Bosons A ~ 310 

• ", 22 K~ ~ 130 

II ' 24 D " 41 I 

Z "  23 D ° 421 

.¢ 21 and 9 D~- 431 

I I i  ~ 25 D~ + 433 

I I !  ~ 35 B " 521 

I t~  I 36 B u 511 

H "  37 

O T H E R  M E S O N S  

l'(770) " 213 

p(770) 0 I ] 3 

,,.'(783) 223 

,1'1958) 331 

t o(975) 10221 

a o(98()) 10211 10111 

q,(10/fl) 333 

h l ( l 1 7 0 )  10223 

/,1(1235) 10213 10113 

a 1(1260) 20213 20113 
I-,(1270) 225 

~(1280) 20221 
I ~(1285) 20223  

,"r( I 3(K))  20211 2 f l l l l  
ad1320) 215 115 

l n(1400) 3(122 I 

I i (1420) 30221 

~(1430) 40221 

t ' , (1525) 335 

t 1(15301 40223 

I o(1590) 50221 

,.,.'3{ 16701 22v 

uq  1670} 10215 10115 

4R 16go) 10333 

/,3(1690) 21"7 117 

p(1700) 30213 30113 

141720)  10225 

I .(2010) 20225 

14(2050) 229 
I .,(2300) 30225 

I ,(2340) 4o225 
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MONTE CARLO PARTICLE 

O T H E R  M E S O N S  (Cont'd) 

r/t ( I S ) 44 I 
j./4115;) 443 

X, o( I P)  10441 

x, i 1"1/' ) 10443 

k, 2 ( I P ) 445 

~12.S'} 2O443 

~137701 30443 

¢(40401 40443 

¢(4160) 50443 

~144151 60443 

T(I S') 553 

XI, o(1P) 551 

X/,I(1P) 10553 

Xl, 2 ( 1 P ) 555 
T(2S) 20553 

Xh0(2/ ')  10551 

xt, i 12/') 7,0553 

X/,2(2P) 10555 

T(3S') 30553 

T(4S ) 40553 

T(I0860) 50553 

T(11020) 60553 

K*1892) " 323 

K*(802) ° 313 

K1112701 10323 10313 

KI(1400)  20323 20313 

A*(1415) 311323. 31/313 
" *  

h O ( 1 4 . 0 )  10321 10311 

K~*(1430) 325 315 

K* (1715 )  40323 40313 

K,(  17701 1O325 10315 

K.~(1780) 327 317 

K,~(20751 329 319 

D*(2010)"  413 

D*1211101 ° 423 

STABLE BARYONS 

p 2212 

n 2112 

3 ] . _  

X" 3222 
X n 3212 

Z -  3112 
~o 3322 

E 3312 

~ -  3332 

A *  4122 

" 4322 - ¢  

~ 4332 

x]) 5122 

NUMBERING SCHEME (Cont'd) 

OTIIER BARYONS 

\ (  1440)- 1'11 12212 

V{ 1440) ° I ' l l  12112 

V( 152111 1) 1t 2124 1214 

"""12.  22112 \ ' (1535) Sl j  ___ 

V'"I 2. 32112 \ '(16501 hll .__ 

.','(16751 I)15 2216. 2116 

1")'116. 12116 \ 1168[}} / 15 - -  
__ _1_14 \ (I 70()) I) 1~ "~'~ 124 "~ "~ 

\ ( 1710 )  PII  42212 .42112  

\ (17201 /'13 32124.31214 

~128 1218 . \12190) ¢il7 _ 

• _ _ _ 4  A(I '~P  / '  " " ") - ' -  33 
A(12321 " 1'33 2214 

A(I .3_)  1'33 _114 
3 A(I__3__) t'33 ~ 1114 

A(16211) S31 2222 2122 1212. 1112 

1___4 __14 12114, 11114 A(1700) 1)33 "~"" I"'~ 

A(19001 .S~I 12222 12212 12112 11112 

A(19051 t-t5 ___( _126 1216 1116 

A(Ig l0)  t'~1 22222 22212 22112 21112 

" " " " ~ " " 21 __114 A(1920) •'33 . . . .  4 ___14 ~" 114 

1___6 16 12116 11116 A( 19301 •)35 "~ "~ " 122 
A(1950) / x= 2228 2218 2118 1118 

k(1405) S() I 13122 

~.11520) 1)(] t 3124 
n'!, 3 ~  ',11600) f'ol _. l__ 

~.(1670) SOl 33122 

k(16911) 1) ~ 13124 

~.( 1801)1 %Ol 43122 

~(181[1) / 'o] 53122 

~(1820) 1. o5 3126 

%( 18301 I )  s 13126 

k( lgq01 / ' )~ 23 24 

',1210111 ¢,(p 3128 

',(21 IO) I'o5 23126 

"11385}" /'13 3224 

Z(1385)° / '13 3214 

"(1385) 1'13 3114 
"~ " 12 X(1660) /'11 3222 13_1_, 131 

P " 4  Z(1670) 1)1, ~ I . . _  13214. 13114 

"~ "~ "~ 12 "2117501 SII 23222. _3_1_ 231 

. _ _ o .  Z(17751 DI5 ~, ") "),~ 3216 3116 
..)-) 

~(1915) 1'15 13__6. 13216. 13116 

X(19401 DI3 23224. 232 4. 23114 
• ~, ,3 -(_0301 k i t  3228. 3218. 3118 

--115301 o /113 3324 

_v( 15301- t '13 3314 

--(1820) 13 13324. 13314 
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P L O T S  O F  C R O S S  S E C T I O N S  A N D  R E L A T E D  Q U A N T I T I E S  

NOTE: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIVE" DATA IN THE 

OPINION OF THE COMPILER.  THEY ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE WORLD'S RELIABLE OATA. 
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The nucleon structure funcuons F 2 and x F  3 measured m charged-current neutnno and antmeutnno scattenng on ~ron (CCFRR, CDHSW) 
2 and marble (CHARM) targets, versus Q , for fixed bins of  x Ftlled symbols are read on the right-hand scale, open symbols (appeanng for 

alternate x values) on the left-hand scale Only stat]stlcal errors are shown R - e L / a  T - 0 is used m the CHARM data, and a QCD 
predtctmn for R Is assumed in the CCFRR and C D H S W  data The CHARM measurements have not been corrected for the recahbratmn 
of  the total n e u m n o  and antmeutnno cross sectmns m the CERN neutnno beam whmh was completed after the pubhcatlon of  these data 
References CCFRR - -  D B MacFarlane et a l ,  Z Phys C26, I (1984), C D H S W  - -  V Vallage, Thests, Umverslte  de Pans Sud, Orsay 
(1986) and Chr Gewemger,  private commumcatton,  C H A R M  - -  F Bergsma et a l ,  Phys Let, 123B, 269 0 9 8 3 )  and Phys Lett 141B, 129 
(1984) 
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The proton structure function F~ measured in 
electromagneuc scattenng of  electrons (SLAC- 
MIT) and muons (BCDMS, EMC) on hydrogen 
targets, versus Q2, for fixed bins o f x  The data 
have been muluphed by the factors shown on the 
left-hand figure for convemence  m plotnng Only 
statistical errors are shown R = a L / e T  = 0 21 is 
assumed m the SLAC-MIT data, R = 0 =n the 
EMC data, and a QCD pred~cuon for R m the 
BCDMS data Where necessary, the SLAC-MIT 
and EMC data were interpolated to the x bins of  
the BCDMS data References SLAC-MIT - -  A 
Bodek et a l ,  Phys Rev D20, 1471 (1979), EMC 
- -  J J AuberX et a l ,  Nucl Phys B259, 189 
(1985), BCDMS - -  A Ouraou, Thesis, Umver-  
site de Pans Sud, Orsay (1988) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 

Structure Functions 
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e 0 

The nucleon structure function [.~ measured in electromagnetic 
scattenng of muons on nron (BFP~ EMC) and carbon (BCDMS) tar- 
gets, versusQ2, for fixcd bins of v For v of 005 ,0125 ,0175 .  
0 275, 0 45, and 0 65 use the right-hand scale, othcrwnse use the left- 
hand scale Only statustJcal errors are shown R = aLter7  = 0 us 
used nn the BFP data. and a QCD predlctnon for R ~s assumed m 
the BCDMS and EMC data References BCDMS A Benvenutl 
e t a l .  Phys Left BI95,91 (1987), BFP - -  P D  Meyerset a I ,Phys  
Rev D34, 1265 (1986), EMC J J 4ubcrl et al,  Nucl Phys B272, 
158 (1986) 
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O,O CCFRR 

4k,A CDHSW 
i ,E3 CHARM 

• BCDMS x 1 8 / 5  
+ BFP x 1 8 / 5  

• A" EMC x 1 8 / 5  

10 GeV 2 < Q2 < 100 GeV 2 

~-~C03 

" ~  =" m 4 A ~ .  I . t .  - -  

0 6  0 8  

The structure functnons I.~. vF 3 and qt, measured m different 
expenments on lsoscalar targets as a function of Bjorken x The 
CCFRR, CDHSW. BFP, and EM(" data were ~aken wnth nron tar- 
gets, the CHARM data with a marble (CaCO 3) target, and the 
BCDMS data with a carbon target Only statistical errors are 
shown The CHARM and BFP collaborations assume R = ,T L / a l  
= 0. whereas a QCD predicuon for R Js assumed m the analysus of 
the C C F R R ,  CDHSW, BCDMS. and EMC data The electromag- 
netic structure function t.'~ ~' is compared to the charged-current 
structure function /"('%" co"rrectnng for the average squared quark 
charge 5/18 No correctnons have been apphed for the dxffcrcnce 
between the strange and charmed quark sea References CCFRR 
- -  D B MacFarlane c t a l ,  Z Phys C26, 1 (1984). CDHSV¢ .- x,, 
Vallage. Thesis. Umverslte de Pans Sud. Orsay (1986) and Chr 
Gewcmger. prnvate communlcatnon. CHARM F Bergsma el al. 
Phys Left 123B, 269(1983) and Ph.,,s l,ett 141B. 129(1984), 
B C D M S - -  A Benvenutnetal ,  Ph,,s Let/ BI95.91 (1987).BFP 
- - P D  Meyerse ta l .  Phys Re'.' D34, 1265 (1986), EMC J J  
A u b e r l e t a I , N u c l  Phys B272. 158 (1986) 
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" E M C "  Effect 
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The ratm of nucleon structure funcuons F ~  (.r)/F D ( r )  for nuclear targets A compared to deuterium D, measured in deep melasnc elec- 
tron (SLAC-EI39) and muon (BCDMS, EMC) scattering (a) medtum-weLght targets (A = N, C), (b) heavy targets (A = Fe, Cu) O n b  sta- 
usncal errors are shown The SLAC-E139 data were evaluated as cross section ranos 6A/G D but are equal to structure funcuon ratios ff R 
= aL/tr T Is independent of A References BCDMS - -  (; Ban et al, Phys Lctt 163B. 282 (1985), and A C Benvenutl el al, Phys Left 
B189, 483 (1987), EMC --  J Ashman el al,  CERN-EP/88-06 (1988), SLAC-E139 R G Arnold el al,  Phys Re',' Lelt 52, 727 (1984), 
and SLAC-PUB-3257 (1983) 
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Average multlphctty as a funcUon of V'~ for p~ at the sfips for pp 
at the ISR, (open circles) and for e+e Sohd curve ts a fit by 
Thome et al to their data (solid circles) with the form (Nch) - 
0 88 + 0 44 ,On s + 0 118 ((n s)2 e" e - data points have been 
combined to reduce overlap, errors (not shown) are dominated by 
10%-25% systematic effects References p~ - -  G J Alner et al,  
Phys Lett 138B, 304 (1984), pp - W Thome et al,  Nucl Phys 
B129, 365 (1977), W M Morse et al,  Phys Rex, DIS, 66 (1977), 
andJ  BeneckeetaI ,Nucl  Phys B76.29(1974) ,e+e - - 
ADONE C Baccl et al,  Phys Lelt 86B. 234 (1979), MARK II 
J L Slegnst et al, Phys Rex, D26, 969 (1982), LENA 
B Nlczyporuk et al,  Z Phys C9, 1 (1981), and TASSO 
M A l t h o f f e t a I , Z  Phys C229.307(1984) 
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Jet Production in pp and ~p Interactions 
i • • : i i i i [ : i i 
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Pseudorapidity in ~p Interactions 
i i i I i 

D]fferentml cross sectmns for observatmn of a single jet of rapidity 
y = 0 as a functmn of the jet transverse momentum ISR (pp) and 
S~-pS colhder (/Sp) data compared Error bars include a contribu- 
tion due to estimated systematic error m defimng jet d~recuon and 
P I  Sohd curve QCD predJctmn, refer to the "'Cross-Section For- 
mulae for Specific Processes" sectmn and the "Quantum Chromo- 
dynamics'" sectmn m the full-sized edmon References ISR - T 
Akesson et al,  Phys Lett II8B, 185 (1982), UA2 - P Bagnam et 
al, Phys Lett 13811, 430 (1984), and P Bagnam et al, Z Phys 
C20. 1 1 7 ( 1 9 8 3 ) , U A I - G  A r m s o n e t a I , P h y s  Lett 123B, 115 
(1983a). and G Armson et al,  Phys Lett 132B. 144 (1983b) 
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Companson of the d~smbutmn of the pseudorap]&ty 
r; = - / ' n  (tan Ocm/2 ) for charged-panicle productmn 
m proton-anuproton colhsmns at ~ = 53 GeV (1) 
and 540 GeV (2) References (I) K Alpgard et al, 
Phys Lett II2B, 209 (1982), (2) UA5 Collaboration, 
presented by J Rushbrooke m the Proceedings of  the 
XI V lnternattonal Symposium on Multtparttcle 
Dynamws, eds J F Gumon and P M Yager (World 
Scientific Pubhshmg Co,  Singapore. 1984) 
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Fragmentation Function 
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The cross secuon (s//~) d a / d :  versus : for producing a hadron h 
m e + e -  anmhdauon, measured m d,fferent experiments, for fixed 
energaes Q2 = s This quantny ~s closely related to the fragmenta- 
uon funcUon D~(:,  Q2) as d~scussed m the "Cross-Secuon Formu- 
lae for Speofic Processes" sectmn Note that we use 
z = (E + p,~)hadron/(E + p ;)quark" whereas some experiments use 
: = Ehadron/Ebeam or 

2 _ m2ad )1/2 : = Phadron/(Ebeam The data are shown for ptons 
(smglet term) The data for heavy quarks are frequently 
paramemzed by the Peterson et al form, D(z)  = 
Nz (l - z)2/[(l  - : )  2 -+- (Lz ]2 The parameter (~ for quark type t 
depends on ~ s  and upon t'he heavy qu.a~k mass At ~ ~ 30 

+o uu3 GeV, c b =0006_+0002,% = 0 0 0 6 _ 0 0 1 5  Curvescorespondmg 
to these values (N ]s chosen arbltranly) are shown on the figure 
References C Peterson et al,  Phys Rev D27, 105 (1983). TPC -- 
H Alhara et al,  Z Phys C27. 495 (1985), and J Chnn, Z Phys 
C36, 163 (1987) 
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Selected measurements o f  R ~ ~ ( e - c -  ~ hadrons)./cr(e+c - - . . . u -p - ) ,  where theanmhdat ton m the  numerator proceeds x]a one pho- 
ton or '.qa the Z ° The denominator is the calculated QED single-photon process, see the section on ('ross-~,ectlon Formulae for Specllic 
Processes Radtaw,,c corrections and, where ~mportant, corrections for two-photon processes and T production ha',e been made Note thal 
the ADONE data ("f32 and ME-~) is for :-23 hadrons The pomts in the ~.(3770) region are from the M A R K  ] -. lead (;lass ~'all e \pcn-  
ment To preserve clarity onl', a representattve subset of the available measurements ~s shov.n .-- references to addmonal data arc" included 
below ,Mso for clarn~ some points have been combined or shifted shghtl.,. (-~4%) m l:'cm and some points v.lth Io~ slallstlcal stgmfi- 
canoe have been omttled Syslematlc normahzatJon errors are not included, thc~ range from ~5 - 20%. depending on c\pertmcnt \~,c 
caution that espec~all.,, the older experiments tend to have large normahzat~on uncertainties Nole the suppressed zero The horizontal 
extent of the plot s,.mbols has no slgmfieance The posmons of the , l / ,~(IS) a(2.S') and the four Iov, est T '.ector-meson resonances are 
indicated Two curves are overlaid for Ecm .> II GeV, sho~mg the theoreucal predlcm)n for R including hagher order Q( 'D [M Dmc 
and J Saplrstem Ph.~s Rev Left 43, 668 (1979)] and electrov, eak correcuons The Io~cr cur~c Is "~lth ~'Q('I) - 100 McV and the upper 
curve ~s for '~Q('D = 300 MeV References (including several references to data not appearing m the figure and some references to prchm- 
maDdata)  -~l%IY- H Sagawaeta l .  Ph,,s Re', Lett O0 93(1988LCH.LO H-J Behrendetal Ph~s l.ett 144B, 29v(984)  ~nd 
H-J Behrendeta l .  Phys Left 183B 400(1987),CI.EO.--  R ( idese taI .Ph .~s  Rev D29. 1285(1984) a n d D  Bessonctal Ph~s Re~ 
Left 54,381(1985) CL'SB E R~ceetal .  Phys Re~ Left 48 906(1982) CRYSTALBAI.1. -~ Osterhcld et aI.SI.-~C-P{ B-4160 
submlt ted toPhys  Re', D(1986),DASP R Brandehketal ,  Ph.~s Left '76B 361 (1978) [ )ASPl l  Ph,.s l.ctt 116B 383 (1982) 
DCI G Cosine el al Nucl Phys BI52, 215 (1979) DHH'%I P Book et al (I)ESY-Hamburg-Hetdelberg-MPI M ) Z Ph)s ('6. 125 
(1980).'y'y2 .... (" Bacc~etal. Phys Lett 86B. 234 (1979).11RS - - D  Benderetal Ph~s Re~ D31. I (1985), JADE - \V Bartelctal 
Phys Lett 129B, [45 (1983). and W Barteletal Ph.',s Leu 1601],337(1985) LENA- -  B Nicz.,,poruketal Ph~s [.ell 99B 169(19gl) 
and Phys Re'.' Left 46. 92(1981) MAC E Fernandezeta l .  Ph,.s Re,." D31. 1537 (1985) M A R K J  B . \dc ' ,ac!al  Ph.~s Re; 
Left 50.799(1983),and B Adevae ta l .  Ph,.s Re,. D34 681(1986) 3,1ARK I - J L  Slegnstetal  F'h.,.s Re: [)26 '96~1(1982) ),I.'~RI~ I 
+ I,eadGl,-,ss~.Vall-- PA Rap~d~setal Ph',s Re'. Left 39.526(1977) a n d P A  Rapld~s thesls, S[..k('-Rcport-220(1979) 3,1ARKIi 
J Patnck, Ph D thes~s LBL-14585(1982) ~,IEA B Espos~loetal . l .e t t  Nuo'.o( '~mento 19.21 (1977) PLUTO . . . .  \ B(1977) 
(" Gerke, thesls Hamburgl..lnw (1979).Ch Bergeret al Ph,.s Left 81B 410(1979) and ~,' Lackas thes~s RVCTH .X, achen [)ILS"~ 
Pluto-81/II(1981) .TASSO.-  R Brandehketal Phys l.ett 113B 4c)9(19g2),and M .\lthoffctal Ph~s I.elt 138B 441 (19841 
TOPAZ l Adach~etaI .Ph ' , s  Re'. Left 60 ,97(1988) .andVE'~l . .S .  | t  Yosh~daetal I'h!,s [..eli 198B 570(1987) 
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nT/t: P for lhe muon neutrino and antmeulr, no charged-current tolaI cross sectff)n as a function of  neulrmo 
energ', The error bars include both statistical and s,,stemat,e errors The strmght hnes are a'.eragcs t~}r the 
(,(,FRR measurement Note the change m the energ~ scale between 30 and 50 GeV The data pomls on the 
r~ghl gP,'e averages for other h,gh energ', measurements References ( I)  D B MacFarlanc el al Z Ph~s 
(`26, I (1984).(2)P Bergeetal Z Ph~s {'35 443(1987),(3)J Mor f ine ta I .Ph , ,s  [.ett 11)4B 235(1981) 
(4) D C  (,olle) etal  Z Ph.~s ('2 187(1979) (5)O Ernque/e ta l  Ph,.s Lett 80B, 309 (1979), (6) A S 
Vovenkoeta l  So', J Nucl Ph)s 30 527(1979) , (7)DS Barano', etal Ph'.s Left 81B 255(1979) , (8 ) (  
Baha', etal,I)h2.s Re: l_.ett 44 916 (1980). (9) S ("~ampohlloclal I)hvs I.ett 84B 281 (1979).( '0)SJ 
Bar~sh et al Ph.,.s Re'. D19 2521 (1979) (11).I V Allab', et al -Total (`ross Sections of('harged-('urrent 
Neutrino and Anti-Neutrino Interactions on Isoscalar NucleL'" (,ERN-EP/87-225 (1987), to Ix" puhl in 
Z Ph~,s C Ep=  10 160GeV (12) P Bosett, etal  Ph.',s Lett IIOB. 167(1982) Eu=20-2OOGcV as 
revised m M Aderholzeta l  Ph~s Left 1'73B. 211 (1986) (13)T  Ki lagak~etal .  Phys Re,. LelI 49 98 
(1982) E v= 10-200GeV (14) NJ Bakere ta l .  Ph',s Re', Left SI. 735 (1983),Lp = 10-240(.ieV (15) 
G N  Ta,, Ioretal  Ph~s Re'. [.ett 51 739(1983}.E~,=5 250GeV.( I6 )  NJ Bakere la l .  Ph~s Re~ I)25. 
617(1982) /-l, = I 6 -10GeV Courtes.~, M H Shae,.itz (o lumhla lJm','ersJt? (Nev)s l.aborator,.) 
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Hadron Cross Sections 

High-energy Parametrlzatlons 
The CERN-HERA Group has done a least-squares fit to the cross section m the high-energy region for each of the hadron reactions 

plotted below The parametnzatlon they used was a z A + Bp n + C#n2(p)  + D#n(p) ,  where tr is m m b  and p is m GeV/c The best-fit 
coeffioents A,  B,  C,  and D and the fitted exponent n are tabulated here The errors m these parameters are highly correlated, this should 
be taken into account before making any changes The apphcable momentum range is given m the right-hand column 

Reactlon 

Ap (total) 

Ap (elastic) 

3'P (total) 

3'd (total) 

• "+p (total) 

• "+p (elastic) 

~r+d (total) 

~ ' -p (total) 

~ ' -p (elastic) 

r - d  (total) 

K+p (total) 

K+ p (elastic) 

K + d  (total) 

K+n (total) 

K - p  (total) 

K - p  (elasttc) 

K - d  (total) 

K - n  (total) 

pp (total) 

pp (elasttc) 

pd (total) 

pd (elastic) 

np (total) 

~-p (total) 

pp (elastic) 

ffd (total) 

fin (total) 

fin (elasuc) 

A B n C D 

Momentum 
range (GeV/c) 

Pmm - Pmax 

0152_+0005 -00168_+00200 - I  70_+471 000245±000033 -00192_+00026 30-183 

0313_+0009 -0000124_+0000091 190_+025 00165±00058 -00719_+00141 2 0 - 1 7 8  

321+_02 48700_+5910 -785_+025 0540+_0015 -441_+011 400-340 

7 0 7 ± 0 4 3  113_+12 -160_+086 0160_+0032 -156+_024 20-250 

592_+1 7 363±104 -270_+283 0775_+0098 - 6 5 4 ± 0 8 3  60-340 

33 1 ±0 3 15 0_+ I 0 -1 41 _+0 50 0 458_+0 018 - 4  06_+0 15 2 5-370 

I 73±009  11 2+_03 -063_+0 15 00437+_00040 0 20-360 

41 7_+0 3 44 0_+ I 5 - 0  80_+0 15 0 150_+0011 0 2 5-370 

1 7 1 ± 0 3  554_+139 -267+_209 0139_+0039 - 0 2 7 0 ± 0 2 2 9  20-310 

5 84±0 13 17 2_+0 5 - 3  06_+0 40 0 206_+0 016 - 1 71 _+0 10 I 5-250 

35 3±0  3 23 5_+7 0 - 4  34_+8 18 0 397_+0 028 - 1 47_+0 18 2 0-310 

1 8 4 ± 0 3  175±136 -785 -+025  0198±0026  -0753_+019 20-310 

-21 1 _+8 7 56 2_+9 1 - 0  27+_0 96 - 0  155_+0 135 6 24_+ 1 94 3 0-310 

7 2 4 ± 0 1 2  4 6 0 ± 4 2  -471_+142 0279+_0015 -235_+0089 20-175 

461_+1 6 26 1_+35 -1 14±1 21 0569_+0089 - 4  17_+076 30-310 

-1040_+ 100 1060_+ 100 - 0  03_+044 0 27 8_+2 7 2 5-310 

45 6_+0 I 219_+9 - 4  23+-0 92 0 410+-0007 - 3  41 _+0 06 3 0-2100 

1 1 2 ± 0 3  25 5_+10 -1 12_+028 0151+_0011 -162_+012 20-2100 

9 2 2 ± 0 3  -00811_+00260 074_+1 42 I 36±010  -982_+037 30-370 

-237+_426 252_+424 0 07_+6 00 - 0  506_+ 1 39 -20  3_+28 5 2 0-384 

47 7_+0 1 - 100_+2 - 4  57±040  0 512_+0010 - 4  29_+006 20-280 

41 1_+1 2 772_+29 -068_+0 14 0293_+0024 -1 82_+034 50-432000 

106-+04 53 I_+1 25 - I  19_+010 0136_+0012 -141_+014 20-159000 

112_+3 1 2 5 _ + 6  -108_+030 1 15_+0 19 -126_+1 6 20-280 

41 9+_09 962_+42 -099_+0 16 -0154_+0208 0 1 13-280 

375_+62 -263_+16 1 -258_+24 16 - 1 2 6 - + 4 3  0 1 13-555 

180_+14 0 1 2 1 + 0 0 2 4  -392_+1 10 638+_054 0 0120-210  

349±1 45 262_+77 - I  01±2 57 0 0 2 0 - 2 4 0  
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
Hadromc Cross Sections 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
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PLOTS OF C R O S S  S E C T I O N S  AND RELATED Q U A N T I T I E S  (Cont'd) 
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Illustrative Key to the Full Listings 

Name of particle ( "o ld"  name used 
before 1986 renaming scheme also 
given If different, see lntroductor3, 
Text for details) 

Indicates oarhcle omitted from 
Part*cle Properties Summar3 
Table, ~mplylng parllcle's 
existence is not confirmed 

Quanmy tabulated below 

Top line gives our best ",alue (and 
error) of quanttt) tabulated here, 
based on weighted average of 
measurements used (could also be 
from fit, best limit, estimate, or 
other evaluation) See next page 
for details 

Footnote number for this measure- 
ment See footnote(s) below 

Number of events above back- 
ground 

Measured value used m averages. 
fits, hmlts, etc, 

Error In measured value (often sta- 
tistical only, followed b,'. sys- 
tematic if separately known, the 
two are combined In quadrature 
for averaging and fitting) 

Measured value not used in aver- 
ages, fits, hmlts, etc, see Intro- 
ductory Text for explanations 

Top "data point" indicates aver- 
age, width of error bar (and 
shaded pattern below) is +_error 
on average, scaled b.'. "scale fac- 
top • S 

Value and error for each expert- 
ment 

I a°(1200) I 
- - t  OMffTED FROM SUMMARY TABLE I 

Ev idence  not  compe l l i ng ,  m a y  be  o k inemat ic  e f fec t  

I o~o=o0) MASS] 
VALUE ~MoV~ EVTS OOCUMENr IO TEeN CHG COMMENt 

I t2Q7 ;I; 6 O U R  A V E R A G E  [ 
't2'10 :¢ 8 3 0 0 0  IFENNER 871"- ~ $ _  - 3 5 ~ r - p  
t 1 9 8  ¢ 10 r ~ P I E R C E  83  [ ~  + - - 2  t K - O  
1 2 1 6  :¢ 11 a: O 1500 . . . - . ~ .JMERRILL  81 ~ 0  3 2 K - p  
• • • W e  d o  not  use  the following data for o v e r a g e s  flJ$ l lmlts,  e t c  • • • 
1192 ~: 16 / ~ LYNCH 81 HBC [ ~ - ~ 7  r r -D  

/ I S y s t e m a t l c  error was added Quadratically b y  us in our 1986 e d l t i o n  
/ 

~ O0(1200 ) WIDTH 

l - { 0 + + s  
IG(Jt~') = " / ~ P a n t c l e  quantum numbers (',,,here 

known) 

Genera] comments on particle 

• Document Id ' "  for this result, full 
/ reference given belay, 

I Measurement techmque (see abbre- 
viations on next page) 

Charge(s) of panlcle(s) detected 

VAtUE (MeV~ Err5 DOCUMENT ID rECN CH G COMMENT 

+'1t OUR AVERAGE Error Includes scale factor of [ ~ S e e  the idea- Scale factor > l indicates posslbl', 
4 t  --  t0 below gram inconsistent data 

PIERCE 83 ASPK + 2 t K -  O 

7 0 _ 9 n  + 30 200 LYNCH 81 HBC :1: ~ Reaction producing particle, or 
general - - - 2 5 [ ~ r " ~  "] MERRILL 81 HBC 0 3 2 K - D  comments 

• • • We clo not use the following OOIO for overages, fits limits, etc • • • (~_"Change bar" mdlcates result 
FENNER 87 M M S  - 3 5 x -  O 

wrJo~r~Aw~ot ~ added or changed since pre'~lOUS 
edition 

Ideogram to dJspla~ possibly 
inconslslerlt data, curve is sum of 
Gauss]ans. one for each experl- 

/ ~  ment (area of Gaussmn - I/error, 
width ofGausslan = +_error) See 
lmroductor3 Text for discussion 

Contnbutlon of  expenment to ×2 
h f  no entry present, e~9oerlment 
not used in calculating ×~ or scale 
factor because of ' ,e~ large error) 

LW~M NIC 
kl~ll ItlLL 11 H|C 

eo 
(conf,<kl~ La,el - o 0331 

. i 
o 6o 1oo 16o 2o0 
0 0 { t 2 0 0  ) w i d t h  { M e V )  

<:/0('1200 ) DECAY MODES 

S c a l e /  Our best ~alue for branching frac- 
F r a c t i o n  ( F / F )  C o n f  Lev  ban as determined from data 

Parllal decay mode (labeled by F, ) ~ F I O0(1200 ) -... 37r J (65 2 :e I 2)x i0  -2  S=I 6 averaging, fitting, e'.aluatmg, hmtt 
selection etc Th~s list IS baslcall.', 

F 2 o 0 ( t 2 0 0  ) ~ KK I {34'8 :t: I'2~ ) x t 0 - 2  S=t6} a compact summar3 of results tn 
I" 3 O,0(1200 ) ~ ylTt'= < 4 9 x10 -4  CL=95% the Branchmg Ratio sechon 

belay. 

O0(1200) BRANCHING RATIOS 
1"~/I ~ 

DOCUMENT IO [ECN CHG COMMENT 

Branching ratio 
"------~ r(3r)Irtota, J 

Our best value (and error) of quan- VALUE 
tlty tabulated, as determined from - - 1 0 . 6 5 2 : 1 : 0 . 0 t 2  OUR FIT ]Error IncluOes scale fo-ctor'of I 6 
constrained fit (using all ~lgn(fi- ,[0.643 ~ 0.0t0 OUR AVERAGE ] 
cant measured branching ratios / 0.64 ¢ 0.01 PIERCE 83 HBcASPK ~ 23 21 K-K- p 
for thls particle) J 0 74 :¢ 0.06 MERRILL 81 u P 

• • * W e  d o  n o t  use  the following data tar o v e r a g e s  flfs limits, etc • * • 

Weighted average of  measurements 0 48 t- 0.15 2 LYNCH 81 HBC l 2 7 x -  P 
2LYNCH 81 clara has questionable background subtraction 

of thls ratio on~', 
~ ~ Branching ratio in terms of partial 

Footnote (refernng to L Y N C H  81) ~ -  F ( K / ' 0 / F t ° f ° l  1~2/~ I - deca~ mode(s) I': above 
VALUE OOCUM~NT ,~ TEC~ c , G  COMMENt " 

0 . 3 4 8  :I: 0.012 OUR Fir Error Includes scale factor of ¶ b 
0.35:1:0.05 PIERCE 83 ASPK + 2 I K - D  

F(KT0/F(3~- ) I'2/1" 1 
VALUE DOCUMENT IO TEeN CHG COMMENT 

Confidence level for measured ~ 0 . 5 3 5  :t:0.029 OUR Fir Error includes scale factor of t b 
upper l imit ~ 0 . 5 0 : 1 : 0 . 0 3  MERRILL 8t HBC 0 3 2 K-  D 

F(r~ (neutral Oecay) /r=)/Ftota I 711"3/ I "  

References, ordered inversely by VALUE(unn'~'fO-4)~ eL% DO(~UMENT ID TECN CHG (~OMMENT 
<3 5 ~ PIERCE 83 ASPK + 2 t K - D  - - -  Partial list of author(s), m addition 

year, then author ~ " "  ~ " ~ to first author 

"'Document id" used on d a t a ~  ~ o 0 ( t 2 0 0  ) REFERENCES ~ Q u a n t u m  number detcrmmauons 
entries above ~ T ~ " / -  / in this reference 

PfERCE 83 PL 123B 230 ( ) IJ~.~ _ o r  s Institution(s) at auth ( ) (see + Journal, report, preprlnt, etc (see - - - - - . . . _ . . _ . _ _ ~ H L ~ I r t ~  ,~°nm°l~r*ong RlnlnDorg Wogmon ( ~  abbre',latlons . . . . .  t page) 
abbreviations on next page) 
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Abbreviations Used 

( ~ R  `%VIR`%(,F 
()1 ;R F I I  

( ) t ~ R  [ X \ t  t - X I I ( ) %  

O { R  E%TI%t \ ]  t 

( ) I R  t 1%11"1 

Indieator of Procedure Used to Obtain our Result 
I 1.om a ~ g h t ~ d  a~cragu i,I ~ t l t t l t d  da',a 
} Ttill~ a Lon%lralnLd Ol o % t r d L k r l l l l n t d  

n l u ] l l pa f~ lmc l t l  l i t  o l  "~L'Ic't It d dal. i  
I x: l l t l~tcd h~ tl~ 17(~111 nl ta~.urtd r{ l l l l l~ ~ir 

othci  data No t  l l ' t l l l l  ~l ch r t t t  l l l t , l%Ul t l l lL l { I  
Ba%kd (111 the t)hst.r~td rallgc ol  1hi. d;l l ; i  

I%(}1 l l o l l l  a it~rnlai slaUSllcal pr l lCCdllr l  
t { } r  s p . u ~ l  casts ~hcrc l i l t  h n l l l  I~ cxa lua icd 

t)x u% I ron l  mLa%uftd ,",111(1% or t)lhL'r d3Ll  
Nt f l  I rom ;l d l l t ~ l  i l l t -a~l i r t -mci l l  

Measurement Techniques 
(i.e., Deteciors and Methods of Analysis) 

• %LMS `%rgl+nnt. tt'h. t l lXL mas', ~ ,p t t l iO l l l c l t l  
-~,M~ `%M% d~.t~.(.tt~r at k [ - k - T R l % l  \ k  
• XR( I  "%R(l l  "% dt It% l l ) r  al D~IRI% 
`%SILK `%UlOlll i l l lt spark ~.h; lmt~rs 
• \~|> `%rhlmah>u~ ~,lnglq-phtdl}n dt Ic~ h i t  
B`%K% Bak~l i l  t i nd t r g rou l l d  ~. t ln t i i l . l lnm klk~a.oD~ 
B( Buhhlc i. ham h.. r 
BDNI  I) Beam d u m p  
BEB( Big I ur t ) r~an lx ihhlc  u h a n l l x r  at ( [:RN 
B152 IlI'~+2 speclr~lrl l t iur al ~ r p u k h o ~  
B( )N% Bonanza n l ) i ln lBgi l t  lit" d t l uCh i l  ;11 I)('~RIN 
Bpv,  `% BaffcJt l-/ci(~ parl l ; t l  ~a~ t  .inalxslS 
( 4 i . ( )  ( , l l o f i n l t l c r  
( B.%I ( r )s la l  Ball c l t k u l O l  al %L`%( -hi)t] %R (~¢ I X ) R I b  
( ( ( l oud  t k;Jm~r.'r 

( [ : [ i  ( E[.I f )  d c l t t l * ) r  at l)[.k~i 
( H R M  ( I I  "~RM ncu i r i no  dt l l.t lOf , l l  ( I r % 
( I B k  ( t - { R N - I t I [ P  hox(~n s l ' ~ t r o m c l ( r  
(L.E( ' )  ( olnc' l l  nlagn(.+llc d u k t h l l  :11 ( t %R 
( N 1 R ( ount~.'rs 
( O%M ( t)smtihig~ *Jnd dMlllph'~slc% 
( LiNB ( t ihi t l lbl ; . l  t - %tt)l~ Bet)ilk scgm~.l l l td H a l  de'Ice%tic al ( [~%R 
[).X'~P T)t ~+,~ doub le -a rm ~, [x t l romt l l .  r 
I )B{  [ k u k i l u m  hul~hlc t h ; lm l~ ' r  
I ) I . t  ( I  I ) E I ( ( )  dc'lc~.ltir ;11%[.`% ( %l)f %R ill" %1%( -I)t" P 
D M I  Magl lu l lc  dc lu t t o t  no ] ,11 (Jr.,as I X  1 tolJld~.r 
[ ) M 2  Ma~>nulic du l~c lo l  lit) -~ ;it ()rsa~ I X  J co lhd t [  
[ )p~ ,  %̀ Encrg~,-dt,~nd~l~l  par l l3 l  v,~xt an;l I~, l  ~. 
I ) t l )  [ )~t p I Ind¢ r l~iot ind [ k' icc hi t  I 1%1BI 
I-. I. PI( ~ l t  t t lOn l t  t t ) rnh inBl l t ln  
F M (  t unil~..an I]IUOI~ t t i lJ.lht)ri l l lOn d L I t t l t i l  at ( t- .r '~ 
I M I  II I mulslt ln~. 
I B (  l-rcon h u h h k  t hanl i~.r  
f " l l  I l l  I l l  p i t  x I¢lU'd'~ I. %l%hnl~ da la  
r~,lP% t ~.rnllIat3 % lU l l l pa r l l t l t  %['~.Llrlln/k h.I 
I R-XB `%[)()NE BB I n n i p  dctccl i } r  
FR`%(, `%I)(Y'q )~ gr i i t ip dl. l c t h l l  
f R X M  X D f ) N L  %11{̀ % group dkl~. th l l  
( , ~ M 2  I H I { P  llt~+~tl~t tlp~ ( c r t l ' l k~ t  "~ t a lo t l i%tLt l  (+4%t%-2(71t'. 
( v i M 4  ( | R N  hodo%tt)pt ( crcnko~ ~ ¢a l t ) l l l l l t  Ik l  ( i  \MS-41Xi~I 
( , ( , M  ( E R N  (+argan l t ] k  huhhl~ khanlt~.~ 
(,()1.1 ( I -RN ( t o h a l h  %p(.I.Irol]ll. 11.1 
l iB(" t h d r o t c n  h u h h k  chaml~ ' r  
I l l ) B (  | l x d r o l u n  and d u u k r l u m  huhhlc ~ Ihlnlb~, p, 
t l t  B( t l t h u m  huhh lc  t h4n IN  t 
f t F P !  H t i l u m  pro l r ) f l : ( In ; i l  luht% 
i l l  B( t i r a d e - l i q u i d  ht lhh l t  chali 'd'~r 
t t ( " )MI  t to i l lc%lakt underg round  ~( . l i l l l [ la l lon d t l c t h l r  
l IRa, 5 L 4 (  hlgh-fl.%O]UllOll ~,r~.'¢h-(inlcHr 
H Y B R  H].Dr ld b u h b k  c h a m l k r  + d t t l r t m l c  ~, 
I M B Ir~ I¢1 I. oMic hl l~all- l~rookh;l~ t i1 t lr ldt 'r~rotJnd ( ht-rcnkt)x d t  It Ch)l 
I N D I  %|~l~rlt l i t  i ndu t  I l l l l i  
I I ) I .% [ nerg', indl. '~ ' f ld~.nl p~lr l lal-~a~c ~lnlllxMs 
.I-%[)E J`%[)E d t t t t t o r  al [ )EN~ 
KAMI  K`%MI(~K`%N[)E undt tgl t )Und ( ht rt nko~ dt Itl. h l i  
K ( ' 4 .R  Ko lar  (. l l } ld } I¢'1tt un(Ikr~Ti)ut1~ dklk(A(IT 
I.-%%% I argk anBIc suf~. rut lnduct lng %oJl.nold %pI.'L[roII1LILI ~![ %1 "+%( 
I t N \  %~tll' l l l~agntllt Itad-g[;is~ ~;al dclt t ,  h l r  ~il IX )R I% 
M`%( %1-%( di.'li.'clor al PEP. 'SLM 
MBR ~,lol¢~ular b~.'31"ll i'~'~Olffalll.i. L~Chl~lqtiu 
M D R P  ~.lllllkan drop  mta%uft fl1¢rll 
MI(`% I 'n~lLlg lOUl ld f l l l t d  dtpl)Ml% 
%1J ~l l  ' ~ti| a l l lL  t II. l~,'t ll~ll lOS 
%.1M% %llSSlnll n l a ~  +~r~clromtl~r 
MI)SI  • Mu ] l l pa rhc l c  ~,pl.-i. I r o m t l t r  al [ c r m l l a h  
%11)% l l~ lu l l lp4r l lk 'k  s p t t l f t l m t k r  al B N I  
I%11)%1, ̀% M t ~ i e l - d u l x n d u n l  par l la l  ~; l~c an : lk~ l  ~, 
M R K I  NL`%( Mark - I  dLIc¢.lor 
M R K 2  %1-%( M a r k - I I  (J~.'lqL'h)r 
M R K 3  %1~( M a r k - I l l  d t k L I t l l  
M R K J  Mark-J  tit ILLh)f ill I )F~ ' t  

N'I:~ '~ NcL]lan(~l I~irg(.-anglt- nculfli3~) bp( ' ( I romt It  1 
NI IS% M o n t  Blanc NI %[:X undcrg r ( lund  d c l c t l o r  

in the Full Listings 
OI  "~ %̀ [)~ h ( h l r  at \ I I)IL4 Nt)x o~lhlr~k 
( ) M E ( ,  ( I R N  ( ) M E t + A  s l x c l l t m l t : ~ l  
( ) ~ l ) k  ( )phl .a i  ~park chamht  i 
PB( Propan~ huhhlc  ~han l l x  r 
I )LAh  Plasl]~ dr. Icclor 
I ) L I ~ I  I)f:%', I)l I I f )  dc lcc lo i  

l l l ) t  RL %l)nilflt t dc p{ i la : l /a  I l t l i l  
R V I  [: RL~Ic~ Il l  p l t t l l iU% dal.I 
% 1 M  ( I R N  Spill l ] t l d  l l lJgl l [ . I  
51(~%1 %LIpLikhiit ( I R N - I t I t  I) m a K m l l ,  ~p. t l r o n l t l t r l % l ( l % 1 % 1  
%11 I %lhcO~l dt Ikt h l l  
%(){ l )  %tlLJddll u { l d t f l l i l l . l l d  I~ t :k t l ( l l  
NPI ( ~,~ t. I r( i l ; I t  Ik I 
%PBK %park u I K m l k  I 
%J r (  %lfOdl l l t l  t hdl l i l~ . r  

I.%h I)1%~ [ kh5()  d c l ~ : o {  

I ( ) P /  I f ) l )  %Z tKlcc:o~ ,ll K t  K - I 'R I%I  ~,\  
I P( I I)( d t l t ch~r  ,~1 P IJ "%1%( 
TI'% laggud phi+ion spc~ I¢lir l l t l t ' r  ;]1 I ~in1:Llh 
[ `%1 l "  %1 dt lc l ,  h l l  ,it ( I.R% 
I `%-~ I %~ d t l cLh l l  ,1[ ( I R N  
I %~ t \ )  d ~ i ~ h , t  dX t I R %  
% 1 N %  \ E N I  % %Jolt(lilt ,11Kt K I R I % I  XN 
\%IRI t,=, ~ru t I l d n l l t  r 
XIB( \o r ion  huhbl~ th{lli]i+'.~l 

Journals 
`%-% -~Mrotlomx 311(t `%Mrt)ph~lL~ 

`%F1% `%nal~ ~ d~ f IsLca 
`%NP \nn~ll% t,t PhxMk'~ 
%1):..tl `%~.la Ph~ ~, Xc,£d I jung4n~.a 
`%l)j \s l ropt lx  sl~al Journal  
• %1)1 ) %k'l~l phxM(d  P,)Jt1111k,l 
`%p ~[OflllL Phx ~.~c % 
`%RNPh `%nntldl R(~]~v. ol  Nu~ l ,a r  &. I)artl(l~ %t I~llLt 
`%RN% \ n t l u d l  Ri. xlu~. t)l "%ulJt4f %~.l(nc~ 
B%I)~ Ilullulln ol lh~ %ln~r!~dn Phx~Kal %~I~l~ 

( JP ( dnadl , ln  Joul t ia l  ol  I)h~slt'~ 

LI'I I Llftlph*~%H.% Lk-llLrs 
IJMP Inl Journal i)I M~iduln Ph~slts 
J \P J~tict~,d oI `%pph~d I+E~l~x 
JI--IPI. l - nghq l  r:-.l:~sl4tltlll ol %oxl;.I I)h~%l~ I [  I f  I ~ l k t ,  
JE I  P I r lghsh ] tdtlsL£ll(UI ol %tr~ ILl I)h~sl~s 1 [  TF 
J INR .Jtlltll lnM [Or Nuul  r c%aruh  
.11)(RI) j t )u l l l~ l ]  oI t )h \sKal  .~nd ( hu II'.lk~II Rk lk lu l ;~ t  I)dl, I  
J p~J .[oufn;J] ut Ihk Pl~'+',lt i l l %oe it Ix tfl lapan 
.I t ) .Itltl11141 ol l)h~ ~lt. ~, ( % B ( ~ I 
[ %( [ t 11c1~ to Nut)x%, ( In l~n lo  
M N R %  %ltHiIhls N~)lltk ~, t)l Iht Ro~.i: ~sllol~l)l111Ld] %tlkikl~ 
N -% I Nalur~ 
N( N u o x o  ( Inlt. lllo 
N I M  N u c k a t  [llslrullltnls ilfld ~lultlt l~is 
N P  Nutl t  at 1)11~ ",t~ s 
P[)`% T Pil~ slk 1),ll~ :l 
P I  I)h~ s:t s l t I l l  rn 
pi'~ I~arlll. h. ~, <Jlll~ \ u t l c l  
I)1)%1 l ) r tk  ,,I Ihc l)h+slc+l ~t,.~cl+ ,,t I t l t ld~ul 
Pt~ "% i%~l I)eanlan~l 
PRL I)h~,slc;ll Ru~ ic~ [.<ltcrs 
I)RI)L Ph;sl~s k t l ~ l r l s  ( l 'h~s:cs LLII(.I% ( I 
I)RNL Pr(ic t)l Ihc Rtlx:l] %tEil. l~ tit [ d l n h t l r g h  
PRNL I)r,~u ot ihc Royal %t~.ict~ ,)t I oR(ttln 
PR I)hx sic ~}l k t  t It v- 
I)% I>h%%lk J %~ r lp ld  
PT P I)rogr~ss oI l h k o r t l l t a l  ])!lXSl(S 
R.~ Radh~. h lm ica  '~cId 
R M P  Rt .~ i t~s  (,1 Mode rn  I)h~sius 
R N (  I.a kl~ P, la dcl Nt;o~o  ( ]mt:llo 
RPP RklXi l ls  Oll Pr~,gr~ss II1 I 'h~sl ,s 
RRP Rux ut Rtln]ai l lu d~ PhxMquc 
%( [ t~'t Ic rl. u 
%JNP %t)~ it I Journal ol k u c k , J i  l)h,~Ics 

X \ [  ~ ad~ rlla~a I: lMka 
/ I l t P  / h u l l l , i l  I ksp i | t t i [  l l l l k l  II1%1~a x li.~tLIkl~ 
/ I l l  / h l l r l K l ]  1:ksp I h l ) c  11/Ikl 
/ N \ [  / t l l ~ ,~h r l l l  lull Naluth iTschi ln l ;  
/ P t I ~  l t l l ~ h l l l l  fur PhxMk 

Conferences 
( ontcrcnces arc gcn~raIl~ r~krr~d t(~ h~ lh( loLahon al ~ h l ( h  lht ~ ~t t~ hL Id 
(~.~ I t X M B I ' R ( ,  I ( ) R O N T ( )  ( ( ) R % F L L  B R l ( d l l r ] \  tt~ I 



131 

Abbreviations Used in the Full Listings (cont'd) 

Institutions 
A A ( H  
. \ A R H  
. \ B O  
.~I)EI.  
A D t  I )  
. \ERE 
- \FRR 
A l l ' I f  
A I K ( )  
AKI I  
.\1 \ I t  
• k L B  \ 
AI  B t  
", M S l  
• \ "4  IK  
A N k  \ 
\ N I  
&RI7 
. \ R / S  
AS( I 
\ T E N  
-~ 1 l i t  
• ~ l  ( k  
IP,  K I  
BAR( 
B \ R I  
B -~R I  
I'} kSI.  
BA'~ R 
H(. EN 
B E L ( ,  
R I l l  
B E R G  
BERI .  
B E R N  
B( , \  \ 
BHAB 
BHEP 
BIFI 
B I N ( ,  
B I R M  
BI S [  
I } N I  
B O t t R  
BOIS 
B O M B  
B O N N  
BORI)  
BOST 
BR . \% 
B R . \ T  
BR( f )  
I'IRI% 
B R O"~ 
B R T D  
HR[ % 
B R [ ! \  
B I ' (  tt  
B t ' [ )  ~, 
B[ f f t .  
B L ' R E  
( \ E N  
( ~ ( , I .  
( ~ 1 ~  
l A M B  
( ~ ,NB 
( A R A  
( -~R[. 
( . \ S F  
(, a. 1"tl 
( ' . \ % t  
( ' (  A(  
( [ )E I -  
( [  .\ 

( ' E N ( i  
( ' E R N  
( ' t11("  
( I "%(  
(IT 
( ' I I F  
C I t R  
(IEV 
( ' M N S  
( M r ;  
( N R ( "  
( ' O L O  
( O L U  

l cchnlsch~ [. I n l  ', ~,ak hu II 
I hI% o] ka rhus  
• \ h o  Akad~ n~l 
- \d~ lph l  [ rM~ 
-~dclaldt I nl~ 
-MomK l:ncr{z~ RLs Fs lah  
k r m t d  l 'orc~s Rad[ohmlo t ,~  Rts~ar~h Ins l  
• kl£hl I nl~ of  l.du~alhm 
Inst K c r n p h ~ s  ( ) n d t r / ~ ' k  
\ k l l a  [ nr~ 
[ n l ~  (It A l ahan la  a l  H u n l n x d l ~  
S ta l l  t l l l~ o l  N~,~ "1 o rk  at ~dh,ln~ 
\ ' .h~r la  [ rll~ 
t Inl~ ()t .~,mMkrdam 
knl~l~ r dam N I K t l I - }  
M i d d l e  Ik l~l  | ~ d ~ n h a l  I m~ 
\ f g o n n c  Nat l t )naJ Lab  
I. nl~ of  "~rhtl)nd 
A r l / o n a  S l a k  [ n l ~  

%uk luar  R~', ( u, nlr~ I )~n lok rHo~  
( nl ~. ~}I Mhc'n ~, 
I m ~  oi \ u u k l a n d  
I)h~s Ins1 \ / k r h a : j a n l a n  k(.ad Ski 
[ n l ~  dE I~al~.~:l)na 
I ' m ~  d; Bar, 
Barh) l  R~s~al~ h I o b n d a l l o n  
I n ix  t)l Ba~,LI 
I'n:~ I{ax :~ u l h  
( t N  Bordc-au.. ( ; l a d l g n a t l  
In~l  I:~LL~unP. dc~,S~l NJk  
t~11 [ ahs 

Inn l  HOkhknul~ luph~. 's  D \  %'\ 
I nl~ Bern 
t mx d~ Bologna 
Bhahha  \ l o n l : ~  Rc'~¢ar~h ( L n K r  
lnM ot t h g h  I-n~rg~ l ' h x ~ , ,  
I m ~  l ~ C c l c ] d  
%tal l  I nl~ ot N(,~ ~ } r k  at l } i n ~ h a m h ) n  
Blrmln[~har11 I nl~ 
B l o o m s h a r g  S ta l l  I nl~ 
B r o o k h a ~ c n  N a n o n a l  Lab  
\ I c ' I s  Bohr Inst  
B~)I%L Slalk [ nl~ 
( nl~ ol  BOl~l[la ~ 
I n l ~  Bone  
( n l ~  dc I'~o:dl.'au~ 
Bo%h)n I hi% 
~ rand~ l  ~, I nl~ 
( nl~ ( ) t 'Bra l l~ la~a 
I nl~ o f  l'}rIIP*h ( o[urnb~a 
t t  H 9, f l h  I)h~', [ ah t ~ o l  RrP, lo l  
Bro'.'.n I nl~ 
BJrh) l  Research F o u n d a t i o n  
B run~ l  [ nl~ 
I mx I ~hrc du Bruxcllc~ 
Buchar¢s l  S la lc  I "nl~ 
( c, n t ra l  Rcsuar~.h Ins:  o l  Ph~sl ' ,s 
Slal~ t n=~ ,11 New "1 ork  ,11 Burl~do 
In~,I dc ~, f l a  Jle,, E Iu tc  ~, %c~ 
l a b  du l )hx~ ( orpu,.~ula~r~ 
( aghar]  I n l ~  
( arncgl~ InM ,)f ~,~, a'dungh)n 
( ambr=dg¢ I, nl~ 
A u s l r a h a n  N a l : o n a l  L ln l~  
[ n l ~  ( ' c n l r a l  t ic VL'nLVU,:[a 
( a r l c l o n  L 'm~ 
( asc V s ~ t c r n  R c s c r ~  I nl~ 
( a l h o h c  I nl~ o f  \ m c r l c a  
( a~c'nd!sh I ah ( anlbr~dg~ L m~ 
( o m m u n l l ~  ( , f l lcgc of  \ l k g h t  nL ( oun l~  
( t)llugu" de" Fran~.~ 
( ambr ldg~ I { Icc l ron  -\kk~ I 
( FN (,rcnohh: 
Fur~)p~an ( / r g  for Nuc lea r  Rc, ,uar th  
I 'n~ I)l ( h~cago 
l l n l ~  o i (  mc lnnat~  
( a h f  In' , t  o f  l c c h n o l o g x  
[ nr~ o l  ( ]L ' rn~on l -FL ' r rand  
I , 'n lx  de" ( k ' f m o n l  t c r r a n d  
( I¢~¢]and State I 'n]~ 
( omcn lus  ( np* 
( a r n c g l ~ - M c ] h l n  1 '.nl~ 
( ' a n 3 d l a n  N a l l o n a ]  Rc,,Larch ( oun~d  
| ' n l ~  o f (  o lo rado  
( o lumb~a I ' n i L  

ka~hLn ~ c ~ l  (~L' rn lanx ( ' O R S  (orncll l'nl~ 
Aarhu'~ l ) c n m a r k  ( ( )S t ;  ( o lo rado Stale I n~ 
AI~) I ro land  ( H A (  Inst  tor  Nuc lea r  H ~ a r ~ h  
(~ard~n ( IP, N~i [ % \  ( L N"I ( I['~ [ 'np.  O[ Ncv~ "1 ork 
\ d k l a i d u  .\untraha ( L RI  L a h o r a l o l r ¢  JoJlol-(  Ull(. 
l l a r ,~u l l  Burks l -ng land  D A L I I  [ )a lhau'~K l 'n=~ 
B t thesda  %11) I S A  I)ARI- l)arcsbur~ Nu~kar  l )hss~s  I.ab 
K a u x a  Awh~ Prcl Japan I )ELA I m~ ot [)ela~arc 
• \ m s l c r d a n l  N c l h u r l a n d s  D E L H  I m~ ot l )c lh= 
• \k l ta  Japan I ) I  ~ , '~  [ ) , .u tschcs L h . k t r o n L n - S x n t h r o l r o n  
I l u n t ~ d l e  k l  l % A  [ ~ ) E  I S [ X p a r l m u n l o l  I :mrg~ 
Mhan~  %'~ t i n  ~, I ) O R ]  L n*~ [ ) ~ } r lmund  
I , J m o n h m  A l l  ( a n a d a  DL K I  [ )uk~ I n[~ 
\ n i M ( . r d a n l  N ~ l h t r l a n d , ,  l ) I  R I I  I np, o l  l ) u r h a m  
-~nlq~.rdam Nk lh~ r l andX  [ ) [  [. ( [ nP. urMp, ( ollcgu- 
M Ika ra  TurkL~ t l ) I N  I : m ~  ol L d l n h u r ~ h  
k rgonnL  I I  I SA E l l  L n r K o  F i rm= Ins l  Ior N u O  Stud=cs 
l m s o n  .\Z l b . \  E L M I  E l n l h u r ~ l ( o l k g L  
K m l ~ ,  \ Z  1%'~ [ N S P  F~olu N o r m a l t  S u ~ ' r l c u r c  
MOSLO~, I SSR t ( ) r \  l o t i o n ,  L!n*~ 
\lh~,n'~ ( . r i c k (  [ ! P ( ) [  [~.olL I )oh tuchn l ' , iuL  
Athun~ (.ICCLL I ' R I . A  L n;~ Er langLn %urn l~ , rg  
A u c k l a n d  Nu~  Z~a land  L I I I  Sv.:ss F~.dcral InsL o l  Iuchn{)h)g~ 
Baku  ( SNk I 'ERR l ) i p a r l ~ m c n t u  dl l l s K a  d i l l  I m ~ r s i t a  
BarcOona %pal~ t l R /  I IIIX d l  l-lrL'n/c 
Barl  h a h  F ISK  l ' ~ k  I, nl~ 
S~ar l l~n l~ l r t  I) k I S \ t [ ( ) R  t m~ ~1 F lo r i da  
I},l%LI S ~ l l l ( . r l a n d  F N A L  [ u l m l  Na t i ona l  -~cuulutalor Lab  
l~a~rcu lh  ~.~sl  ( i L r n l a l l  ~. I ( ) M  f o u n d  for t . u n d a m t n l a l  Rus on M a l k t  
B o r d t a u ' ,  I ' ranc t  I 'R AN l a b  Naz=onah dc l  ( N I- N 
B r u \ L l k s  B d g l u m  I k [ l  I n=~ ut  I re=burg  
Mur ra~  l h l l  N l 1 % \  [ ' R I l l  I n]~ tn Fnb t )u rg  
P~.rgkn Nor~a~  F S I  F lo r i da  S~alc [ 'n=~ 
l ~ . r h n - / ~ u l l 1 ~ n  i-.aM (~k rn lanx  I ' I  K I  l ' u k m  I lu~ 
Ikrn %~t l / ,  r l and  FI K I  F u k u s h m : a  I n l ~  
Bologna h a h  ( , I - K ( )  t nl~ d l  (~Lno~a 
| }o l l l ha  ~. Ind ia  [ d . O R  (~u'orglan ~cadLnl~ (d'%clLnLL~ 
~kUlll ~ ( h l n J  (~t iS( ( ~ n c r a ]  [ l cc t r~c  Rcs and IX~  ( ~ n k r  
B ~ u k k k l  ~.\u'sI ( ;C rman~ ( , L \  \ I n]x du (~enc~L 
B l n l ~ h a n l h m  %'~ I'Sa~ ( , I F (  ( , d u  I n ~  
B~rmmghdn~ Fng land  ( d . A S  L : n ~  o l ( d a s g o v ,  
B l o o m s h u r g  PA I S \  (~NI~S (Ko rgu  Mason  I m~ 
t p : ( m  I . I  N'~ i S \  ( ~ R . \ /  I n l ~  (~raz 
( op~nhagcl~ [ )~ ' nma lk  ( , R E N  Ins1 des N~I Nu~ L nl~ d~ ( , r c n n b k  
Bo~s~ I I )  I SA ( ,S(  O (,~ol(}g~ua] hur~c~ ot ( anada 
Bomha~ Ind ia  ( A L L  (,uclph t m ~  
Bonn  \ \ t s l  (~crman~ ( ~  [ :O (~u~}ngsang Na~ J J h i  ~, 
lh~rdLatJ\ F r a n ~  H A I l  l u c h n l o n  - l,,ra¢l Ins l  ot I cchn t f l og~  
Bin, Ion %IA I S \  I I A M B  t rh~ I l a m b u r g  
% a l l h a m  M \ t %A I I A N N  | l a n n o ~ r  I u c h  I rux 
HralP. la ' .a ( l¢~.h(~, lox. lk la t I - \R~,  t t a r~a rd  I n P .  
%ank(>d'.~r l l (  ( anada H.\% ~. -\ I nl~ ~1[ t t a ~ a l l  
t}rP.hd {-.n~land H E B R  } ( d ) r c ~  L Itl~ 
P r o L i d k n ~  R~ 1%. \  l I E I I )  l . ;ni~ HL'ldclh~'rg 
N c ~ a l k  D t  I SA H I : I S  Hc ' ls lng ln  ~ hop lMo  
t \ b r i dge  Nl~ddlcs~x I n g l a n d  H I R O  l h r o s h ~ m a  I nl~ 
BruxL l l~s  Bclgmm t K ) I S  t n l ~  ut I I o u s l o n  
Bucharest  R o m a m a  t IP (  f lcv,  l d t - P a c k a r d  ( o rp  
Budap* ' , t  t l un~ar~  J A M )  ln~.t o l  &d~an~¢d Stud lu~ 
Bult~flo N3 l ' ~ . \  IA% ln ' , t  k ~  \ d ~ a n c e d  :";tudx 
Bur~'.  ~ur-~ ~ ¢ l k  France I B A R  Ibarak l  l . !n l~ M d o  
( acn France I B M  [ n l ~ r n a l ] l ) n a l  Business %|achlnc,, 
( aghan  l t ah  I(. I P  In t  I ( enter  for I h¢orLhual I ) h~s l~  
V~ashlngton I X  I S A  I I -RJ Inst  dL' I ~s=ca Rlo dc J a n ~ r o  
( an lh r , dgc  l ng land  I I ' [  l l h n o l s  In '~ ot" Tcch 
( :lnl*~.rra AuMraha  I L L (  Lnl~ ot I lhnol '~ a l  ( hl(.ag(i 
(ar , IL , l~  \¢n~.'zu(:]a lJ.L(~ Ins1 Lau¢ - l . angc~ in  
O t t a w a  ON ( anada II  I L:m~ o l  Ilhnols 
( k ~c land ( ) H  I '%-\  I N I )  I nd iana  t n]~ 
W a ~ h l n g l o n  IX I "~,-~ I N E L  Idaho Na t iona l  [-:nglnucrlng I .ab 
( a m h r l d ~ ¢  I ;ng land  I N F N  Isl Naz lona l c  d l  F~s~,.'a Nuc lqa r  
l h l t s h u r g h  I)A L S A  I N N S  Ph~s lns t  I n=x I n n s h r u c k  
Pans I r a m ~  I N R M  Ins l  lo t  Nuc lear  Rc~ :a r (h  
( a m b r l d g c  M A  t ' S A  I N I ; S  Inca lo t  Nuc lea r  Stud~ at l o k ~ o  I :n [~  
( , r c n o b k  France I O F F  lotl~., In'~l of  I)h~,slLs and I t c h  
( ~ ' n t ~ a  Sv, H , , t r land  I ( )9 , -X [ : h i ' .  Ol Iov, a 
( h ~ a g o  I I  I % A  I P ( R  In ' , l  o l  I)h'~s~cai and ( heroical  RL~,arch 
( ~m. l n n a l l  O I l  I. SA I P N P  In ' , l  d,: Ph~*Mqut- Nu~h:a~r¢ 
I)a(,.adcna [ -\ I S.'~ IPN Inst  d~ Ph)s  Nucka= rc  
( l e r m o n l - F c r r a n d  France I R . \ I )  In~4 du  R a d i u m  
( I c r m o n t - F c r r a n d  Franc~ I h l ;  luv, a ~ ta lc  I 'n l~ 
( I cx~ land  O I l  [ %A I I  EP In*A 10r Thco r  and  l:, ,p Ph)s  
B r a h q a V a  ( /c ( .hos]o~ak la  I I I t A  I thaca ( olleg,: 
PiIH, h u r g h  P& I S' \  I I P I ,  Inst  l o t  T h ¢ o r c h c a l  I ) h ) s ~ s  
( ) l i a N a  ( ) N  ( anada I L IP ( ;  I n d i a n a  ( - Pu rdue  ( a l  Ind tana l~) ] l~  
Bou lde r  ( ( )  I . N \  J . \ (~ l .  Ja~(. ' ] lonlan I ' nP .  
Nc'~ "cork N ~  I :%A J i l l :  Johns  t l o p k m s  [ : n ~  

I lha~a N' i  I NA 
f o r t  [ o lhns  ( ( )  1 % \  
( ra~o~ Po land  
New ~ o r k  N~ 1%A 
Parl% I lanl.  L , 
PiaIll~L,. %S ( a n a d a  
Darcsburx  Eng land  
NLv, ark  [ ) L  I % A  
[ ) v l h l  [nd}a  
l l a m b u r g  \ ~ t  (pcrn lan ' .  
~,~ a%hlnSlon I X  l I S A  
I ) o r m l u n d  ~.1.~ ~.1 (~trnlan~ 
I ) u r h a m  N( 1%-\  
l ) u r h a n l  [-~ngla nd 
D u h h n  I lk IEHld 
t d m h u r g h  %col land 
( h lLago IL 1%\ 
I - ]mhur ,a  I [ .  [ l % k  
ParP, I ran~c 
B ud a r~-,,l I I ungar~  
Pa l ,n~  au l - rant  ~ 
F r l angcn  ~.L.t~t (iC[111Jnx 
/ u r l c h  %~ H/u r l and  
I ~r tara h a h  
I ircn/L hal~ 
%a~h~l lh:  I ~  [ % \  
( , a m , , ~ l ] k  I I I % \  
t]ala~la IT I'%-~ 
[ l i l k ( .h l  N¢lhs.r land'~ 
I ra ' , ca l l  l l a h  
I rczbur~ W ~ I  (Jc rman~ 
t rli~K)~;rg %'~ i I / c r l a n d  
ial l ; lhas'.CL I'I I "~-\ 
F u k u l  Japan 
t" u k u s h m l a  j a p J n  
(. icno~ a [ la lx  
I N h R  
%chunL~l, ld~ ~,~ I'%A 
(~uncxa % ~ l l / ¢ r l a n d  
( , l l u  Japan 
( das~ov. %:nt la nd 
I.a=rlax ~. A 1% 
( I r a /  \ t l%l l la  
(,r~ n o h k  I I;HIkL 
()l[,19.a ('IN ( a n . l d a  
( *u~ Iph  ( I N  ( . i n a d a  
J l n j u  Ku iLa  
H a d a  l,,r ael 
I tand~ur~. ~,c*,l (~c.rman~ 
H a n n o ~ 1  V~c'sl ( K r n l a n ~  
( ambr ld~L ~ , | \  1%A 
H o n o l u l u  111 I % \  
J~'r u,.al¢ m l'.raL I 
I t c=d~ l~ ' rg  \~.~1 ( ~ r m a n ~  
Hel ' .m k~ h n l a n d  
l h [ o s h = m a  Japan 
t I o u ~ l o n  r\ 1 % \  
( UpL'r l lnO ( A [ S \  
D u h h n  I r d a n d  
P r l nLLhm NJ I % A  
lharak= kLn Japan 
Pah~ X l t u  ( A t %.\ 
Tr Ieste l l a h  
Rio  d~ l an¢ l ro  I~ra/ l l  
( hKago  IL  I S.\ 
( hl~ago I[ .  1%'~ 
( , r c n o b l c  l : r a n ~  
I ' r b a n a  I [  I'.%'~ 
l ] h l o m l n B l o n  IN  I % A  
Idah~ F a l h  l l )  1%~  
Roma  I t a k  
Innsbruck \ u s l r l a  
Mo'~o'.~ I ",SR 
"l'okx o l , l pan  
I cnmgrad  1%%R 
Iov.a ( ~I~ IA USA 
%;311area-kiln Japan 
Pdrl5 1- ran~c 
Orsa) I ran¢~ 
Pans France 

Mo..L or. L S S R  
Jlhaca ~ 1  ( ' S A  
I I rcch t  N c l h e r l a n d 5  
Ind lanar~)h~  IN I ' S A  
( ra~o~ Po land  
Bal l ln~or~ M D  USA 
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Abbreviations Used in the Full Listings (cont'd) 
Institutions (toni 'd) 
JINR Joint Inst fi)r Nutl Rc~aRh I)ubna L'SSR NBSB [ S Natmnal Bureau of Standards 
J t ' l . l  Kcrnfbrschungsanlagc Jtlhch IJhch 9,c,.t (itrman', NBS I. S Nallonal Burcaa ofMandards 
K A ( ; O  Kagosh=ma I.'nB Kago~,htma Japan NIJM R K { m ~  Numcgcn  
Ka`NS t'.m~ of Kansa~ Lav, rcncc KS I'%a` N(. a`R Nal I (enter ~br a`tnlusphcr=~ RcscaRr~ 
K.kRL l lnB Karlsruhc Karlsruhc 9 " C s 1 0 c r m a n ~  NDa`M t n)~ of NotR Dame 
K-~TA Kazakh -'wadcm~ ol St. tt. nt.t. -\lma-a`ta 1%SR N[.-'~S Nurthca~Rrr: tn ,~  
KEK Nat Lab for High Encrg~ I)h~s Japarl r,,ukuha-gun lapan N E t (  HnB de NcuthaRi 
KENT Kent UnB at ( anltbur~ Ktnt ( anlcbur~ England Nl t lO ( ollcgt of Ind Icth N~hon [ nB 
KE'~N Open l. np. " , hhon  Kt~nc,, Eng land  N I I (~  t nv.  (}1%00gala 
KIIAR Ph~s Ttch In*,l a`¢ad %tl I k r  SSR Khark(B [ SNR NIRS Nat I In~l ol RadtologKal %cltntt~ 
KIAE Kurchato~ lnsI ol a`h)mlc Encrg\ Most(B~ [ S%R NMSI " , c~  M~xl,O Stair t mx 
KIAM Kcld~sk Inst t)f '~ppllt.d Main Mo~.'o,a t %SR NORD N(~rd~sk Inst lot Icor .klonll\ ~, 
K I E L  K tc l  I m~ Kic l  V~tS: (~¢rmar l~ N O I  l N o l h n g h a m  [ m~ 
KIEk PhxslCal Tt thnl ta l  Insl Klcx  I!",%R N O ~ . O  In)t o f N u d  I)hx~ 
K I N K  Kmk~ t m ~  O~aka Japan % P O I  N o r t h c l n  |)(}IXlL'LhI~g. 
K N T 3  [ n ix  of  KL'n:ut .kx l . tXh'~glon K'~ [ %a` N R I  Na~a l  Rcs,. 'arth l abt ) rah)rx  
KOBI- Kob¢ [ nB Kt)b~ Japan NS[ [ S Naht)llal ~ClL'nL(. [t.)undatlt}n 
KONS B P Konslanhno~ Insl (~1 \uc l  P'h~'. ["qSR N I l  a` Na:mnal Icchnttal I n=~ 
K ' / ( ) r  K ' .o t t )  [ n B  k~Ol t )  Japan N \ \  ES Nt)r lhv.~McrP. [ n ~  
L a ` i ( )  L i n¢a r  kct .c lcr ; i tor  Lab  (')r'.a~ ()r,~a,. Frant . t  ~'~ | Nt'~.~ ~1 ork  t nl~ 
I . \ N (  I .an{-aMe: { n:~ I .an taMcr  Eng land  ( ) B E R  ( )bc r l ; n  ( ( ! l l t~c  
L a ` N I  t C I.os Mam(}s  N a l l o n a ]  t a b  Los a`lan'u)., %M [ %a` P H I ( )  ( ) h i p  ( nl~ 
l a ` P P  I .ab d .~llntt"~ dL" Pht,~ d¢~ Par l l ( . t l l t  ~, a`llnCt ~, }-'rafl£~. ()Ka`'~ ()ka~.aP.1J [:~lP. 
L A S [  I ( I.o~ Mamo'~ %cl tnt l f ] t .  l a b  Los a`lam().~ N M  L %\ O K l . a `  [ hi% I l l  ( ) k l a h t ) m d  
[ .a`1% I nB t)f Lau , ,annc  [.du~,aflfl¢ %~ l t zc r land  O K M  ( ) k l a h o r 0 a  S ta l l  t n l  ~, 
I. \%a` I nl~ oflIa',al ()uch~c (anada ( ) R E ( ,  I nB t)l'f)rcgiln 
La`VI Lanai Im~  ()ucbtt PQ ( anada CIRN[ ()ak R:dgc \ ahona l  Lab 
I BI [ ( I awrcncc Bcrktlt~ l a b  Btrkclc~ ( -X ['S \ r)RSA L nB de Par)s [a~ dts ~,u 
l . (  ( ; T  Lab  d~ ( ' ( }s top (~coli'~v,a d t l  ( N R  [ o r l n o  hal~ ORS]"  Orcg(m SI,ILC 
LEBD Lcbvd¢'. l>h~slcs Inst Mustov. [ %%R ()S~K ( ) ' ,aka I n=~ 
IEED t n:~ of  Lutds Ltud% I ngland OSK( ()%*]Ka { ItS [ l IB 
L E H I  I.chigh t nB Bethlehem P& 1%a` ( ) M . O  ()sk} t nB 
L E H M  l lcrb, . ' r I  H l . c h m a n  ( olh.gt. B r o n \  NN [ % \  ( ) M  ( ) h i p  Stak t nl~ 
L E I D  Ins l  I . o r c n l /  Le iden Ne the r l ands  ( ) i T  a, I nl~ ~ l  ( ) I t a l i a  
I E M O  L~ M ( B n c  ( olltgt ~,watus¢ N'I ( S'% ()X[ ( ) ' , h ) rd  I nB 
[ENI Insl ofNucl Ph~s [SSR \cad ~,;i I.~mngrad [ %SR P \ I ) ( )  [ 'nB d~ Pado~a 
LIBH lab  Inttrunlx Beige I(igh [ng Bruxull¢', Btlglum Pa`RI [ nl~ Parts iunspc~H'wd dlxlMon) 
[.IN7 Lmz Im, I hJr Ph~stk Kepler ttoch Lint M~str~a PARM ( nB dt Parma 
I . ISB [ nB tk l : s b o a  [:sb~a (tMcx Portugal P : ~ I R  I c.B o l  Patra'., 
I . I " .P  L l~u rpoo l  ( n B  l .wcrp~)o l  Eng land  I>A~.I t nB  d~ Pa~:a 
I. LL La~rcn(.t I .Btrmorc l ab  I~ t rmor¢  ( A [ S'~ pEN% I m~ ol I}¢nrlsxhanla 
I ( X  K l . t~ . khc td  RcscarcE l a b  Pah) MIO ( *~ I Sa` I ) ( H A  [ [11% d l  Pufugla 
I O I C  Im l~ . r ia l  ( ~)ll~gc o f  ~ t~ tn t~  and l t c h n o h ) g ~  L o n d o n  l i ng |and  P H I E  I )hdtpps I I :B 
L O Q M  Ouccn Mar'. ( ollu'gt I ondon  Eng land  PIS. \  t n3 d~ Pisa 
I O l  ( [ ;n l~ t 'P. i I~  ( u lk 'g¢  t o n d ( m  Eng land  P i l l  t nB  of P~tbbur,sh 
L O S (  9" cMIq¢ld ( ollcgc I ( radon England PLa` l %lair l ' n B  {]/ Nt~ "i ore al Plaltsburgh 
IPNP Lab dc Phi', Nud ¢1 Hauk,, fncrglc,, I)arl ~. France p'xL Pat;In Northv, c~l Lab 
I P ' I P  I .ab de I)h~s T l R o r  t l  Haul¢ . ,  Encrglc~ Parl~ France p I )A  Pr lncChm-Pt.  nn  Proton ",<t:¢l 
L R L  [ { L a ~ r c n t c  Bcrku'l¢,. l ,ab B¢rkclc ' ,  ( A t % \ PRA(J  Inst  {,I I > h ~  ( % \ \  
IS[ .  Loi i lMarsa Stalk [ fll~ Bak l f i  Rouge t X t S a `  P R I N  PFIIB.LIOfl ~ n;% 
l i N D  I 'rib [ Lund I und %v.tdcn PSLL Ph~sKal %cluntu l ab  
L~, LN  I riP. ( a t h o l l q u t  du l . o u ~ a m  I o u t a m - L a - N c u ~ t  Be lg ium PSI l> tnns~ l~ant , l  Slate I n l~( . rs iB 
L ' ~ O N  I nix Lit I~(m \ :lit urbannc Friln~.t P[ ;( B Ponl l f ] t . la  [ nl~ ( ah,hLa 
Ma.DR { 1E M -\ I Madrid Spare P I R D  I)urd4~ { rib 
MADL: I nB \uhmomt  dt Madrid Madrid %pmn g t  KI Quutn', [ nB 
MANI I nB ul Man;h}ha \kmmpcg MB ( a~ada RAI. Ruthtrl6rd \pplth)n I.ah (hwrntrh R t i  
M.XNZ I nB %Iron/ M a r e /  \ktsl  (~crman~ RE(,t [ nB  Rtgcn~burg 
M'~RS ( enter  N a l l o n a l  dr: la R u t h t l t : h ¢  %t.i MarstlJlt t r a n t t  R f l t O  9 " ( . l / l l l a n n  [n~: ~1%o 
~. | -~a` [ nl~ {}f  Mas!,achusctt '~ knlht ,  r'..l M ~, ( ~,a` R I | B L  Ro' ,a i  Fh ) l ;o~a \  & | k d l o r d  N t ~  ( o l icgc 
M A S B  I nB  o I  Mas, .~chust t ts  Boston M X  I ~,a` R I I E L  R u t h c r h ) r d  H igh  [ r l trg' ,  Lab  
M ( ' ( H  M¢(idl I 'nB M { m t R a l  PQ (anada R|IL( Royal  t|ollo~a~ ( . l icgc  
M( ' t tS  I n3 Mancht,,ttr M a n t h c s t c r  England RI( E % dham Marsh R~t~ I m~ 
%1(MS Mt:%|aMcr Inl~ l l a m i l t t } n  ON ( anada RIM Rt)ckat[I Inl I Sctcnu. ( t n R r  
MEIS M¢;sel t'n,~ H:no Tokyo Japan RIM) R~'~taruh tstab R~so 
MEI.B t 'nB o iMtlhournt  Park~dlc a.ustraha RI  Ruthtrl~Jrd Lab Ilorm~rh R H E D  
MH( ' ( " )  M o u n t  I |o : ' ,ok¢  ( o] lcgc South  Hadlc ' ,  M a` 1%& R M (  N Ro?al  Md l l a r~  ( (}]lLgt o f  %t. lt../~t¢ 
M I ( ' H  l.~nl~ { ) f M ) t ' h l g a n  "~nn a`rN)r MI  I SA R O t  I I  I riP. o l  R o c h ~ l c r  
M I L A  [ ' r i b  d l  M I ] a n o  %| l lano h a h  R O ( K  R ( K k c k ] l c r  I nB  
M I N N  t n B  ( } | M i n n e s o t a  M lnnL .apoh  ~, M N  t S \  ROMa`. L n l ' .  d l  Roma  
MII  .%la%a(.hlr~¢ltS In~.t of Ttxhnolog~ ( amhrldgt %|\ t Sa` ROSE Ro,.c Pohl t thnl t  ]nM 
MII" Maharishi lntcrnaftonall nB Ea~rhcld I-~ | 'qA RPI Rcn'.stlatr Pohtct. hv.lc In,,t 
MI~-X MBazak= l'n*~cr~,iB MBa/ak~ Japan RL:IG Rulgtr', t'n,~ 
MONP 1 n B  dr" M(ml~'lhcr Montl~.lhcr Erant¢ %.\( L (n i t  d I:tudcs % u d  Satla~ 
M()NS I nB dc I Elat Mons Mons Btlglunl Sa`(, a. Saga t nB 
MONT ! nB dc Montr,.'at MonlRal PQ ( anada S.kNI I,,t Su~rtorc d~ Sant'.a 
~,'lO~Jt ~ l o s c o ~  SlaIc [ nB %1(15~.{)~ I SSR S B t R  San Bcrnardlno Slate ( olleg~ 
M P (  %1 Max Plan(.k inst fur ( htTlllt. %lain/ 9"t~.l (~erman~ S( L ( I nl~ t)! Soblh  ( art}hna 
MPEI Moscow Ph~s Lng Insl Mo,,to~ [ SSR M-X 1 Stattk Pa~I ]c  ( ollcgc 
MPItl  M a x  Plan~k Inst fu r  Kcrnph~lk ttcldclb~'rg %0.1 ( , c r m a n ~  SEIB Rcsuarch ( cnlcr Sctbcrsdort 
MPIM Max Plantk In*,t fur Ph',s -a` ' . troph', ' ,  Mumch ~a`cst (~trnlan~ SEOL KoRa t n B  
MSL' M*chigan Slalt t 'm'. East Lansing MI t ' S \  SERP Insl ol  Itigll  t ncrg~ I>h~its  
MT|IO MI Hohokc (ollcgc St~ulh |hldlc~ M A  ( SA SET(.) Scton Ha;l [ nB  
M t , ; L H  ( ' e n l r c U m ~  du  H a u l - R h m  Mulhou',t Eranc~ SFI.-\ [ ! n ~  o l ' ~ } u l h  t l o r l d a  
MI.;NI [ nl~ ol Munich Munlth 9"¢M (;¢rman) SFN[: San |:rant'l~.to Slute ( n B  
S t U R A  Midw.¢slcrn | n t ~  Rcscar,:h ~S(.t~. " SIroughlOn 9,1 t 'S-~ SHEF I. n B  ol  Shc'fli¢ld 
N-~AS North American .~lal lon '9,'lento ( t n t e r  Thousand Oaks ('A I S-~ SHMP [ nl~ t}l Southampton 
NA(;O Nagoya t n B  Nag{Ba Japan SILIE Inst OI Nucl l>h',s I~SSR a`cad Sci 
NAPL L:nt~ dkNap*)h Napa)ll ]tah SIL(~ {,¢r.,anllhothschulc S l c g c n  
NAS-~ Na`SA Goddard Spac~ |:hghl (enter  (,r¢cn~qt MD I S.X SIN Sv, t~s lnst of Nu,,Icar Rc~aRh 

Boulder ( (l 1%a` 
(Jailhc:sburg MD ISa` 
Nlfnlt gcn Nt :IR rldnd~ 
Bnuld~r (() I "~\ 
Nnlrt [)an1~ IN 1%\ 
Fh)~!on M a` I ~ ~. 
"% k tJ(. ha B?1%~ II/L r ld l ld  
( h lha  Japan 
N l l~Ila Jdpal: 
( h tha Japan 
I . a , ( r u c t ~ .  N M  I ~,a` 
I, (~r,~nhagLn I ) ¢ n m a r k  
N(J l t lngharn  I n~l.Jnd 
N o ~ o , n h l r %  1%%R 
L o n d o n  Eng land 
V~a~h:n~hm I)(  1 % \  
"Aaqlm'~lon IX 1%~ 
a`:[iL n~ ( =rt.c~ 
F~am, lon I I  [ % - \  
NC~ " l o r k  N'~ 1%a` 
{ )N.  r hn  ( ) t l  1 % \  
• \ l t l ~ n ~  ( ) H  1 % \  
( tMt  ~ 3n l , l  Japan 
N o r m a n  ()K I%\ 
STi~h~altr ( ) K  [ %~ 
[ugtnt ()R I Sa` 
( )ak Ridg~ I x, I ~X 
( )r%a\ }- rant  L 
( u B a h ~  ( )R  1%k 
( h~Jka Japan 
( h.Jka Japan 

( ) luB~a ( )N  ( a n a d , ]  
O x f o r d  t ng land  

Parl~ I ran,  t 
Parma [lu]~ 
Palra~ ( I R ~  
Pa~ :a I ' ,ah 
Ph : ]ad t l ph :a  P',. f " , \  
P~ r JgK] Ital ', 
%larbur~ v ~ l  (,t. r m a l B  
l)P,a ]Ia:~ 
Pt:1~hurgh P \  1 % \  
P la l :~burgh N"i [ %'~ 
R~,h land  \ \  ~ 1 % \  
pt ;nt . t .h)n NJ 1 % \  

[ I : : ' t l ' , l l% Park Pk  ( '~ 
RI l l  dt J.mLir( ,  BF,I/II 
Lal i ix~ttL IN  1%a` 
KIII~MOI~ ()N. ( / l l~Jdt l  
( hHh)n  l ) ;d  Btrk~ I n,~lJ~d 
R~g~n~hur~ 9",, I  (~ t rm. ln~  

l o l :dDn I ng lar ld  
( h d : o n  [ h d  B~rk~ I n g l a n d  
I ngkliOd (~R~n t ngl,ind 
I{oJM~m IX [ %\  
[ hou ' - and  ().1~'. ( k I'~,\ 
Ro~kdtk I)t I:n:ark 
(. h:h(m l)~d Bt:'~s [ngldnd 
%hrB ~ llh,in~ I n g l a r d  
RtKk~%ltr N~ 1 % k  

Ronla hal,. 
r t l r t  lJauh. I% [ %\ 

(llI-%Ul-] ~LI~L tlill'~t 
Saga Japan 
Ron ld  l i a r  
%rill ,q , . rnardmo ( ~. I "~\ 
( o l u l n h h l  %( f % \ 
Stalllt \ \  "~ 1 % \  
\ i~nr ld "~UMrlJ 
S,.'o u I k~} r~a  

~,ou:h ()rang~ NJ 1 % \  
l a m p a  }-L [ h \  

%an I .ranc=s;o ( a` [ 'S . \  
%h~ f l ]¢ ld Eng land  
% o u l h a m p l o n  E n~]arld 
% ~ r m  ['%%R 
H u t h n l a l  ~ . ~ l  ( . c r m a n ~  
'~ i!lll~kn %~l:/t r!:lnd 
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Abbreviations 
Institutions (toni 'd) 
S I A (  Stant~)rd [.tatar ~ t ~ l  ( . n K r  
SLOV %lo, ak Acadcm~ ot'Sclcn~.cs 
SMAS Southeastern Mas~achuscl ts  I 'm~ 
S O I l  Bulgarian Acad otSu~ 
STAN Slanf~)rd l nix 
NTEV Sl¢'~¢ns InM (It" 1-~ch 
STI.() St Lores I m ~  
51(')(" Research lnMllulC ot Ph~s~u's 
S I O I I  Stockholm t i n ,  
STON Sial,.' / n l ~  m" Ncl~ '~ ork al Ston', Brilok 
STRB (cn l rc  des Re', Nu~lcalrc~ 
~ l G I  Sdgl~ama Jogaku-Ln ~ m~cr,,ilx 
SL'RR [ n*~ o t S u r r ~  
%tISS t nl,  ot Sussex 
S~/[)N L'nl~ ()I" S~dnc~ 
S' l 'RA S~racu~.' t n~ 
T A M L  Texas A and ",! t:n*', 
r A I . ~  Tara Ins: OI Fundamcnlal  R,.scan. h 
T B I I  Tb]hsl Stale I nl~ 
TEL.". I 'm ' ,  ol Tt l  - k ~  
[ E M P  Temple ( n~ 
I E N " .  I m~ of Tcnncss~u 
TEX& I mx ol Tcxa' .  
I t t E S  t n*x ol lhcssalomkl  
T I N I  Tokyo Insl of l¢~'hnolog~ 
r M S K  Nucl I)hxs Insl l o m s k  Pohtc~h Insl 
TMI" "[ok~o ~,lctropohlan ( nix 
T N T O  I 'n l~ (.)1 Toronto 
" I ( )HO lohoku  i nl~ 
TONY l:nl~ (It" T,N~o 
TORI I m ~  dl Jor lno 
I R I K  R,kk~t) i n,~ 
TRIN Tr,nll~ (()liege 
r R l l "  I R l l  ME t nl~ o fB rmsh  (o lumb[a  
FRSI L m'. dl Trl~.Me 
I S [  K I nlx Of ]~,ukuha 
T T A M  T a m a g a ~ a  I mx 
"l'l, I'T "~ ul'ts l'n,~ 
Tg, AS ~kas~da [ nl'~ 
I B E L  I 'm ' ,  o f P~.'lgradc 
I ( B  / I n n  o f ( a h f  at Bcrk,.,I,.-x 
U ( ' D  l :n]~ ¢ l [ ( a l l f  at Da~;s 
[ ' (  I ( n l ,  o f ( a h f  at Irxlnc 
I ' ( ' [  A I m ~  o f (  ahf at I.OS Angeles 
U ( ' " , D  l n,on ( arblde Suck'at  [)=~l~l~m 
I ( R  I n[* o f ( a h f  at R*~cr~,ldc 
I CSB [ m~ t)l ( 'ahf  at Sanla Barbara 
L'('S(" l n lv of ( 'ahf  at Santa (ru,"  
L ( 'SD t nl~ (d ( a h f  al San I)~cgo 
[ ' I X  F I n l~  d~" ( lu ' rmonl-Fcrrand 

Used in the Full Listings (cont'd) 

Stanford ( A  I S X  U M D  l ' n ~  or 'Mat ' . land 
Bratlsla~a (','cchoslo~akla I !N(,S lmon ( ollcgc 
North DartmoiHh MA | %~ ( ;~( .  Jlnl'~ ¢~t Norlh ( arohna 
'iofia Bulgaria t NM I ;nr ,  ot %c~ Me~.to 
Slantord ( A IS.~, i ( )L i l  I 'nl~ ot (k ' cup  and | n ~ r o n  I k a h h  
thJhokcn NJ 1%A I PNJ J p ~ l a  (o l lcgc 
Sl I ouis MO I'%-~ [ PPS (instal ~,kcrner hM 
Sh)~'kholm S~cdcn I R B I  L h i ,  dl Urhmo 
Sh)ckholm %~cdcn t S( ln]~ ot Southurn (. ahlornla 
Stuns Brook I. I N~ I S ~, lJSF I nl~qrsl tx  ot San I-ranclsc¢~ 
Mrashourg t range I 'SIE t.ln~er~,~'C, ol %lcgcn 
AIchl Japan LSSR I nsp~.oficd ISSR in':,hlullon 
(~u[Idfi)rd %urrc~ England L S ] L  l.'nl~ SOl cl I t c h  du l~ngucdoc 
Falmcr Brighhm England ( l A l {  t nl~ o f t  tah 
S~dnu~ Auslraha [ TRE I nl~ o t ' l i l r c~h l  
S~ralu%" N'~ J SA I I R O  I. nl~ ol Trondhc=m 
( ollcg~ Slal lon TX t hA ~* AI.E [ n~ dc ~alcnoa 
Bomba~ India ~, ALI ) ~,alparaiso L'n]x 
Thlhsl I 'SSR ~, AN[ )  ~*and~rbdt I nl~ 
lu ' l - k~x  l,,racl "~I(T I n l ~  o l ' \ l ¢ l~ r l a  
Phllad¢Iph]a l)g I. SA ~,IEN Insl lor High Energy, l)hxslcs A A % 
Knox ,  dh." 1% l SA ~, IRG L:nl~ ot ~,lrgln]a 
Auslln TX t S',i "~ PI \irgln~a Pohl¢chnl~- Ins[ 'Stale lm~ 
Thc'~',alonlk~ (;r¢ccc '~ RIJ \ rue I nl', 
l o k~o  Japan ~AARS L;n~ of V~ar~av, 
Tomsk I SSR V* ASE Sc~ and Lng Research Lab 'Aas~da I 'm~ 
Iokxo Japan ~A ASH i n l ~  ol '~ ,ash;ngmn 
Toronlo ()N ( anada ~A A'~ N ~.k a~nc Slate [;n=~ 
Scnda~ Japan M,F.SL ~Au'slL,an [ n i x  
lok~o  Japan ~ , ILN I nix ~ l c n  
Tormo Itah V, ILL (o]1¢g¢ ol 9, dham and Mar', 
l o k ~ u  Japan ~ , I N R  V~ar~a~ Insl ot Nuclear Reg.'arch 
Dubhn Ireland ~,~,IS( LIm~ oI~Alsconsln 
Van¢ouxcr B (  ( anada ' A I T ~  I:n=~ o t l hc  ~,Hwatcrsrand 
I r l t~ t c  has %MII . .  ' ~cs lcrn M~¢hlgan l 'n l~  
l~ukuha Japan WOOD 'A'oodsh)ck (ol]egc 
Tokyo Japan WL;p( j  Gc~amthochschulc %uplx 'Hal 
\ tcdford ~-IA L~A V,t ,  pp  [ n~ Wuplx'rtal 
Tokyo Japan Wt  RZ l n ] ~  ~kurzburg 
l~'lgradc Yugoslavia %~ I S L  ~,ashmglon lnl~ 
I~.-rkcle~ ( A  [ S-~ V~'~OM I nl~ ol V~omlng  
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Stable Particle Full Listings 

GAUGE BOSONS 

13 l ( J  Pc) = 0 . 1 ( 1 - - )  

~" M A S S  

For o rev iew of the  p h o t o n  mass see BYRNE 77 

VALUE (MeV) CL % OOCUMENT ID TECN COMMENT 
< 3 --~<I0 -33  CHIBISOV 76 G o l a c h c  m a g  t le la  
• • , We d o  no t  use the fo l l ow ing  d a t a  for ave rages  fits. l imits, e t c  • , • 
< 6. :" 10 - 2 2  99 7 DAVIS 75 JUplter mogf ie lc l  
< 7 3 :"10 - 2 2  HOLLWEG 74 Al fven waves  
< 6 ~ 10 -23  i FRANKEN 71 Low freq res ctr 
< I "< 10 - 2 0  WILLIAMS 71 CNTR Tests Gauss l aw  
< 2 3 × 10 -21  GOLDHABER 68 Sotelhte d a t a  
< 6 ~ 10 -21  '~ PATEL 65 Satel l i te d a t a  
-~. 6 x 10-21  GINTSBURG 64 Satel l i te d a t a  

I V o h d d y  q u e s t i o n a b l e  See cmlc~sm ~n KROLL 71 a n d  GOLDHABER 71 

REFERENCES FOR "y 

BYRNE 77 ASIS, DSCI 46 1t5 (LOlC) 
CHIBISOV 76 SPU 19 624 (LEBO) 
DAVIS 75 PRL 35 1402 +Golclhaber N~eto ((IT $TON LASJ.) 
HOLLWEG 74 PRL 32 961 (NCAR) 
FRANKEN 71 PRL 26 115 +Ampulskl (MICH) 
GOLDHABER 71 RMP 43 277 ÷Nlelo (SION 8OHR UCSB) 
KROLL 71 PRL 26 1395 (SLAC) 
WILLIAMS 71 PRL 26 721 +Foiler Hill (WE~.) 
GaLDHABER 68 PRt 21 567 +Nleto (STON) 
PATEL 65 PL 14 t05 (DUKE) 
GINTSBURG 64 SOy Astr A J7 536 (ASCI) 

J = 1  

M e a s u r e m e n t s  af  c h a r g e d  w e a k  g a u g e  b o s o n  p a r a m -  
e te r s  a r e  l i s t e d  h e r e  See  a l s o  s e c t i o n  "OTHER STABLE 
PARTICLE SEARCHES' 

W M A S S  

The flt uses the  W a n d  Z mass a n d  mass d i f fe rence measure  
ments  

VALU_E. [GeV) EVTS DOCUMEhlI_ tD TECN CaMMEN Ir _ 
81.0 -+ I . 3  OUR FIT 
8 0 . 9  ± 1 . 4  O U R  AVERAGE 
80 2 Z 0 6 ± I 4 251 I ANSARI 87 UA2 p D  Ecrn=546 630 

GeV 

83 5 + ~ [~ ± 2 7 86 2 ARNISON 86 UAI p p  Ecm=546 630 
- GeV 

• • • We d o  f lat use the fo l l ow ing  d a t a  for ave rages  flts l imits e tc  • . . 
8 t  2 ± I 0 ± t 4 t19  I APPEL 86 UA2 Repl by  ANSARF 87 

81 + 6 .  t4 3 ARNISON 84D UAt p ~  Ecru=546 GeV 
- 7 

83 1 ± t 9 ± 1 3 37 BAGNAIA 84 UA2 p p  Ecm=546 GeV 
81 ± 5 6 ARNISON 83 UAI Repl b y  

ARNISON 83D 
80 9 ± 2 9 27 ARNISON 83D UAI p D  Ecru=546 GeV 
81 0 ± 2 8 BAGNAIA 83 UA2 Repl b y  BAGNAIA 84 

80 + 10 4 BANNER 83B UA2 p ~  Ecru=546 GeV 
- 6 

IThere are two  con t r tbu l lons  to the  sys temahc  error ( ± 1 4) one  ( ± 1 3) 
wh ich  cance ls  in rn(W)/m(Z) oncl one  ( ± 0  5) wh l ch  is n o n c o n c e l l i n g  
These were  a d a e d  In quad ra tu re  

2This is e n h a n c e d  subsampte  at 172 to ta l  events  
3Using W ± ~ /.~ --- I, 

W WIDTH 

.VALUE (_GeV) . CL% E V T S  DOCUMENT/D TECN COMMENt 
< 6 5 90 86 4 AR'I~ISON "'- 86 UAI p p  Ecru=546 630 

GeV 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  flts l imits e tc  • • • 
< 7  90 251 ANSARI 87 UA2 PO Ecm=546,630 

GeV 
~ 7 90 119 APPEL 86 UA2 p p  Ecm=546 630 

GeV 
<7 90 27 ARNISON 830 UAI pp Ecru=546 GeV 

+ 1 4 GeV This is e n h a n c e d  41f sys lemohc  error is n e g l e c t e d  result is 2 7_  I 5 

subsomp le  Of 172 to la l  events 

W A N O M A L O U S  M A G N E T I C  M O M E N T  ( A K )  

The full m a g n e t i c  m o m e n t  is g i ven  by  .~(W) 
e(2--~),,2rn(W) In the Standard Model A,~ = 0 The porom 
eter '~ a p p e a r i n g  b e l o w  is a regu lanza t ion  cutof f  a n d  m a y  
co r respond  to the  ene rgy  sca le  where  the  structure of the W 
boson b e c o m e s  mani fest  

.VALUL~e/2m W~W~ DOCUMENT ID TECN 

• • • We d o  not  use tf~e fo l l ow ing  (:Iota for overages  fits l imits e tc  • • • 
5 GRIFOLS 88 THEO 
6 GROTCH 87 THEO 
7 VANDERBIJ 87 THEO 
8 GRAU 85 THEO 
9 SUZUKI 85 THEO 

10 HERZOG 84 THEO 
5GRIFOLS 88 uses dev ia t i on  from p p o r a m e l e r  1o set hmi l  _~ ~ 65 
(M~,,,, ~2) 

6GROTCH 87 finds the hmd -37 < 3.~ < 73 5 (90% CL) from the experl- 
mental hmlts on e÷e - ~ i'v~r assumlng three neutrino generations and 
- 19 5 < A~ < 56 for four generohons Note lhelr A*, has the Opposite 
slgn a s  our def in i t ion 

7VANDERBU 87 uses exist ing l imits to the  p h o t o n  structure to Obtain .~A I 
33 (rn(W)/ ~.) In add i t i on  VANDERBIJ 87 d scusses Drab ems w= h us ng he 
p p a r a m e l e r  of the S tandard  M o d e l  to d e t e r m i n e  ~,~ 

8GRAU 85 uses the  m u o n  a n o m a l y  to der i ve  a c o u p l e d  l lml t  on  the 
a n o m a l o u s  m a g n e t l c  d l p o l e  a n d  e lec t r i c  q u a d r a p o l e  (,x) m o m e n t s  1 05 
> "~, / n ( ~ / r n ( W ) )  + X.:2 > - 2  77 In the  S tandard  M o d e l  ,\ = 0 

9SUZUKI 85 uses p a r h a l w a v e  un i to r l l y  at  h lgh  energ les  to o b t a i n  IA^ I ~< 
190 (m(W)/~,)  2 From the a n o m a l o u s  m a g n e t i c  m o m e n t  of the m u o n  
SUZUK 85 ob  a ns A^ ~ 2 2 / t ' n ( ~ / m ( W ) )  Final y SUZUKI 85 uses d e v i o  
hans from the  p por 'ameler  a n d  ob ta ins  o very qua l i t a t i ve  order  of 
m o g n l t u d e  l imit  ! ' ~ i  < 150 (rn(W)/ ~,)4 if ' ~ , | < :  I 

10HERZOG 84 con~ider  the c o n t n b u t i o n  of Wboson  to m u o n  m a g n e t i c  
m o m e n t  i nc lud ing  anomotous  c o u p l i n g  of WW'~ Obta in  o hmlt  - 1 < ~ .  
< 3 for ~ ~: I TeV 

W D E C A Y  M O D E S  

w -  modes  ore cha rge  con lugo tes  of the modes  b e l o w  

Fract!on . ( r / l ~ _ .  

]I  w+ ~ e+v (IO o-+~ ~),io-2 

I" 2 W + ~ ~ + p  (12 _+7 )K10  2 

r~ w +  ~ T + v  o0 2_+ I ~)~i0-2 
l" 4 W + ~ e + p ' )  , < 1 0 ~10 - 2  

1" s W + ~ ~ t - v  3 '  

W B R A N C H I N G  RAT IOS 

l ' ( e *  ll)/l'fola I 1 i / I "  
VALUE EVTS DOCUMENt ID TECN COMMENT 

+ 0 - 0 2  " - - ' 0  t4 t i  0 . t 0  ± .0 - 0 : 0 3  248 ANSARI 87C UA2 p p  Ecm=546 630 
GeV 

• • • We d o  ha l  use the fo l l ow ing  d a t a  for overages  hls l imits e l c  • • • 
SEEN 119 APPEL 86 UA2 ~ E~m=546 630 

SEEN 172 ARNISON 86 UAI pp Ecru=546 630 
GeV 

11The first error was o b f a l n e d  b y  Odd lng  the StQtlShcoI a n d  systemat ic  
e x p e r l m e n t a l  uncer ta in t ies  in quad ra tu re  The second  error reflects the  
d e p e n d e n c e  on theo re l i ca l  p rea l c t ton  of fatal  W cross sec l ion  ,7(546 

+ t  4 ~1 GeV) = 4 7_ 0 7 nb  a n d  a(630 GeV)  = 5 8_  i nb  See ALTARELLI 85B 

1"(." v) / | ' (e  + P) ]'2/I'1 
VALUE E V r S  DOCUMENr tO TECN COMMENt 

1.24 ~- 0 . 6 -  14 ARNISON 84D UAt p p  Ecru=S46 G e v  
- 0 . 4  



See key on page 129 Stable Particle 
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Full Listings 
W , Z  

r(T+.)/r(e+ v) rj1t 
VALUE EVTS DOCUMENt IO TECN COMMENT 

;I.02"-±-6:20"_~--0~0-- 32 ALBAJAR B7 UA'1 p ~  E c m - $ 4 6 : 6 3 0 - - -  
G e V  

1 Co + P T ) / l ' t o t a l  1"4/1" 
VALUE . . . . . . . . . .  EVTS DOCUMENT ID TECN COMMEN? 

• • * We d o  no t  use the  f o l l ow ing  d a t a  far a v e r a g e s  fits l imits e ta  • • * 
n o n e  In 119 W ~ e l '  ev ls  0 APPEL 86 UA2 D P  

Ecm=546 630 
GeV 

o n e  in 52 W ~ e r  evts '1 12ARNISON 84 UAi  p p  Ecm=546 
G e V  

12ARNiSON 84 W ~ e l , ' )  o n e  e v e n t  is cons i s ten t  w l th  QED Bremss t rah lung  
MOSS not  res t r i c ted  to W mass 

1 " ( #  * l '  7 ) / l ' 1 0 1 0 1  l ' 5 / 1 '  
VALUE EVT$ DOCUMENT ID TECN COMMENT 

• • • We d a  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits hml ls  e ta  • • • 
n o n e  in 18 W ~ /JJ' evts 0 t3ARNISON 84 UAI DP  Ecm=546 

G e V  
t3Moss h a l  res t r i c ted  IO W moss 

I ' (e + u '7 ) / I ' (e  + u) 14/l't 
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0  '1 90 14 ARN[SON 84 UAI p p  Ecrn=546 GeV  
14After a c c o u n t l n g  for s e l e c t i o n  e f f l c l e n c y  a n d  g e o m e t r l c  a c c e p t a n c e  

a n d  rec lu l rmg Err3) > 10 G e V  

REFERENCES F O R  W 

GRIFOLS 88 IJMP A3 225 +Peris SOlO (BARC DESY) 
Also 87 PL Bt97 437 Grllols Perls Solo (BARC DESY) 

ALBAJAR 87 PL B185 233 ~.Albrow Allkofer Arnlson Astbury+(UA'l Col lob ) 
ANSARJ 87 PL B186 440 +Bognala Banner Banlston+ (UA2 Collob ) 
ANSARt 87C PL B194 t58 +Bognola Banner 8ottlston+ (UA2 Co l l ab )  
GROTCH 87 PR D3b 2153 +Robinelt (PSU) 
VANDERBIJ 87 PR D35 1088 van der BIt (FNAL) 
APPEL 86 ZPHY C30 1 +8ognala Bannel Battlston+ (UA2 COllop ) 
ARNISON 86 PL t66B 484 +Albrow AIIkofer Astburv+ (UAt Col lab ) J 
ALTARELLI 85S ZPHY C 2 7 6 t 7  +Ellis Marhnelh (CERN FNAL FRAS) 
GRAU 85 PL t54B 283 +Grilols (BARC) 
SUZUKI 85 PL 1538 289 (LBL) 
ARNISON 84 PL 1358 250 +AStbury AulDert Bocci+ (UAI Col lab ) 
ARNISON 84D PL '~34B 469 +Aslbury Aubert BOCCI+ (UAt CollOb ) 
BAGNAIA 84 ZPHY C24 t +Banner 8olhslon Blech+ (UA2 Collob ) 
HERZOG 84 PL t48B 355 (WISC) 

AlSO 84B PL t55B 468 Herzog (WISC) 
trrotum 

ARNIBON 83 PL t22B t03 +Astbury Aubert Bocci* (UAt COIIOD ) 
ARNISON 83D PL 1208 273 +Astbury Aubert Boccie (UAJ Col lab ) 
BAGNAIA 83 PL t29B 130 +Banner Baltlslon Bloch+ (UA2 Col lab ) 
BANNER 838 PL t22B 476 +8atllston BIOCh Bonaudl+ (UA2 Coltab ) 

FI J = l  

M e a s u r e m e n t s  of  n e u t r a l  w e a k  g a u g e  boson p a r a m e -  
t e r s  a r e  h s t e d  h e r e  S e e  a l s o  s e c h o n  "OTHER STABLE 

PARTICLE SEARCHES" S p i n  Is f r o m  S t a n d a r d  M o d e l  

Z M A S S  

The tit uses the  W a n d  Z moss a n d  moss d i f f e r e n c e  m e a s u r e  
m e l t s  

VALUE (GeV) EVTS DOCUMENt ID TECN COMMENt 

92 .4  _+ % 8  O U R  FIT 
93.0 ± 1.4 : 3.0 14 ARNISON 86 UAI p pAE~:m='546 630 

V V ~  

• * • We d o  no t  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
9'1 ,5 ± 1̀ 2 ± 1̀ 7 25 t ANSARt 87 UA2 p p  Ecm=546 630  

G e V  
92 ,5 ± '1 3 ± '1 5 `13 APPEL 86 UA2 Repl  by  ANSARI 87 

+ 7 .0  2 ARNISON 84E UAI  p.lo Ecru=546 GeV  8 5 8 _ 5 4  
92  7 _+ I 7 _+ 1 4 4 3 BAGNAIA 84 UA2 p p  Ecru=546 G e V  
95  2 _+ 2 5 5 ARNISON 83C UA'1 Repl  b y  

ARNISON 83D 
9`5 6 ± 3 2 5 ARNISON 83D UA'1 p ~  Ecm=546 GeV  
9'1 9 ± 1 9 4 BAGNAIA 83 UA2 DD Ecrn=546 G e V  

tANSARI 87 en te rs  flf t h r o u g h  Z W moss d i f f e r e n c e  b e l o w  
2ARNISON 84E =s f rom 4 ~ + / J -  l u + u -  
3BAGNAIA 84 is a reonalys=s of BAGNAIA 83 of fer  r e c o h b r a h o n  of COlOrlme 

tar  

Z - W M A S S  D IFFERENCE 

The fit uses t he  W a n d  Z mass a n d  mass d f f t e r e n c e  m e a s u r e  
m e l t s  

VALUE (GeV) DOCUMENT ID rECN COMMENT 

11.4 _+ 1.4 OUR FIT 
,1t.3 _+ 1.3 ± 0.9 ANSARI 87 UA2 DP  Ecm=546 630 

G e V  

Z W I D T H  

VALUE (GeV) CL % EVTS DOCUMENT ID TECN COMMENT 

< - 5 . 6  90 25 4 ANSARI 87 UA2 p p  Ecm=546 630 
GeV  

• * • We d a  na t  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hml ls  e ta  • • • 

2 7 ± 2  0 _ - I  0 25 4ANSARI 87 UA2 p p  E c m = 5 4 6 6 3 0  
GeV  

< 3 2 90 t3  5 APPEL 86 UA2 Repl  by  ANSARI 87 

2 2 _ _ . 0 7 _ + 0 2  13 5 APPEL 86 UA2 Repl  by  ANSAR187 

< 4 6 90 13 APPEL 86 UA2 Re pl  by  ANSARI 87 
< 8 . 3  90 t4  6 ARNISON 86 UAI p p  Ecm=546 630 

G e V  
< 6 5 90 4 7 BAGNAIA 84 UA2 Repl  by  ANSARI 87 
< 2 6 90 4 8AGNAIA 84 UA2 Repl by ANSARI 87 
< 1 0  2 90 4 ARNISON 83C UAI Rep l  by ARNISON 86 
< 8 5 90 4 ARNISON 83D UAI Rep l  by  ARNISON 86 
<11  90 4 8AGNAIA 83 UA2 Repl  by  ANSARI 87 

4 Q u o l e d  va lues  of ANSARI 87 a re  f rom d~rect h l  ROtlO of Z a n d  W p r o d u c  I 
l i on  g w e s  e i t he r  I (Z )  < ( I  0 9 ± 0  07)  ~ I ( W )  CL = 90% Or I ( Z )  = I (0 82+~ 119--0 06) , I (W)  Assure,rig SlandardModel value I(W) = 

2 6 5 G e V l h e n g , v e s  I ( Z )  < 2 8 9 ± 0  '19 o r =  2 1 7 T ~  350±0 16 I 

5Rat io of Z a n d  W p r o d u c t i o n  g ives  e i t he r  I (Z) < I (W) - (`1 2 ± 0 ,1) CL 

= 90% Or I(Z) = I(W) ".< (0 83_ +0 2~) Assam,rig Slondard-Madel value 

I ( W )  = 2 6 5  GeV  then  g,ves I (Z )  -:  (3 2 ± 0  2) Or = 2 2 _  +0  ~ ± 0 . 2 2  

61f s y s t e m a h c  error  is n e g l e c t e d  resul t  is 3 9 _  + ~ 53 G e V  

7Raho of Z a n d  W p r o d u c t i o n  g lves  I (Z') < I (W) • (0 93 ± 0 09)  
Assum lng  I(149 = 2 77 GeV  g lves  I(2 ' )  < 2 6_+0 3 G e V  

I" t Z ~ e + e 

1" 2 Z - - *  / . ~ " / z -  

I" 3 Z - - , -  e+e-7  
[ '4 Z ~  g + # - 7  

Z D E C A Y  M O D E S  

F_ro_C!.Lo_n ( l  , / I ' )  

~, 6_+Ì1 ~. ,o-~ 

Z B R A N C H I N G  R A T I O S  

r(e + e- ) / r fo ,o i  ] ~ / l  
VALUE EVT5 DOCUMENT ID TECN COMMENt 

=" 0 008 I 0 .046  ± 0 .009  - 0~014 39 8 ANSARI 87C UA2 p D  Ecru=546 630  l 

GeV 

• • * We do  not  use the  f o l l ow ing  d a t a  far a v e r a g e s  his h i l l s  e ta  • * * 

SEEN 13 APPEL 86 UA2 PD Ecm=546 630 
GeV  

SEEN 16 ARNISON 86 UAI PD Ecru=S46 630 
GeV 

SEEN 4 ARNISON 83C UAI DP_ Ecru=546 GeV 
SEEN 8 9 BAGNAIA 83 UA2 p p  Ecru:S46 GBV 

8The first error is o b t o m e d  by  a d d i n g  the  s tahshca l  a n d  sys tema t i c  e x p e r l  J 
m e n t a l  u n c e r l o n t l e s  in q u a d r a t u r e  The s e c o n d  error  ref lects the  d e p e n  

I d e n c e  an  t h e o r e h c a l  p r e d i c t i o n  af to ta l  Z crass sec t i on  rr(546 G e v )  = 

1 3_+0 °~nbandn(a30Gev)= I 7_'~ ~nb SeeALTARELL, B,SB 
9BAGNAIA 83 i n te rp re t  the i r  even ts  as e i t he r  (Z - e -  e - )  ar (Z 

e + e - 5 )  

1 (# + #- ) I f ' fa te  j 1 2.,'I 
VALUE EVTS DOCUMENT ID TECN COMMENt 

SEEN I ARNISON 83C UAI p p  Ecm=,546 G e v  

r(e + e- 7)/1 to ta l  1 31 
1983 radiative Z decoy events (Z~ e'e-', Z~ u'u-',) ore in 
excess of expected bremsstrahlung role If Z o X': with X ~ e + e- 
the  twa  e + e - ' ~  even ts  g l ve  m(X)  = 4 0 - 5 0  G e V  e l e c l r a n  WlOl~ Of X 
abOut  I MeV See alSO Subsect Ions on  W o e r 5  a n d  on  X hypo thes i s  
in sec t i on  OTHER STA8LE PARTICLE SEARCHES 

VALUE EVTS DOCUMENT ID TECN COMMENT 

• • • We d a  nat  use the  f a l l o w i n g  d a t a  far a v e r a g e s  fits hrnfls e ta  • • • 
o n e  seen  In 13 e + e  "- av is  t t0APPEL 86 UA2 DD 

Ecm=546 630 
G e V  
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o n e  s e e n  m 4 e + e -  evts  ~ t t  ARNISON 83C UAt  D P  Ecm=546 
G e V  

10 Inc ludes  e v e n l  of BAGNA)A 83 P robab i l i t y  of i n fe rna l  8 r e m s s t r a h l u n g  = 
19% 

11ARNISON 83C e v e n t  has  n e g a h v e  t r a c k  of 9_+1 G e V  w d h  c a l o r i m e t e r  
Oeposnhon of 48 _ I G e V  I n t e r p r e t e d  as harc l  3 p lus  e -  

J'(;~"/tl - ~t')/['totol 1 " 4 / [ "  

VALUE EVIS OOCUMENT ID TECN COMMENt 

• • * We do  not  use l h e  f o l l o w i n g  c la ta  for a v e r a g e s  fits l imits e t c  • * * 

two  seen  in 5 ,u+~  - evts 2 ARNISON 84E UAI p p  Ecru=546 
G e V  

CHARGE ASYMMETRY IN e + e  - .-,. p.+/z- 
(Including radiative corrections) 

MD s r ' 2  
ASYMMETRY . . . . .  MODEL CGeV) DOCUMENT /D TECN 

• • • We clo h a l  use the  f o l l o w i n g  c la ta  for a v e r a g e s  flts llmals e t c  * ° * 
- 4 . 8  - *6  5 . . I  0 ( - 1 1 . 5 )  39 8EHREND 87C CELL 
- 1 8  8 _*4 5 ± I  0 ( - 1 5  5)  44  8EHREND 87C CELL 

2 7 _+ 4 9 ( - I  2) 13 9 8ARTEL 86c  JADE 
- 1 1 . 1  _+I 8 _+I 0 ( - 8 . 6 )  34 4 BARTEL 86C JADE 
- 1 7  3 - *4  8 ± 1  0 ( - 1 3  7) 41 5 8ARIEL 86C JADE 
- 2 2  8 ± 5 1 -+ 1 0 ( - 1 6  6)  44  8 BARTEL 86C JADE 
+ 5 3 . . 5 . 0  ( - t . 5 )  14 .0  ADEVA 858 MRKJ 
- 1 1 . 7  _ . I  7 ( - 8  5) 3 4 . 6  ADEVA 858 MRKJ 
- 1 6  7 ±4 0 ( - 1 6  0) 44  6 ADEVA 858 MRKJ 
- 0 063 :I: 0 008 -+ 0 002 ( -  0 063 )  29 ~2 ASH 85 MAC 
- 0 0 4 9 - + 0 . 0 1 5 - + 0  00S ( - 0 , 0 5 9 )  29 13DERRICK 85 HRS 

0 . 0 9 8 ± 0  023-**0  005 34 4 f4ALTHOFF 84F IASS 

- 0 ~'~-0.003n'7~" + 0 018 ( 0 . 0 6 0 )  29 t5 FERNANDEZ 83 MAC 
'~2ASH 85 h a v e  to ta l  s a m p l e  at  16000 even ts  
f3DERRICK 85 o b s e r v e  A = -- 0 . 0 4 9  -. 0 . 0 1 5  -+ 0 005  cons i s ten t  w l t h  t h e o r y  

v a l u e  (w i th  r a d i a t l o n  c o r r e c t i o n s )  of 0 059 
f4ALTHOFF 84F o b t a i n e d  A = - 0 098 :t: 0 . 0 2 3  ± 0 . 0 0 8  sin2,/w = 0 27 -+ 0 . 0 7  

~SFERNANDEZ 83 go1 A = - 0 . 0 7 6  ~ 0  0t8 S tonao tO m o d e )  ( I nc tuO lng  rad io  
003 

t i r e  c o r r e c t i o n s )  g ives  A = -0.060 

CHARGE ASYMMETRY IN e +  e - - - , .  r + r -  
(including radiative corrections) 

STD S f ' 2  
ASYMMETRY MODEL ( G e V )  DOCUMENI~ ID T_ECN 

• • * We  Do not  use t i e  t o i l o w l n g  a a t a  for a v e r a g e s  fits hmlts,  e t c  • • ° 
- 6 0 + - 2 . 5 ± I  0 (8 8) 34 6 BARTEL 85F JADE 
- ' ~  8 ± 4 6 -_ '~ 0 ('~4 8) 43 0 BARTEr 85F JADE 

ANSARI 87 PL B186 4 4 0  
ANSARI 07C PL 8194 158 
BEHREND 87C PL 8191 209 
APPEL 86 ZPHY C30 f 
ARNISON 80 Pt 1668 484 
BARTEL 86C ZPHY C30 371 

At$O 8511 ZPHY C26 507 
AlSO 82 PL f08B 140 

ADEVA 858 PRL 55 665 
AJ$o 82C PRL 48 1701 

ALTARELLI 858 ZPHY C27 6t7 
ASH 85 PRL 55 t831 
8ARIEL 05F PL t6 t8  188 
DERRICK 85 PR D3f 2352 
ALTHOFF 84F ZPHY C22 13 
ARNISON 04 i  PL 1478 241 
8AGNAIA 84 ZPHY C24 ¶ 
ARNISON 83C PL 1268 398 
ARNISON 830 PL 1298 273 
BAGNAIA 83 PL 1290 130 
FERNANDEZ 83 PRL 50 f238 
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LEPTONS 

N O T E  O N  N E U T R I N O S  

(by R E Shrock, State Unix' of New York. Stony Brook) 

In addmon  to thc v~ ,  v , and v secuons, we include a 
t" N r 

separate section (Searches for Massive Neutrinos and Lep- 

ton M~xlng) concerned w~th correlated bounds on possible 

ncumno  mixing and masses In addmon,  there are sechons 

on the Number of Light Neutrino Types, on Heavy Lepton 

Searches. and on Constraints from Cosmological and Astro- 

physical data 

To summarize the current (Spring 1988) situation, many 

Lntenslve searches for possible nonzero neutrino masses and 

lepton mixing have yielded progressively better upper hmlts 

on these quantmes There is no uncontested positive evi- 

dence for such masses or mixing A description of the 

experimental SltUatmn may be found in the note at the 

begmmng of the section on Searches for Masswe Neutrinos 

and Lepton MLxmg 

As an aid to understanding the limits on masses and 

mixlngs, we recall that in contrast to the other particles in 

this Review, the neutr, nosv  e ,  v u .  and v r are defined as 

weak elgenstates (that is. states which couple weakly with 

unit strength to e ~, and r) and are not. nn general, states 

of defimte mass In the Standard Model, where all neum- 

nos are assumed to be massless and hence degenerate, it is 

possible to define the weak eigcnstates to be simultaneously 

mass elgenstates However, in the general case of possibly 

massive (nondegenerate) neutrinos, the weak elgenstates 

have no well-defined masses, but instead are hnear comN- 

nations of mass elgenstates Let us denote the charged lep- 

tons as the set {(a},  a = 1, , n .  where tz >/ 3 is the 

number ofgenerauons,  with (1 =- e, (~ ~ #, (~ =- "r In 

the standard SU(2) L x/_'(I) electroweak theor) " the  mixing 

of the left-handed components  of the mass elgenstates (vj)L 

to form the weak gauge-group elgenstates ( v ( ) L  is specified 

b) the transformatmn a 

/7 

)L = ~ l - a j ( V j )  L , ( V i a  j = I 

where /_+ = t_'- I (In the case of Dirac neutrinos there are 

right-handed components  of the v j ,  but they are smglets 

undcr the gauge group, in the case of Majorana neutrinos m 

the standard r h e a s  there are no independent rnght-handed 

components  ) The ordering of the mass eigenbasls is 

defined such that U ~s as nearly dmgonal as possible, 1 e .  

IU/ j I  (no sum on j )  >/ I L ~ k l . k  :# j Thls does not 

impl.v that m(vj)  > m ( v  k )  f f . l  > k ,  although this ordering 

might be regarded as natural m view of the s~mflar one that 

obtams In the quark sector The virtue o f th l s  convention 

is that a mass hmtt on " r e ( v (  )'" can 
a 

be used as a definite limit on v I j = a ,  the dominantly 

coupled mass eigenstate m v( 
(2 

Thus, in this general case of  n possibly massive (Dlrac 

or Majorana) neutrmos, decays such as 3H 

3He + e -  + T  e and ~'+ ~ #+ + v , which have been used 

to set the best bounds on the respecnve neutrino masses, 

really consist of incoherent sums of  the separate decay 

modes 3H --* 3He ÷ e -  ~-~j and ~'* --~ ~+ + v k .  where 

the v/, v/, are mass e~genstates, and the ind~ces j and k 
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range over  the subset  { I, , n } al lowed by phase space m 

these two respec twe  decays 2 The  coupl ing s t rengths  for 

the jth m o d e s  are gtven for the two decays by the factors 
12 "~ I t : U  and I f-'2j I respecuvelv  There  are, m a d d m o n ,  

certain k m e m a t m  factors depend ing  on the m (v.) whmh 

enter  m de t e rmin ing  the branching  ratio for thej th decay' 

m o d e  Assuming  that  the off-dmgonal  e l ement s  o f  the lep- 

ton m~xmg matr ix  t_ are small re lauve to the dmgonal  ele- 

ments ,  the dominan t ly  coupled  decays are the ones  with 
12, 3H _.,. couphng  strength I/L'a] a = j ,  i e ,  3He + e ± v 1 

and r + + --.* /~ + v  2 
It follows that the old n e u m n o  mass  hm~ts quoted  m 

the h tera turc  for " m  (%)", " m  (vu)'" and "'m (Vr)" should 

really be in terpre ted  as hm~ts on the cor responding  mass  

mgensta tes  Speofical ly ,  a bound  such as the Bergkvlst 

hmlt ,  3 m(v e) < 60 eV (90% CL). really. consu tu tes  a 

wmghted h n m  on each o f  the mass  mgenstates  v j m  the 

weak ctgenstate v e which are kmemauca l ly  al lowed to occur 

m t r m u m  decay and which are coupled with strength 

I { ' lJ 12 suffictently large to make a s ,gmficant  c o n t n b u t m n  

to the observed  spec t rum It ~s thus certainly' a l imit on v 1 

If leptomc mixing  ~s hmrarch~cal as quark m m n g  is known 

to be (at least for the first three generatmns) ,  l e ,  I/. III 2 

> >  I Uak 12. j ~: /,.. then v I Is the only mass  mgenstate slg- 

n,ficantly cons t ra ined  by a bound  on " 'm(v e) " Further-  

more,  strictly speaking, a neut r ino  mass  hm, t  cannot  be 

stated m ,solat lon.  ~t always conta ins  some imphct t  depen-  

dence  on the re levant  lepton m m n g  angles Fortunately.  

thts dependence  ,s relatively un impor t an t  for the d o m -  

inantly coupled  decay m o d e s . ,  e ,  ev 1, lay 2, and r-ff 3 Since 

these m o d e s  were the ones  responsible  for the mass  hm~ts 

gwen  prevmusly ,  the latter can be re interpreted wtthoul  sig- 

nificant c o m p h c a t , o n  as proper  hml t s  on re(v/ ) . . !  = 1.2,  

and 3, respecttvel~ 

In a d d m o n  to mass  and I,fet~me hmlts ,  we have added  

data  on neut r ino  magneuc  dipole  m o m e n t s  These are o f  

interest because a massless,  purely chlral ( e m p m c a l b .  left- 

handed)  Dirac neut r ino  cannot  have a magnetm (or electric) 

d ,pole  m o m e n t  The same is true for a Majorana  neutr ino,  

whe the r  massless  or  masswc ,  because o f  its dcf in ,ng pro- 

pert) '  o f  being self-con.lugate 

If one  cons iders  the possibil i ty o f  nonzero  masses  for 

neutr inos ,  for consis tency one mus t  also cons ider  the lep- 

t ome  m,x ,ng  which would  m general occur concomitant ly '  

Accordingly we have devo ted  one  sect ion to correlated 

bounds  on neut r ino  masses  and lepton mtxlng angles 

These  can be d iv ided  into two types F~rst. there are those 

due to decays ,nvo lvmg neut r inos  in the final slate, which 

must  be recogmzed to have the possible m u l n m o d e  struc- 

ture poin ted  out above  In the two most  sensi t ive cases 
3 

suggested as tests for neutr,  no masses  and mixing. -  one 
• 12 mdp, ,dua l ly  for each obta ins  a limit on re(v : )  and I ( a ]  

j Second,  there are those due to processes revolving the 

propagatton and subsequent mteracnon of  neutrinos The 

latter are often called neutrino "'oscillation "'3 hm~ts, 

although this term is correct only it" the d~fferences m neu- 

tr ino masses are sufficiently small relatwc to their 

momenta that the propagation is effectwelx coherent m a 

quantum mechan,cal sense, otherwise, the mdwldua l  vj 
from a given decay such as ~'u2 or K 2  propagate m a 
measurably incoherent manner and there is no "'oscflla- 

uon "" Expertmentahsts usually present their results m 

terms o f a  s~mph~'mg model m which mix ing is assumed to 

occur only between two neutrino species Then the 

transformation equatmn becomes 

IVga ] = I cosO slnO v 

[V( h cos0 

Let the dis tance between the source o f  the neutr inos  and 

thmr point  o f  interact ion be labeled as x .  and thetr energy 

as E ,kssume fur thermore  that the m ( v j )  are such that the 

coherence  a s s u m p u o n  is vahd  Then,  the probablhty  o f  an 

m m a l  Vga being equal to V(b at n ine  t, 
or  eqmvalen t ly  (gr, 'en the above a s sumpuon)  at dis tance x 

= / , 1 S  

I(V(h(O)lV(a(t))12 = sin220 sm 2 , 

where 

..Xm 2 = m (v t )2 _ m (vj)2 
Thus, neutr ino OSCl]]atlon experiments cannot measure 

ind iv idual  neutrino masses, but only differences of  masses 

squared, and indeed these are generally wmghted m a more 

comphcated wa~ by mix ing-matr ix  coefficients than m the 

two-specms model  Exper imenta l  results are presented as 

al lowed regions on a plot, the axes o f  which are l a in21  and 

sin220 These are often summar ized  m terms o f t h e  
" "~ "~ = 2 0  asympto t ic  l imits I A m "  I max for s in-  _0 1, and sm 2 for 

"'large" l a i n 2 1 ,  l e .  sufficmntly large I ~ m 2 l  that the 

detector  averages over  many  cycles o f  oscdlat lon (or there 

ceases to be ant', coherence)  We refer the reader to the ori- 

ginal papers for the two-d tmensmna l  plots for the purpose 

o f  these Full Llstmgs, we shall gp,'c onl3 the asymptot ic  hm-  

ItS 

An ~mportant ques t ion  has to do v, nh whether  neut r inos  

arc Dlrac or Majorana (self-conJugate) particles In the 

former  case ncut rmolcss  double  beta dcca', ,  (Z.&) 
(Z  + 2, -1) - e -  + e - ,  is forbidden f iom occurring 4 In 

the Majorana  case it may Occur in gauge theories if neutri-  

nos are mass tve  In the hght-neut r lno  case an upper  hm~t 

on neutr tnoless  double  beta dcca~ x tclds a correlated uppcl 

bound  on the quant i ty  
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/ '~1 m%) p37=_ L' U 

and 7/, (he tractional admixture of right-handed leptonfc 
current 

The correlated hmlts g~ven m the section on Massp,e 

Neutrtnos and Lepton M]xtng are fn d~gftal form For 

recent compendfa of  hmtts m convement graphical form, 
see e g,  Ret's 5 -6 

Further explanator~ notes are fncluded m the Full kfst- 
rags 
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D j = l  
2 

N o t  in  g e n e r a l  a m a s s  e J g e n s t a t e  

~'e M A S S  

A p p h e s  to t ' l  t he  p r i m a r y  moss e i g e n s l o l e  in ¢, e W o u l d  a lso 
a p p l y  to a n y  o the r  ~,1 w h i c h  m ixes  s t rong ly  in i, e a n d  has  suf- 
f l c l en t l y  smolJ moss tha t  it c a n  o c c u r  in the  r e s p e c t i v e  
d e c o y s  The n e u t r i n o  moss m a y  b e  of DlrOC or M o j o r o n o  
t y p e  t he  fo rmer  conse rves  to ta l  l e p t o n  n u m b e r  w n l l e  t he  
Iot ter  v l o l a tes  It In g e n e r a l  e i t h e r  w o u l d  v l o l o t e  l e p t o n  tom 
fly n u m P e r  s i nce  n o / h l n g  forces t i l e  n e u t r i n o  mass e i g e n -  
Ma les  to c o i n c i d e  w i th  t he  n e u t r i n o  i n t e r a c t i o n  e i g e n s t o t e s  
For hmlts on  MoJorono tp e moss see t he  sec t i on  on  

SEARCHES FOR MASSIVE NEUTRINOS AND LEPTON MIXING por t  
(C)  e n t i t l e d  SEARCHES FOR NEUTRINOLESS DOUBLE ,~ DECAY 

_VALUE (eV)  . . . .  CL_% DOC__UMENI' ID rECN_ COMMENT . . . .  

< 18 95 FRITSCHI 8b CNrR ~'e. t r i t ium 
• * • We do  h a l  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmlJs e t c  • • • 

17 to 40 I BORIS 87 CNTR ~;e f r l hum 
< 32 95 KAWAKAMI 87 CNTR i, e t r l hum 
< 27 95 WILKERSON 87 CNTR i, e, t n h u m  
< 550  b8 YASUMI 86 CNTR t 'e t63Ho 

20 tO 45  2 BORIS 85 CNTR v e t r l hum 
<- 50 90  DERBIN 83 CNTR v e t r i t ium 
< 500 90  JONSON 83 CNTR ~'e IO3pI 
> 20 95  3 LUBIMOV 83 CNTR i, e t r i t ium 
< 1250 4 YASUMI 83 CNTR .u e 163Ho 
< 1300 ANDERSEN 82 CNTR ~e 163HO 
< 65 95 SIMPSON 81 CNTR t 'e t r i t ium 

14 to 46  99 5 LUBIMOV 80 SPEC ='e t r l hum 
< 35 90 5 TRETYAKOV 76 SPEC t 'e t r i t ium 
< 4 5 ~ 105 90 CLARK 74 ASPK Ke3 d e c o y  
< 100 PIEL 73 CNTR t'e. l r i t l um 
< 60 90  BERGKVIST 72 CNTR ~'e t r i t lum 
< 86 90 RODE 72 CNTR I~ e, t r i t ium 
< 500 90 6 DARTS 69 CNTR Ee tr f f lum 
< 320 90 SALGO 69 CNTR ~'e, t r i t ium 
< 4100 67 BECK 68 CNTR i, e 22No 

550 _+ 280 FRIEDMAN 58 CNTR ~'e, t r i t ium 
< 500 HAMILTON 53 CNTR ~_'e t r l hum 
< 250 LANGER 52 CNTR ~'e t r i t ium 

SSee a lso  c o m m e n t  in BORIS 87B 
2 1 n d e p e n d e n t  t h e o r e t i c a l  ana lys i s  by  BERGKVIST 85B of BORIS 85 d a t a  

(Lub imov  d a t a )  d i s a g r e e s  w i th  BORIS 85 c l a i m  of n o n z e r o  mass 
3 p r e h m l n a r y  resul t  f rom Br lghton C o n f e r e n c e  See SIMPSON 84 a n d  

BERGKVIST 85 w h o s e  i n d e p e n d e n t  t h e o r e t i c a l  a n a l y s e s  of LUBIMOV 83 
d a t a  d i s a g r e e  wffh LUBIMOV 83 c l a i m  of nonze ro  mass 

4Limit o b t o l n e d  b y  YASUMI 83 assumes u p p e r  l imit  on  Q - v a l u e  r e p o r t e d  by  
ANDERSEN 82 

5TRETYAKOV 76 d a t a  i n c l u d e d  at  least  in pa r t  Jn LUBIMOV 80 No te  t ha t  
LUBIMOV 83 remarks  tha t  t i l e  ~4 eV l owe r  l imit  goes  to zero  It the  Int r ins ic 
reso lu t ion  of t he  c o n v e r s l o n  l ines u s e d  for c a i l b r a t l o n  a re  t a k e n  in to  
a c c o u n t  A d e t a i l e d  d iscuss ion  is g l v e n  by  SIMPSON 84 See a lso  t he  
d iscuss ion  of t he  LUBIMOV 80 resul t  b y  BERGKVIST 80 We c o n t i n u e  to use 
u p p e r  hmfl  f rom LUBIMOV 80 in t he  S tab le  Par t i c le  S u m m a r y  t a b l e  

6DARIS 69  v a l u e  75 eV (CL = 67%)  d i s a g r e e s  w f lh  tl~elr t l gu re  6 We use 
t l gu re  6 

u r - ~ MASS DIFFERENCE 

Test of C P r  for a D~rac i, (No l  O ve ry  s t rong  test ) 

~/ALUE (eV)  CL % _D__OC.LIM_ENr ID rECN COMMENt  

• • * We d o  not  use  t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits, e t c  • • * 
< 1250 7 YASUMI 83 CNTR ~, 163Ho 
< 1300 ANDERSEN 82 CNTR ~, 163Ho 
< 4 S × 105 90 CLARK 74 ASPK Kea d e c o y  
< 4100 67 BECK 68 CNTR u 22No 

7Assumes u p p e r  I tmlt on  Q - v a l u e  repor fec l  b y  ANDERSEN 82 

U, MEAN LIFE 

VALUE (seconds)  Ct % DOCUMENt IO TECN 

• * * We d o  not  use t he  f o l l o w l n g  d a t a  for a v e r a g e s  fits l imlts e t c  * • • 
> 2 7 8  90 8 LOSECCO 87B IMB J 

SLOSECCO 87S assumes  o b s e r v e d  ra te  of 2 1 SNU (so lar  n e u t r i n o  un i ts )  I c o m e s  f rom sun wh i l e  7 0 _+ 3 0 is t heo ry  
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u~ ( M E A N  LIFE)  / M A S S  

~'ALUE (se_cz_eV) Ct % DOCUMENT - ID TECN COMyENT ._. 
> 3 0 0  9 REINES 74 CNTR z~ 
• • • We d o  not  use t he  f o l l o w i n g  d a t a  far a v e r a g e s ,  fits l imits, eJc • • • 
> 22 68 10 OBERAUER 87 ~ (O l roc )  
> 38 68 10 OBERAUER 87 I' ( M o l o r a n a )  
> 59 68 10 OBERAUER 87 ~ (D t rac )  
> 30 68 KETOV 86 CNTR =, (D i rac )  
> 20 68 KETOV 85 CNTR ¢, ( M a l o r a n a )  

9REINES 74 l o o k e d  for ='e of nonze ro  mass d e c o y i n g  to O n e u t r a l  of lesser 
mass + y Used l i qu id  sc in t i l l a to r  d e t e c t o r  n e a r  f ission r e a c t o r  Finds l a b  
l i fe t ime 6 .  < 107 sec  or mo re  A b o v e  v a l u e  of ( m e a n  li e ) / m a s s  assumes  
averog..e e f t e c l i v e  n e u t n n o  e n e r g y  of 0 2 MeV TO o b t a i n  t he  l imit  
6 × 1 0  / sec REINES 74 a s s u m e d  lho f  the  ful l  Ve t e a c l o r  f lux c o u l d  b e  
r e s p o n s i b l e  for y i e l d i n g  d e c o y s  w i th  p h o t o n  e n e r g i e s  In t he  In te rva l  0 1 
MeV - 0 5 MeV  ]h is  r e p r e s e n t s  some  o v e r e s t i m a t e  so the f t  l o w e r  l imit  is 
a n  ove r *es t ima te  of t he  l a b  l i fe t ime (P Voge l .  p r i v a t e  c o m m u n i c a t i o n  
1984) 

10OBERAUER 87 b o u n d s  a r e  f rom c o m p a n s a n  af o b s e r v e d  a n d  e x p e c t e d  J 
ro te  at  r e a c t o r  neu t r i nos  

U~ M A G N E T I C  MOMENT 

Must van i sh  for M a l o r a n o  n e u f n n o  or p u r e l y  chJrol massless 
DlraC neulrlno 

VALUE ( u ~  CL.% DOC_UM_ENT ID ;ECN COMMENT _ _  
< '1.5 × I 0  - I 0  90 KYULDJIEV 84 RVUE Vee ~ ~;e e 

• • • We d o  not  use the  f o l l ow ing  d a t a  tar  o v e r a g e s  tits l imits e t c  • • • 
< 1 .( t 0 - t 2  t i  12 GOLDMAN 88 A S T R  S u p e r n o v a  SNtg87A 
< 1 t ~ t 0  - t I  12FUKUGITA 87 A S T R  C o o l i n g  h e l i u m  stars 
< 8 5 × I 0  - 1 1  BEG 78 A S T R  Stel lar  p l a s m o n s  
< 1 4 >: 10 - 9  13 BERNSTEIN 63 RVUE Reac to r  / 'e  
< 1 × 1 0 - 1 0  BERNSTEIN 63 ASTR C o a h n g  _white dwar fs  
< 1 4 × 1 0  - 9  COWAN 57 CNIR Reac to r  .u e 

11A l imit  of I 0 - 1 3  Is o b t a i n e d  wi th  e v e n  m o r e  m o d e l  d e p e n d e n c e  
12Signi f icant  d e p e n d e n c e  on  de ta i l s  of s te l la r  m o d e l s  
13BERNSTEIN 63 is o t h e o r e t i c a l  ana lys i s  of r e a c t o r  ~e s c a t t e n n g  d a t a  

GOLDMAN 
BORIS 
BORIS 

FUKUGITA 
KAWAKAMI 
LOSECCO 
OBERAUER 
WILKERSON 
FRITSCHI 
KETOV 

YASUMI 
BERGKVIS1 
BERGKVIST 
BORIS 

AlSO 

KYULDJI~V 
SIMPSON 
DERBIN 

JONSON 
LUSqMOV 
YASUMI 
ANDERSEN 
SIMPSON 
8ERGKVIST 
LUBIMOV 

AlSO 

AISO 

BEG 
TREIYAKOV 

AlSO 
CLARK 
REINES 

AlSO 
PIEL 
BERGKVlSI 
RODE 
PARIS 
SALGO 
BECK 
8ERNSTEIN 
FRIEDMAN 
COWAN 
HAMILTON 
LANGER 

REFERENCES FOR v e 

88 PRL 60 1789 ~AharQnov Alexander Nusslnov (TELA) 
87 PRL 58 2019 +Golutvin Lapltn~ (ITEP ASCI) 
87g JETPL 45 333 +Golutvln Laplln÷ (ITEP) 

Translated from ZETFP 45 267 
87 PR DS6 3817 +Yazakl (KYOT TOKY) 
87 PL B187 198 ÷NIslmuro+ (TOKY INUS TINT TOHO KEK+) 
878 PR D35 2073 +Btonlcl Blewllt Bratton* (IMB COllOP ) 
87 PL B198 113 +van F6IIIIZSCh Mossbauer (MUNI) 
87 PRL 58 2023 +Bowles Browne* (LANL PRIN UCSD) 
86 PL 8173 485 +Holzschuh Kundlg+ (ZURI SIN) 
86 JETPL 44 146 +KIImov Nikolaev Mlkaelvan+ (KIA~ 

Translolea from ZETFP 44 114 
86 PL 8181 169 *Ando l  (KEK OSAK TOHO TSUK KYOT INUS+) 
85 PL 1548 224 (STOH) 
858 PL 1595 408 (STOH) 
85 PL 1598 217 +Goiutvln Laplln Lublmov+ (ITEP) 
85S JETPL 42 130 BOriS Golutvin Laptln LutSlmov+ (ITEP) 

Translated from ZETFP 42 107 
84 NP 8243 387 (SOFI) 
84 PR D30 t t t 0  (GUEL) 
83 SJNP 38 655 +Popeko (LENI) 

Translated from YAF 38 t105 
83 NP A396 479C ~Andersen Bayer÷ (CERN AARH BOHR LUND) 
83 Brighton Cant 386 (IfEP) 
83 PL 1228 461 +Ralosekoron+ (KEK OSAK TINT TOHO TSUK) 
82 PL 1t38 72 +Bayer Charpak Oerujula+ (AAR'H CERN RISO) 
8t PR D23 649 (GUEL) 
80 Nu Cant Erlce (STOH) 
80 PL O4B 266 +NOvlRov NOZlk Trelyokov Koslk (ITEP) 
80 SJNP 32 154 KOZIR Lubtmov NOVlkOV+ (ITEP) 

Translated from YAF 32 301 
81 JETP 54 616 Lublmov Novtkov NOZlke (ITEP) 

Translated from ZETF 81 1158 
78 PR D17 1395 +Marclano Rudermon (ROCK COLU) 
76 BASUP 40 t0 ¶ + (tTEP) 
764J NU Cant Aachen Tretvokov Myasoedov ADOIIkOV+ (ITEP) 
74 PR DR 533 ~E1loff Prlsch JOhnson Kerth Snen+ (LBL) 
74 ~ 32 180 ÷Sobel Gurr (UCI) 
78 Prlvote Comm Barnes (PURD) 
73 NP A203 369 (IND) 
72 NP B39 317 (STOH) 
72 LNC 5 439 +Daniel (MUNI MPIH) 
69 NP A138 545 +St Pierre (LAVL) 
69 NP A138 417 +Slaub (ZURI) 
68 ZPHY 216 229 +Donlel (MPIH) 
63 PR 132 1227 +Ruderman Felnberg (NYU COLU) 
58 PR 109 2214 +Smlth (BNL) 
57 PR 107 528 +Retries (LANL) 
53 PR 92 1521 +Alfor~ Gross (PRIN) 
52 PR 88 589 +Moffor (IND) 

j = l  
2 

N o t  in  g e n e r a l  a m a s s  e l g e n s t a l e  

n o s  in The Pe s e c t l o r l  above 
S e e  n o t e  o n  neutr l  

V,u MASS 

A p p l i e s  to l, 2 t he  p r ima ry  moss e t g e n s l o t e  in l , .  W o u l d  alSO 
ODDly to a n y  o the r  r,/ w h i c h  mixes  s t rong ly  in l ' .  a n d  has suf 
hC len f ly  smal l  mass t ha i  if c a n  Occur  in the  r e s p e c h v e  
d e c a y s  (This w o u l d  b e  n o n l r i w o l  on l y  far J _~ 3 g w e n  the  
I' e moss l imit a b o v e  ) 

VALUE (,.Me_V) CL % DOCUMENT ID rECN 
< 0  25 90 I A, BELA 84 SPEC 
• • • We do  not  use the  f o l l ow ing  d a t a  fat  a v e r a g e s  his 
<0 27 90 2 JECKELMAN 86 SPEC 
< 0  50 90 AND~RHUB 82 SPEC 
< 0  52 90 3 lU 80 CNTR 
< 0  57 90 DAUM 79 SPEC 
d 0  65  90 CLARK 74 ASPK 

IABELA 84 use PDG84 v a l u e  fat ,::-. z mass m c o n j u n c h a n  wdh  u m a r o o n  
turn m e a s u r e m e n l  in ;T ~ hc~'p d e c a y  

2JECKELMAN 86 uses n e w  ,"r mass v a l u e  to re e v a l u a t e  ABELA 84 hmd 
3LU 80 c o m b i n e s  DAUM 79 ~+  ~ #+i, ;~ m e a s u r e m e n t  w i th  n e w  LU 80 = -  

moss a n q  r e p l a c e s  DAUM 79 

COMMENT 
m 2 : - 0 . 1 6 ~ 0  08 

hmlfs e tc  • • • 
m2= - 0 097 ± 0 072 
m 2 :  - 0 14 ___ 0 20 
m 2 : 0  102 -+0  119 
m2= 0 t3 z 0 '14 
K~:~ d e c o y  

U2 - ~2 MASS DIFFERENCE 

Test of CPT for a O l rac  n e u t n n o  (No l  a very  s t rong test ) 

V_ALUE (MeV) .... CL% ~).O_CUMENT__ID TECN COMMENT 

• • • We d o  not  use t he  f o l l ow ing  d a t a  tar a v e r a g e s  his l imits e tc  * • • 
< 0  45 90 CLARK 74 ASPK K u 3 d e c a y  

V 2 (MEAN LIFE) / MASS 

V.A_LUE_ (sac ev) CL% E V T 5  DOCUMENT ID [ECN COMMEN[ 
~. 0 . q l  90 0 4 FRANK 81 CNTR z'z' LAMPF 
• • * We d a  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  flls l imits e fc  • * • 
> I 0 ×10-2 90 0 4BLIETSCHAU 78 HLBC z'. CERN GGM 
"> 1.7 "~I0 -2 90 0 4BLIETSCHAU 78 HLBC z'~ CERN GGM 
> 2 2 ~ I 0  - 3  90 0 4BARNES 77 DBC ~' ANL t 2 l l  
> 3. /I0 -3 90 0 4BELLOTTI 76 HLBC i' CERN GGM 
> 1 3 "~ I0  - 2  90 ,[ 4 BELLOTTI 76 HLBC i' CERN G G M  

4These e x p e r i m e n t s  look for z'~ ~ l 'e~ or z'~ ~ Z'e'~ 

J ( v  -- C) / CJ (V ~ V 2 VELOCITY) 

E x p e c t e d  to b e  zero far massless neu t r i no  

V.ALUE (un#s~p - 4 )  CL% E V T S  DOC.L/_ME_NT lD TECN CHG COM._M_ENr 

• • • We da not use the following data for averages his limits etc • • • 
< 0 , 4  95 9800 KALBFLEISCH 79 SPEC 
< 2  0 99 77 ALSPECTOR 76 SPEC 0 .5 G e v  
< 4  0 99 26 ALSPECTOR 76 SPEC 0 • 5 GeV  c 

~v 2 MAGNETIC MOMENT 

Must van ish  far M a l o r a n a  n e u l n n o  or pu re l y  ChffoI massless 
D1rac neu t r i no  

V AL_U.E (]JB~ . . . .  C_L% _DOCUMENT ID rECN COMMENT 
< 1.2 - I 0  - 9  90 KYULDJIEV 84 RVUE t' e ~  J'~e 
• • • We d a  ha l  use the  f o l l ow lng  d a t a  for o v e r a g e s  hts hmltS e l c  • • • 
< 1 1 ~ 1 0  - t l  56FUKUGITA 87 ASTR C o o l i n g  h e h u m  stars 
< 8 5 × 1 0  -11  5BEG 78 ASTR Stel lar p l o s m o n s  
< 8 1 ~10 - 9  7KIM 74 RVUE ~' e o ~ j e  
< 1 < t 0  - I 0  8BERNSTEIN 63 ASTR ~ o o h n g  w h i l e  dwar fs  

5[f m ( t ~ )  < 10 k e y  
bSlgnihcanf dependence on de ta i l s  or s te l la r  p rope r t i es  
7KIM 74 IS a t h e o r e h c o I  ana lys is  of l '~ r e a c t i o n  d a t a  
8if m( l ,~)  < I keV 
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REFERENCES FOR ~, 

FUKUGI|A 87 PR D36 3817 +Yazak~ (KYOT TOKY) 
JECKELMAN 86 PRL 56 1444 .Nai(a(la ~eel+ (ETH FRIB) 
ABELA 84 PL 146B 431 +Daurn Eaton FrOSCh JaM Keflle÷ (SIN) 
KYULDJIEV 84 NP B243 387 (SOFi) 
ANDERItUB 82 PL 1t4B 76 ~BoeCklln Haler Kollmonn+ (ETH SIN) 
FRANK 81 PR D24 2001 +Butrnan+ (LASL YALE MIT SACL SIN÷) 
LU 80 PRL 45 1066 +Delker Dug.an Wu Catftey+ (YALE COLU JHU) 
DAUM 79 PR D20 2692 .Eaton Fro$ch Hff$chmonn+ (SIN) 

AlSO 76 PL 60B 380 Daum Oubal Eaton Frosch÷ (SIN ETH) 
Also 78 PL 74B 126 DOUm Eaton Eroscn Hlrschmann+ (SIN) 

KALBFL/ISCH 79 PRL 43 1361 ÷Boggett Fowler+ (FNAL PURD BELL) 
BEG 78 PR D17 1395 ÷Marc~ono Ru(lerman (ROCK COLU) 
8LIETSCHAU 78 NP 8133 205 +Deden Hasen Krenz+ (Gargamelle Collab ) 
BARNES 77 PRL 38 1049 ~Carmon v Dauwe Fernon@ez. (PURD ANL) 
ALSP[CTOR 76 PRL 36 837 ~ (BNL PURD CIT FNAL ROCK) 
BELLOTTI 76 LNC 17 553 ÷Cavaill FIOrlni Rolllef (MILA) 
CLARK 74 PR D9 533 eEllOff Erlsch Johnson Kerlh Shen+ (LBL) 
KiM 74 PR D9 3050 +Matnei Okubo (ROCH) 
BERNSTEIN 63 PR 132 1227 +Ruderman FelnDelg (NYU COLU) 

J = 2  

E x i s t e n c e  m d l r e c l l y  e s t a b l ~ s h e d  f r o m  r d e c a y  d a t a  
c o m b i n e d  w l t h  p r e a c h o n  d a t a  S e e  for e x a m p l e  
FELDMAN 81 KIRKBY 79 ru le  o u t  J = 3.,'2 u s l n g  T 
~'Pz b r a n c h i n g  r a h o  

No t  In g e n e r a l  a m a s s  e l g e n s f o t e  S e e  n o t e  o n  n e u t n -  
nos  In t h e  /~e s e c t i o n  a b o v e  

V T MASS 

AppLies to i' 3 the  p r imary  mass e lgens fo te  in ur Wou ld  also 
a p p l y  to any  o ther  l, I wh i ch  mixes s t rongly  in ~'r a n d  has sut 
f l c len t ly  smal l  mass that  it can  occu r  m the  respec t i ve  
decays  (Thls w o u l d  b e  nontrlWOl on ly  for a h y p o t h e h c o l  I -> 
4 g l ven  the l 'e  a n d  I , .  mass l imi ls a b o v e  ) 

~/ALUE_(MeV) CL % EVT5 DOCUMENT ID rECN COMMENT 

< 35 95- " '12 I ALBRECHT BBB ARG e + e -  Ecr n = ~ GeV J 
• • • We d o  not  use lhe  f o l l ow ing  d a l a  for averages  fits l imlts efc  • * * 
< 76 95 13 2ABACHI 87 HRS e + e  - Ecru=29 GeV J 
< 85 95 3CSORNA 87B CLEO e + e  - Ecru=t0-11 I GeV 
< 84 95 '10 4 ABACHI 86 HRS Repl by  ABACHI 87 
< 70 95 '102 .5ALBRECHT 851 ARG e + e  - Ecru='10 GeV 
<'125 95 3 6BURCHAT 85 MRK2 e ' e -  Ecrn=29 GeV 
<`143 95 22 7 MATTEUZZI 85 MRK2 e + e -  Ecru=29 GeV 
<'157 95 4 8MILLS B5 DLCO e + e  - Ecm=29 GeV 
< 2 5 0  95 9 BLOCKER 82D MRK2 e + e -  Ecru=5 2 GeV 
< 2 5 0  95 594 1011BACINO 79B DLCO e + e  - E c r u = 3 5 - 7 4  

GeV 
IALBRECHT 88 b o u n d  comes  from analysis of T ~ 51r ± ~'r d e c a y  m o d e  I 
2Bound comes a m  analys is  of "r ~ 57r±(~'~)u r d e c a y  m o d e  In 13 d e c a y  J 

even ls  
3CSORNA 87B also q u o t e  result as 3`1 ± 2 5  ± 20 MeV Bound comes  from I 

analys is  of "r ~ 3,-r ± (=0)~, r d e c a y  mocle 
4Bound comes  from analys is  of r ~ 5"c,± ,"r0z, r d e c a y  mocle (5 events)  a n d  

1o a lesser ex ten t  from T ~ 5,'tr Z U r m o d e  (5 events)  
5Bound comes  from analysis of T ~ 3 ~ ±  I' r d e c a y  m o d e  
6Bound comes  from analys ls  of r ~ 5 ~  ( r . ° )v r  d e c a y  
7Bound comes  from analys is  of T ~ 3~ "±  zr0V.r d e c a y  m o d e  
BBouncl comes  from analys is  of ~" ~ K +- K "T" ,'T ± U T d e c o y  m o d e  
9Bound comes  from analys is  of r ~ ~rl, r d e c a y  mocle 

10Bound comes  from analys is  of l e p t o n l c  d e c a y  spec t rum 
11BACINO 79~ e x p e r i m e n t  rules out  V + A  d e c o y ,  disfavors pure  V or A a n d  

Is In g o o d  a g r e e m e n t  w l th  V - A  

v, MAGNETIC MOMENT 

yALUE O~F~. _ - -  E )OCUMENT ID_" r_ECN _COMMENT _ _  

• • * We d o  not  use the f o l l ow ing  d a t a  for averages  fits l imlts e t c  • • • 
< 4.4 '~ 10-11 12 13 FUKUGITA 87 ABTR C o o l l n g  he l i um stars 
< 8 5 < 10-11 12 BEG 78 A S T R  StelLar p losmons  

121f m(ur )  < 't0 keV 
13Sigrlff lcanf d e p e n d e n c e  on de ta l l s  of stel lar p roper t ies  

LIMIT ON PT PRODUCTION IN BEAM DUMP EXPERIMENT 

VALUE DOCUMENt I0  TECN 

• * * We d o  not  use the  fo f low lng  d a t a  for averages  fits hmlts e l c  • .  * 
14 FRITZE 80 HYBR 

14FRITZ[ 80 is CERN SPS expe r lmen t  wdh  BEBC Neutral  c u r r e n t / c h a r g e d  
cur ren l  rat io cor responds  to R = ( p r o m p t  i , r - i nduced  events)  / (al l  
prompt- t ,  events)  - 0 1 M lx lng  p r o b a b d l t y  P(t, e -o i , ; )  - 0 35 at  CL = 
90% 

REFERENCES FOR/"T 
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J SEARCHES FOR MASSIVE NEUTRINOS I 
AND LEPTON MIXING I 

I 

OMITTED FROM SUMMARY TABLE 

S e e  t h e  n o t e  o n  n e u t r i n o s  b y  R E S h r o c k  ~n t h e  ~'e sec -  
h e n  n e a r  l h e  b e g i n n i n g  of t h e s e  d a t a  b s h n g s  A 
r e w e w  c o n  b e  f o u n d  ~n G ILMAN 86 

S e a r c h e s  for i n d i r e c t  e f f ec t s  of  n e u t r i n o  m a s s e s  a n d  
l e p t o n  m l x m g  a r e  l i s t e d  h e r e  D i r e c t  s e a r c h e s  for 
m a s s e s  of  d o m i n a n t l y  c o u p l e d  n e u t r m o s  a r e  h s t e d  ~n 
t h e  a p p r o p r i a t e  s e c t i o n  o n  p .  pe, o r  ~'~ Resul ts  of  
i n d l r e c t  s e a r c h e s  a r e  c o r r e l a t e d  u p p e r  b o u n d s  o n  
m l x l n g  m o t r l x  c o e f f l c ~ e n t s  Uo i ve rsus  n e u t r l n o  m o s s  
These  resu l ts  a r e  d l w c l e d  ro te  t h r e e  s e c h o n s  

(A )  b o u n d s  f r o m  p a r h c l e  a n d  n u c l e a r  d e c a y s  
(B) b o u n d s  f r o m  n e u t r i n o  r e a c h o n s  
( C )  s e a r c h e s  for n e u t r m o l e s s  d o u b l e  d d e c a y  

O t h e r  l lm l t s  for l e p t o n  m i x i n g  a r e  f o u n d  in t h e  m u o n  
and t a u  s e c h o n s  a n d  i n c l u d e  m u o n - e l e c t r o n  a n d  
m u o n  p o s i t r o n  c o n v e r s i o n  a n d  v a r i o u s  l e p t o n - f a m i l y  
n u m b e r  v l o l a h n g  d e c a y s  

The s i t u a t i o n  c o n  b e  s u m m a r i z e d  as f o l l o w s  C u r r e n t  
e x p e r i m e n t s  y i e l d  n o  e v i d e n c e  for m a s s i v e  n e u t r i n o s  
or  l e p t o n  m i x i n g  e x c e p t  for t h e  f o l l o w i n g  O f  t h e s e ,  
o n l y  t h e  resu l ts  of  t h e  DAVIS 84 a n d  N A K A H A T A  88 
so la r  n e u t r i n o  e x p e r i m e n t s  a r e  n o t  c o n t e s t e d  b y  
a n o t h e r  e x p e r i m e n t  A n d  t h e s e  e x p e r i m e n t s  a r e  n o t  
d i r e c t  e w c l e n c e  for a m a s s w e  n e u t r i n o  s i n c e  t he i r  
resu l ts  d e p e n d  o n  m o d e l s  of  t h e  I n f e r n a l  s t r u c t u r e  a n d  
d y n a m i c s  of  t h e  sun 

(1)  Mass  of  ~'e ( m o r e  p r e c i s e l y .  P~, t h e  p r i m a r y  m a s s  
e t g e n s f a f e  m r e )  C o n s i s t e n t  w d h  e a r l i e r  ITEP r e p o r t s  
BORIS 87 shl l  o b s e r v e  a n o n z e r o  m o s s  17 e V  - r n ( v O  

40 e V  FRITSCHI 86 a p p e a r  to  d i s a g r e e  w i t h  th is  
resu l t  o b t a i n i n g  t h e  u p p e r  b o u n d  m(V~)  .- 18 e V  ( 9 5 %  
CL) S e e  a l s o  t h e  c r ihc~sms of  LUBIMOV 83 a n d  
BORIS 858 b y  BERGKVIST 85 a n d  BERGKVIST 858 Exper l -  
m e n t s  s e a r c h i n g  d l r e c t l y  tar  m a s s e s  of  t h e  ,u a n d  r 
neutrinos y i e l d  only upper llmlts 



See key on page 129 

141 

Stable Particle Full Listings 
SEARCHES FOR MASSIVE .'s & LEPTON MIXING 

(2 )  SIMPSON 85 r e p o r t e d  o b s e r v a h o n  Of a k i n k  m 3H 
d e c a y ,  i n d ~ c a t l n g  e m i s s i o n  of  a h e a v y  n e u t r i n o  w l t h  
m a s s  m(p~) = 17 k e Y  a n d  JUt z,2 = 0 . 0 3 ± 0 . 0 1  Th~s 
t r a d i n g  w a s  c o n t r a d i c t e d  b y  tou r  s u b s e q u e n l  35S 
e x p e r i m e n t s .  ALTZITZOGLOU 85, APAL IKOV 85.  MAR- 
KEY 85,  a n d  OHI 85 H o w e v e r ,  SIMPSON 86 r e a n a l y z e s  
t h e  OHI 85 d a t a  a n d  c i a l m s  Io  h n d  e w d e n c e  for em~s- 
s l o n  of a 17 k e y  n e u l r i n o  w d h  JUt ?2  f r o m  0 01 Io  
0 02 

(3) CAVAIGNAC 84 reported mdlcation of neutrino 
oscHlahons of the type Ve "~ Pe, from a reactor neu 
Irma experiment at Bugey However, ZACEK 85 and 
others rule out almosl all of the allowed region m 
sm2(2~) and ~(rn 2) mdlcated by CAVAIGNAC 84, and 
the Bugey collaborahon m an unpubhshed reporl at 
the 23 rc~ Monond Workshop. Jan 23-30, 1988 have 
wdhdrawn lheff result 

(4) BERNARDI 86B reports neutrino oscdlahons of the 
lype P,~ ~ ~e with sm2(2#) = from 002 1o 004 and 
~(m 2) = from .5 to 10 eV 2 Thls claim [s m conthct 
w~th prewous hmds, as the authors of BERNARDI 86B 
r e a l i z e  

(5 )  The resu l ts  of  t h e  1 9 7 0 - 1 9 8 3  37CI r a d i o c h e m l c a l  
so la r  n e u l n n o  e x p e r i m e n t  of  DAVIS 84 m d ~ c a t e  a so la r  
n e u J r l n o  f lux  (of  h l g h  e n e r g y  n e u t r l n o s ,  f r o m  8B s o u r c e )  
w h i c h  is c o n s i d e r a b l y  s m a l l e r  t h a n  l h e o r e h c a l  c a l c u l a -  
h o n s  of th is  f lux  The K a m l o k a n d e  d e t e c t o r  
( N A K A H A I A  88)  has also sel an upper bound on the SB 
neutrino fux which ~s smaller than the e x p e c t e d  flux 
See sectlon on Solar Neufnno Expenment 

S e e  a l s o  B o u n d s  o n  Masses  of N e u t n n o s  a b o v e  

( A )  B O U N D S  F R O M  PARTICLE A N D  N U C L E A R  DECAYS 

LIMITS O N  l Ul ~I~ AS F U N C T I O N  O F  m ( P ! )  

A P P L I C A T I O N  O F  K I N K  A N D  PEAK SEARCH TEST TO EXISTING D A T A  
VALUE CL % DOCUMENT ID COMMENT 

• • • We d o  not  use the fo l l ow ing  d a t a  far averages  his l imits etc  • • • 
< 1 "( 10 - 4  68 I SHROCK 81 rnO,/)=10 MeV 
< 5 v 1 0 - 6  68 i SHROCK 81 n'Kur)=60 MeV 
< 1 95 2 SIMPSON 8tB m(l,~)=0 1 keY 
< 4 × I 0  - 3  95 2SIMPSON 81S m(ui)=10 keY 
< 0 1 68 3 SHROCK 80 rrKi,l)=0 1-3 MeV 
< 1 , v10 -5  68 4SHROCK 80 me, i )=80 MeV 
< 3 \ 1 0  - 6  68 4SHROCK 80 n~l , i )=160 MeV 

1Analysis of (:r, + ~ e ' U e )  / (;T + ~ /~+1'~) a n d  (K + ~ e+ l , e )  / (K + 
/J + l '  ) d e c a y  ratios 

2App~cQIIOn of kink search tesl to l n l i um  ,:: d e c o y  Kune p lo t  
3App l IcQt Ion  O1 test to search for kinks In ,t decQy  Kurle Dials 
4Analysls af (K + ~ e+ I ,e )  s p e c l r u m  

NEW EXPERIMENTS T O  A P P L Y  PEAK A N D  K I N K  S E A R C H  TESTS 
VALUE CL % DOCUMENT ID rECN COMMENT 

• • * We d o  nat  use the fo l l ow lng  d a t a  far ave rages  il ls l imits e tc  • • • 
< 5 <I0 -7  90 AZUELOS 
< 2 x10 -7  90 AZUELOS 
< 3 × I0  - 7  90 AZUELOS 
< I "< 10 - 6  90 AZUELOS 
< 2 ~10 - 7  90 AZUELOS 
< 8 \" t 0 - ~  DELEENER 
< 4 × I 0  - 7  DELEENER 
< 2 " t 0 - 6  DELEENER 
< 7 × 1 0 - 6  DELEENE~ 
< I ~ 1 0 - 4  90 5 BRYMAN 
< 1 5 ~ 10 . 6  90 BRYMAN 
< 1 ×10 - 5  90 BRYMAN 
< 1 ~10 - 4  90 BRYMAN 

86 CNTR rn(i, =60 MeV 
86 CNTR rnO, =80 MeV 
86 CNTR rn(i, = I 0 0  MeV 
86 CNTR m(u =120 MeV 
86 CNTR toO, =130 MeV 
86 CNTR m0,  =20 MeV 
86 CNTR m(i, =60 MeV 
86 CNTR m(i, =100 MeV 
86 CNTR m(l ,  =120 MeV 
83s CNTR rnO, =5 MeV 
83B CNTR m(l ,  )=53 MeV 
83B CNTR rn(i, =70 MeV 
83B CNTR re(i, =130 MeV 

5BRYMAN 83B ob ta in  u p p e r  l iml ls from bo th  d i rect  p e a k  search a n d  I 
analysis of BR(~" ~ e l , )  / BR(Tr ~ /.~v) Latter l imits are no t  l is ted e x c e p t  I for this ent ry  0 e we  hsl the most s l r lngen l  l imits for g i ven  mass) 

SEARCHES FOR D E C A Y S  O F  M A S S I V E  ~' 
VALUE CL % DOCUMENT ID TECN COMMENT 

• • • We d o  ha l  use the fo l l ow ing  d a l e  far averages  fits l imits e l c  
< 2 ×10 . 2  68 6OBERAUER 87 m~,l)=1 5 MeV 
< 8 "< 10 - 4  68 6 OBERAUER 87 mO'j)=4 0 MeV 
< 8 Y 10 - 3  90 BADIER 8b CNTR rn<ul)=400 MeV 
< 8 ~ I 0  - 5  90 BADIER 8b CNTR rn(~,i)=1 7 GeV 
< 8 . ,  I0 - 8  90 BERNARDI 86 CNTR re(i,;)=100 MeV 
< 4 .: 10 - 8  90 BERNARDI 86 CNTR re(i,})=200 MeV 
< 6 × 10 - 9  90 BERNARDI 86 CNTR m0,/ )=400 MeV 
< 3 × I 0  - 5  90 DORENBOS 86 CNTR n~r,0=150 MeV 
< I < 10 - 6  90 DORENBOS 86 CNTR toO,;)=500 MoV 
< I ~ 10 - 7  90 OORENBOS 86 CNTR rnO,l)=1 6 GeV 

< 7 , 10 -  7 90 7 COOPER 85 HLBC rn(l ' l )=0 4 GeV 
< 8 ~ 10 -  8 90 7 COOPER 85 HLBC rn( l , / )=l  5 GeV 
< 1 , I0 - 2  90 S BERGSMA 83S CNTR n'Kr/)=10 MeV 
< 1 . 10 . 5  90 8B[RGSMA 83B CNTR m 0 , t ) = l l 0  MeV 
<- 5 ~10 - 7  90 8BERGSMA 83B CNTR m(i, i)=410 MeV 
< 1 • 10 . 5  90 GRONAU 83 n~r / )=160 MeV 
< 1 , 10 . 6  90 GRONAU 83 re{r/)=480 MeV 

6OBERAUER 87 bounds  from search for r - c e e  d e c a y  m o d e  us,ng reac 
tar (anh)neut r inos 

7COOPER SARKAR 85 also g w e  hinds based  on m o d e l  d e p e n d e n l  ossump 
tlarls far l,_ flux We do  nat Ii51 these Note that for this b o u n d  to be  
nantr lVla l  j is nat eCluOl to 3 i e i ' j c a n n e l  be  Ihe d o m i n a n t  mass e l gen  
state in i, r s ince m~r3) 70 MeV (ALBRECHT 850 Also of course I is not  
e q u a l  la  t or 2 so a fourth genera t i on  w o u l d  be  requ i red  for this b o u n d  
Io be  nontr lVlal  

SBERGSMA 83B also quo te  hmlts on UI 3 2 where  the index  3 relers to the 
moss e lgens to fe  d o m i n a n t l y  c o u p l e d  to Ihe T Those I lmlls were based  
an Qssumplians abou t  Ihe D s mass a n d  D s ~ r l ' :  b ranch ing  ratiO wh ich  
are no longer  vahd See COOPER 5ARKAR 85 

K I N K  SEARCH IN N U C L E A R  ,~ D E C A Y  
VALUE CL% DOCUMENT ID tECN COMMENT 

• * • We do  not use the fo l l ow ing  d a t a  far overages  his limits etc  • • • 
0.01 to 0 02 9SIMPSON 86 THEO m01) :17  keY 

< 4 ", 10 -  3 99 10 ALTZITZOG 85 nXl ' / ) :17 keY 
< 7 5 , 10 - 3  99 IC ALTZIIZOG 85 m(1,i)=5-50 keY 
< 8 \ 10 -  3 90 10 t l  APALIKOV 85 SPEC m($,,)=80 keY 
< 1 5 • 10 -  3 90 10 APALIKOV 85 SPEC m(i, l )=60 key  
< 8 ~ 10 -  3 90 10 APALIKOV 85 SPEC m( l ' l )=30 keY 
< 3 • 10 - 3  90 t0APALIKOV 85 SPEC re(u/)=17 keY 
< 4 5 ~ 10 - 2  90 10APALIKOV 85 S P E C  m(i,i)= 4 keY 
< 3 0 <10 - 3  90 10MARKEY 85 S P E C  m( l ' t )=5-50 keY 
< 2 5 ~ 10 - 3  90 10 MARKEY 85 SPEC rn(l , i ) :17 k e y  
< 0 52 • 10 . 3  90 ~00HI 85 CNIR m(r'/)=48 keY 
< 0 .90  ~ 10 - 3  90 t 00H I  85 CNTR rn~r))=30 keY 
<. 1 30 <10 . 3  90 10OHI 85 CNTR m~t,/)=20 keY 
< t 50 • 10 -.3 90 t0OHI 85 CNTP nXr;)=17 keV 
< 3 30 " ,10  - 3  90 10OHI 85 CNTR m(r j )=10 keV 

0 03 • 0 01 12 SIMPSON 85 rn(l'/)=17 1 ± 0 2 keV 
< 2 5 . '10 - 2  90 SCHRECK 83 CNTR m(v l ) : 30  keV 
< 0 4 . 10 -2 90 SCHRECK 83 CNTR m(l, i )=140 keV 
< 0 8 • 10 . 2  90 SCHRECK 83 CNTR m(1'1)=440 keY 

9SIMPSON 86 IS a reanolysls of the OHI 85 d a t a  a n d  c la ims that these d a t a  
show e v i d e n c e  of heavy  neutnr lo  emission Wllh m(l, i) = 17 keV a n d  

UI 2 = from 0 01 la  0 02 cons ls len l  with lhe  earher repor ted  observe  
f ion 'by SIMPSON 85 This conc lus ion  s rongW disagrees wl h he c o n c l u  
sJon r e a c h e d  by  OHI 85 from lhe l r  analysis of their  own d o t e  SIMP 
SON 86 also stoles that a similar threshold  effect (due  to SUpposed 
heavy  neu l r ino  emission) is seen in several  of Ihe other  pub l i shed  3SS 
exper iments  as wel l  

10Data tram 35S .r d e c a y  
11This hmlt was taken  from the hgure 3 of APALIKOV 85 Ihe text gwes  a 

more  res lhchve I lml l  af 1 7 ~10 - 3  of CL = 90% 
12Data from trdlum ,~ decoy canlradlcled by ALTZIIZOGLOU 85 APALI 

KaY 85 MARKEY 85 and by OH185 AlSO commenl in LINOHARD 85 
DRUKAREV 85 and KALBELEISCH 85 

- - -  LIMITS O N  I/,/2 lJ 2 AS  F U N C T I O N  O F  m ( P l )  - -  

A P P L I C A T I O N  OF PEAK SEARCH TEST TO EXISTING D A T A  
VALUE CL % DOCUMENT ID COMMENT 

• • • We do  hal  use Ihe fa l low ing  d a t a  tar averages  fits limits e l c  • • • 
< 6 " 10 . 6  95 13 ASANO 81 m(1'/)=240 MeV 
< 5 v 1 0  -7  95 13 ASANO 81 re(v)=280 MeV 
• < 6 "< 1 0 - 6  95 13 ASANO 81 re(i/I)=300 M e v  
< 3 • t0 - 2  95 t4SHROCK 81 re(r / ) :7  MeV 
-< 1 . I0 - 2  95 14 SHROCK 81 m(r/)=13 MBV 
< I • I0 - 4  68 14 SHROCK 81 rr~I,/)=13 MeV 
< 3 v i 0 - 5  68 14SHROCK 81 m(i,i):33 MeV 
< 6 ~ 1 0 -  3 68 15 SHROCK 81 r r~ l l )=80 M e v  
"< 5 × I 0  - 3  68 15 SHROCK 81 m(r l )=120 MeV 
< 5 ~ 10-2 95 14 SHROCK 80 m( r t )=4 -6  MeV 

13Analysis Of expe r imen t  on K*  ~ # + $ ' . l , x l '  x d e c a y  
14Analysis of m a g n e t i c  spec t romete r  expe r imen t  b u b b l e  c h a m b e r  exper l  

ment  ar id emuls ion e x p e r l m e n l  an ~ *  ~ u+ t ,#  d e c o y  
15AnQlysis of m a g n e t i c  spec t romete r  e x p e n m e h l  on K ~ ~ ~, d e c o y  

A P P L I C A T I O N  O F  PEAK SEARCH TEST TO NEW EXPERIMENTS 
Limit on U 2 /I 2 as tuncl,on of m(vl) 

VALUE CL % DOCUMENT ID COMMENT 

• • • We d o  not  use the faHowlng d a t a  lot  overages  il ls l imits e tc  • • • 
< 2 Y I 0  - 2  90 DAUM 
< t • 10 . 3  90 DAUM 
< 6 " 10 - 5  90 DAUM 87 
< 3 XI0 -2 90 'ITMINEHART 84 
< 1 ~10 - 3  90 16MINEHART 84 
< 3 x l 0  - 4  90 16MINEHART 84 
< 5 "-10 . 6  90 17 HAYANO 82 
< I "< 1 0 - 4  90 17 HAYANO 82 
< 9 ~10 - 7  90 17 HAYANO 82 
< 1 v10 -1  90 16ABELA 81 
< 7 ~ 10 - 5  90 16 ABELA 81 
< 2 ~ 10 - 4  90 16 ABELA 81 
< 2 • 10 . 5  90 t6 ABELA 81 
< 2 ~10 - 5  95 17ASANO 81 
< 3 ~10 - 6  95 f7ASANO 81 
< 3 . 10 - 6  95 t7 ASANO 81 
< 1 - 1 0  - 2  95 16CALAPRICE 81 
<: 3 ~10 - 3  95 'bCALAPRICE 81 

87 m0.r)= I MeV I 
87 m(r j )=2  MeV I 3 MeV • rnO,j) < 19 5 MeV 

m( r  I =2 MeV 
rn(~ s =4 MeV 
m(~; =10 MeV 
m( i /  =330 MeV 
m(~] =70 MeV 
re(i!  =250 MeV 
m( ; /  =4 MeV 
~n~K;,I = 10 5 MeV 

:11 5 MeV 
rr~i' I =16-30 MeV 

=170 MeV 
m(~'j =210 MeV 
m( r  t =230 MeV 
m( r  i =7 MeV 
m(r .  =33 MeV 
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~0~+ ~ ~ + ~ ,  p e a k  s e a r c h  e x p e r i m e n t  
~7K"~ ~ ~ ' l ' ~  p e a k  s e a r c h  e x p e r i m e n t  

PEAK SEARCH IN MUON-CAPTURE 
Limit on  U2 / 2  OS f u n c h o n  of to i l ' l )  

VALUE DOCUMENT IO COMMENT 

• • • We do  not  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
<: 1 - 1 0 - t  DEUTSCH 83 rn(i,~)=45 MeV 
< 7 - 10 - 3  DEUTSCH 83 mO'/ )=70 MeV  
-: 1 • 1 0 -  t DEUTSCH 83 m( l , ; )=85 MeV  

S E A R C H E S  F O R  D E C A Y S  O F  M A S S I V E  
Dmit  on  u2 l ' 2  (3s f u n c h o n  of f 'n(l ' l) 

VALUE CL % DOCUMENT ID TECN 

• • • We d o  n o l  use t he  tOIIow~hg d a t a  for o v e r a g e s  fits 
<. 4 / I 0  - 4  90 t8 MISHRA 87 
< 4 ' I0  - 3  90 ~8 MISHRA 87 
-~ 0 9 ' 10 - 2  90 18 MISHRA 87 
< 0 1 90 18 MISHRA 87 
< 8 , 10 - 4  90 BADIER 86 
< 1 2 • 10 - 5  90 BADIER 86 
<" 9 " 10 - S 90 BERNARD~ 86 
< 3 6 ~ I 0  - 7  90 BERNARDI 86 
< 3 ' 10 - 8  90 BERNARDI 86 
< 6 • 10 -9 90 8ERNARDI 86 
< 1 • 10 - 6  90 DORENBOS 86 
< I " I 0  - 7  90 DOR~NBOS 86 
< 0 8 ' 10 - 5  90 19COOPER 85 
.< I 0 • 10 - 7  90 ~gcoOPER- 85 

COMMENT 
I 

l i m i t s  e tc  • • • 
CNTR m 0 , ) = l  5 G e V  
CNTR m O, )=2 5 G e V  
CNTR m(i ,  )=5 G e V  
CNTR m(I, =10 G e V  
CNTR rn(~, =600 M e v  
CNTR re(i, = I  7 G e V  
CNTR m0 ,  = 25 MeV 
CNTR rn(~, = I 0 0  MeV  
CNTR m(i ,  =200 MeV  
CNTR rn0, =350 MeV 
CNTR rn(t, =500 MeV 
CNTR m(~, =1600 MeV 
HLBC re(i, =0 4 G e V  
HLBC m(~, = I  5 G e v  

t8See a lso  hmds on  U 3, f rom WENDT 87 
19COOPER SARKAR 8,~ (31so g l ve  l imits Dosed  on  m o d e l I d e p e n d e n l  assured  

hans  for i, r f lux We do  not  list t hese  No te  l h o l  for thls b o u n d  tO b e  
nont r lv lOI  / IS no1 e q u a l  to 3 I e l ' c a n n o t  b e  t he  d o m i n a n t  mass e i g e n  
s ta te  m I ' r  s i nce  n')(l'3) • 70 MeV  (ALBRECHT 850 Also of cou rse  j IS not  
e q u a l  lo  I or 2 so O four th  g e n e r o h o n  w o u l d  b e  r e q u i r e d  for Ibis b o u n d  
1o b e  nont r iv lOl  

LIMITS ON IUo ,I 2 
w h e r e  a = t 2 f rom i) p a r a m e t e r  in .~ d e c o y  

VALUE CL % DOCUMENT ID COMMENT 

We d o  not  use t he  f o l l o w l n g  d a l a  for a v e r a g e s  flts l imits e t c  * • • 
< t <10 - 2  68 SHROCK 81B r t~J/)=10 MeV  
< 2 < 10 - 3  68 SHROCK 81B m(I,)=40~ MeV  
< 4 × I0  - 2  68 SHROCK 818 rn(z,;)=70 MeV  

LIMITS ON U t J X U 2 , AS FUNCTION OF m(v, )  
VALUE CL % DOCUMENT /D [ECN COMMENT 

• • We d o  no t  use t he  f o l i ow lng  CI(310 for a v e r a g e s  Il ls l imds e t c  • • • 
< 9 ~ 10 - 5  90 BERNARDI 86 CNTR rn(~,l)=25 MeV  
<: 3 6 "<10 - 7  90 BERNARDI 86 CNTR rn(~,)=100 MeV  
< 3 • I0 -8 90 BERNARDI 86 CNTR rnO,')=200~ MeV 
< 6 ~ I0  - 9  90 BERNARDI 86 CNTR rn(t , ; )=350 MeV 
< 1 • 10 - 2  90 BERGSMA 83B CNTR rn(I,i)=10 MeV 
< 1 / 1 0  - 5  90 BERGSMA 838 CNTR r n ( v / ) = t 4 0  MeV 

7 • 10 .7 90 BERGSMA 838 CNTR r t ~ ' l ) - 3 7 0  MeV 

(B) BOUNDS FROM P REACTIONS 

SOLAR ~ EXPERIMENTS - -  

SOLAR P FLUX 
Unti l  q u i t e  r e c e n t l y  the  s t a n d a r d  f lux un i t  for so lar  neu t r i nos  was  the  
Solar  n e u t r i n o  uni t ,  SNU = I • t 0  - 3 6  c(3ptures., 'sec., ' t(3rget a l o m  In the  
37CI r a d l o c n e m l c a l  e x p e r i m e n t  The K a m l o k o n d e  II e x p e r i m e n t  uses 
cgs  uni ts  c m  I 2so c -  I i n s tead  for t he  f lux i n t e g r a t e d  ove r  t he  e n e r g y  
r a n g e  a c c e p t e d  by  the i r  Cuts See b e l o w  for a n  a p p r o x l m ( 3 t e  c o n v e r  

s lon f ac to r  
VALUE CL % DOCUMENT ID TECN COMMENT _ --  . 

~ J ~  J ~ I 0 6 c m -  2se c -  i 90 20 I~ IAKAHATA~8  KamlOk(3nde  II w a t e r  
C e r n e k o v  d e t e c t o r  

2 1 -+ 0 3 SNU 2t DAVIS 84 37CI r a d l o c h e m  

• • • We d o  no t  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
7 9 -+ 2 6 SNU 22 BAHCALL 88 THEO TOIOI t heo r  r a n g e  
5 8 -+ 2 2 SNU 22 BAHCALL 84 THEO ESI 3-a u n c e r t  
5 6 SNU 22 FILIPPONE 83 THEO 
7 0 -+ 3 0 SNU 22 FILIPPONE 82 THEO 
6 9 _ + 1 . 0  SNU 22 FOWLER 82 THEO 
7 ,3  SNU 22 BAHCALL 80 THEO 

See a lso  t he  rev iews  by  BAHCALL 85 a n d  BAHCALL 82 a n d  t he  an(31ysls 
by  EHRLICH 82 

20The f lux l imit  g i v e n  by  NAKAHATA 88 rep resen ts  o n  i n t e g r a l  ove r  the  
e n e r g y  r a n g e  a c c e p t e d  by  the l r  cu ts  ( 3 p p r o x l m a t e l y  E e > 5 - 7  MeV  o n  

t he  s c a t t e r e d  e l e c t r o n  e n e r g y  f rom the  ( p r e d o m i n a n t l y  c h a r g e d - c u r r e n t )  
n e u t r i n o  r e a c h o n s  in t he  w a t e r  NAKAHATA 88 c i tes  o t h e o r e t i c a l  f lux of 
(5 8 -+ 2 ) ×  106 c m - 2 s e c - I  w l th  the  c e n t r a l  v a l u e  c o r r e s p o n d i n g  to 7 . 9  
SNU Using this a p p r o x i m ( 3 t e  c o n v e r s i o n  fac to r  t he  NAKAHATA 88 u p p e r  
l imit  w o u l d  c o r r e s p o n d  Io < 4 2 SNU s in the  DAVIS 84 37CL e x p e r l m e n l  
The hml t  is c o n s i s l e n t  w d h  the  DAVIS 84 e x p e r i m e n t  a n d  I n d e p e n d e n t l y  
con f i rms  t ha t  t he  o b s e r v e d  8 Boron n e u l r l n o  f lux is s m a l l e r  t han  t he  
t h e o r e t l c o l l v  c(31cul(3ted f lux 

2tTrlis is t he  a v e r a g e  f rom the  37CI e x p e r l m e n t  of DAVIS 84 o l  H a m ° s t a k e  
m l n e  f rom 1 9 7 0 - 1 9 8 3  

22These o re  t h e o r e t i c a l  c a l c u l o t l o n s  of the  solar  n e u t r l n o  f lux anc l  a re  
s h o w n  for c o m p a r i s o n  w l t h  the  m e a s u r e d  f lux The u n c e r t a i n t y  s h o w n  for 
BAHCALL 84 is the  3n error  

DEEP UNDERGROUND DETECTOR EXPERIMENTS - - - -  

R= (MEASURED FLUX OF z~,) / (EXPECTED FLUX OF v~,) 
VALUE DOCUMENT ID COMMENT 

We do  not  use the  f o l l ow ing  cl(3ta for a v e r a g e s  fits l imits e t c  • • • 
0 57 -. 0 07 23 HIRATA 88 K (3m lokande  II 
0 95 ± 0 22 BOLIEV 81 Baksan 
0 . 6 2  _+ 0 17 CROUCH 78 C a s e  Weslern,, 'UCi 

23HIRATA 88 error  is st(3hshcal  

LIMITS ON A im 2) FOR sln2(211)=1 
From thls d a t a  BOLIEV 81 o b l o l n  the  l lmi t  A i m  2) _< 6 < I0  - 3  eV 2 for 
m a x i r n a l  m i x i n g  i'~, ~ i'~, t y p e  oscdl(3t ion 

VALUE C I_0- 5. e V  2)  E L %  _ D ~ U M E N T  ID .  _TECN C.OMMENT . . . .  

• • • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  flts l lml ts  e t c  * • • 
• 2 2 OR - 11 2 90 24 LOSECCO 85 IM8 F l u x - l n c l e p e n d e n t  

24No l imits ex ls t  for s in2(2,0 < 0  22 

sm2(2i)) FOR GIVEN A(rn 2) (~'e ~ /~,) 
VALUE CL % DOCUMENT ID rECN COMMENT 

• • • We d o  not  use t he  fo l lOWlng ci01(3 for a v e r a g e s  fds l lmlts,  e l c  • • * 
< 0  14 90 LOSECCO 87 IMB A i m  2) = I o i × 1 0  - 4  

eV 2 

- - . -  REACTOR ~ EXPERIMENTS - -  

EVENTS (OBSERVED/EXPECTED) FROM REACTOR ~e EXPERIMENTS 
VALUE DOCUMENT ID COMMENT 

• • • We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits Ilmffs e t c  • • • 

1 .05  - -0  02 -+0 05 VUILLEUMIER 82 F_eP ~ e + n  
0 9 5 5 ± 0 . 0 3 5 - + 0 . 1 1 0  25KWON 81 f l e d  ~ e ~ n  
0 89 +_0 15 25BOEHM 80 i ' e p  ~ e + n  
0 38 ~ 0 21 26 27 REINES 80 
0 40  _+ 0 22 26 27 REINES 80 

25KWON 81 rep ros °h iS  a n  ana lys is  of o Io {ger  set of d(3to f rom the  s a m e  
e x p e r l m e n t  as BOEHM 80 

20REINES 80 invo lves  comp(3r~son of neutr(3l a n d  c h a r g e d  c u r r e n t  r eac t i ons  
i , e d  ~ n p z ,  e a n d  i , e d  ~ n n e  + r e s p e c t i v e l y  Comb ine@ ana lys is  of 
r e a c l o r  ~'e e x p e r i m e n t s  was  p e r f o r m e d  by  SILVERMAN 81 

27The two  REINES B0 v a l u e s  c o r r e s p o n d  lo  the  c a l c u l a t e d  i' e f luxes of AVIG 
NONE 80 a n d  DAVIS 79 r e s p e c t i v e l y  

. . . .  ~o -~ ~o . . . . . .  

A im 2) FOR sm2(2#)=1 
V A_LUE ( e V  2)  .__ CL % D O C U M E N T  ID  C O M M E N T  _ _  _ 

< 0 . 0 t 4  68 28 VIDYAKIN 87 ~'eD ~ e +  n 

• * • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
<.0 05 68 29AFONIN 87 ~ e P  ~ e + n  
< 0  05 68 29AFONIN 86 ~'eP ~ e + n  
< 0  019 90 30ZACEK 86 ~'eP ~ e ÷ n  
< 0  07 90 AFONIN 85 J 'eP  ~ e ~ n  
< 0  02 90  31 ZACEK 85 i,_e p ~ e + n 
< 0  016 90 32GABATHULER 84 l , e p  ~ e + n  
< 0  t 90 AFONIN 83 t~ep  ~ e + n  
< 0  13 BELENKIf 83 l ' eP  ~ e ~ n  

2$VIDYAKIN 87 b o u n d  is for L = 32 8 a n d  92 3 m d i s t a n c e  from two  t e ( 3 c l o r s  
29AFONIN 86 anc l  AFONIN B7 a lso  g i ve  l iml ls  on  s ln2(2, l )  for i n t e r m e d i a t e  

v a l u e s  of A ( rn  2) 
30Thls b o u n d  Is f rom d(3fa for L=37 9 m 45 9 m a n d  64 7 m d i s t a n c e  from 

G o s g e n  r e a c t o r  
31See t he  c o m m e n t  for ZACEK 85 ~n t he  s e c l l o n  on  sin2(2/0 b e l o w  
32Thls b o u n d  c o m e s  f rom o c o m b i n a f l o n  of the  VUILLEUMIER 82 d a t a  at  d ls 

l a n c e  37 9m from G o s g e n  r e a c t o r  a n d  n e w  d(3ta a t  45 9m 

~ ( m  2)  F O R  G I V E N  s l n 2 ( 2 , ' ) )  
VALUE C e v 2 )  I _DOCUMENT ,D C O M M E N T  

• * * We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits l lmlfs e t c  • • • 
0 2 + . 0  1 3 3 C A V A I G N A C 8 4  I ' e P  ~ e + n  

33sln2(2(0 = 0 25 -+ 0 1 These a r e  f rom bes t  flt to d(31a see CAVAIG 
NAC 84 for p l o t  of o l [owec l  reg ions  in t hese  v a r i a b l e s  These c lara  t ram 
Bugey  r e a c t o r  

sln2(2~) FOR "LARGE" ~ ( m  2) ~e "~ '% 
VALUE CL 76 DOCUMENT ID COMMENt  

< 0 . 1 4  68 34 VIDYAKfN 87 z , e p  ~ e + n 

• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits i lmds e ta  • • * 
< 0  21 68 AFONIN 87 ~eP ~ e + n  
< 0  21 90 35ZACEK 86 £ e P  ~ e + n  
< 0  34 90 AFONIN 85 ~'eP ~ e + n  
< 0  19 gO 36ZAC~K B5 l i e d  ~ e + n  
< 0  16 90 37 GABATHULER 84 i . ,ep ~ e + n 
< 0  4 38BELENKII 83 ~ '~p  ~ e + n  
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34VIDYAKtN 87 b o u n d  IS for L = 32 8 a n d  92 3 m d i s tance  from two  reactors I 
35Thls b o u n d  (s from d a t a  for L=37 9 m. 45 9 m a n d  64 7 m d i s tance  from I Gosgen reac tor  
36ZACEK 85 (Gosgen  reactor )  g ives two sets of bounds  d e p e n d l n g  on wha t  

assumpt ions are used m the  d a t a  analysis The bounds  in f igure 3(0)  of 
ZACEK 85 are progress ive ly  poorer  tar la rge A(rn 2) whereas  those of f ig 
ure 3(b)  a p p r o a c h  o cons tan t  We list the l o l l e r  Both sets of bounds  
use c o m b l n o l l o n  of d a t a  from 37 9, 45 9 a n d  64 7m d i s tance  from reac 
tar ZACEK 85 stoles Our expe r imen t  exc ludes  this a rea  ( the OScil lat ion 
p a r a m e t e r  reg ion  a l l o w e d  b y  the  Bugey da ta .  CAVAIGNAC 84) a lmos l  
c o m p l e t e l y ,  lhus d isp rov ing  l t le  ind ica t ions  of neut r ino  osci l la t ions of 
CAVA[GNAC 84 wi th  a h igh  d e g r e e  of c o n f i d e n c e  

37This b o u n d  comes from a c o m b m a h o n  of the  VUILLEUMIER 82 d a t a  at  dis 
t a n c e  37 9m tram Gosgen  reac tor  a n d  new a o l a  at 45 9m 

38Thls b o u n d  holds for ~,(m 2) -4 eV 2 

- -  ACCELERATOR EXPERIMENTS 

Bounds on A ( m  2) vs sln2(2~ 0 where  - 'Km 2) is m a g n i t u d e  of 
(m20' j )  - m20'/))  a n d  # is the  m ix ing  a n g l e  for the  s impl i fy  
Ing assumpt ion  of m ix ing  b e l w e e n  l w o  neut r ino  fami l ies on ly  
For a recent  set of bounds  assuming lh ree neut r ino  fami l ies 
see BLUMER 85 

Each e x p e r i m e n t a l  result is a p lo t  g i w n g  a l l o w e d  and 
e x c l u d e d  regions as funct ions of ",(m 2) a n d  sln2(2ti) We 
q u o t e  two  representa t ive  l lmlts from e a c h  p lo t  I) A ( m  2} 
for sln2(21/)=T 2) sln2(210 for 'LARGE A ( m  2) l e suff ic lent ly 
la rge  A(m2) lha t  the d e t e c t o r  w o u l d  measure  on ly  an effect 
a v e r a g e d  over  m a n y  OSClilOhons Exper lmenls  are of two  
gene ra l  types (A) those wh ich  search for ='o ~ I,~ (D not  
e q u a l  a), l e the a p p e a r a n c e  of / b  from c h a r g e d  current  
reac t ion  of a i '  a b e a m  (B) ti"Iose wh ich  search for the 
' d i s a p p e a r a n c e  of par t  of l he  in i l l ta l  ='a b e a m  by  c o m p a t  

mg  the n u m b e r  of obse rved  / 'o  events wi th  l he  n u m b e r  
e x p e c l e d  from flUX ca l cu la t i ons  These exper imen ts  d o  not  
try lo  observe  the  a n o m a l o u s  / ~  s We l abe l  SUCh exper i -  
ments as ~'a ~ ~'a 

~.(m 2) 
VALUE (eV2) ._ . CL % DOCUMENT IO T_E_CN COMMENT - - _  
< 0 . 0 9  90 ANGELINI 86 BEBC sm2(21i)= t 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e tc  • ° • 
< 2 . 4  90 39 AHRENS 87 CNTR Sin2(2#)= 1 
< 1 8 90 BOFILL 87 CNTR sin2(211)=1 

5 to 10 40 BERNAROI 86B CNTR sln2(2#)=0 02-0  04 
< 2  2 90 41 BRUCKER 86 HLBC sin2(20)=1 
d 0  43 90 39 AHRENS 85 CNTR sm2(2~)=1 
< 3  2 90 39 AHRENS 85 CNTR sln2(2~)=0 02 
< 2. I 90 39 AHRENS 85 CNTR sin2(2H)=0 04 
< 0  20 90 BERGSMA 84 CHRM s0n2(20)=1 
<1 7 90 ARMENISE 81 GGM sin2(2#)=1 
< 0  6 90 41 BAKER 81 HLBC sin2(2R)=1 
< 1 . 7  90 ERRIQUEZ 81 BEBC sin2(2~)= I 
<1  2 95 BLIETSCHAU 78 GGM sin2(20)=1 
< 1.2 95 BELLOTTI 76 GGM sin2(2#)=t 

39Liquid-scint i l la tor  calonmeter at BNL AGS I 
40This IS a I yp i ca l  fit Io the  d a t a  assuming mix ing  b e t w e e n  two  species I AS lne  authors state this resuff is in conf l i c t  wi th ear l ier  u p p e r  bounds  on 

this t y p e  of neu t r ino  osci l la t ions 
4115ft b u b b l e  c h a m b e r  at FNAL 

sin2(20) 
VALUE CL % DOCUMENT ID TECN COMMENT 
< 3.4  × I 0  - 3  - -  ~)0" 42AHRENS B5 CNTR Large ~ i m  2) .... 

• • • We d o  not  use the fo l tow lng  d a t a  tar averages  fits l imits, e l c  * * * 
< 1.0 × I 0  - 2  90 42AHRENS 87 CNTR Large A(m 2) 
< I 5 ×10 - 2  90 BOFILL 87 CNTR Large A ( m  2) 2 
< I 3 ~10 - 2  90 ANGELINI 86 BEBC -\(rn2)=2 2 eV 

0 02 to 0 .04  BERNARDI 86B CNTR 3 (m2)=5 -10  
< 1 1 × 10 - 2  90 43 BRUCKER 86 HLBC Large A ( m  2) 
< 0 .009 90 42 AHRENS 85 CNTR A(,'n2)=5 
< 0 003 90 42AHRENS 85 CNTR ~(m2)=10 
< 0 24 90 BERGSMA 84 CHRM Large A ( m  2) 
< I × I0 - 2  90 ARMENISE 81 GGM Large 3 ( m  2) 
< 6 Y 10 - 3  90 43 BAKER 81 HLBC Large A(rrP) 
< 1 × 10 - 2  90 ERRIQUEZ 81 BEBC Large A(m 2) 
< 4 × 1 0 -  3 95 BLIETSCHAU 78 GGM Large A ( m  2) 
< 1 × 10 - 2  95 BELLOTTI 76 GGM Large A(m2)  
42Llquid scint i l la tor  ca lo r ime te r  at BNL AGS I 
4315ft b u b b l e  c h a m b e r  at  FNAL 

. . . .  ~ .  - ~ ,  - ~ .  

3 ( m  2) FOR sin2(20)=1 
VALUE (0_V_2) C L % _D_OCUMENT /D _ TECN COMMENT 
<0.91  90 NEMETHY 8'{B CNTR LAMPF 

• • • We d o  no l  use the fo l l ow ing  d a t a  tar ove rages  fits l imits e tc  • • • 
< 3  1 90 BOFILL 87 CNTR FNAL J 
< 2  4 90 TAYLOR 83 HLBC 15 ff FNAL 
< I  95 BLIETBCHAU 78 HLBC GGM CERN PS 

sln2(2fl) FOR "LARGE" A(rn 2) 
VALUE CL% DOCUMENT ID TECN COMMENT 

< 4 "-- ~10 - 3  ..... 95 BLIETSCHAU 78 HLBC GGM CERN PS 
• • • We do  no l  use the  fOl lowing d a t a  for overages  hts hmlts e tc  * • • 
< 0 04 90 BOFILL 87 CNTR FNAL 
< 1 3 v i 0 - 2  90 TAYLOR 83 HLBC 15t l  FNAL 
< 0 .2  90 NEMETHY 81B CNTR LAMPF 

. . . . .  V~--~ V T - - ~  

A(m 2) FOR sm2(20)=I 
VALUE_(_e.v 2) CL% _D_O_CUMEN'f lD [ECN COMMENT 

< 0.9 90 USHIDA 86C EMUL FNAL 
• • • We d o  ha l  use the fo l low ing  d o I o  for averages,  his limHs etc  • * • 
<10  2 90 BOFILL 87 CNTR ENAL 
< 6 3 90 BRUCKER B6 HLBC 15 ft FNAL 
< 4 6 90 ARMENISE 81 HLBC GGM CERN SPS 
< 3 90 BAKER 81 HLBC 15It FNAL 
< 6 90 ERRiQUEZ 81 HLBC BEBC CERN SPS 
< 3 90 USHIDA 81 EMUL FNAL 

Sm2(2~) FOR "LARGE" A(rn 2) 
VALUE CL % DOCUMENT ID TECN COMMENT 
< - 4  ~ O  - 3  90 USHIDA- 86C EMUL FNAL 
• • • We d o  ha l  use the fOl lowing d a t a  for overages  hls Ilmds e tc  • • • 
< 0 .34  90 BOFILL 87 CNTR FNAL 
< 8 8 ~' 10 -  2 90 BRUCKER 86 HLBC 15-tt FNAL 
< 11 "~ 10 - 2  90 BALLAGH 84 HLBC 15 ft FNAL 
< 1 7 • 10 - 2  90 ARMENISE 81 HLBC GGM CERN SPS 
< 6 / 1 0  - 2  90 BAKER 81 HLBC 15tt  FNAL 
< 5 / 10 - 2  90 ERRIQUEZ 81 HLBC BEBC CERN SPS 
< 1,3 • I0  - 2  90 USHIDA 81 EMUL FNAL 

. . . . . .  ~. -,. ~, - - - - - -  

' ,(m 2) FOR sm2(2,9)=t 
VALUE (ev2=] ___  CL % DOCUMENT I O .TEC.N COMMENT _. 

< 2 . 2  90 ASRATYAN 81 HLBC ENAL 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e l c  • • • 
< 6  5 90 BOFILL 87 CNT~ FNAL 
< 7  4 90 TAYLOR 83 HLBC 15 fl FNAL 

s l n2 (2H)  FOR " L A R G E "  ~ ( m  2) 
VALUE CL% DOCUMENT ID TECN COMMENT 
< 4 4 × I 0  - 2  90 ASRATYAN 81 HLBC FNAL 
• • • We do  not  use the fo l l ow ing  d a t a  tar averages,  fits hmffs e tc  • • • 
< 0 15 90 BOFILL 87 CNTR FNAL 
< 8 8 / 1 0  . 2  90 TAYLOR 83 HLBC 15-ft FNAL 

. . . . . . .  V. 4*, Pu . . . . . . . .  

A(m 2) FOR sm2(2#)=l 
These exper imen ts  also a l l ow  su lhc lent ly  large A ( m  2) 

VALUE.(eV2 ) . . . .  _C,L % _DO_C_UMENT I_D. TECN_ COMME~'T .... 

• 0 23 OR .100 90 DYDAK 84 CNTR 
• t3 OR -1500 90 STOCKDALE 84 CNTR 
• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits limits e tc  • • • 
< 7  90 BELIKOV 85 CNTR Serpukbov 
• 8 0 OR - 1250 90 STOCKDALE 85 CNTR 
• 0 29 OR -22 90 BERGSMA 84 CNTR 
< 8  0 90 BELIKOV 83 CNTR 

sln2(2ft) AS FUNCTION OF A(rn 2) 
VALUE CL% DOCUMENT ID TECN COMMENT 
<0 .02  --- ~)0 44 S:[OCKDALE 85 CNTR FNAL 
• • • We ao not  use the ta l l ow ing  d a t a  for averages  hts hmlls etc  • • • 
< 0  07 90 45 BELIKOV 85 CNTR Serpukhov 
<.0 27 90 46 BERGSMA 84 CNTR CHARM CERN PS 
<0 ¶ 90 47 DYDAK 84 CNTR CERN PS 
< 0  02 90 48STOCKDALE 84 CNTR FNAL 
< 0  1 90 49 BELIKOV 83 CNTR Serpukhov 

44ThlS b o u n d  app l i es  for A ( m  2) = 100 eV 2 Less s l r ingenl  bounds  a p p l y  for 
o ther  A (m 2) these are non l r l v la l  for 8 < A ( m  2) <1250  ev2 

45Ihls b o u n d  app l i es  far a w i d e  range of A(rn 2) >7  eV2 For some values 
Of "~(rn2), the va lue  is less str ingent the least restr lchve nont rw la l  b o u n d  
OCCURS a p p r o x i m a t e l y  at A(m2) = 300 e v  2 where  s~n2(2,,) < 0  t3 at CL = 
90% 

461his b o u n d  aEp l les  for A ( m  2) = 0 7 -9  eV 2 Less str ingent bounds  a p p l y  
for o ther  A(ngr) these a te  non t tw lo l  for 0 28 <~-(m 2) <22  eV 2 

47Thls b o u n d  app l i es  for ~.(m 2) = I -10  eV 2 Less st r lngent  bounds  a p p l y  
for o lher  ",(m2), these are non l r iv ia l  for 0 23 <A(m2)  <90  eV 2 

48ThlS b o u n d  opphes  for ~(m 2) = 110 eV 2 Less str ingent bounds  a p p l y  for 
o ther  A(m2), these ore nont r lv la l  for 13 <A(m2)  <1500 eV2 

49Bound holds tar A(m2) = 20-1000 eV 2 
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. . . . .  / ~ ° - / ~  V e . . . . .  

~ ( m  2) F O R  s i n 2 ( 2 # ) = 1  

V:~LUE (ev2~ CL % _DOCUMENT ID T_ECN C O  M._MENT 

< 8 90 BAKER 81 HLBC 15f t  FNAL 
• 2 3 OR .8 90 NEMETHY 8'1B CNTR LAMPF 

• • • We do  not  use the  f o l l o w i n g  d a t a  far a v e r a g e s  fits l imits e t c  * • • 

< t 4  9 90  BRUCKER 86 HLBC '15 It FNAL 
< 5 6  90 DEDEN 8'1 HLBC 8EBC CERN SPS 
< 10 90 ERRIQUEZ 8 t  HLBC BEBC CERN SPS 

sln2(2~) FOR "LARGE" A (m  2) 
VALUE C~ % DOCUMENT ID TECN COMMENT 

< 7 , 1 0 -  2 90 ERRIQUEZ 81 HLBC BEBC CERN SPS 
• • • We d o  not  use  t he  f o I l a w l n g  d a t a  for a v e r a g e s  fits hmlts e t c  • • • 

<. 0 54 90  BRUCKER 86 HLBC 15-ff FNAL 
< 0 6 90 BAKER 81 HLBC 15 t t  FNAL 
< 0 3 gO DEDEN 81 HLBC BEBC CERN SPS 

. . . . . . . .  ~e - "  ~, ~ - -  

s i n 2 ( 2 # )  F O R  "LARGE" A ( m  2)  

VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 7  90 50 FRITZ[ 80 HYBR BEBC CERN SPS 
50Authors  g w e  P(I, e ~ i ' ; )  . 0 35 e c l u l v o l e n t  to a b o v e  hml t  

. . . . . . .  ~ . ~ .  . . . .  

',(rn2) FOR sm2(2{0=I  
VAL[J_E (eV22 . __ CL % DOCUMENT lO TECN 

• 7 OR -1200 90 STOCKDALE 85 CNTR 

S i n 2 ( 2 0 )  AS  F U N C T I O N  O F  A ( m  2) 

VALUE CL % DOCUMENT ID TECN COMMENT 
< 0 . 0 2  90 51 STOCKDALE 85 CNTR FNAL 

51ThlS b o u n d  a p p h e s  for 3 ( m 2 )  b e t w e e n  190 a n d  320 or = 530 eV 2 Less 
s t r i ngen t  b o u n d s  a p p l y  tar  o the r  '~(m 2) t hese  a re  non t r l v i a l  tar 7 - ~ ( m  2) 
• 1200 eV2 

. . . . . . . .  Pe  "-~ / ) r  - - ~ "  

~ ( m  2)  F O R  S m 2 ( 2 # ) = I  

VALUE (eV2) . C_I.% DOCUMENT ID TECN COMMENT 

< 9 90 USHIDA 86C EMUL FNAL 
• • • We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  hfs. hmlts e t c  • • • 
< 4 4  90 TALEBZADEH 87 HLBC BEBC 

sin2(20) FOR LARGE A (m 2) 
VALUE CL % DOCUMENT ID TECN COMMENT 
< 0 . 1 2  90 USHIDA 86C [MUL FNAL 
• • • We do  no t  use t he  f a l l a w m g  d a t a  for o v e r a g e s  fits Ilmffs e t c  • * • 
< 0  36 90 TALEBZADEH 87 HLBC BEBC 

- - ~ -  v , - *  (~o)L " ~ -  

This IS a l imit  on  l e p t o n  fami ly  n u m b e r  v io la t i on  a n d  to lo I  
l e p t o n  n u m b e r  v i o l a h o n  ( l 'e )  [ d e n o t e s  a h y p o t h e h c a l  left  
h a n c l e d  l, e The b a u n c l  is q u o t e d  in terms of A ( m  2) s in(2#) 
a n d  { l  w h e r e  (i d e n o t e s  the  t r a c t i o n a l  a d m i x t u r e  of ( V + A )  
c h a r g e d  c u r r e n t  

rt ~,(m 2) FOR sm2(2~)=1 
• VALUE (eV 2) . .  CL_% _DOCUMENT ID TECN 

• • • We clo na t  use  t he  f o l l o w i n g  d a t a  far a v e r a g e s ,  fits. hmlts e l c  • • • 
< 7 × 1 0 -  t 90 52 COOPER 82 HL8C 

52Extst lng b o u n d s  an  V + A  cu r ren ts  r e q u i r e  ~ sma l l  see  COOPER 82 

( 1 2 s l n 2 ( 2 0 )  F O R  " L A R G E "  3 ( m  2)  

.VA_LUE . . . . .  CL % _DO C.UMENT ID TECN 

• * • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits, l imllS e l c  • • • 
< 1 ~ 10 - 3  90  53COOPER 82 HLBC 

53Extshng b o u n d s  on  V + A  cu r ren ts  r e q u i r e  (r sma l l  see  COOPER 82 

See n o t e  a b o v e  for t'~ ~ ( l ,e)  L l lml t  

• ~ 3 ( m  2)  F O R  s l n 2 ( 2 ~ ' 0 = 1  

~'ALUE_ (eV 2) CL % _D.O_C._U. MENT ID T_ECN 

• * • We d a  na t  use  the  foHowlng  d a t a  for a v e r a g e s  flts l imits e l c  • • • 
< 7 90 54 COOPER 82 HLBC 

54Exishng b o u n d s  on  V4-A cu r ren ts  r e q u i r e  o sma l l  see  COOPER 82 

( t 2 s l n 2 ( 2 # )  F O R  " L A R G E "  ~ ( m  2)  

VA Z UE CL % DOCUMENT ID TECN 

• • • We cla no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  his l imits e t c  * • • 
< 5 / 1 0  - 2  90 5SCOOPER 82 HLBC 

55Exlst lng b o u n d s  on  V + A  cu r ren ts  r e q u i r e  (~ smal l  see  COOPER 82 

(C)  SEARCHES FOR NEUTRINOLESS DOUBLE 8 DECAY 

The n u c l e a r  d e c a y  ( ( Z A )  ~ (Z+2 A) + e -  * e -  J e n e u r o n e  
less d o u b l e  .; d e c a y  w o l a t e s  fa ta l  l e p t o n  n u m b e r  by  two  
uni ts  It IS f o r b i d d e n  if neu t r i nos  o re  O l rac  pa r t i c l es  bu t  c a n  
Occur  in g a u g e  theor ies  ff n e u f n n o s  o re  M a l o r a n a  p a r h c l e s  
a n d  a r e  mass ive  PRIMAKOFF 8 t  ROSEN 81 a n d  HAXTON 83 
diSCUSS c o r r e l a t e d  b o u n d s  on  - m( l ' )  - a n d  r ight  h a n d e d  c o u  
phngs  Fur ther  l h e o r e h c a l  d iscuss ions i n c l u d e  DOI 8.5 HAX 
TON 86 a n d  GROTZ 83 The p r i m a r y  i n f o r m a h o n  from these  
e x p e r i m e n t s  is l i fe t ime From h fe t lme  to n e u t r i n o  mass o n e  
n e e d s  to i nvoke  n u c l e a r  s t ruc tu re  The n e u t r i n o  mass l imits 
b e l o w  a re  t he re fa re  m o d e l  d e p e n d e n t  Dl f ferent  expe r i -  
men ts  h a v e  used  d i f ferent  m o d e l s  Note  t ha t  r e g u l a r  2 
n e u t r i n o  d o u b l e  .I d e c a y  has  n o w  b e e n  o b s e r v e d  d i r e c t l y  tar 

8 1020 years by ELLIOTT 878 82Se w,th ft 2 = (1 1 _+0 3) < 

< rn(~') -, THE EFFECTIVE WEIGHTED SUM OF NEUTRINO 

MASSES CONTRIBUTING TO NEUTRINOLESS DOUBLE n' DECAY 
• rnO') . = I ~ - u~1 im(i'l), where the sum goes from '1 to n and where n 
= n u r r ~ e r  of n e u t r i n o  g e n e r a t i o n s  oncl  v / is O M a l o r a n a  n e u t r i n o  Note  
tha t  U~I / not  U 1 /i 2 o c c u r s  in the  sum the  poss ibd l ty  of c a n c e l l a t i o n s  
has b e e n  s t ressed in WOLFENSTEIN 81 

VALUE (eV)_ . CL% DOCUMENT/D TECN COMMENT 

• • • We do  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
56CALDWELL 87 CNTR THY'1 TOGa -," 1 8  

< 2 7 68 BELLOTTJ 86 CNTR THY 76Ge 
< 2 6 68 57 CALDWELL 86 CNTR THY 70Ge 

58 ELLIOTT 86 CNTR 825e 
< 6 68 59 CALDWELL 85 CNTR THY TbGe 
< 2 0  68 60 HUBERT 85 CNTR 76Ge 
< 3 8 68 61 8ELLOTTI 84 CNTR THY 76Ge 
< 2 2  FORSTER 84 CNTR THY 76Ge 
< 1 0  90 AVIGNON[  83 CNTR THY 76Ge 
< 2 2  68 62 BELLOTTI 83 CNTR THYI 76Ge 
< 8 3 68 62 BELLOTTI 83 CNTR THY2 76Ge 
< 5 6 95  KIRSTEN 83 SPEC THY 128Te. t30Te 

56CALDWELL 87 ge ts  l o w e r  b a u n d  on  hal f  l i fe for 0 + ~ 0 + neu t r l no less  c lou 
b l e  ,~ d e c a y  of 76Ge t l ,  2 > 5 • 1023 years  The der l vec l  u p p e r  l imits on  
e f fec t i ve  n e u t r i n o  mosses a re  d e p e n d e n t  an  i npu t  for n u c l e a r  ma t r i x  e le -  
men ts  Ihe  au tho rs  a lsa  list two  a the r  hmlts for d i f fe ren t  i n p u l  a s s u m p t i o n s  
t 3 eV a n d  0 7 eV Used c a l c u l a t i o n s  of DOI 83 (=THYt)  

57CALDWELL 86 g ives  severa l  l imits d e p e n d i n g  on  w h i c h  c a l c u l a t i o n  af 
n u c l e a r  mat r i x  e l e m e n t s  Is used  w e  q u o t e  the  most  c o n s e r v a t i v e  i e 
least  s t r i ngen t  O t h e r  l imits a r e  1 0 eV ancl  1 9 eV Authors  n o t e  tha t  t he  
ove ra l l  u n c e r t a i n t y  d u e  to the  ser ious d i s a g r e e m e n t  b e t w e e n  n u c l e a r  
c a l c u l a t i o n s  a n d  b o t h  l a b  anc l  g e o c h e m i c a l  m e a s u r e m e n t s  for r e g u l a r  2 
n e u t r i n o  d o u b l e  .:~ d e c a y  is alSO p r e s e n t  in t hese  l imits 

58ELLIOTT 86 g i ves  hal f - l i fe  l imds t1.2 -7 × 1021 yr (68% CL) for 82Se neu t r i  
no less  d a u b l e  .:r d e c o y  a n d  f I 2 - I .  "., 1020 yr (68% CL) for r e g u l a r  2 
n e u t r l n o  d o u b l e  d d e c o y  af 8 2 ~  Lo l le r  hmit  a g r e e s  w l t h  t he  g e o c h e m t  
co l  i lml t  a n d  s t rong ly  d l s a g r e e s  w l th  n u c l e a r  l h e o r y  c a l c u l a t i o n s ,  c a s t l n g  
d a u b l  on  l he l r  a p p l l c a t l o n  to d e r l v e  hmlts on  M o / o t a n a  n e u r o n e  masses 
a n d  ~ p a r a m e t e r s  f rom hmlts on  neu t r l no less  d o u b l e  ,:~ d e c a y  

59USes results of HAXTON 81 HAXTON 82 Authors  s ta te  tha t  b o u n d  c o u l d  
b e  twa  or l h r e e  h m e s  forger  Haft hfe for 0 + ~ 0 + t rans~hon -5 < '1022 
yr (CL = 68%7 

6gLimi l  is o b t a i n e d  f rom ana lys ts  of d a t a  us ing  t h e o r e h c a l  c a l c u l a l l a n s  by  J 
HAXTON 81 HAXTON 82 Also g w e n  a re  l i fe t ime Ilmffs on  neu t r l no less  I d o u b l e  ,;~ d e c a y  of 76Ge to e x c J l e d  s ta les  of 76Se 

61Bee t a b l e  '1 of BELLOTTI 84 for the f t  assessment  of p rev ious  b o u n d s  Half 
l i fe tar  0+  ~ 0+  t rans l t l on  .7 ~ t 0 2 2  yr (CL = 90%)  ,'1 2 < 1 0 2 3  yr (CL = 
68%7 

62LImits o re  o b t a i n e d  from ana lys is  of d a t a  us ing t h e o r e h c o l  c a l c u l a t i o n s  
b y  P a l  83 (= t h y l )  a n d  ROSEN 81 (= thy2 )  

L IMITS O N  L E P T O N - N U M B E R  V I O L A T I N G  ( V + A )  C U R R E N T  A D M I X -  

TURE 
? is d e f i n e d  as the  l rOCt lona l  a c l m i x l u r e  of ( V + A )  c h a r g e d  c u r r e n t  re la  
l i ve  1o ( V - A )  in e l e c t r o n  t y p e  l e p t o n  sec to r  

VALUE CL% DOCUMENT/D TECN CHG COMMENT 

• • • We do  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  tits hmlts e t c  • • • 
< 6 ," 10 - 5  68 63 BELLOTTI 87 CNTR 128T e 130Te J 

(+Theory)  
< 6 × 1 0 - 6  68 64 CALDWELL 86 CNTR + THY 76Ge J 
< I 4 x 1 0  - 5  68 65CALDWELL 85 CNTR + THY 76Ge 
< 0 9 x 1 0  - 5  68 65CALDWELL 85 CNTR + THY 76Ge 
< 0 8 ×10  - 5  68 6$BELLOTTI 84 CNTR 4- THY TbGe 
< 0 . 6  < 1 0 - 5  68 65 BELLOTTI 84 CNTR 4- THY 76Ge 
< 2 . 4  K 10 - 5  AVIGNONE 83 CNTR + THY 76Ge 
< 4 × 10 - 5  68 66 8ELLOTTt 83 CNTR + THYl 76Ge 
< 1̀ 5 x 1 0  - 5  68 668ELLOTTI 83 CNTR 4- THY2 76Ge 
< 2 4 X I 0  - 5  95  KIRSTEN 83 SPEC 4- THY 128Te/t30Te 

O3BELLOTTI 87 g i ves  two  l imits, d e p e n d i n g  on  t he  t y p e  at ch l ra iJ ty  m i x i n g  J 
These h a p p e n  to b e  t he  s a m e  BELLOTTI 87 l lm l l  is s t a ted  ta b e  I n d e p e n -  l d e n l  Of n e u t r i n o  mass 
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64See prev lous c o m m e n t  for CALDWELL 86 in d o l a  b l ock  a b o v e  Other  I l l -  
i l l  g iven by  CALDWELL 86 for ~ ( left r lght)  are 5 5" :10  - 7  ancl 4 . 5 × 1 0  - 8  
as we  d id  for the l imit on a MaJorana moss we t a r e  the most conservo 
l ive I e , least s t r ingenl  of these moc le l - c l ependen i  b o u n d s  

65Two bounds  g iven  d e p e n d l n g  on types of ch l ra l l ty  m i x l ng  See refer 
ences  

66Limits are ob ta lnec l  f rom analysis of d a t a  using t heo rehca l  ca lcu la t ions  
by P a l  83 (= lhy`1) a n d  ROSEN 8'1 (= thy2) 
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88 Thesls (Kamikonde II Collop ) 
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86 PL 8t79 307 +Apostolokls Baldlnl+ (PISA AIHU PAPa WISC) 
86 PRL 56 2241 +Brlltan Brvman+ (TRIU CNRC) 
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86 PL 1668 479 +Carugno+ (LPNP INFN CDEF ATEN CERN) 
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83B PR1. 50 1546 +DuDoI$ Numao Olanlyo Olin+ (TRIU CNRC) 
83 PRL 50 7 8rymon DuDois Numao Olanlva÷ (TRtU CNRC) 
83 PR D27 1644 ÷Lebrun Prleels (LVLN) 
83 PTP 09 602 +Katanl Nlshluro TakasU~l (OSAK KYatS 

FILIPPONE 83 
GRONAU 83 
GROTZ 83 
HAXTON 83 
KIRSTEN 83 

ALSO 838 
LUBiMOV 83 
SCHRECK 83 
IAYLOR 83 
8AHCALL 82 
COOPER 82 
EHRLICH 82 
FILIPPONE 82 
FOWLER 82 
HAXTON 82 
HAYANO 82 
VUILLEUMIER 82 
ABELA 81 
ARMENISE 8f 
ASANO 81 

Also 81 
ASRATYAN 81 
BAKER 8f 

AlSO 78 
BOLIEV 8t 

CALAPRICE 81 
DEDEN 81 
ERRIQUEZ 81 
HAXION 81 
KWON 8 f 
NEMETHY 818 
PRiMAKOFF 81 
ROSEN 81 

AlSO 78 
SHROCK BI 
SHROCK 8t8 
SILVERMAN 81 
SIMPSON 818 
USHIDA B 1 

PRL 50 412 +Elwyn Davids* CANL CHIC VAtP) 
PR 028 2762 (HAIF) 
JP G9 L169 *Klapdor Metz,ngel (MPIH) 
CNPP 1t 41 (LASL FuRD) 
PRL S0 474 ÷Richter Jessbergef (MPIH) 
ZPHY 10 189 Klrslen Rlchte¢ Jessberger (MPIh) 
Brighton Conl 386 (ITEP) 
PL 1298 265 Schleckenbocn Calvin+ (GRIN ILLG) 
PR D28 2705 +Cence Harris Jones* (HAWA LBL FNAL) 
RMP 54 767 +Huebnel LuOowo (IAS LANL HPC YALE JCLA) 
PL 1128 97 *Guy MlChelte lyndel Vends (RL) 
PR D25 2282 (GMAS) 
APJ 253 393 *SChromm (ANL EFI) 
A I P 96 80 (C'1) 
PR D25 2300 +Stephenson Stroflmon (LANL PURD) 
PRL 49 1 3 0 5  +TonlguChl YomanOkO+ (TOKY KEK ISUK) 
PL 1148 296 *Boehm Eggel* (CII SIN MUNI) 
PL t058 203 *Doum Eaton Ffasch Jast Ken'e Stelner (SIN) 
PL 100B 182 *Fogh Muoacc~a* (8A~I CERN MILA LAid) 
PL 104B 84 +Hoyana Klkutanl Kurokawo* (KEK TOKY OSAK) 
PR D24 1232 SnIOCk (SION) 
PL 1058 301 *[fremenko FedOtOV+ (II[P FNAL SERP MICH) 
PRL 47 1 5 7 6  *Connollv Kahn K~rk MurtOgh* (BNL COLU) 
PRL 40 144 ChOpS ConnollV Kohn Klrkl (BNL COLL) 
SJNP 34 787 ,Butkevlcn ZokldyShev Makoev) (INRM) 
Translated from YAF 34 1418 
PL I068 f75 +Schtelber Schnelder+ (PRIN IND) 
PL 98B 3f0 +Grassler Baeckmann Melmlklde~lIEBC CalIQD ) 
PL 102B 73 ÷Natoh+ (BARI BIRM LIBH EPOL RHEI. SACL+) 
PRL 47 f53 *Slepnenson St /d i l lon (qUR*O LASL) 
PR 024 1097 ÷Boenm Hahn Hentlkson* (CIT GRiN MUNI) 
PR 023 262 ~ (YAkE LBL LASL MIT SACL SIN CNRC BERN) 
ARNS 31 145 +Rosen (PURD) 
Nu Conl Hawaii (PURD) 
RMP 50 11 Brymon PlCClOltO (T~'JU VICT) 
PR D24 1232 (STON) 
PR D24 i275 (STON) 
PRL 46 467 *Sonl (UCI UCLA) 
PR D24 2971 (GUEL) 
PRL 47 t094 (AICk~ FNAL KOBE SEOU MCGI NAGO OSU OKAY+) 

WOLFENSTEIN 81 PL I07B 77 (CMU) 
AVIGNONE 80 PR C22 594 *Greenwood (SCUC) 
BANCALL 80 PRL 45 945 ÷LuPOw HuePnei~ (IAS LASL YALE LLL UCLA) 

AlSO 76 Science 191 264 8ahcall Davis (IAS BNL) 
8OEHM 80 PL 97B 310 +Cavalgnac Fe)htzsch÷ (ILLG CIT GREN MUNI) 
FRITZE 80 PL 968 427 (AACH BONN CERN LOIC OXI: SACL) 
REINES 80 PRL 45 f307 +Babel Pasierb (UCI) 

AlSO 59 PR 113 273 Relnes Cowan (LASL) 
AlSO 69 PR 142 852 Nezrlck Relnes (CASE) 
AlSO 76 PRL 37 315 Relnes Gurl SODel (UCI) 

SHROCK 80 PL 96B 159 (STON) 
DAVIS 79 PR C19 2259 +vcK3el Mann Schenter (CIT) 
BLIEISCHAU 78 NP 8133 205 ÷Deden Haler) grenz* (Gargamelle Collop ) 
CROUCH 78 PR D18 2239 ÷Landecker LalhrOp Relnes+ (CASE UCI WllW) 
BELLOTTI 76 LNC 17 553 ÷Cavolh FIOrlnl RoIher (MILA) 

J LIMITS ON NUMBER OF J 
LIGHT NEUTRINO TYPES 

N O T E  O N  L I M I T S  O N  N U M B E R  O F  I . I G I t T  

N E U T R I N O  T Y P E S  F R O M  pl i C O L L 1 D E R S  

The  neu t r i nos  referred to m this  sect ion are those  o f  the 

S t anda rd  SU(2)×I..I(I) Electroweak Model  Light neu t r i nos  

are those  v,~th M(v)  << M ( Z  °) The  h n m s  are on the 

n u m b e r  o f  neu t r ino  f a m l h e s  or specfcs Sec also cosmologf-  

cal h m l t s  m the "'v Bounds  from -kstrophvslcs and  ( ' o s m o l -  

ogy'" s c c u o n  

In the  subsec t ion  on " L imi t s  f rom I)P- Co lhdcr s  "" the 

resul ts  a s s u m e  thai  there art" onl~ three t hmlhcs  o f  qua rks  

and  three  f amdles  o f  charged lep tons  hght  enough  to contr i -  

bu te  to II" or  Z dcca3 The  resul ts  were derfxcd t rom 

N ,  = [ I ' z ( m e a s u r e d )  - l ' z (3 - f aml l3  theor})l ,"(  ,, • 3 

T h e  te rm "'3"" above  is for v e v and  v r. ( "  is app ro \ l -  

ma te ly  0 18 GeV,  and  the  F's are m e a s u r e d  )n ( i t \ '  For 

the  resul ts  repor ted here, l ' z ( m e a s u r e d )  is not  a dlrccll} 
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measured number, but rather an mferred number based on 

measured cross sccltons times branchmg fractions 

l ' ( Z - - ~ e - e  ) trZ I tr H B ( l t ' - - , c v )  1 
I'Z = Fit F(l|'....-~'v) a B t rzB(Z__~e+e ) 

For each result, I'll. and F(Z --,-e ~ c - )  are calculated 
l '( I I ' - - ~  ev) 

from the Standard Model wtth three famfltes, whtle a Z / a l l .  

is calculated from QCD (most uncertamttes m QCD are 
crlf B ( l l ' - * e v )  

thought to cancel m this ralto) Onl) - -  ~s 
tr Z B(Z --,. e - e -  ) 

a measured quantity "l-he errors quoted include the uncer- 

tamttes from each theoretical and expcrtmcnlal quanttt'. 

except l'll 

LIMITS FROM p p  COLLIDERS 

NUMBER OF v TYPES INCLUDING v e, v~,, z'. 
See a b o v e  n o t e  for m e t h o d  of d e r l v a l i o n  a n d  Cruc ia l  a s s u m p t i o n s  

VALUE CL % DOCUMENt tO rECN COMMENt 

< 6.'1 90 'I ALBAJAR 87E RVUE UA'1+UA2 a n y  re(t) I 
< 8 .9  90 I ALBAJAR 87E RVUE UA'1+UA2 rn( t )  > 44  I G e V  
• • • We  d o  not  use t he  f o l l o w l n g  d a t a  tot o v e r a g e s  fits hmtts e t c  • • • 

2 HALZEN 88 THEO I 
< 8 3 90  I ALBAJAR 87E UAI  a n y  n ~ 0  

I < 8 0 90  t ALBAJAR 87E UA'1 m ( O  > 4 4  GeV 
< 8 95 ANSARI 87 UA2 A n y  t~O 
< 4 95  ANSARI 87 UA2 rn(/') > 74 G e V  
< 7 3 90 3 APPEL 86 UA2 Ecru=546 630  G e V  
< 1 0  90 4 ARNISON 86 UAI  Ecru=546 630  G e V  

IALBAJAR 87E hmlts a r e  o b t o l n e d  w h i l e  rec lu l r l ng  N0' )  > 3 Wi thou t  th ls J 
r e q u i r e m e n t ,  a l l  l imits w o u l d  b e  O 3 - 0  5 l o w e r  The 9,5% c o n f i d e n c e  l imits I a r e  a b o u t  'I h l g h e r  

2See t h e o r e t i c a l  ana lys i s  in HALZEN 88 w h l c h  c o m b i n e s  d a t a  on  W a n d  2' l 
p r o d u c t i o n  in DD  co l l i s ions wt th  d e e p  Ine las t i c  s c a t t e / t n g  of l e p t o n s  on  [ h y d r o g e n  a n d  d e u t e r i u m  to c o n c l u d e  t ha t  N l, _< 3 a t  95% CL e x c e p t  
tha t  N v = 4 is a l l o w e d  if the  four th  n e u t r i n o  is o c c o m p a m e c l  by  o h e a v y  
c h a r g e d  l e p t o n  h g h t e r  t h a n  rr~H 0 

3Assume m( t - c l ua tk )  = 40  G e V  C e = 0 177 GeV  I ( W )  = 2 6 5  G e V  a n d  I ( Z  
3 fami l y  t h e o r y )  = 2 72 G e V  APPEL 86 r e p o r t e d  the i r  hml l  as 5 , 6  ¢ 1 7 or 
~ess a n d  w e  c h o s e  t he  uDDer  v a l u e  

4Assume  rn( t -Cluark)  = 40 G e V  CI, = 0 '182 GeV  I ( iV) = 2 82 G e V  a n d  I (Z 
3 fam i l y  t h e o r y )  = 2 83 GeV  

NOTE ON LIMITS ON NUMBER OF I.IGIIT 

N E U T R I N O  TYPFS FROM c - e -  COLLIDERS 

( b y C  Hear t ) .LBL) 

Expertments at e+e - colhders obtam ltm~ts on ,V through 
l '  

the obscrvatton of  the reaction e - e -  ----'TuT. where the neu- 

trinos can be from one of  the knov,n generations or an) 

addmonal  generattons The ncutrmos are not detected, so 

the signature of thts process ts a single photon observed m 

the detector A P T  cut ts apphed to the photon t o e h m -  

mate radtatr, c Bhabha scattering and other backgrounds m 

which particles m the final slate remain undetected m the 

beamplpe The .ASP, CELLO, and MAC experiments have 

observed a total of 2 6 events, the Standard Model vv~th 

three neutrmo generatmns predicts that 4 5 events should 

bc observed The combined 90% CL ltmtt I is N < 50, 
assuming massless neutrinos The bound N ~ L~ has not 

P 

been included m this calculation nor m the calculattons of  

t h e h m l t s h s t c d b e l o w  I f t h l s b o u n d t s t m p o s e d .  thc90% 
CL hmlt I t s  V < 7 3 

I '  

Reference 

1 ( Heart), et al .  report no UV¢SEA-PUB-88-1 (1988) 

LIMITS FROM e + e -  COLLIDERS 

NUMBER OF ~' TYPES INCLUDING l,e, tJu, /J 
.VALUE CL % DOCUMENt ID rECN COMMENt 

< 7.5 90 HEARTY 87 ASP Ecm=29 G e V - a t  PEP 
• • • We CIO not  use  Ihe  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 

< 1 4  90 BARTHA 86 ASP Ecru=29 G e V  at  PEP 
< 1,5 90  BEHREND 86D CELL Ecru = 3 8 - 4 6  6 G e V  

PETRA 
< 1 7  90 FORD 86 MAC Ecm=29 G e V  at  PEP 

HALZEN 
ALBAJAR 
ANSARI 
HEARIY 
APPEL 
AI~'NISON 

AlSO 
BARTHA 
BEHREND 
FORD 

REFERENCES FOR UMITS ON NUMBER OF 
LIGHT NEUTRINO TYPES 

88 PR D37 229 +Klm Wlllenbrock (WlSC) 
87E PL Bt98 271 *Albrow Allkofet+ (UA~ COlloP ) 
87 PL B186 440 +Bognolo Bonnet Bottlston+ (UA2 Col lop ) 
87 PRL 58 r71~ +RothDetg Young Johnson+ (ASP ColloD ) 
86 ZPHY C30 I *BognoIo Bonnet Bottlston, (UA2 Col lob ) 
86 PL 'tO68 484 +Albrow Allkofer ASIbUW* (UAI COlloP ) 
878 PL Br85 241 Albolot Albtow AHkofet Amlson+(UAr Collob ) 
8b PRL 56 685 *Burke Exletmonn+ (ASP Col lob ) 
86D PL 8176 247 +Buetge¢ Cr legee Fennel FielO~(CELLO COllOp ) 
86 PR D33 3472 +Ql Read+ (MAC Collob ) 

NEUTRINO BOUNDS FROM I 
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I 
OMITTED FROM SUMMARY TABLE 

S e e  t h e  n o t e  o n  n e u t r i n o s  Dy  R E S h r o c k  in  t h e  e t, s e c -  
b a n  n e a r  t h e  b e g i n n i n g  of  t h e s e  L~shngs For m t o r m a -  

h o n  o n  n e u t r i n o s  d e r i v e d  f r o m  m o r e  c o n v e n h o n a l  ( t e r -  
r e s t r i a l )  e x p e r i m e n t s ,  s e e  t h e  Ve P , .  Dr. a n d  h e a v y - v  
s e c t i o n s  a d o r e  

V MASS 

NOTE ON r MASS I+IMITS 

The ltmlts on low mass (m , ~ 1 MeV) neut rmosappl )  

to into t gr.'en by 

P 

where g~, is the number o f s p m  degrees of freedom tbr v 

plus-ff gL, = 4 tbr neutnnos wtth Dtrac masses, gL, = 2 for 

Majorana neutrinos The hmRs on high mass 

( m ,  > 1 MeV) neutrinos apply separately to each neutrmo 

type 



See key on page 129 

NEUTRINO BOUNDS 

I q /  

Stable Particle Full Listings 
FROM ASTROPHYSICS & COSMOLOGY 

LIMIT ON TOTAL ~' MASS, m(lot) 
(Def ined in the a b o v e  no te )  o l  e f fec t ive ly  s tab le  neutr inos (I e .  those 
wi th  m e a n  lives g rea le r  than  or ec lual  to the a g e  of the  universe)  
These papers  ossumecl DIfac neutr inos When necessarY w e  hove  g e n  
ero l l zed  the  results r epo r ted  so they  a p p l y  to rn(tot) For o ther  l imits 
see SZALAY 76 VYSOTSKY 77 BERNSTEqN 81 FREESE 84 SCHRAMM 84 
a n d  COWSIK 85 

VAL_U.E. (eV) . . . . .  DOCUMENt IO TECN 

• • , We d o  no t  use the fo l l ow ing  d a t a  for ave rages  Il ls l imits e tc  • • • 
< t 8 0  SZALAY 74 COSM I 
< t 3 2  COWSIK 72 COSM 
< 2 8 0  MARX 72 COSM I 
< 4 0 0  GERSHTEIN 66 COSM I 
LIMITS O N  NEUTRINO M A S S  FOR m ( / ~ )  > 1 M e V  

For o ther  l imits, see SATO 77 DICUS 78 HUT 79. ancl  BERNSTEIN 85 
VALUE (GeV) CL % DOCUMENT ID TECN COMMENT 

• , • We d o  not  use the ta l l ow ing  d a t a  for overages  flts l imits e tc  * , • 

none  20-1000 95 i GELMINI 87 COSM Dffac i, I 
> 15 I 2 GAISSER 86 COSM Diroc ~ 

J > 2 7  1 2 GAISSER 86 COSM MOlorana i~ 
> 3 KOLB 86 COSM Dlrac I, 
> 7 KOLB 86 COSM Ma lo rana  z, 
> 3 HUT 77 COSM 
> 2 LEE 77 COSM DITaC I' 
> 2 5 VYSOTSKY 77 COSM I 

tThese resulls assume that  neutr inos m o r e  up  dark  m a i l e r  in the  g a l o c l l c  I ha lo  
2Llmits b a s e d  on ann ih i la t ions  in the sun a n d  are d u e  to on  a b s e n c e  of J 

h igh  ene rgy  neul r lnos d e t e c t e d  in u n d e r g r o u n d  exper imen ts  I 
A S T R O P H Y S I C A L  A N D  C O S M O L O G I C A L  LIMITS O N  ,u MASSES 

I1 neutr inos are present  as dark  mat te r  in g a l a c t i c  ha los Hmlts on neu 
tr ino mosses have  b e e n  c o m p u t e d  based  on neut r ino  c l egene rocy  a n d  
Fermi stallStlCS The results d e p e n d  st rongly on assumpt ions See the  
references 

V.~LUE (ev )  . . . . .  DOCUMENT ID __ rECN COMME_NT - -_ .  

• • • We d o  not  use the  fo l l ow ing  d a l o  for overages,  hts l imits, e tc  • • • 
KAWASAKI 86 COSM J 
KAWASAKI 86B COSM I TAKAHARA 86 COSM supernovae  
MADSEN 85 COSM Some an lso t ropy  
MADSEN 84 COSM Assume IsotroPv J 
SARKAR 84 COSM D e c o y i n g  neutr inos 
FREESE 83 COSM Degene ra te  v J 
LIN 83 COSM I PRIMACK 83 COSM 
BOND 81 COSM Acl iobaHc 
DAVIS 8t  COSM A d l o b a t l c + c l e c o y l n g  

z"s 
SCHRAMM 81 COSM Isothermal  
TREMAINE 79 COSM IsofheTmal 

LIMITS O N  M A S S E S  O F  LIGHT STABLE R I G H T - H A N D E D  

( w o l h  n e c e s s a n i y  s u p p r e s s e d  i n t e r a c t i o n  s t r e n g t h s )  
VALUE (eV) _ - - -  DOCUMENT ID T_EC N C_OMFL4ENr 

• • " We d o  not  use the  fo~Iowing d a t a  for overages,  fits l imlts e tc  • • • 
< 100-200 3 OLIVE 82 COSM Dlrac l, J 
< 2 0 0 - 2 0 0 0  3 OLIVE 82 COSM MOlorano =p I 3 D e p e n d l n g  on in le rac t ton  s t renglh gR where  gR < GF 

LIMITS O N  MASSES O F  H E A V Y  STABLE R I G H T - H A N D E D  V 

( w i t h  n e c e s s a r i l y  s u p p r e s s e d  m t e r a c t l o n  s t r e n g t h s )  
VALUE (GeV) - - .  ~OCUMENI. ID_.  rECN COMMEN.T _ _ .  

• • • We d o  not  use the  fo l l ow ing  clara for averages ,  fits limits e t c  • • • 
> 10 4 OLIVE 82 COSM g~,,.'G E .- 0 1 J 
>'~00 4 OLIVE 82 COSM gR/'GF .- 0 0t  I 4These resuffs a p p l y  to heavy  Ma lo rona  neutr lnos a n d  are summor l zed  by  

the  ec luat lon re(z,) - 1 2 GeV (GF / gR) 

P R A D I A T I V E  M E A N  LIFE VERSUS M A S S  

In these papers  It is assumed tha i  o neut r ino  can  d e c o y  to a 
l ighter  neu tnno  plus o p h o t o n  The I(mlts o b t a i n e d  ore 
s t rongly  co r re la ted  See references 

VALUE DOCUMENT ID TECN 

• • • We d o  not  use the fo l l ow ing  d a t a  Jar overages  Ills, l imits, e l c  ° • • 
KAWASAKI 86 COSM 
LINDLEY 85 COSM 
BINETRUY 84 COSM 
SARKAR 84 COSM 
KRAUSS 83g COSM 
HENRY 81 COSM 
KIMBLE 81 COSM 
REPHAELI 81 COSM 
TURNER 81 COSM 
DERUJULA 80 COSM 
STECKER 80 COSM 
COWSIK 79 COSM 

GOLDMAN 79 COSM 
LINDLEY 79 COSM 
DICUS 76 COSM 
DICUS 7BB COSM 
FALK 7B COSM 
GUNN 78 COSM 
MIYAMA 78 COSM 
COWS~K 77 COSM 
DICUS 77 COSM 
GOLDMAN 77 COSM 

NUMBER O F  LIGHT T W O - C O M P O N E N T  P TYPES 

( " l i g h t "  m e a n s  < a b o u t  t M e V )  

NUMBER C O U P L I N G  WiTH FULL W E A K  STRENGTH 
See also STECKER 80B OLIVE 818 STECKER 81 ancl RANA 82 

VALUE DOCUMENT ID 7ECN COMMENT 

• * • We d o  not  use Ihe fo l low ing  d a t a  for overages  fits ilmllS e l c  * * * 
< 5 . 2  ELLIS 8b COSM 
< 4  STEIGMAN 86 COSM 
< 4  YANG 84 COSM 
• t0  to 1000 ELLIS 83 COSM Astrophvs m o d e l  d e p  
m a y b e  no hrm b o u n d  OLIVE 81 COSM 
< 4  YANG 79 COSM 
<7  STEIGMAN 77 COSM 

SHVARTSMAN09 COSM 

NUMBER C O U P L I N G  WITH LESS T H A N  FULL W E A K  STRENGTH 
VALUE DOCUMENT ID 7ECN 

• • • We d o  not use the fo l low ing  d a t a  for overages  hts limits e tc  • • • 
< 2 0  5 OLIVE 81C COSM 
< 2 0  5 STEIGMAN 79 COSM 

5Limlt varies w i lh  s t renglh at c o u p l i n g  

M A G N E T I C  M O M E N T  O F  SUFFICIENTLY LIGHT V 

VALUE (eWgauss) DOCUMENT ID TECN 

• • • We d o  no l  use the  fo l l ow ing  d a l o  for averages  tits. hmlts e l c  • • • 
< 2 >:10 -19  LYNN 81 COSM 

SUTHERLAND 76 COSM 

GELMINI 
ELLIS 
GAISSER 
KAWASAKI 
KAWASAKI 
KOLB 

AlSO 
Erratum 

STE~GMAN 
TAKAHARA 
BERNSTEIN 
COWSIK 
LINDLEY 
MADSEN 
BINETRUY 
FREESE 
MADSEN 
SARKAR 
SCHRAMM 
YANG 
ELLIS 
FREESE 
KRAUSS 
LIN 
PRIMACK 

AlSO 
OLIVE 
RANA 
8ERNSIEiN 
BOND 
DAVIS 
HENRY 
KIMBLE 
LYNN 
OLIVE 
OLIVE 
OLIVE 
REPHAEU 
5CHRAMM 
STECKER 
TURNER 
DERUJULA 
SIECKER 

Al lo 
STECKER 
COWSIK 
GOLDMAN 
NUT 
LiNDLEY 
SIEIGMAN 
TREMAINE 

REFERENCES FOR NEUTRINO B O U N D S  F R O M  

A S T R O P H Y S I C S  A N D  C O S M O L O G Y  

87 
86 
86 
86 
86B 
86 
86S 

B6 
B6 
85 
85 
85 
85 
84 
84 
84 
84 
84 
84 
83 
83 
838 
83 
83 
82 
82 
82 
81 
81 
81 
81 
81 
81 
81 
81B 
81C 
81 
81 
81 
81 
B0 
80 
818 
808 
79 
79 
79 
79 
79 
79 

Telema~'k 337 ÷Ahlen+ (HARV CHIC Bast SCUC PNL+) 
PL Ib7B 457 +Enqv,st Nanopoulos Sarkar (CERN aXE) 
PR D34 2206 +Sleigman Tilov (BRTD DELA) 
PL B17b 71 +rercl$owo Solo (TOKY) 
PL t69B 280 +SOlo (TOKY) 
PR D33 1202 ÷Olive (FNAL) 
PR [334 253t Kolb Olive (FNAL) 

PL BI7b 33 +Oilve Schromrn Turner (BART MINN÷) 
PL Bt74 373 ÷Soto (TOKY) 
PR D32 3261 ,Brown Eelnberg (STEV WASH*) 
PL 1518 62 (tArA) 
APJ 294 I (FNAL) 
PRL 54 2720 +Epsleln (AARI~I LANL) 
PL t34B 174 +Glrardl Solo11 (LAPP) 
NP 6233 167 +Schromm (CHIC FNAL) 
APJ 282 11 +Ep$1eln (AARH LANL) 
PL 14BB 347 *Coopel (axe CERN) 
PL 141B 337 +Stelgman (~NA~ BART) 
APJ 281 493 +Turner SteLgman Sch~amrn Ohve (CHIC BART) 
NP B223 256 ,Ollve (CERN) 
PR D27 1689 ,KOlD Turner (CHIC LANL) 
PL 128B 37 (HARV) 
APJ 266 L2I ÷Faber (UCSC) 
Phil 4in Workst~op on Grand UnlflCOhOn (UCSC) 
Nature 29g 37 Slumenthol Pc~lels Prlmack (UCSC ROCK) 
PR D25 213 ÷Tulne~ (CHIC UCSB) 
PRL 48 209 (rATA) 
PL 101B 39 *Felnberg (S;EV COW) 
Nu Cant Hawaii ,Sz~lay ~UCB CHIC) 
APJ 250 423 +Local Prvor Wdlen (HARV PRIN) 
PRI. 47 618 +Feldmon (JHU) 
PRL 46 80 +Sawyer JOkobsen ~LICB) 
PR D23 2t51 (COW) 
APJ 245 557 eSchrarnm Stelgmon Turnel Yang*{CHIC BART) 
PRL 46 51b ÷turner (EFI) 
NP B180 497 *Scnromm Stelgrnan (EFI BART) 
PL t0bB 73 ÷$ZQIOy (UCSB CHIC) 
APJ 243 I ÷SIel~iman (CHIC BART) 
PRL 40 517 (NASA) 
NU Cant Hawaii (UCSB C~41C) 
PRL 45 942 ÷Glashow (MIT MAQV) 
PRL 45 1460 (PtASA) 
HaWaii Nu I t24 Stecker (NASA~ 
PRL 44 1237 (NASA~ 
PR D19 2219 (rAT,',: 
PR D19 2215 +Steohenson (LASL~ 
PL B7B 144 *Olive (AMST E"I; 
MNRAS 188 15P (SUSS) 
PRL 43 239 +Ohve SChromm (BART EFI) 
PRL 42 407 *Gunn (CIT CAMS CAIW) 
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APJ 227 697 ~Schramm Sfetgman Rooa (CHIC VAL~ VII~G) 
4 In STEIGMAN 79 
PRL 43 239 Sle,gmon Ohve Schromrn (BART EEl) 
PR D`17 '1529 ,KOID Teplilz WagOner (TEXA VPI STAN) 
APJ 224 327 *KOJb /eDIMz (I[XA VPL) 
Pk 79B 5t'1 +Sc~romm (CHIC) 
APJ 223 `1015 *Lee Lerct~e* (CIT CAMB FNAL CHIC YALE) 
PtP bO ~703 +Soto (KYOI) 
PRL 39 784 (MPIM TATA) 
PRL 39 168 +KOID leDhtz (IEXA VPI) 
PR Dlb 225b +SlOphOnsOn (LASL) 
PL bOB 85 (UIR[) 
PRL 39 `165 +Weinberg (FNAL STAN) 
PTP 58 1 7 7 5  *KObOyosb' (KYOI) 
PL 6bB 202 +Schramm Gunn (YALE CHIC CIT) 
JEIPL 26 188 +Dolgov ZelOov,cM (tTEP) 
Translate@ flora ZEIFP 26 200 
PP D13 2700 eNg Flowers+ (PENN COLU NYU) 
AA 49 437 +MQ/X ([O/V) 
APAH 35 8 +Marx (EOTV) 
PRL 29 669 +McClellonO (UCB) 
NU Cant BudoDeSt +Szoloy ([OTV) 

YANG 79 
See toolnOte 
AlSO 79 

DICU$ 78 
DICU$ 788 
FALK 78 
GUNN 78 
MIVAMA 78 
COWSIK 77 
DICUS 77 
GOLDMAN 77 
HUT 77 
LEE 77 
SATO 77 
5/[[GMAN 77 
VYSOTSKY 77 

SUTH[ RLAND 7b 
SZALAY 76 
SZALAY 74 
COWSJK 72 
MARX 72 

x`.eak interaction theory For an I . -  mass between 1 and 3 

GeV. the branching fraction to each of  the two leptomc 

modes aboxe should be roughly 10 to 20% For an I. - 

mass a b m c  1 GeV. the mean hfe should be ~ 10 -12 

second 

Pwaleplons (F ". E °) and ( '~1 ". U °) These pairs have 

lhc same lepton numbers as the oppos, te-charge ordinary' 

leptons. 1 e .  e -  and # -  respectl`.el~ Radlau~e decays are 

again forbidden and decays slmdar to those allowed for 1. 

are allowed here. e g .  
SHVARISMAN69 JEIPL 9 `184 (MOSU) 

TransloleO from ZEIFP q 3`15 
GER~#IIEIN 0b J~TPL 4 t20 ,ZelOov,ch (KJAM} 

Iron$1ated tram ZE]FP 4 189 

NOTE ON HEAVY LEPTON SEARCIIES 

Data on the r :'- arc listed in a separate section, follo,a- 

lng the e and ~ hstmgs Data on excited leptons (e*, p*. 

r*) appear in the sectmn "'Searches tbr Quark and Lepton 

Composlteness "" Searches for fractlonall:, charged heavy 

leptons are included m the section on "Free Quark 

Searches "" 
The following sectmn contains lnformatmn on searches 

for heavy leptons of other types 

Several types of heavy leptons (that is. non-strongl.v- 

interacting fermlons other than e and M.) have been pro- 
1.2 

posed In the Full L,stmgs we dlSllngu,sh four types 

Each has a corresponding antiparticle v.',th oppos,te charge 

and lepton number  For convemence we omit ,.vr,tmg the 

antiparticles m the following descriptions The four types 

are 

5;equentml leptons (L - . v  L ) Such a pair is assumed to 

ha'.e its own separately' strictly conserved lepton number 

n L = - 1 This means that the radiative decays 

L - ---~ c '3 '  } 
_ are forbidden.  

L - ---~ M. '5" 

while the weak decays (assuming m L sufficiently' large) 

1. -*"l"e ~" / 
L -  ~ v L # -  v- I are allowed 

1.-  --,. Vl. hadrons 

There could be an increasing mass sequence of  such pmrs 

It is frequently assumed that the neutrinos are massless 

Decay rates are assumed calculable from convenuonal 

.11 4 .--* u (' "v( ,  
M 

o r  

. t l  " - , .  v p + v  
p M 

However. the hghtest member ~s not stable as ~s the case for 

sequenlml leptons, so that b,;,arre decay schemes such as 

(assure,hE/l/l.n -< ml.. ~ ) 

E + --~ I:'0/~- v 

(' -- ( '  -- P ( ,  

are allowed 
Heavy leptons of this type ,,,.ere proposed (before the 

discovery of t h e / 0  boson) m umfied gauge theories of 

weak and electromagnetic mteracnons to cancel unphys~cal 

high energy behavior m such processes as 

e + e  " --.. I t '*  II - 3 

Ortholeptons ( F -  and A - )  These have the same lep- 

ton ,)umbers as e " and u - ,  respectively The:,' may or 

may not haxe assoclaled neutral leptons Radlatp,'e decays 

are allowed m addmon to weak modes Smallar to those of 

sequential leptons The radiative mode can dominate or 

can be relatlvel.~ unimportant depending on the model 4 

Deca',s such as 

t - -  -*. e -  4- hadrons 

are also allowed 

Long-hved penetratmg particles Heavy leplons could 

have long mean hves under certain c~rcumslanccs For 

example. ,f mL, > m L .. then 1. - .  the sequential lepton. ~s 

completely stabtle since its lepton number is conserved 

See PERL 81 for a review 

R e f e r e n c e s  

1 M L Perl and P Rapldls, SLA('-PUB-1496 (October 
1974) 

2 C H Llewellyn Smith. ln,,qted paper presented at the 
Royal Society Meeting on New Parncles and New 
Quantum Numbers. I I March 1976. Oxford Ref 
33/'76 
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3 J D Bjorkcn and C H Llewcllyn Smith, Phys Rev 
DT, 887 (1973) 

4 F Wdczek and A Zee, Nucl Phys BI06, 461 (1976) 

CHARGED HEAVY LEPTON MASS UMITS 

Limits a p p l y  on ly  to heavy  l ep ton  t y p e  g i ven  in c o m m e n t  of 
r ight of clata Listlngs See rev lew Qbove for descr ip t ion  of 
types L E. M F N s tand for sequen t ia l  l ep ton  pard-  
e lec t ron ,  p a r a - m u o n  or tho e lec t ron ,  o r tho-muon respec t l ve ly  
Umlts for e x c i t e d  lep tons  ( e  ~. ~ ,  r ~ )  are i n c l u d e d  in the  
sect ion on SEARCHES FOR QUARK AND LEPTON COMPOSITE- 
NESS 

SEQUENTIAL  C H A R G E D  H E A V Y  LEPTON M A S S  LIMITS 
vALu ~ (Gev).  _ _  CL % DOCUMENT IO TECN CHG COMMENT 

>41 90  I ALBAJAR 878 UAI :I: Sequen t ia l  (L) I 
• • • We d o  not  use the  fo l l ow ing  d a t a  for averages ,  flts t lml ls e tc  • • • 
> 2 5  0 95 YOSHIDA 870 VNS :I: Sequen t lo l  (L) J 
> 2 2  5 95 2 ADEVA 85 MRKJ ± Sequent ia l  (L) 
>18  3 ADEVA 830 MRKJ :I: Seciuent ial  (L) 
> 1 8  0 95 4 BARTEL 83 JADE +_ Sequen t la l  (L )  
> 14 95 ADEVA 82 MRKJ ± Sequent ia l  (L) 
none  4 -14  S GeV 95 5 BERGER 810 PLUT ± Sequen t ia l  (L) 
> 1 5  5 95 6BRANDELIK 61 TASS ± Sequent ia l  (L) 
>13 7 AZIMOV 80 _+ Secluent la l  (L) 
>16  95 8BARBER BOB CNTR :I: Sequenf lo l  (L) 
> 0 490 9 RATHE 69 RVUE ± Sequenf la l  (L) 

IAssumes ossoc la teq  neut r ino  Is a p p r o x i m a t e l y  mosstess 
2ADEVA 85 ana lyze  one i so la ted -muon  q a t a  oncl sensit ive to r . :  10 J 

nanosec  Assume BR(lepton) = 0 30 Ecru = 40-47 GeV 
3ADEVA 838 Iookecl  for rouen oppos i t e  ago lns t  a had ron  je t  
4BARTEL 83 l lmi t  is from PETRA e + e -  e x p e r l m e n f  wi th  a v e r a g e  Ecru = 34 2 

GeV 
5BERGER 810 is DESY DORIS a n d  PETRA expe r imen t  Looking for e + e  - 

L+L  - 
6BRANDELIK 8'I is DESY PETRA expe r imen t  Looking for e + e  - ~ L+L  - 
7AZIMOV 80 es t ima ted  p robab i l l t l es  for M + N t y p e  events  in e + e -  

L + L -  d e d u c i n g  semi hacl ronlc d e c a y  mu l f lp l l c l t i es  of L from e + e -  
onn lh l t a l l on  d a t a  o l  Ecm = (2,/3)m(L) O b t a i n e d  a b o v e  I lml l  c o m p a r i n g  
these wl fh e + e  - q a f a  (BRANDELIK 80] 

5BARBER 808 l o o k e d  for e + e  - ~ L+L  - L ~ v i  i" X wi th  MARK-J at DESY- 
PETRA 

9RATHE 69 examines  prev ious d a t a  on /~ pa i r  p r o d u c t i o n  a n d  71" a n d  K 
d e c a y s  

C H A R G E D  H E A V Y  LEPTON M A S S  LIMITS 
.VALUE~GeV) _ _  CI.~ ~VT5 DOCUMENT ID TECN CHG COMMENT 

• • * We d o  no t  use the  fo l l ow ing  d a t a  for averages ,  tits l imlts e tc  • • • 
> f ';5 95 0 10 ORITO 74 ASPK :t Any  n o m a d  

t y p e  
>1  4 95 0 11 BERNARDINI 73 ASPK ~ Any n o m a d  

t y p e  
> I  0 95 0 11 BERNARDINI 73 ASPK :i: Any  n o m a d  

t y p e  
10ORITO 74 l ooked  for H + H  - pairs g iv ing  / ~ - e  palrs Mass l imit  refers to 

any  nonrac l ia t lve  t y p e  heavy  l ep ton  --- L. E M. F N C o u p l i n g  Io hoq ron  
assumed from theo re l l ca l  m o d e l s  

11BERNARDINI 73 is Froscafl e + e  - e x p e n m e n f  First va lue  assumes universal  
c o u p l l n g  to o rd inary  lep tons  Second  va lue  a lso assumes c o u p l i n g  to 
hadrons  

CHARGED ORTHO-ELECTRON MASS LIMITS 
See also the  sect ion MASS LIMITS FOR EXCITED e in the  sect ion on 

SEARCHES FOR QUARK AND LEPTON COMPOSITENESS 
VALUE (GeV) E V T $  DOCUMENT IO TECN CHG COMMENT 

• • • We d o  not  use the fo l l ow ing  d a t a  for overages,  fits l lmits e tc  • • • 
n o n e  0 25-2  3 12 BACCI 77B SPEC :I: Or lho-  

e lect ron(F)  
> 0  6 0 13 BACCI 73 ELEC ± Ortho- 

e lect ron(F)  
> 2  2 0 13 BACCI 73 ELEC :i: Or tho 

e lect ron(F)  
none  0 2 6 3 - I  32 14 LICHTENSTEIN 70 SPEC - Ortho- 

e lect ron(F)  
none  Q 1-4 3 15BOLEY 68 SPEC - Or tho 

e lect ron(F)  
none  0 3 -0  7 16 BUONITZ 66 SPEC - OrJho- 

e lect ron(F)  
> I 0 0 17 BEHREND 65 SPEC - Or lho-  

e lect ron(F)  
none  0 12-0 57 15 BETOURNE 65 SPEC - Ortho- 

e lec l ron(F)  
12BACCt 775 is same t y p e  as BACCI 73 Lower mass l lmi t  cor responds to ,\2 

l lml f  of 4 x  1 0 - 5  u p p e r  va l ue  is for X 2 l iml t  of 1 . 5 ×  10 - 3  
13BACCI 73 is Frascotl e + e -  e x p e r i m e n t  Looks for F ~ e'~ Mass l lm l t  

d e p e n q s  on c o u p l i n g  cons tan t  X for this d e c a y  First va lue  a b o v e  is for 
~2 ~9"< 10 - 5  second  is for ~2  . 10 -3  

14LICHTENSTEiN 70 iS Came l l  expe r lmen t  m e o s u n n g  e Bremsstrohlun~ Mass 
l imit  d e p e n d s  on c o u p l i n g  cons lan t  Flrsl va lue  a b o v e  ~s for , \z  0 17 
second  is for ,\2 -0 42 

15BOLEY 68 is CEA expe r imen t  LOOKS for e p  ~ Fp Mass of 0 f 
cor responds lo c o u p l i n g  COnStant ,\2 > 3  x 1 0 - 4  mass hmlt of I 3 Io .\2 
-.0 01 

160UONITZ 66 is CEA expe r imen t  Looks tar e p  ~ Fp 
17BEHREND 65 Is DESY expe r imen t  LOOks for e p  ~ FD F o e" ;  th~s mass 

hmd cor responds to a hmd an ,\2 of 6 .25  ~< 10 - 4  
180ETOURNE 65 is Orsoy exber~ment Looks fat e p  ~ Fp Mass el 0 12 

cor responds to c o u p h n g  constant  .\2 .0 0016 moss of 0 57 to \2 0 22 

C H A R G E D  O R T H O - M U O N  M A S S  LIMITS 
See also lhe  sect ion MASS UMITS FOR EXCITED ~ in the sechon on 
' SEARCHES FOR QUARK AND LEPTON COMPOSITENESS 

VALUE (GeV) CL% E V T $  DOCUMENT ID TECN CHG COMMENT 

• * • We d o  ha l  use the fo l l ow ing  d a t e  for overages  hls hmllS e lc  * • • 
> f 0 . 3  98 19 ASRATYAN 78 - Or lho-muon (N) 
> 7 5 0 20 CNOPS 78 HLBC - Ortho rouen (N) 
> 1 8 90 21 ASRATYAN 74 HLBC :i: Orfho m u o n  (/V) 
none  0 -2  0 22 GffTLESON 74 SPEC Ortho rouen (N) 
none  0 2 -0  6 23 LIBERMAN 69 OSPK - Ortho m u o n  (N) 

19ASRATYAN 78 analyzes d e p e n d e n c e  of (neut ra l  cu r ren l , / cno rged  cur ren l )  
on ene rgy  of assoc io led  hadrons  Uses d a t a  of HOLDER 77 J', In leroc-  
t lons at CERN SPS 

20CNOPS 78 is FNAL expe r imen t  Iook lng  for i '~Ne ~ L-- f o l l owed  by  L-* 
e ± ~,:, 

21ASRATYAN 74 uses EICHTEN 73 d a t a  on I ,N  ~ e -  hodrons a n d  ; iN ~ e + 
haqrons 1o set limits on o r thomuon  p r o d u c h o n  

22GITTLESON 74 Is /Jp ~ p o r thomuon  search C o u p l i n g  cons lon t  ;,2 is 
• 0 01 for mass up  to 0 7 G e v  i imlt on .\2 rises to - 0 f for mass of 2 0 
GeV 

23LIBERMAN 69 Is o BNL expe r imen t  measur ing  m u o n  Bremssttohiung 

CHARGED PARA-MUON MASS LIMITS 
VALUE (GeV) CL % E V T $  DOCUMENT IO TEC N CHG COMM_ENT .. 

• • • We do  no t  use the fo l l ow ing  d a t a  for overages  tlJs l lmtts e tc  • • • 
> 9 0 0 24 CNOPS 78 HLBC + Pora muon  (M) 
> 1 0  0 25 ERRIQUEZ 78 BEBC + Pare rouen (M) 
>12  90 26HOLDER 78 CNTR + Pare-rouen (M) 
> 8 .4  90 27 BARISH 74 SPEC + Pard-rouen (M) 
> 2 .0  90 0 28 BARISH 730 ASPK + Pore-rouen (M) 
> 2 .4  90 0 29 EICHTEN 73 HLBC + Para-muon (M) 

24CNOPS 78 is FNAL expe r imen t  look ing  for | ,~Ne ~ L :t: f o l l owed  b y  L ± 
e±  ~q, 

2~ERRIQUEZ 78 Is CERN SPS expe r lmen t  Looks for i~,unucleon ~ , u - e  + X 
Finds cross sect ion for p r o d u c l n g  heavy  l ep ton  ~ e ÷ - 0 7 × 10 - 3  × CC 
cross sect ion 

26HOLDER 78 is a CERN :, expe r imen t  iOOklng for i , ,~nucleon ~ /~+ any  
th lng  Assumes M + ~ ,~ + 2:,~, w i th  BR = 0 2 

27BARISH 74 is ENAL 50 135 GeV i, expe r rmen l  Looks for ( i , nuc leon  ~ M + 
X) Assumes ( M  + ~ ~+tpt,)  wi th BR = 0 3 

28BARISH 735 Is FNAL 50,145 GeV l, expe r imen t  Looks for 0 ' n u c l e o n  ~ M + 
X) Assumes (M + ~ ~ *  I,~') wl th BR = 0 3 

29EICHTEN 73 is CERN 1-10 GeV i, expe r imen t  Looks for M + p roducec l  in 
vN  ~ M + hadrons ossumlng  15% d e c a y  to e + v l ,  

CHARGED LONG-LIVED HEAVY LEPTON MASS LIMITS 
}/ALUE (GeV) E V T $  DOCUMENT /D TECN CHG COMMENT 

• • • We d o  not  use the fo l l ow ing  d a t a  far averages  fits l imits e l c  • • • 
> 0 . 1  0 30 ANSORGE 738 HBC - Long- l ived 
none  0 5 5 - 4 . 5  31 BUSHNIN 73 CNTR - Long-hved 
none 0 2 - 0 . 9 2  32 BARNA 68 CNTR - Long l i ved 
none 0 9 7 - I  03 32 BARNA 68 CNTR - Long hved 

30ANSORGE 738 looks for e lec t ron  palr  Droduc f lon  a n d  e lec t ron  l ike 
Bremssfrahlung 

31BUSHNIN 73 is SERPUKOV 70 GeV p exper imen t  Masses assume m e a n  life 
a b o v e  7 × 1 0  -10  a n d  3 × 1 0 - 8  respechve ly  C a l c u l a t e d  from cross sec 
Lion (see ' CHARGED QUASI-STABLE LEPTON PRODUCTION DIFFERENTIAL CROSS 
SECTION ' b e l o w )  a n d  30 GeV m u o n  po l r  p roduc t i on  d a t a  

32BARNA 68 is SLAC p h o f o p r o d u c t i o n  expe r imen t  

DOUBLY-CHARGED HEAVY LEPTON MASS LIMITS 
VALUE (GeV)_____ CL% DOCUM_EN~_I_D. rECN CHG 

• • • We d o  not  use the fOl lawlng d a t a  for overages  hJs l imits e tc  • • • 
none  1-9 GeV 90 33 CLARK 81 SPEC + + 

33CLARK 81 is FNAL exDer lment  w l tn  209 GeV muons Bounqs a p p l y  to M 
wh i ch  coup les  wi th full w e a k  st rength to muon  See also sect ion on 

DOUBLY CHARGED LEPTON PRODUCTION CROSS SECTION 

NEUTRAL HEAVY LEPTON MASS LIMITS 

Llmlfs OpDIy on ly  to heavy  l ep ton  t y p e  g i ven  in c o m m e n t  a l  
r ight  of d a l a  Lishngs See rev iew a b o v e  for descr ip t ion  of 
types L E M, F N stand for sequen t ia l  l e p l o n  pora  
e lec t ron  Dora-muon ortho e lect ron,  o r tho-muon respechve ly  

VALUE (GeV) CL % DOCUMENT ID TECN COMMENT 

>24 .5  95 34 BA~TEL 83 JADE Pare or ortno- e 
V + A  

>22 .5  95 34BARTEL 83 JADE Pore or or tno e 
V - A  
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• • • We d o  not  use the  fo l low~ng d a t a  for a v e r a g e s  hts l imits e t c  • • • N E U T R A L  H E A V Y  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  
n o n e  0 2 5 - 1 4  90 35 MISHRA 87 CNTR U.  I 2= I  
n o n e  0 2 5 - I 0  90 35 MISHRA 87 CNTR ~ / 2=0 1 
n o n e 0  2 5 - 7  7 90 35MISHRA 87 CNTR Io '~. i12=003 
n o n e  I - 2  90 36WENDT 87 MRK2 '/.Fe or # , 12=0 1 
n o n e  2 2 - 4  90 36 WENDT 87 MRK2 'Ue O,C ,~ ~/2=0 001 
n o n e  2 3 - 3  90 36 WENDT 87 MRK2 ~U;- 1 2=0 1 
n o n e  3 2 - 4  8 90 36WENDT 87 MRK2 ' U . r / 2 = 0 0 0 1  
n o n e  0 3 - 0  9 GeV  90 37 BADIER 86 CNTR U e t  2=0 8 
n o n e  0 3 3 - 2  0 G e V  90 37 8ADIER 86 CNTR Ue~J2=0 03 
n o n e 0  6 - 0  7 GeV  90 37BADIER 86 CNTR ' U ~ ; 2 = 0 8  
n o n e  0 6 - 2  0 G e V  90 37BADIER 86 CNTR ' u ~ . ~ 1 2 = 0 0 1 - 0 0 0 1  
none t-9 GeV 90 38 CLARK 81 SPEC ~a~-muon(E, f0) 

(~N) 

VALUE (cm2) E V T S  DOCUMENT ID TECN - CH_G COMMENT .. 

• * * We d o  not  use t he  fo l low~ng d a t a  for o v e r a g e s  fits l imds e t c  * • • 
<. 4 ~ 10 - 3 8  0 46 CLARK 81 SPEC 0 Pard m u o n ( M  0) 
< I 22 ~ 10 - 3 4  47 LEBRITTON 80 SPEC 0 M :  ~ /~+/~-~,  

46CLARK 81 is FNAL e x p e r i m e n t  w i th  209 G e V  m u o n  Looked  for # + N  
A40 X h40 ~ # + # - v #  a n d  # * n  ~ M + +  X M + +  -o 2/~+I,# A b o v e  hm 
llS a r e  for o" ;~ 8R t a k e n  from the i r  m a s s - d e p e n d e n c e  p l o l  f l gu re  2 

47LEBRITTON 80 Is BNL e x p e r i m e n t  Wlth 1 0 5  G e V  m u o n s  Tr imuons a re  
:-~ 1 2 MEYER 77 MRKI Neu t ra l  

34BARTEL 83 ~s PETRA e ~ e -  e x p e r ~ m e n l  w l fh  o v e r a g e  Wcm = 34 2 G e V  hrst 
( s e c o n d )  hml t  ~S for V + A ( V - A )  t y p e  W - E O e  c o u p l i n g  

35MISHRA 87 ~S F e r m l l a b  n e u t r i n o  e x p e r i m e n t  l o o k i n g  for e i t h e r  d l m u o n  or 
d o u b l e  ve r t ex  e v e n t s  ( h e n c e  l o n g - l i v e d )  

36WENDT 87 IS MARK II s e a r c h  Qt PEP for h e a v y  i' wdh  d e c a y  l e n g t h  1 - 2 0  
c m  ( h e n c e  l ong  h v e d )  

37BADIER 86 IS O s e a r c h  for Q l o n g  h v e d  p e n e t r a h n g  s e Q u e n t i a l  l e p t o n  pro- 
duced in ~ -  - n u c l e o n  co l l i s ions w i th  I l f ehmes  in the  r a n g e  from 
5 ~ 1 0 - 7 - 5  ~10 - t l  sac  a n d  d e c a y ~ n g  in to  at  least  two  c h a r g e d  pa t t i  
c les  U e a n d  U m ore  m i x i n g  a n g l e s  to t' e a n d  r See a lso  t he  
BAD ER 86 e n t r y  in he  sec  ~on SEARCHES FOR MASSIV~ NEUTRINOS AND 
LEPTON MIXING 

38CLARK 81 ~s FNAL e x p e r ~ m e n l  w l th  209 GeV  m u o n s  Bounds  a p p l y  to M 0 
w h c h  c o u p l e s  w l l h  ful l  w e a k  s t reng th  to m u o n  See a lso sec l lOh  on  

NEUTRAL HEAVY LEPTON PRODUCTION CROSS SECTION (.~ NUCLEON) 
b e l o w  

D O U B L Y - C H A R G E D  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  

(/.z N S C A T r E R I N G )  

VALUE (cm2) E V T S  DOCUM.E_N_.T ID T ECN CH G 

• • * We d o  no t  use t he  f o l l o w i n g  d a t a  tar  o v e r a g e s  fits I lmds e t c  • • * 
< 6 ~ I 0  - 3B  0 39 CLARK 81 SPEC + +  

39CLARK 81 IS FNAL e x p e r l m e n t  w l th  209 G e V  m u o n  L o o k e d  for ~ +  
n u c J e o n  ~ K40 X M 0 ~ ~ ~ ~-~';~ and ~u + n ~ M + +  X M ~ + ~ 2~ ÷ l '~ 
A b o v e  l imits o re  for c • 8R tQken from the i r  moss d e p e n d e n c e  p l o l  fig- 
u re  2 

C H A R G E D  Q U A S I - S T A B L E  L E P T O N  P R O D U C T I O N  

DIFFERENTIAL  C R O S S  S E C T I O N  ( p N  S C A T T E R I N G )  

VALUE 
{cm 2. s r ; ~  CL % E V T S  DOCUMENT IO T_ECN ClOG _C,_OMMENF___. 

• • • We d o  no t  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits, e t c  • • • 
< 4 " - ' 10 -38  90 0 40 BUSHNIN 73 CNTR - 0 7 G e V  O Ser- 

p u k h o v  
<, I ~, \ 1 0  - 3 7  90 0 4 t G O L O V K I N  72 CNTR - 0  7 G e V D ,  Ser- 

p u k h O v  
40RUSHNIN 73 h e a v y  l e p t o n  p a t h  t raverses 6800  g m . c m  2 a b s o r b e r  Dif- 

f e ren t i a l  Cross s e c h o n  meQsurec l  at  p = 30 G e V  c h = 2 m r a d  Mass 
r a n g e  0 5 5 - 4  5 GeV  Assume l e p t o n  is q u a s i - s t a b l e  

4 t M a s s  r a n g e  1 - 4 5  G e V  ~J = 0, p = 25 G e V : c  Assume l e p t o n  is Quasi  
s l a b l e  

L O N G - L I V E D  C H A R G E D  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  

( p N  S C A T T E R I N G )  
VALUE 
(cm 2 GeV_2) CL%EVTS DO CUMENT_I D T_ECN CHG COM_ME.NT . . . .  

• • • We dO not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
< 1 8 ~ IC 33 90 0 42 ARMITAGE 79 SPEC - m=-1 87 G e Y  
< 6 4 • 10 - 3 5  90 0 43BfNTINGER 75 SPEC _ m = I - 5  G e V  
< 5 4 • 10 - 3 9  90  0 44CRONIN 74 SPEC m = I - 6  8 G e V  

42ARMITAGE 79 is CERN ISR e x p e r i m e n t  at  Ecru = 53 GeV  V a l u e  ~s for X = 
0 1 a n d  PT = 0 15 

4381NhNGER 75 Is a 3 0 - 3 0 0  G e V  p C  e x p e r i m e n t  L o o k e d  for l o n g  h v e d  
p e n e t r a h n g  p a r t i c l e s  A b o v e  l imit  assumes  s t a b l e  M u l t i p l y  it by  
e x p ( 3  5 t t 0 - S m , ' r . . ' p )  tar  moss m ( G e V )  h t e h m e  TCSec) m o m e n t u m  
p~GeV)  O b t a i n e d  at  I~(lab) = 91 m r a d  Pt' = t - 2  25 GeV., 'c  

44CRONIN 74 is a n  FNAL 300 GeV  p Cu e x p e r i m e n t  L o o k e d  for I o n g q i v e d  
p e n e t r a t i n g  pQrhc les  A b o v e  l imit  assumes s t a b l e  Mu l t i p l y  It by  
e x p ( 1  2 2 ' < I 0 - 8 m / ,  " )  tar moss n 'KGeV) a n d  h t e h m e  T(sec)  Dmd 
o b t a i n e d  a t  ~( Iob)  = 77 mrQd PT = 2 38 GeV.,'C 

C H A R G E D  H E A V Y  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  

( o ' ( H E A V Y  L E P T O N ) / o ' ( ~ r ) )  

~/A_L_UE CL % E V T 5  DOCUMENT ID TECN COMMENT 

• • • We d o  not  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits, l lml ts  e t c  
< 7 '. 1 0 - 1 2  95  0 45 BUSSIERE 80 CNTR Q= - 1 m = 4 - 4  5 

G e V  
< 2 5 ~ 1 0 - 1 2  95  0 45 BUSSIERE 80 CNTR Q= - 2 m = 5 - 7  5 

G e V  
45BUSSIERE 80 is CERN SPS e x p e r l m e n t  wdh  2 0 0 - 2 4 0  G e V  p ro tons  on  Be a n d  

AI t a r g e t  s e a r c h i n g  tar l o n g - l i v e d  pa r t i c l es  For hmlts a t  o the r  mass 
r o n a e s  see  the i r  f i gu re  7 

cons is ten t  w i th  QED trpdent (:}rid d l f f rac lJve ly  p r o d u c e d  t) d e c a y  

P R O D U C T I O N  O F  N E U T R A L  H E A V Y  L E P T O N  IN  B E A M  D U M P  

VALUE DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  fO l lowing dot(:} for o v e r a g e s  fits l imits e l c  • • • 
48 LOSECCO 81 CALO 28 GeV  pro tons  

48LOSECCO 81 at  8NL AGS set hml t  for n ( p r o d u c h o n ) a ( i n t e r o c t l o n )  ra t io  of 
s low ('~ - 0 89)  h e a v y  l e p t o n s  lo  p r o m p t  r ,s as 2 2 • 10 - 2  (CL = 90%)  

N E U T R A L  H E A V Y  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  

( p N  S C A n E R I N G )  

V.~.L__U_E ~ c m 2 L  C L%EVT$ D_OCUM_ENT IO T_ECN C_H_G COMMENT_ 

• • • We d o  not  use the  f o l l ow ing  dot(:} for Qve rages  fllS hmits e l c  • * • 
< 8 2 ' 10 . 4 0  90 0 49AGAKISHIEV 80 SPRK 0 m=4 

GeV  , ' =10 -  7 
sec  

< 2 8 • I 0 -  35 90 0 50 BECHIS 78 SPEC 0 
< t " 10 . 2 9  0 5t FAISSNER 76 HLBC 0 

49AGAKISHIEV 80 r e a n a l y z e c l  b e a m  c lump  d a t a  f rom 70 GeV  p r o t o n  on  i ron 
(ASRATYAN 78 Phys Let l  7 9 B 4 9 7 )  A s s u m e d  Drel l  Yon p r o d u c t i o n  of 
c h a r g e d  h e a v y  l e p t o n  p a l r  f o l l o w e d  by  d e c a y  into n e u t r a l  h e a v y  l e p t o n  
A b o v e  v a l u e  is w h e n  hmU IS most  s t r i ngen t  For o the r  moss a n d  l ife see 
thef t  t a b l e  1 a n d  tar I lmd d e d u c e d  for ,-r n u c l e o n  i n t e r a c t i o n  see  the i r  
t a b l e  2 

50BECHIS 78 is 400  G e V  FNAL e x p e r l m e n l  Looks for D n u c l e o n  ~ L + L + 
L 0 X L 0 ~ /~ • or aT, Result is CL = 90% for moss of L 0 • I GeV  h te f lme  
b e t w e e n  10 - t 0  a n d  10 - 8  sac  ( V a h d  on l y  for cases  w h e n  L 0 u n a c c o m -  
p a m e c l  by  m u o n  of p • 10 GeV  ) 

51FAISSNER 76 l iml t  assumes  s tab le  n e u t r a l  w e a k l y  i n l e r a c h n g  l e p l o n  Also 
ru les out  DERUJULA 75 i n t e r p r e t a h o n  of 5 KRISHNASWAMY 75 e v e n l s  as ( p  
n u c l e o n  ~ L + X L + ~ L ° X) un less  L + mass is a b o v e  3 GeV  

NEUTRAL  H E A V Y  L E P T O N  P R O D U C T I O N  C R O S S  S E C T I O N  ( e  + e - )  

0- x BR(T  - , .  n e w  n e u l r a l  l e p l o n )  x B R ( n e u t r a l  l e p t o n  -- .  

e ~ -  o r  ~ - )  

VALUE_ f~ - 5 nb_L C L a p  DOCUMENT IL)._ TECN _C OMME_Nr. ._ 

• • • We do  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s ,  hts I lmds e t c  • • * 
< 4 5 0  90 52 MEYER 77 MRKI For re{L)=0 5 G e V  
< 2 5 0  90 52 MEYER 77 MRKI For re(L)=1 5 G e V  

52MEYER 77 e x p e r i m e n t  NOOKS for na r row  n e u t r a l  r e s o n a n c e  in e - ~ r  a n d  
- zr c h a n n e l s  See HEAVY LEPTON MASS LIMITS sec t i on  a b o v e  

~ ( L L )  ~ {BR(L ~ e v X )  + BR(L  ~ e / / X ) ]  

VAL!JE (.IO - 5  n_b~_. CL % DOCUMENt ID [ECN COM..M_ENf 

• * • We do  no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits, l imits e t c  • • • 
< 8 90 53 ERREDE 84 HRS For rr'KL)=1 GeV  
< 1 8  90 53 ERREDE 84 HRS For rn(L)=2 G e V  
-. '20 90 53 ERREDE 84 HRS For m(L)=3 G e V  
<11  90 53 ERREDE 84 HRS For rn(L)=4 or 5 G e V  
< 13 90 53 ERREDE 84 HRS For m(L)=6 G e V  
< 1 7  90 53 ERREDE 84 HRS For rn(L)=7 GeV  

53Assumlng  X = ~ If X = m e s o n  hmUs a re  20% n i g h e r  ERREDE 84 soy 
t hese  l imits o re  c o m p a r a b l e  to those  e x p e c t e d  t ram n a i v e  t heo ry  
e + e -  Ecru = 29 G e V  See a lso  GRONAU 84 RIZZO 84 

~ ( L ,  + L2) × BR(L~ ~ o n l y  h g h t  n e u t r i n o s )  

VALUE_ CtO- 5 n_~)._ CL % _DOCUMENT/_D_ [ECN CC)MMENT .... . . .  

• • * We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  hls l imits e t c  * • • 
<" 4 7 90 54AKERLOF 85 HRS For re(L)=2 G e V  
< t8  90 54 AKERLOF 85 HRS For re(L)=10 G e V  

54AKERLOF 85 obse rve  no  m o n o j e t s  a b o v e  b a c k g r o u n d  They use s tonc lord  
c o u p l i n g s  to Z to f ind  a(L1 ÷ L2) = 0 36 p b  A b o v e  d a t a  t hen  imp l y  
BR(LI ~ hgh t  neu t r l nos )  - 1 3 - 5 0 %  for In(L) = 2 - 1 0  G e V  

~ ( L L )  × BR t X BR 2 / o ' ( s t a n d a r d  v i a  v l r l u o l  Z )  
w h e r e  BRt a n d  BR 2 a re  b r a n c h i n g  rat ios l e a d i n g  to even t s  w i th  two  or 
four c h a r g e d  p o r h c l e s  a n d  ~r (s tandard)  = 0 35 (d (3  + d 2) : 4)  p b  w i th  ,~ 
= velOClty/ 'C Of L 

VALUE CL % EVTS DOCUMENT ID TECN COMMENT 

• * • We d o  no l  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  hls l imits e t c  • • • 
< 0  1 -0  2 90 0 55pERL 85 MRK2 F o r m ( L ) -  I GeV  
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55pERL 85 e x a m i n e  O var iety of mode l s  a n d  processes They search Up to 
re(L) = 14 GeV but  are most sensitive for m(L) ,. I GeV They requi re  l ep  
Ion l i fet ime - m(L)10 -11 sac re(L) m GeV wh ich  hmits thelr  abdl ty  to 
consfra ln  the mix ing  of O 4 h conven  a n d  genera on 

ALBAJAR 
MISHRA 
WENDT 
YOSHIDA 
BADIER 
ADEVA 

AlSO 
AKERLOE 
PERL 
ERREDE 
GRONAU 
RIZZO 
ADEVA 
BARTEL 
ADEVA 
BERGER 
BRANDEt.IK 
CLARK 

AlSO 
LOSECCO 
AGAKISHIEV 

AZIMOV 

BARBER 
BRANDELIK 
BUSSIERE 
LEBRITTON 
ARMIIAGE 
ASRATYAN 
BECHIS 
CNOPS 
ERRIQUEZ 
HOLDER 
BACCI 
HOLDER 
MEYER 
FAISSNER 
BINIINGER 
DERUJULA 
KRISHNA 

AlSO 
AlSO 

ASRATYAN 
BARISH 
CRONIN 
GITTLESON 
ORITO 
ANSORGE 
8ACCI 
BARISH 
BERNARD~NI 

AlSO 
BUSHNIN 

AlSO 
EICHTEN 
GOLOVKIN 

REFERENCES FOR 

878 PL 8185 241 
87 PRL 59 1397 
87 pRI. 58 1810 
878 PRL 59 2915 
86 ZPHY C31 21 
85 PL 1528 439 
84C PRPL t09 131 
85 PL t568 271 
85 PR 032 2859 
84 PL 1498 519 
84 PR D29 2539 
84 PL 1368 251 
83B PRE 51 443 
83 PL 1238 353 
82 PRL 48 967 
81S PL 998 489 
81 PL 998 163 
81 PRL 46 299 
82 PR D25 2762 
81 PL 1028 209 
80 SJNP 32 345 

HEAVY LEPTON SEARCHES 

+Albrow Allkofer Arnlson+ (UAt Col lob)  
+Auchlnctoss* (COLU Cil FNAL CHIC ROCH) 
+Abrams Amhae, Baden+ (MARK II COllOP ) 
• Chlba Endo* (VENUS Collab ) 
• Bemporad Bouctot Callot+ (NA3 Collab ) 
+Becket Becket Szehdy+ (MARK J COIIOb ) 

Adeva Barbet Backer+ (MARK J Collab ) 
+Bonviclnl Chapman Errede÷ (HRS Collop ) 
+Barklow Boyarskl+ (MARK II COlIQb ) 
+Akerlof Chapman Harnew+ (HR~ COlIQb ) 
+Leung Rasher (SYRA FNAL CHIC) 

0su) 
+Barber Backer Berdugo+ (MARK J Coflab ) 
+Cords Dietrich E1chler+ (JADE Collab ) 
+Barber Becket Berdugo* (MARK J CoIlab ) 
÷Genzel Grlgull tackas+ (PLUTO Collab ) 
• Brounschweig Gather+ (lASSO Collab ) 
+Johnson Kerth Loken+ (UCB LBL FNAL PRIN) 

S~*llth Clark Johnson Kerth+ (LBL !:NAL PRIN) 
+Sulak Gailk Hor$1kone+ (MICH PENN BNL) 
+Vovenko Goryachev Mukhln (SERP) 

Translated tram YAF 32 671 
80 JEIPL 32 664 +Khoze (KONS) 

Translated from ZETFP 32 677 
808 PRL 45 4904 +Becker Bel Berghoff+ (MARK J Collop ) 
80 PL 928 199 +Braunschweig Gather+ (TASSO Collab ) 
80 NP 8174 I +GlaCOmelll Lesquov+ (BGNA SACL LAPP) 
80 PL 898 27t *McCal Mellsslnos+ (ROCH BNL NSF) 
79 NP 8150 87 *Benz BObblnk+ (CERN DAR~ f;OM MCHS UIRE) 
78 PL 768 237 +Kubanlsev (IIEP) 
78 PRL 40 602 +Chang Dombeck EllswOrth Glosser Lau.KUMD) 
78 PRL 40 144 +ConnolJy Kahn Kirk+ (BNL COLU) 
78 PL 778 227 (BARI BIRM BRUX EPOL RHEL SACL LOUC) 
78 PL 748 277 +Knobloch May+ (CDHS COlIOb ) 
778 PL 718 227 +Dezorzl Penso Stella+ (ROMA ERAS) 
77 PL 708 393 +Knobloch May+ (CDHS COllOb ) 
77 PL 708 469 +Nguyen Abrams+ (SLAC LBL NWES HAWA) 
76 PL 608 401 +Hosert Kobe Krenz* (Gargomelle Collab ) 
75 PRL 34 082 +Curry4 (~FI HARV PENN WISC) 
75 PRL 35 628 +Georg= Glashow (HARV) 
75 PL 578 105 KrlShnoswomy Morion+ (BOMB OSAK) 
75 PRL 35 628 DeRululO Georgl Glashow (HARV) 
75 Pramana 5 7B Ralaseka~an SQrma (TATA) 
74 PL 498 488 *Gershteln Kaflanov Kubantsev Lapin* (SERP) 
74 PRL 32 1387 ,Bartlett Buchi~olz Merrllt+ (CIT FNAL) 
74 PR 010 3093 *Fnsch Shochel Boymond Mermoa* (EFI PRIN) 
74 PR D10 1379 .Kirk+ (HARV ROCH COLU FNAL) 
74 PL 488 165 +Visentin Cerad[ni Conversl+ (FRAS ROMA) 
735 PR 07 26 +Baker Ktzeslnskl Neale Rushbrooke+ (CAVE) 
73 PL 448 530 +POrlSl Penso Salv)nl Stello+ (ROMA FRAS) 
738 PRL 31 410 +Bartlett BuchhoIZ Humphrey+ (CIT FNAL) 
73 NC 17A 383 +Bellini Brunlnl* (CERN BGNA FRAS) 
70 LNC 4 1156 Alias Borelll Bernardlnl BolBnI+ (CERN) 
73 NP B58 476 +D~Jnal tzev Golovkln Kubarovsky+ (SERP) 
72 PL 428 136 Golovkin Grachev Shodyrev+ (SERP) 
73 PL 468 281 +Deaen Hasert Krenz+ (Gargamelle Caliph ) 
72 PL 428 t36 +Grachev Shodyrev+ (SERP) 

LICHIENSTEIN 70 
LIBERMAN 69 
ROTHE 69 
8AI~NA 68 
BOLEY 68 
BUDNITZ 66 
8EHREND 65 
BETOURNE 65 

PERL 81 

PR D1 825 +Ash Berkelman Hartlll÷ (CORN) 
PRL 22 663 +Hoffmon Engels+ (HARV CASE MCGI S4.AC) 
NP 810 241 ~WOISky (PENN) 
PR t73 1391 +Cox Martin Perl Ion loner Zipf+ (SLAC STAN) 
PR t67 1275 +Elias Friedman Harlmann Kendall+ (MIT CEA) 
PR 141 1313 +Dunning Golleln Ramsay Walker+ (HARV) 
PRL 15 900 +Brasse Eng[er Ganssouge. (OESY KARL) 
PL 17 70 +Ngoc Petezy JOrba+ (ORSA) 

OTHER RELATED PAPERS 

54.AC PUB 2752 (SLAC) 
Physics in Collision Conference 

B I J = 2  

e MASS 

The moss is known m u c h  more  prec lse ly  in u ( a t o m l c  mass 
units) than in MeV (see the foo tno te)  The convers lon from u 
to MeV l u  = 931 4 9 4 3 2 ± 0  00028 MeV involves the rela 
t lvely poor ly  known e lec t ron ic  c h a r g e  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
0.51099906 S 0.00000015 I COHEN 87 R V U E  'f986 CODATA va lue  J 
• * * We d o  not use the fo l low ing d a t a  for averages  fits hmlts e tc  • • • 
0 5110034 s 0 0000014 COHEN 73 RVUE 
0 5110041 S 0 0000016 TAYLOR 69 RVUE Using new e.,'h 
0 5t1006 S 0 00002 COHEN 65 RVUE 

1The mass is known m u c h  more  prec ise ly  In u m = J 
(5 48579903 S 0 00000013)× 10 - 4  U 

VALUE 
< 4  

e + - e -  MASS DIFFERENCE/AVERAGE 

Test of CPT 

CL% DOCUMENT ID rECN COMMENt 
\ 10- B 90 CHU 84 CNTR Posltronlum spectros 

COpy 

e MEAN LIFE / BRANCHING FRACTION 

Test of c h a r g e  conservat ion 

V_ALLIE (yeats) CL% DOCUMENT ID TECN COMMENT 
> 2 " t022 68 2 BELLOTTI 838 CNTR 
> 2 × 1022 68 3 KOVALCHUK 79 CNTR 

• • • We dO not use the fo l low ing d a t a  for averages his limits etc  • * • 
> 1 5 . 1025 68 AVIGNONE 86 CNTR e -  ~ r~, 
> I , 1040 4ORITO 85 ASTR 
> 3 vI023 68 BELLOTTI 838 CNTR e -  - r'~ 
> 3 5 '< 1023 68 KOVALCHUK 79 CNTR e -  ~ r ' r  
> 5 3 ~ 1021 3 STEINBERG 75 CNTR 
> 2 "102~ 35MOE 65 CNTR 
> 4 ~I022 MOE 65 CNTR e -  .~ r ' ;  

2Second hmd of 8ELLOTTI 838 is for d l s a p b e o r o n c e  of K-electrons m Ge 
atoms This wou ld  p r o d u c e  O peak  in the G e ( b )  counter  spec t rum 

3These hmlls are for al l modes  in wh ich  d e c o y  part ic les e s c a p e  from the 
de tec to r  wi thout depos~hng energy  

4Assuming e l e c t r o m a g n e t i c  forces ex tend  out to large e n o u g h  d is tances 
5See MOE 65 for discussion of earher exper iments  MOE 65 hind re 
eshmated by STEINBERG 75 to be (1 ~ 1020) 

e A N O M A L O U S  MAGNETIC MOMENT 

ELECTRON OR POSITRON ( g - 2 ) / 2  VALUE 
This is m a g n e t i c  m o m e n t  In units (e. 2 m ( e - ) )  tar e -  (e  2 re (e+) )  tar 
e + FOr rewews of theory a n d  exper iments  see KINOSHITA 78 
LAUTRUP 72 a n d  RICH 72 For the most accu ra te  theoret ica l  ca lcu la -  
hon see KINOSHITA 81 The COHEN 87 d e l e r m m a h o n  assumes e q u a l  
g,'2 values for e + and  e -  by CP7 

VALUE (TO-6 e/2,_m(e)) DOCUMENT !E)_ T_ECN CHG COMf~EN_T . . . .  
t 159 .652193  _ 0.000010 COHEN 87 RVUE 1986 CODATA 

va lue  

• • • We d o  not use the fo l lowing da ta  for overages  fits limits e l c  • • • 

1159 6521884 s 0 0000043 VANDYCK 87 MRS - Single e lec t ron  
1159 6521879 s 0  0000043 VANDYCK 87 MRS + Single positron 
1159 652200 - 0 000040 VANDYCK 86 MRS Single e lec t ron  
1159.652222 _- 0 000050 SCHWINBERG81 MRS + Slngle positron 
1159 65241 _* 0 00020 VANDYCK 77 MRS - Repl by VAN- 

DYCK 79 
1159 667 s 0 024 WALLS 73 MRS - Bolometr lc  tech 
1160 3 ~ 1 2 GILLELAND 72 CNTR + 
1159 6577 -+0 0035 WESLEY 71 CNTR - 
1159 644 s 0  007 WESLEY 70 CNTR 

POSITRON/ELECTRON g-FACTOR RATIO MINUS ONE, ( g + / g _ ) - 1  
Test of CPT 

VALUE ( tO- r2 e, 2n~e))CL % _DOCUMENT ID TECN COM_M_ENT 
- 0.5 : 2 .1  6 VANDYCK 87 MRS Penning t rap 

• • • We do  not use the fo l low ing da ta  for averages  his limits e l c  * • • 
< 12 95 7 VASSERMAN 87 CNTR n~e  +) = m ( e - )  

assumed 
22 _+ 64 SCHWINBERG81 MRS Penning t rap 

6VANDYCK 87 measu red  ( g _  g + ) -  t and  we conve r ted  ~t 
7VASSERMAN 87 measu red  (g~. - g _ )  ( g - 2 )  We m u l h o h e d  by ( g - 2 )  g 

= 1 2 -  10 - 3  

e ELECTRIC DIPOLE MOMENT 

Forb idden by bOth [ invor lance and  P i nvanance  

VALUE (tO - 2 3  e - c m )  CL% _DOCUMENT ID TECN COMMENt 
< 0 . 3  90 WE~SSKOPF 68 MRS Cesium 
• • • We do  not use the ta l low ing da ta  for averages  fits limits e lc  • • • 

0 4 _. I 4 FLAMBAUM 85 T H E O  Jse EDM of 129Xe 
8 1 _+ 11 6 VASILEV 78 
0 19_  0 34 90 SANDARS 75 MRS Thalhum 
0 0 7 -  0 22 90 PLAYER 70 MRS Xenon 

REFERENCES FOR e 

COHEN 87 RMP 59 1121 +taylor (RISC NBS) 
VANDYCK 87 PRL 59 26 Van Dyck Schwlnberg Denmelt {WASH~ 
VASSERMAN 87 PL B198 302 *votobyov GluSkln+ (NOVa) 

AISO 87S PL 8187 172 Vassermon Vofobyov GluSKIPo (NOVa) 
AVIGNONE 86 PR D34 97 +B/OdZlnSkl Hensley Mlley Reeves* (PNL $CUC) 
VANDYCK 86 PR 034 722 +Schwlnberg aehmelt (WASH) 

AlSO 7O BAPS 24 758 VanDyck SChwlnberg DenrT'e:t (WASH) 
AlSO 81 AP 7 337 Oehmelt (WASH) 
Editor Klebbner el al Plenum NY 



152 

Stable 
e , / l  

Particle Full Listings 

FLAMBAUM 85 JETP 62 B72 +KhrIOlOvlch (NOVa) 
Translated Iiom ZETF 89 1505 

ORITO 85 PRL 54 2457 *Yoshlmuro (TOKY KEK) 
CHU 84 PRL 52 4689 *Mills Hall (BELL NBS COLa) 
B[LLOTTI BSS PL 124B 435 +Cortl Fiorlnl Liguorl PUIIIO+ (MILA) 
KINOSHITA 81 PRL 47 1573 ~LindClulst (CORN) 
SCHWINBERG 81 PRL 47 1679 *VanDyck Oehmelt (WASH) 
KOVALCHUK 79 J[IPL 29 145 +Pomansky Smolnikov (INRM) 

Translated from Z[IFP 29 163 
VANDYCK 79 BAPS 24 758 ~Schwlnberg Dehmell (WASH) 
KINOSHITA 78 TOkyO Coot 574 (CORN) 
VAS~LEV 78 JETP 47 243 +Kolycheva (JINR) 

Translated from ZEIF 74 466 
VANDYCK 77 PRL 38 310 *Schwbnberg Dehmelt (WASH) 
SANDARS 75 PR A11 473 *Sternhelmer (OXF BNL) 
SI[INBERG 75 PR D12 2582 *KwlQtkowskl Maenhout,  (UMD) 
COHEN 73 JPCRD 2 ~)63 .raylor (RISC NBS) 
WALLS 73 PRL 31 975 eSteln (WASH) 
GILLELAND 72 PR AS 38 +Rich (MICH) 
LAUTRUP 72 PRPL 3 193 +Peterman DeRafael (CERN BURE) 
RICH 72 RMP 44 250 +Wesley (MICH) 
W[SJ, EY T1 PR A4 1341 ÷R~ch (MICH) 
PLAYER 70 JPB 3 1620 *Sandors (OXF) 
WESLEY 70 PRL 24 1320 .Rich (MICH) 
TAYLOR 69 RMP 41 375 *Porker Langenberg (PRIN UCI PENN) 
WEISSKOPF 68 PRL 21 1645 +Carrlco Gould Lipwonh÷ (8RAN) 
COHEN 65 RMP 37 537 +Dumond (NAAS Cff) 
MO[ 65 PR 140B 992 ,Relnes (CASE) 

J ~  I J = ~  

/Z M A S S  

The mass is known  more  prec ise ly  in u ( a t o m i c  mass units) 
than  in MeV (see the  foo tno te )  The convers ion  t ram u to 
MeV. l u  = 931 49432 = 0 00028 MeV involves the  re la t ive ly  
poo r l y  k n o w n  e lec t ron ic  c h a r g e  

Where m( ,u ) /m(e)  was m e a s u r e d  we  used the  1986 CODATA 
v a l u e  for re(e) = 0 .51099906 ± 0 .00000015 MeV 

The fit uses the ~r~ ~r0, a n d  u ~  moss a n d  moss d i f fe rence 
measuremen ts  

VALUE (MOV~ OOCUMENT ID rECN - CHG C__O.MME.N_T . _ _  
I 05 .658389  ± 0 .000034  OUR FIT 

105°658389  ± 0 .000034  I COHEN 87 RVUE 1986 CODATA 
va lue  

• • • We d o  not  use the  fo l l ow ing  d a t a  for overages ,  fits, l imits e t c  ° * * 
105.65841 ± 0 .00033 2 BELTRAMI 86 SPEC - M u o n l c  a toms 
105.658432 ± 0 000064 3 KLEMPT 82 CNTR + Incl  in 

MARIAM 82 
105 658386 ± 0 .000044 4 MARIAM 82 CNTR 1- 
105.65856 ± 0 .00015 5 CASPERSON 77 CN1,R + 
105 65836 ± 0 . 0 0 0 2 6  6CROWE 72 CNTR 
105.65865 ± 0 00044 7 CRANE 71 CNTR 

rThe mass is k n o w n  more  p rec ise ly  in u m = 0 113428913 ±0 .000000017  
u COHEN 87 makes use of the  o ther  entr ies b e l o w  

2BELTRAMI 86 g ives n',(,u)/rn(e) = 206 76830(64) 
3KLEMPT 82 g ives rn(#) / rn(e)  = 206 76835(11) 
4MARIAM 82 g ives m( ,u ) /m(e)  = 206 768259(62) 
5CASPERSON 77 gives m(# ) / rn (e )  = 206 76859(29) 
6CROWE 72 g lves rn( ,u) /m(e)  = 206 7682(5) 
7CRANE 71 g ives m(~) /n 'Ke)  = 206 76878(85) 

/~ M E A N  UFE 

VALIJE (mlcrose¢) DOCUMENT_ I_D TECN CHG COMMENT 
2.19703 ± 0.00004 OUR AVERAGE 
2.197078 ~ 0 .000073 BARDIN 84 CN1'R + 
2 197025 ~ 0 000155 BARDIN 84 CNTR - 
2 19695 ± 0 .00006  GIOVANETTI 84 CNTR + 
2 .1948 = 0 .0010 BAILEY 778 CNTR - Storage rings 
2 1966 :t: 0 0020 BAILEY 77B CNTR + Storage rings 
2.19711 ± 0. 00008 BALANDIN 74 CNTR + 
2 .1973 2 0 . 0 0 0 3  DUCLOS 73 CNTR + 
2 .202  z 0 003 ECKHAUSE 63 CNTR 
2.197 + 0  005 MEYER 63 CNTR + 

- 0 002 
2 198 ± 0 002 MEYER 63 CNTR - 
2 .198 ± 0. 001 FARLEY 62 CNTR 
2.203 ± 0 .004  LUNDY 62 CNTR CL=98% 
• • .  We d o  no t  use the  fo l l ow ing  d a t a  for overages ,  fits l imits e t c  * * * 

2 197182 ± 0 000121 8ARDIN 81 CNTR Repl by  BAR- 
DIN 84 

2 .20026  ± 0 . 0 0 0 8 1  8WILLIAMS 72 CNTR + 
8WILLIAMS 72 m e a n  life measu remen t  was not  the  p r imary  pu rpose  of the l r  

e x p e r i m e n t  a n d  d isagrees s t rongly  wi th  la ter  expe r imen ts  Not a v e r a g e d  

/ z + / #  - M E A N  UFE R A T I O  

Test of CPT 
VALUE OOCUMENT ID rECN COMMENT . . . . . . . . . . . . . . . . . . . . . . .  
1.00003 _+ 0.00008 OUR AVERAGE 
1.000024 ± 0 .000078 BARDIN 84 CNTR 
1 0008 ± 0  0010 BAILIiY 79 CNTR Storage r ing 
1 000 ± 0  001 MEYER 63 CNTR M e a n  life ,u+/' ~u- 

/Z A N O M A L O U S  M A G N E T I C  M O M E N T  

For reviews of theory  a n d  exper imen ts  see HUGHES 85 KINOSHITA 84, 
COMBLEY 81. FARLEY 79 a n d  CALMET 77 

_YA:(UE (rO-6_e_/2m(,u)) _ ~ C U M E N T  IO TECN CHG COMMENT 
1165 .9230  ± 0.0084 COHEN 87 RVUE 1986 CODATA 

va lue  
• * * We d o  not  use the fo l l ow lng  d a t a  for averages  flts Jimffs, e tc  • * * 
1165.910 ± 0 011 9 BAILEY 79 CNTR + Storage r ing 
1165 937 ± 0 . 0 1 2  9BAILEY 79 CNTR - Storage r lng 
1165.923 ± 0 0085 9 BAILEY 79 CNTR +_ Storage r ing 
1165 922 ± 0 009 9 BAILEY 77 CNTR ± Storage r ing 
1166 16 _+0.31 BAILEY 68 CNTR ± Storage rings 
1162.0 ± 5 . 0  CHARPAK 62 CNTR + 

9BAILEY 79 is f inal result Inc ludes BAILEY 77 d a t a  We use ~.,'p m a g n e t i c  
m o m e n t  rat io = 3 1833452 a n d  reca l cu la te  the  BAILEY 79 va lues Thlrd 
BAILEY 79 result is first two c o m D l n e d  

p , * / # -  g - F A C T O R  RAT IO  M I N U S  O N E ,  ( g + / g _ ) - I  
Test of CPI  

yALUE. (unlts TO-8) . - - - -  ~)OCUMEN1' I0  
- 2 .6 ± 1.6 BAILEY 79 

/Z ELECTRIC D IPOLE M O M E N T  

Fodoldden by  Path T Invo r lonce  a n d  P i nvo r l once  

VALUE (TO- 4~_ e - c m )  pOCUMENT I0 .'/ECN CHG ~_OMMENT 
3.7 = 3 .4  40 BAILEY 78 CNTR ± Storage r ing 
• • * We d o  not  use the f o l l ow ing  d a t a  for averages,  fits, l imits e tc  • * • 

8 .6  ± 4 5 10 BAILEY 78 CNTR + Storage rings 
0 .8  _+ 4 .3  10 BAILEY 78 CNTR - Storage r~ngs 

10BAILEY 78 y ie lds e lec t r i c  d i p o l e  m o m e n t  - 1 . 0 5 × 1 0  -18  wi th CL = 95% 
Third result is first two  c o m b i n e d  assuming c P r  

I z / P  M A G N E T I C  M O M E N T  RAT IO  

This rat io IS used to o b t a i n  o prec ise va lue  of the m u o n  moss 

VALU~ OOCU,~ENr,O TECN C,G COMMent 

3.18334847 ± 0.00000047 t l  COHEN 87 RVUE - -  19-86 coDAT,~, " J 
vo~ue 

• * * We d o  not  use the fo l l ow ing  d a t a  for averages  fits flmlts, e tc  * • * 
3 1833441 ± 0 . 0 0 0 0 0 t 7  KLEMP1, 82 CNTR + PreCession 

strob 
3 1833461 ± 0.0000011 MARIAM 82 CNTR + HFS sp l i t t ing 
3 .1833448 ± 0  0000029 CAMANI 78 CNTR + Repl b y  

KLEMPT 82 
3 1833403 ± 0 . 0 0 0 0 0 4 4  CASPERSON 77 CNTR + HFS spl i t t ing 
3 1833402 ± 0 0000072 12 COHEN 73 RVUE 
3 1833467 ± 0 0000082 13 CROWE 72 CNTR + Precession 

phase  
3 .183336 ± 0 000013 14 CRANE 7't CNI"R HFS spl i t t ing 
3 183349 ± 0 .000015 15 DEVOE 71 CNTR HFS spl i t t ing 
3 .183326 ± 0 000013 16 FAVART 71 CNTR HFS sp l l t t lng  
3 183347 ± 0 .000009 13 HAGUE 70 CNTR + Precession 

phase  
3 .183330 ± 0 .000044 HUTCHINSON 70 CNTR + Precesslon 

phase  
3.183351 ± 0 000016 15 EHRLICH 69 CNTR HFS sp l l t t ing 
3 .183314 ± 0 000034 14 1,HOMPSON 69 CNTR HFS sp l i t t ing 
3 1808  ± 0.0004  BINGHAM 63 CNTR - Precession 

strob 
3 .18336 ± 0 .00007 BINGHAM 63 CNTR -I- Precession 

strob 
3 18338 ± 0 00004 HUTCHINSON 63 CNTR + Precession 

phase  
3 .1834 ± 0 0002 GARWlN 60 CNTR + Precession 

phase  
3 .1865 :i: 0 0022 COFFIN 58 CNTR + Spin resonance  
3 1830 ± 0 0011 LUNDY 58 CNTR + Precession 

strob 
3 176 ± 0 013 LUNDY 58 CNTR - Precesslon 

strOiD 
11COHEN 87 (1986 CODATA) va l ue  was f i t ted using their  own  se lec t ion  of 

the  fo o w l n g  d a t a  Because thel r  va l ue  6s t ram o m u l t l p o r a m e t e r  fit. 

I corre la t lons wi th  o ther  quant i t ies  m a y  be  impo r tan t  a n d  one  c a n n o t  
arr ive at this result by  any  o v e r a g e  of these d a t a  a l o n e  

121he results th rough  1972 are i n c l u d e d  in COHEN 73 
13CROWE 72 supersedes HAGUE 70 
14CRANE 71 supersedes THOMPSON 69 Thls is not  a d i rec t  measu remen t  
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15DEVOE 71 s u p e r s e d e s  EHRLICH 69 This Is not  a d i r e c t  m e a s u r e m e n t  We 
g l ve  o n e w  v a l u e  w h i c h  c o n t a i n s  o l h e o r e t t c a t  c o r r e c t i o n  of - 7 8 :I: 2 3 
p p m  as d i scussed  in f o o t n o t e  350  of CROWE 72 

16FAVART 71 assumes a zero  v a l u e  for t he  p r o t o n  p o l o r l z a b l l l t y  

/z DECAY MODES 

p +  m o d e s  a r e  c h a r g e  c o n l u g a t e s  of t he  m o d e s  b e l o w  

Fraction 0 " F )  Cant  Lev 
I" I p.- ~ e-_~e~ ~ t.0 
I'2 # -  --~ e - ~ e P . '  Y ( I  4 + - 0 . 4 ) × 1 0 - 2  

]'3 / , L -  ~ e - v e v ~ e + e  - (3 4+_0  4 ) × 1 0  - 5  

I" 4 ~ -  ~ e - P e r  u < 5 "<10 - 2  90% 

I" S # -  - *  e - ' y  < 5 × I 0  - 1 1  90% 

F e /~- ~ e-e+e - < I 0 ×10 -13 90% 

I "  7 /.L- ~ e - 2 3 "  < 7 × t 0 - t I  90% 

/a BRANCHING RATIOS 

]`( e -  ~o v .  ~ ) / r toto l  1"2/r 
VALUE EVTS OOCUME~',T ,O rECN COMMENT 
0.014 ± 0 . 0 0 4  CRITTENDEN 61 CNTR "~ KE - -10 MeV 
• • • We d o  no t  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits, l lmits, e t c  * * * 

862 BOGART 67 CNTR 2, KE ~ 14 5 MeV 
0 . 0 0 3 3  ± 0 00~3 CRITTENDEN 61 CNTR 3' KE > 2 0  MeV 

27 A$HKIN 59 CNTR 

l ' ( e -  ve~'u)/Ftoto I I'4/I" 
F o r b i d d e n  b y  a d d i t i v e  c o n s e r v a t i o n  l a w  for l e p t o n  t om l l y  n u m b e r  Mul-  
t i p l l c o l l v e  l a w  predlCtS this b r o n c h l n g  ra t io  to b e  I./2 For a r e v i e w  see  
NEMETHY 81 

VALUE eL% OOCUMENT ,O TECN C ~  C~ME,~T 

• * • We d o  not  use  t he  f o l l o w i n g  d a t a  tar  a v e r a g e s  fits. l imits e t c  • • • 
< 0 . 0 9  90 JONKER 80 CALO Repl  by  

BERGSMA 83 
- 0 , 0 0 1  ± 0 . 0 6 1  WILLIS 80 CNTR + 

0 . 1 3  :I: 0 15 BLIETSCHAU 78 HLBC ± Avg  of 4 
v a l u e s  

< 0 . 2 5  90 EICHTEN 73 HLBC + 
t7BERGSMA 83 g l ves  l imi t  on  inverse  m u o n  d e c a y  c ross-sec t ion  ra t io  

=~v e -  ~ ~ - r e )  / (1(it e -  ~ i ~ - r e )  w h i c h  is essen t l a l l y  e q u i v a l e n t  to u . 
I ( e -  u e ,~ ) / I  total for smo/~l v a l u e s  l i ke  t ha t  q u o t e d  

l ' ( e -  " y ) / F t o t a  ~ I ' s / l "  
F o r b i d d e n  b y  l e p t o n  fam i l y  n u m b e r  c o n s e r v a l l o n  

VALUE (units t O . -  1 1 ~  CL % .DOCUMENT ID TECN CHG COMMENT 
< 4 .9  90 BOLTON 86 CNTR + LAMPF 
• * • We d o  no t  use t he  f o l l o w i n g  a a t a  for a v e r a g e s ,  flts l imits, e t c  • • * 
< 1 0 0  90 AZUELOS 83 CNTR + 
< 17 90 KINNISON 82 SPEC + LAMPF 
< 1 0 0  90 SCHAAF 80 ELEC + SIN 

l'(e- e + e-)/rtofa L l'61r 
Forbiclaen by lepton family number conservotlon 

VALUE [units I 0 -  f f )  CL_~ DO_DO_C_UMENT ID TECN CHG COMMENT 
< 0.01 90 BELLGAROT 88 SPEC + SINDRUM 
• • • We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits, l lmits e t c  • * • 
< 0 . 2 4  90 18 BERTL 85 SPEC + SiNDRUM 
< 16 90  18 BERTL 84 SPEC + SINDRUM 
< 1 3  90  18 BOL]ON 84 CNTR LANL 

18These e x p e r l m e n t s  a s s u m e  a c o n s t a n t  ma t r i x  e l e m e n t  

l'(e- 2"( )/Ftota I I'7/1" 
F o r b i d d e n  by  l e p t o n  fom l l y  n u m b e r  c o n s e r v a t i o n  

VALUE (units I 0 -  9 ) . ~  C.L% DO~UME_NT IO T E~N. C_.HG COMMENT 
< 7.2  × 1 0 - 2  90 19 GROSNICK 86 CNTR + LAMPF 
• * • We clo not  use  t he  t o l l o w l n g  d a t a  for o v e r a g e s  fits. l imits e t c  * • • 
< 8 4 90 20 AZUELOS 83 CNTR + 
< 50 90  21 BOWMAN 78 CNTR DEPOMMIER 77 

d a t a  
1 9 G e n e r a l  l o c a l  i n t e r a c t i o n  L a g r a n g i o n  a s s u m e d  
20AZUELOS 83 uses p h a s e  s p a c e  d i s t r i bu t i on  of BOWMAN 78 see  a b o v e  
21BOWMAN 78 assumes  i n t e r a c t i o n  L a g r a n g l o n  l o c a l  on  score  o l  i nverse  

moss 

r ( e -  ~.v~ e + e - ) / r t o t a l  l'3/r 
_V.ALUE fun/Is ~0-~ 5) EVTS PO~UMENT ID [E.C_~_ _CHG (~OMMENT 
3 .4  :I: 0 . 2  :t: 0 .3  7443 22 BERTL 85 SPEC + SINDRUM 
• • • We d o  no t  use t he  f o l i o w l n g  d a t a  for o v e r a g e s  tits, l lml ls ,  e t c  • * * 
2 . 2 ± I  5 7 23CRITTENDEN 61 HLBC + E ( e + e - ) ~ 1 0  

MeV 
2 I 24 GUREVICH 60 EMUL + 
I 5 ± I 0 3 25 LEE 59 HBC + 

220ERTL 85 has t ransverse  m o m e n t u m  c u l  PT .17 MeV.,'C Sys femohc  e l ro r  
was  i n c r e a s e d  by  us 

23CRITTENDEN 61 c o u n t  on ly  those  c lecays  w h e r e  to ta l  e n e r g y  of e l f ne r  ( e  + 
e - )  c o m b i n a t i o n  Is . t 0  MeV)  

24GUREVICH 60 In te rp re t  the i r  e v e n t  as e d h e r  w r i u o l  or rea l  p h o l o n  c o n v e r  
s ion e + a n d  e -  e n e r g i e s  not  measu rec l  

2Sln t he  l h r e e  LEE 59 events ,  t he  sum at  e n e r g i e s  LS = E(e +)  + ( e - )  + ( e  +)  
was  ~ = 51 MeV 55 MeV a n d  33 MeV 

UMIT O N  p.- --~ e -  CONVERSION 

F o r b i d d e n  by  l e p t o n  fa ta l ly  n u m b e r  c o n s e r v a h o n  

cr ( / ,L -32S ~ e - 3 2 S )  / c r ( ~ - 3 2 S  ~ p~a32p ° )  

VALUE CL% DOCUMENT tO TECN COMMENT 
< -7-× I~ 11-" 90 BADERT .... 80 STRC SiN 
• • • We d o  not  use the  f o l l o w i n g  d a t a  for ove rages ,  hls hmlts e i c  • • • 
< 4 .  × 1 0  - 1 0  90 BADERT 77 STRC SIN 

(r(p.-Cu ~ e - C u )  / o'(/~-Cu ~ cap tu re )  
VALUE CL % DOCUMENT ID TECN 

• * * We do  not  use the  f o l l ow ing  d a t a  tar  o v e r a g e s  tits l imits e t c  * * * 

< I 6 ~ I 0  - 8  90  BRYMAN 72 SPEC 

o'(,u.-Tl ~ e - T i )  / o'(/~-Ti ~ c a p t u r e )  
VALUE CL % DOCUMENT ID TECN COMMENT 
< 4 .6  ×40 - 1 2  90 AHMAD 87 SPEC TRIUMF 
• • * We do  no t  use the  f o l l ow ing  d o t e  for o v e r a g e s  tits l lmlts e t c  • • • 
< 1 .0  × 1 0 -  i t  90 BRYMAN 85 SPEC TR~UMF 

UMIT ON p -  --* e + CONVERSION 

F o r b i d d e n  by  Io ta l  l e p t o n  n u m b e r  c o n s e r v a t i o n  

O ( p - 3 2  S - ~  e + 3 2 S i -  ) / a ( p - 3 2 5  - -  v 32p " )  

VALUE CL% OOCUMENr tO TECN COMM~m 
< 9 × t 0 - I 0  90 B ~ ' E R T - -  80 STRC $~N  

• • • We d o  not  use the  f o l l ow lng  d a t a  for a v e r a g e s ,  flts l imits e t c  • • • 
< 1 .5  × 1 0  - 9  90 BADERT 78 STRC SIN 

0"(/./.-1271 -4. e+127Sb ") / 0"(,u.-1271 ~ any th ing)  
VALUE CL % DOCUMENT ID TECN COMARENT 
< :~×I0-t0 96- 26~,BEL,~-- -e0 CNi"R ~dlOCh-emlCdi-tech- 

26ABELA 80 IS Uppe r  l imit  for / . 1 -e  + c o n v e r s i o n  l e a d i n g  to p a r t i c l e - s t a b l e  
s to les of 127Sb Limit for to ta l  c o n v e r s i o n  fa te  is h i g h e r  b y  o fac to r  less 
t h a n  4 (G Bockenstoss  p r i v a t e  c o m m u n i c a t i o n )  

=(#-Cu ~ e+Co) I ~(p-Cu ~ u.N0 
VALUE eL% DOCUMENT ,o rE¢~ 

• • • We d o  not  use l h e  f o l l o w l n g  d a t a  for a v e r a g e s  fits l lml ts  e f t  • * • 
< 2 6 :< I0  - 8  90  BRYMAN 72 SPEC 
< 2 2 ",,'t0 - T  90 CONFORTO 62 OSPK 

o'(#-Ti  --.- e + C a )  / 0 " (#-h  ~ cap tu re )  
VALUE CL % OOCUMENT tO TECN COMMENT 
< 1 . 7 × 1 0  - 10 90 27 AHMAD 87 SPEC TRIUMF 

27Assuming  o g l a n t - r e s o n o n c e  e x c l t a t i o n  m o d e l  

LIMIT ON (p.+, e - )  BOUND STATE CONVERSION TO (p.- ,  e +)  

For io ldden by  l e p l o n  fami ly  n u m b e r  c o n s e r v a t i o n  

Rg = g c  / G~ 
W h e r e  G F = I 1 6 6 3 7 × 1 0  - 5  GeV  - 2  is the  Fermi c o n s f a n l  a n d  g c  is a n  
e f f ec t i ve  c o u p l i n g  ( d i m e n s i o n s  G e V  - 2 )  for a four f e rm lon  i n t e r o c t l o n  
a s s u m e a  to b e  respons ib l e  for the  c o n v e r s l o n  of l h e  (~+  e - )  b o u n d  
s ta te  to ( # -  e + )  

VALUE CL % DOCUMENT I0 TECN COMMENT 
< 7 .5  90 NI 87 CNTR LAMPF 
• * * We clo not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  i l ls hmlts e fc  * • • 
< 2 0  95  BEER 86 CNTR TRIUMF 
< 4 2  95 MARSHALL 82 CNTR 
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NOTE ON M U O N  DE( 'AY PAR..*,.MEIERS 

(b~ F Scheck L,'m`'ersn~ of Mamz, West German.,, and K 
Mursula. Nordna  Copenhagen, Denmark ) 

The muon decay paramcters describe the momen tum 

spectrum (p and r/). the as.~ mmetr )  (,¢ and 6). and the polar- 

l, 'auon of the electron (~'. ~". a. 3. ~'. 39 m the process .u 

--.,. c -  + v + 7  Assuming a local, lepton-number-  ,U ( '  

conser`' rag. den \  all`' e-free, four-fermlon mterachon,  the 

matrix element ]n charge-{ hang,Lk, form ma... be written as 1 

(;1. , 2 

x~ i y/7'~<~'l~[I  - (  ) '  ~%11.,,> 
1 

×,:7, I I [ 1 - ( - ) k - l y 5 l l u )  

,) 

- 52,:,k<~,lv~[ l - ( - ) ,  " I ,T5] Iu, ,  > 
1 

× <Tuly.[ I + ( _ ) k - l Y s l l u  ) 

2 
x<~l ( " 2 [ ) t  - o.a3[l . _ ) t - l , y 5 ] l v ,  ) 

I 

I ×<:;,ul%~[I ~ ( - )~  IT5] Iu)  I (1) 

The def inmons  o f c o v a n a n t s  and the s~gn convenuons  are 

the ones of Sachs and Swhn (1975) 2 and Scheck (1978) 3 

The connect ,on to other charge-chang, ng and charge- 

re tenuon forms ~s worked out m Mursula and Scheck 

(I 985) 4 Note that for massless pamcles  the covanan l s  

chosen above project onto states o fde f inne  hehcny In the 

Standard Model. ~.~ = 1 and all other couphng constants  
vamsh 

All electron observables can be expressed. ,n a model- 

independent  way. as funcuons of the ten standard real con- 

stants (see references above) a, h, c. a'.  h'. c'. a. 3. a'. and 

3'  The r a t e l s p r o p o m o n a l t o A  = a - 4 h - 6 c  The 

above deca~ parameters depend on rune of these constants  
onl,, 

3 3 2c o - - ~ = ~ - [ - . +  ] I . 1 ,  

. = 2 3 1 / . i ,  

6 - 3_ = 9_ [ ~ "  - 2 , " ]  !..~ 
4 4 1 - [ a  ,- 3 a ' + 4 ( h  + h ' ) + 6 c  - 14c']/ ,4 

l - ~_6 = 4.[_(h + b ' )  + 2 ( c  - c')]/_::1_ 
o I- [<~ - 2c]!..I 

I - ~ '  = [ a  ~- a '  ~- 4 ( t ,  - / , ' )  ... 6 ( , '  - c ' ) ]  1 .4  . 

(2) 

l - ~ "  - [ - 2 a  - 2 0 , ' ] / . 4  , 

a,/-t. 3/-1. ~"I-t ,  17'/-I 

the last four of which are obtained from the trans`' erse 

components  of  the electron polarization These real con- 

stants are easllx related to blhnear  combmauons  of cou- 

phng constants m any form of  the mteractmn For the case 

of the form (1), the) are g~ven b~ [note the scale factor 

GI.,/V"~ m Eq (1)] 

a }  12 a'  = 16(Ig1212 ± Ig2112)= l h l l  * 6 f l l  

- l h - ~ -  6 f ~ l  2 

} ..2) . 
h 
I,' = 4 ( I g l I 1 2 -  Ig22 ± Ih1212-  lh~ l12 

c' = + _ l h i l -  2 ;1112-11722-212212 . (5) 

a '  = I m  8[g21(h32+6f~_2)±g12(h* l l+6 f* l l ) ]  , (6) 

3 '  = I m  ( -4) [g22h31 +-g l lh~2]  (7) 

As the decay parameters (2) depend on (h - h ' )  but not on 

(t) - h ' ) ,  the constant/712 appears only m 3 and 3'. Eq (7) 

However, g I 1 is found to be compauble  with zero, so the 

decay parameters do not determine h 12 (The couphng 

constant  t712 does occur m the rate parameter  ,-t and ma) .  

m principle, be obtained by comparing g deca~ to other 

data ) By using Eqs (2) and the experimental determina- 

tions ofp .  n, (6/0,  6. ,~' ,~", ~, 3, a ' .  and 3". hmns  can be 
placed on the nine parameters a /A .  a ' / .q ,  (t) +h')/ . . t ,  c /,.I. 

c ' / -1,  a/. . t .  ~ ' / . t .  3/..I. and 3" / t  These are gp,en m the 

L~stmgs These h m n s  are easfl,, translated into hmns  on 

specific couphng constants m Eq (1), depending on ,,'.'hat 

kind of extensmn of  the Standard Model one w~shes to test 

Examples such as tcsts for right-handed mteractmns or for 

scalar/pseudoscalar effecuve couphngs are gp,en m Mursula 
and Scheck (1985) 4 

The l i m i t s  o n  a ,  a ' ,  , can be recast I n t o  llm~ts on 
the effect1`' e charge-retentmn coordinates gS/g I "  gP/g I "  
,(-~ ' /g l "  gT'/gl  "" OI A" and ~I~,I" whlch were used m the ear- 
her hterature (cf. e g. DEREN'ZO 69) The most recent 
values are found m BURKARD2 85 

Note that the radmt~ve corrections are unambiguous 

only f fh  II" 1722" g12" g21")Cll" and ./22 vamsh 

R e f e r e n c e s  

1 F Scheck, m l, cptons, lladron~, and .Vuc/e~ (North 
Holland, Amsterdam, 1983) 

2 A M Sachs and A SMm, m ~Iuon Physw.s- IL eds 
(" S Wu and V Hughes (Academlc Press, New York. 
1975), p 49 

(3) 

(4) 
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F Scheck. Phys Rep 44, 187 (1978) 

K Mursala and F Scheck, Nucl Phys B253, 189 
(1985), a n d K  Mursa lae!a l .  Nucl Phys B219.321 
(1983) 

p. D E C A Y  P A R A M E T E R S  
p P A R A M E T E R  

( V - - A )  t heo ry  p r e d i c t s  p = 0 75 

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0.7518 _+ 0.O026 " DERENZO 69 RVUE -- "- 
• * * We dO no l  use the  f o l i a w l n g  d a t a  for o v e r a g e s  his i lmds e t c  • * • 
0 762 +_ 0 008 170k 28 FRYBERGER 68 ASPK + 2 5 - 5 3  MeV e + 
0 7<50 - 0  009  280k 28 SHERWOOD 6.7 ASPK + 2 5 - 5 3  MeV e ~ 
0 . 7 5 0 3  +_ 0 0026  800k  28 PEOPLES 66 ASPK + 2 0 - 5 3  MeV e + 

28~ 7 c o n s t r a i n e d  = 0 These Va lues i n c o r p o r a t e d  in to o two  p a r a m e t e r  fit to 
p and z/ by DERENZO 69 

q PARAMETER 
(V-A) theory predlcts ~ = 0 

VALUE EVeS DOCUMENT ID TECN CHG COMMENT 
- -  0~007 ±-0.013 - O U R  A V E R A G E  

- 0  007 ± 0  013 5 3 M  298URKARD 858 FIT + 9 - 5 3  MeV I 
e + 

- 0 , t 2  ±0 21 6346  DERENZO 69 HBC t ' ~ 6 - 6 8  
MeV  e + 

• • • We do  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
- 0  012_+0 0 1 5 ± 0  003 5 3 M  30BURKARD 858 CNTR 4- 9 - 5 3  MeV 

e + 
0 011 +_ 0 .081  ± 0 026 5 3M BURKARD 85B CNTR + 9 - 5 3  MeV 

e + 
- 0 7 _+ 0 5 170k 31FRYBERGER 68 ASPK 2 5 - 5 3  MeV 

e + 
- 0  ? _+0 6 280k 31SHERWOOD 67 ASPK + 2 5 - 5 3  MeV 

e + 
0 05 _+ 0 5 800k 31 PEOPLES 66 ASPK + 2 0 - 5 3  MeV 

e + 
-2 0 -+0 9 9213 32pLANO 60 HBC + Whole 

s p e c t r u m  
2 9 G l o b a l  fit to (:}11 m e a s u r e d  p a r a m e t e r s  C o r r e l a t i o n  c o e t f l c m n t s  o re  g i v e n  I 

m 8URKARD 858 
30a = (~ = 0 a s s u m e d  
3~, c a n s t r o , n e d  = o 7s 
32 TWO p a r a m e t e r  fit to p a n d  77 - PLANO 60 d i scoun ts  v a l u e  far T7 

E" P A R A M E T E R  
VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
0 . 6 5  _+ 0 .36  326k 33 BURKARD 85 C:NTI~ ~ 8 h a b h Q  + 

onnlhll 

338URKARD 85 measure (~ ~E. ) / ~ and ~ and set ~ = I 

(~ PARAMETER) × (/J, LONGITUDINAL POLARIZATION) 
( V - A )  theo ry  p r e d i c t s  ,~ = I l o n g i t u d i n a l  p o l a n z o t l o n  = I 

VALUE EVT$ DOCUMENT ID TECN CHG COMMENT 
4.0027 ± 0 .0079 ± 0 .0030 8ELTRAMI 87 CNTR SIN 7r d e c o y  m I 

fhght  
• • * We d o  no t  use the  f o l l ow ing  d a t a  far a v e r a g e s  fits l imits e t c  • * • 
0 975 -+ 0 015 AKHMANOV 68 EMUL 140 kG 
0 975  ± 0 030 66k  GUR~VICH b4 EMUL Repl  b y  

AKHMANOV 68 
0 903 - 0  027 34ALI-ZADE 61 EMUL + 27 kG 
0 93 :L 0 06 8354 PLANO 60 HBC + 8 8 kG 
0 97 _+ 0 05 9k  BARDON 59 CNTR Bramafa rm tar  

g e t  
34Depo lo r lZahOn by  m e d l u m  nat  k n o w n  suf f ic lent ly  we l l  

Y (/.~ L O N G I T U D I N A L  P O L A R I Z A T I O N )  )< ~ / I )  

VALUE CL % DOCUMENT ID TECN CHG COMMENT 
>-0.99677 90 35 36 ~JODIDIO- 86 SPEC . . . . . . .  + TRIUMF J 

I 
• • • We d o  not  use the  f a l l o w i n g  d a t a  far o v e r a g e s  hts l imits, e t c  • • • 
> 0 . 9 0 6 6  90  37 STOKER 85 SPEC + /.~ sp in  r a t a t l o n  
> 0 . 9 9 5 9  90 CARR 83 SPEC ~ 11 kG 

35JODIDIO 86 i n c l u d e s  d(oto f rom CARR 83 a n d  STOKER 85 l 
3°The a b o v e  v a l u e  is the  resul t  g i v e n  in t he  e r r a t u m  JODIDIO 88 I 37STOKER 85 f l nd  (~P~?,.,'/)) -0 9955  a n d  - 0 9 9 6 6  w h e r e  first l imit  Is f rom 

n e w  p sp in r o t a t l o h  d(oto a n d  s e c o n d  is f rom c a m b l n a t i o n  w i th  CARR 83 
d a t a  (;L"p) = T 0 in V - A  t heo ry  

,3 P A R A M E T E R  
( V - A )  theo ry  p r e d i c t s  A = 0 75 

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
()~-755 ± O 0 0 9  O U R  AVERAGE 
0 752 :~ 0 . 0 0 9  490k  FRYBERGER 68 ASPK + 2 5 - 5 3  MeV e + 
0 7 8 2 - + 0  03'~ KRUGER 61 
0 78 ± 0 05 8354  PLANO 60 HBC + W h a l e  s p e c  

t rum 
• * • We d o  not  use t he  f o l l o w i n g  d(ato for a v e r a g e s  fits hmits e t c  • * • 

38 VOSSLER 69 
38VOSSLER 69 has  m e a s u r e d  the  a s y m m e t r y  b e l o w  10 MeV  See c o m m e n t s  

a b o u t  r a d i a t i v e  c o r r e c t i o n s  m VOSSLER 69 

~' = L O N G I T U D I N A L  P O L A R I Z A T I O N  O F  e ~ 
( V - A )  theo ry  p r e d i c t s  the  l a n g d u d m a l  p o I a r i z o h o n  = -+ I far e-+ 

r e s p e c h v e l y  We h a v e  f h p p e d  the  s ign for e -  so obr p r o g r a m s  c a n  
a v e r a g e  

VALUE EVT5 DOCUMENT ID TECN CHG COMMENT 
1.00 _+ 0 04 O U R  A V E R A G E  

0 998  +_ 0 045 fM BURKARD 85 CNTR f Sh(abha + 
a n n l h l l  

0 89 -+ 0 28 29k SCHWARTZ 67 OSPK - Muller scalier 
ling 

0 94 _+ 0 38 BLOOM 64 CNTR ~ Brems 
l ransmtss 

I 04 _+ 0 18 DUCLO$ 64 CNTR + B h a b h a  s c a l i e r  
ing 

1 05 _+ 0 30 BUHLER 63 CNTR ~- A n n l h d a h o n  

TRANSVERSE e + P O L A R I Z A T I O N  IN P L A N E  O F  ~ SPIN, e ÷ M O M E N -  

TUM 

VALUE E~T5 DOCUMENT ID TECN CHG COMMENT 

• • • We d a  nat  use the  f a l l a w l n g  dot(:} for a v e r a g e s  flts l imits e l c  * • • 
0 016_+0 .021  -+0 0 1 5 3 M  BURKARD 858 CNTR + Anmhf l  9 - 5 3  

MeV 

TRANSVERSE e ÷ P O L A R I Z A T I O N  N O R M A L  T O  P L A N E  O F  ~ SPIN.  

e + M O M E N T U M  
Zero  II r I n v o r l a n c e  ho lds  

VALUE EVT$ DOCUMENT ID TECN CHG COMMENT 
( ) . 0 0 7  ~ ' 0 . 0 2 2  _+ [) .007 5 3M BURKARD 856 CNT~ + Ann~hfl 9 - 5 3  

M e v  

(~/IA 

_VALUE (un!rS 10~-3~ EV_T$ _DOCUMENT_ ID T__ECN CNG COMM_ENT 
0.4  -+ 4 .3  39 BURKARD 858 FIT 

• • * We do  not  use l he  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmllS e tc  ° * • 
15 ± 50 _* 14 5 3M BUI~KARD 858 CNTR + 9 - 5 3  MeV e + 

3 9 G l o b a l  l i t ta  a l l  measurec l  p a r a m e t e r s  Co r re l a t i on  C(:}eftlclents a re  g i v e n  
in BURKARD 858 

( l ' f A  
Zero if T i n v a r l a n c e  ho lds  

V A ~ u n , t s  I 0 -  3) EVj$ _DO_.CUMENT - I D rEC_N CHG _-COMME~I~ 
- 0.2  ± 4 .3  408URKARD 858 FIT 

• • • We do  not  use Ihe  f a l l o w i n g  d a l a  far a v e r a g e s  fits hmds e l c  • • • 
- 4 7  -+ 50 -+ 14 5 3M 41 BURKARD 858 CNTR + 9 - 5 3  MeV e + 
40GIobal fit la all measured parameters Correlation caethclenls ore glven 

in BURKARD 858 
4'IBURKARD 858 m e a s u r e  e ~ pa larLzat ions PTI a n d  P:2 versus e + e n e r g y  

3,1A 
yALUE. (un,t~ fO- 3~ E V_TS _DOCUMENT I ~) TECN CHG COMMENT. 
3.9  ± 6 .2  42 BURKARD 858 FIT 
• • • We do  not  use the  fo l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
2 _ '~7 _+ 6 5 3M BURKARD 858 CNTR + 9 - 5 3  MeV e + 

4 2 G l o b a l  fit tO al l  m e a s u r e d  p a r a m e t e r s  C o r r e l a h a n  coe f f i c ien ts  a r e  g i v e n  
in BURKARD 858 

d ' / A  
Zero if T i n v o r l o n c e  ho lds  

VALUE (un{ts I 0 -  3) _ E V F S  _DOCUMENT ID [E.C_ N CHG _COMMENT 
' l , S  +_ 6 .3  438URKARD 85B Fff 

• * • We d a  nat  use the  fo l l ow ing  d a l a  for a v e r a g e s  hts hmlts e t c  • * * 
17 ~ 17 _+ 6 5 3M 44 BURKARD 858 CNTR + 9 - 5 3  MeV e + 

4 3 G l o b a l  fit tO a l l  m e a s u r e d  p a r a m e t e r s  C o r r e l o h o n  coe f f i c ien ts  a re  g lVeh  
m 8URKARD 858 

448URKARD 858 m e a s u r e  e + po la r i zohons  PTI a n d  PT2 versus e + e n e r g y  

a/A 
This c o m e s  from a n  a H e m o h v e  p a r a m e l e r l z a h a n  to tha t  used  in the  
Summary  Table  (see  Note  on  M u o n  D e c a y  Paramete rs  a b o v e )  

VALUE (unlts ro~- 3) C_~ % DOCUMENT ID. T_ECN 

• • • We cio not  use the  fo l l ow ing  d a t a  for a v e r a g e s  his hmtts etc  * • • 
< 15 ,9  90 45 BURKARD 858 FIT 

4 5 G l o b a l  l i t fa o i l  m e a s u r e d  p a r o m e l e r s  C o r r e l c h o n  coe fhc ten ts  a re  g i v e n  
in 8URKARD 858 

o'/A 
This c o m e s  from a n  a l t e r n a t i v e  D a r a m e t e r l z a h o n  to "hOt used  in the  
Summary Table (see Note on Muon Decay Parameters above) 

_VALUE_ (unjts TO- 3) . _ _D_O_CUMENT !D_ TECN 

• • • We d a  not  use l h e  f o l l ow ing  d a l a  for a v e r a g e s  fits IlmdS e t c  • • • 
5 3 -+ 4 t 46 8URKARD 85B FIT 

4 6 G l o b a l  fit to a l l  m e a s u r e d  p a r a m e t e r s  C a r r e l a h a n  c o e f h c . e n l s  o re  g~ven 
In 8URKARD 858 
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(b'+b)/A 
Thls c o m e s  f rom a n  a l t e r n a t i v e  p a r a m e t e r l z o t l o n  to t ha t  u s e d  In t he  
S u m m a r y  t a b l e  ( see  No te  on  M u o n  D e c a y  Pa rame te rs  a b o v e )  

VALUE U(~_,Is tO-  3) ~L % .DO_~_UMENT ID__ [ECN_ 

• • * We d o  not  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  flts Iim115. e t c  • • • 
< 1 .04  90  47 BURKARD 858 FIT 

4 7 G l o b a l  fit to a l l  m e a s u r e d  p a r a m e t e r s  CoFre la t l on  coe f f i c i en t s  a r e  g i v e n  
in BURKARD 85B 

c/A 
This c o m e s  f rom a n  a l t e r n a t i v e  p a r a m e t e r i z a t i o n  to t ha t  used  in t he  
S u m m a r y  Tab le  ( s e e  No te  on  M u o n  D e c a y  P a r a m e t e r s  a b o v e )  

VALUE .(unl_t$ 10"- 3) _ CL %_ ~ t J M E N T  ID ~ N  

• • • We d o  no t  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits, e t c  * • • 
< 6 . 4  90  48 BURKARO 858 FIT 

4 8 G l o b a l  fit to  a l l  m e a s u r e d  p a r a m e t e r s  C o r r e l a t i o n  coe f f i c i en ts  a r e  g w e n  
in 8URKARD 85B 

c'/A 
This c o m e s  from a n  a l t e r n a t i v e  p a r a m e f e r l z a f l o n  to t ha t  u s e d  in t he  
S u m m a r y  Tab le  ( see  No te  on  M u o n  D e c o y  P a r a m e t e r s  a b o v e )  

V . 4 L U E _ ~  107 3) . . . .  DOCUMENt  IO TECN 

• • • We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  flts l imits e t c  • • • 
3 5 ± 2 . 0  49BURKARD 858 FfT 

4 9 G l o b a l  fit to oi l  m e a s u r e d  p a r a m e t e r s  C o r r e l a t i o n  coe f f i c i en ts  a r e  g i v e n  
~n E.URKARD 8,$8 

PARAMETER 
( V - A )  t heo ry  p r e d i c t s  ~ = 0 ~ a f fec ts  s p e c t r u m  of r a d i a t i v e  m u o n  
D e c a y  

VALUE DOCUMENt ID TECN CHG COMMENT 
0 . 0 2  ¢ 0 .08  OUR AVERAGE 

- 0 014 :t: 0 090 EtCHENBER 84 ELEC + p t ree  
+ 0 . 0 9  ± 0 . 1 4  BOGART 67 CNTR + 
• • • We  clo not  use t he  fo#Iowlng Da ta  for a v e r a g e s ,  fits l lmlfs,  e t c  * • • 

- 0 035  ¢ 0 098 EICNENBER' 84 ELEC + p=0 75 
o s s u m e ~  

REFERENCES FOR/4 

BELLGAROT 88 NP 8299 1 +Otter Elchler÷ (SINORUM COlIOU ) 
JOOIDIO 88 PR D37 237 •Balk+ Corr. (LBL NWES TRIU) 

Erratum 
AHMAD 87 PRL 59 970 +Azuelos* (TRIU VPI VICF BRCO MONt CNRC) 
BELTRAMI 87 PL Bt94 326 •Burkara Van DlnCklage• (EIH SIN MANZ) 
COHEN 87 RMP 59 t121 +Faylor (RISC NBS) 
NI B7 PRL 59 2716 ,Arnol(J Chmety+ (YALE LANL WILL MISS HELD) 
BEER 86 PRL 57 671 •Marshall  Mason* (VICT TRIU WYOM) 
BELTRAMI 86 NP A451 679 +ADS Beer Decnamb. ler  Gouasmlt .  (£TH FRIB) 
8aLTON 86 PRI. 56 2461 +8owman COODOr+ (LANL St"AN CHIC TEMP) 
GROSNICK 86 PR'L 57 3241 +Wright BOItOn+ (CHqC LANL STAN TEMP) 
JODIDIO 86 PR D34 1967 +Balk+ Cart GidOl Sh~nsKy+ (LBL NWES TRIU) 

Also 88 PR D37 237 JoclJclIO Balk+ Carte (LBL NWES TRIU) 
Erratum 

8ERTL 85 NP 8260 1 +Eg~i Eichler• (SINDRUM Col lab ) 
BRYMAN 85 PRL 55 465 + (TRIU CNRC BRCO LANL CHIC CARL+) 
8URKARD 85 PL 1508 242 +Corrlveau EgRet• (ETH SIN MANZ) 
BURKARD 850 PL 1608 343 •Corr lveau Egg+re (ETH SIN MANZ) 

Also 81S PR D24 2004 Corrlveau Egger Fetscher+ (ETH SIN MANZ) 
AIso. 83B PL 1298 260 Corrlveau EgRet Fetscher+ (ETH SIN MANZ) 

HUGHES 85 CNPP t4 341 •Klnoshlta (YALE CORN) 
STOKER 85 PRL 54 1887 +Balk+ Cart Gldal+ (LBL NWES IRIU) 
BARDIN 84 PL 1378 135 ÷DucIos Magnon+ (SACL CERN 8GNA FIRZ) 
BERTL 84 PL 1408 299 +Elchler Felawko+ (SINDRUM Coflab ) 
6aLTON 84 PRL 53 1415 +Bowman Carllnl+ (LANL CHIC STAN TEMP) 
EICHENBER 84 NP A412 523 Elchenloerger Engfer vanoeP3choff (ZURI) 
GIOVANETTI 84 PR D29 343 +Dev EcKhause Hart+ (WILL) 
KINOSHITA 84 PR'L 52 717 +NIzic OKomOto (CORN) 
AZUELOS 83 ~ 51 164 +DoDommler Leroy Martin+ (MONT FRIU BRCO) 

Also 77 PRL 39 t113 Depommler+ (MONT BRCO TRIU VICT MELB) 
BE~.SMA 83 PL 1228 465 +Dorenbosch Jonker+ (CHARM Col lab ) 
CARR 83 PRL 51 627 +Glclal GobOl JOdiclio Oram+ (LBL NWES TRIU) 
KINNISON 82 PR D25 2846 eAnOerson Marls Wrlghl+ (EFI STAN LANL) 

AlSO 79 PRL 42 556 Bowman CooDer Hamm+ (LASL ER SIAN) 
KLEMPT 82 PR 025 652 +SChulZe Wolf Camanl  Gygax+ (MANZ ETH) 
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R j = ' l  
2 

;" discovery paper was PERL 75 e + e  - ~ T + T  - 

cross-sechon threshold Ioehavior and magndude a r e  

consistent with pointhke spln-'I/2 Dirac parhcle BRAN- 
D[LIK 78 ruled oul pointlike spln-0 or spln-'l parhcle 
F[LDMAN 78 ruled oul J = 3/2 KIRKBY 79 also ruled 
out J=integer. J = 3.,'2 

N O T E  O N  I H E  r D E C A Y  P R O B L E M  

There  exists a p rob lem in unders tand ing  the l-charged- 

particle decay modes  o f  the r The  problem,  first discussed 

by Truong  I and Gi lman  and Rhle, 2 is that  the measured  

mclus lve  branching  fraction to l -charged prong is larger 

than the sum o f  exclusp,c l -charged-part ic le  modes  3 Smcc 

the m e a s u r e m e n t  o f  exclusive modes  with 2 or  more  neu- 

tral hadrons  is dfff icuh given the hm~tatmons o f  present  

detectors ,  the lnequahty  between the sum ofexclust`"e 

m o d e s  and the inclusive measu remen t s  is slgmficanl only if 

theoretical  prcdlCtlOnS arc used to put l imits on unmeas-  

ured or poor l )  mcasurcd  modes  

The  current  status o f  the l -prong modes  is summar i zed  

m the table below For the theoretical esnmates ,  we use the 

results o f  Rc f  2, updated  to Include new exper imenta l  data  

l -Prong Branching Fract ions  o f  the r (~,0 

Decay Mode  Exper iment  Theory  a 

180 

175 

22 1 
l0 t ) 

m 

e p p  

VV  # 

p v 

7r p 

K - ( > ~ 0  neutrals)  v 

K" u ,  K ' -  - - - ~ r - ( 2 r 0 o r  K L) 
r -  (2rO)v 

zr - ( > i  3 ~  -0)  v 

~r - (  > i  I rl)( > i  o r O ) v  c 

Sum of  measured  modes  

177_+04  

1 7 7 ± 0 4  

2 2 5 _ + 0 9  

108_+06  

1 71- ' -029  

05_+01  
7 4 .-_ I 4 h 

< 1 7  

~ 6 7 _ + 0 4  
< 14 d 

< 0 8  

7 8 3 = 1  9 

Theoret ical  l imits < "~ "~ 

on unmeasured  modes 

Sum o f  exclusive modes  < 80 5 :  I 9 

Measured  I -prong 86 6 _+ 0 3 

branching  fraction 

Difference > 6 I ÷ 1 9 

a N o r m a h z e d  to cons t ra ined f i t  to t-,pp and i, Lvv measure- 
ments  a s s u m l n g B F  = 0 9 7 3  BF e 
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T 

b ( 'r, ,stal Ball Col laboranon.  S Lowe SL-k(. '-PLB -4449 
(1987) 

c ( ' on t r Jbunon  to l -prong mode  onlx 
d Assumes 15% s~stemal lc error  on {he measured cross sec- 

t ion  for  ¢ - c  - --,. 2 r - 2 r r -  

The discrepancy is due to errors in the exper imental  

measu remen t s  or theoretical l imits o r t o  the ex~stence o f  

one or more  modes  not included m the table Earl) meas-  

u rements  o f  the mclustxe one-prong branching fracnon 

reported stgmficanll)  lower values but suffered from large 

backgrounds  not present  m mort." recent exper iments  

S ' .s tematlc  errors d o m m a t e  most  measuremen t s  part~c- 

ularl3 for the r--  ~ r - v  r and r -  ~ t , - v  r modes  The tech- 

nique used to obtain the exper imenta l  a`' eragcs ignores 

correlated errors which can be e spccml b  m~portant ',',hen 

systematic  errors arc d o m i n a n t  There  ~s a lcndcncb for 

mult iple  exper imenta l  measuremen t s  o f  a given mode  to bc 

more  consis tent  than expected from their quoted errors 4 

This  indicates e i ther  the existence o f  systematic errors 

accounted  for b3 the exper imenters  which are correlated 

and should not be a` 'eraged, or inflation o f  exper imenta l  

errors, or a bias m the exper imenta l  measu remen t s  The 

r ~ p v r measu remen t s  shov, t h i s  lendenc$ cvcn if the 

systematic  errors arc ignored and on13 the s ta l lSt lca[  errors 

arc used 

Reso lunon  o f  the missing one-prong  puzzle will require 

ei ther  new measu remen t s  ',',.ith much reduced s ' ,s tcmaIic 

and s tansncal  errors or an  exphclI measuremen t  o f  a mode  

which is p rescn tb  unmeasured  or ',or) poorl.', measured 

R e f e r e n c e s  

1 T N Truong,  Ph.~s Rcv D30 1509 (1984) 

2 F J  G i lman  a n d S H  Rhic Ph)s  Re`' D31, 1066 
(1985), and F J  Gflman.  Phys Re`' 1)35 3541 
(1987) 

3 Many  authors  ha,,e examined  the discrepant}  Some 
recent rcti:rcnccs arc M G D Gflchrlcsc l'Jo~eedtn~.s 
oft~l(' 19S6 lnt('p nattona/ ( onteJ('m (' on lh,,4h /:'t,'('tt~l' 
l'hl,~/cs ed S Lokcn (Bcrkclc).  1986), B C Barlsh 
and R Stro`'nov, ski. Ph' .s  Rcp 157, I (1988), K K 
G a n a n d  M L  PcrI. SL-\C-PUB-4331(19871,  t o b c  
publ ished in Journal  o f  Mod Phys -~ and M L Pcrl 
SLAC-PUB-4481 (1987) m InnaA o! t h e . \ o l  )o1~ 
. .k adcm I of.S'c I ¢ l k  ~'~ 

4 K G Hayes and M l Pcrl. SI..-k(-PL'B-4471 (I 98 7) 
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T M A S S  

VALUE (MeV) EVeS DOCUMENt ID rECN COMMEN~ 

1784.1 + 2 .7  O U R  A V E R A G E  
- 3.6 

1787 +_10 BLOCKER 80 MRK2 e + e  - E c r u = 3 5 - 6 7  
G e V  

1783 + 3 - 4 692  I BACINO 78B DLCO e + e -  Ecru=3 I - 7  4 
G e V  

1787 + 10 - 18 299  2 BARREL 78 SPEC e + e -  Ecru=3 6 - 4  4 
G e V  

1807 +, 20 8RANDELIK 78 DASP e + e -  Ecru=3 1 -5  2 
G e V  

• • • We do  not  use the fo l low ing  d a t a  for a v e r a g e s  fits l imits s i c  • • • 
1803 +, 16 1138 BLOCKER 82D MRK2 Incl m BLOCKER 80 

IBACINO 78B va l ue  c o m e s  f rom e+--X T" th reshold  Publ ished mass 1782 
M e V  i n c r e a s e d  by  1 M e V  using the h igh p rec is ion  ¢(2S) mass measure -  
men t  of  ZHOLENTZ 80 to e l lm lno te  the abso lu te  SPEAR e n e r g y  ca l i b ra t i on  
unce r ta ln t y  

2BARTEL 78 fits ene rgy  d e p e n d e n c e  of cross sec t ion  for e-+ and  /~_+ 
even ts  Mass va lue  not  d e p e n d e n t  on whe the r  V - A  or V + A  d e c a y  
assumed  

"r M E A N  LIFE 

VALUE ( tO-  "$3 sec)  E_vrs  _D.Q~_LIMENT ID TECN COMMENT 
3 . 0 4 z 0 . 0 9  O U R  A V E R A G E  

2 . 8 8 _ . 0 . 1 6 _ _ . 0  17 807 AMIDEI 88 MRK2 e + e  - E c m = 2 9 G e V  
2 9 9 _ + 0 . 1 5 ± 0  10 1311 ABACHI 87C HRS e + e  - Ecm=29 G e V  
2 95_+0 1 4 z 0 . 1 1  5696  ALBRECHT 87P ARG e + e  - E c r u = 9 3 - 1 0 6  

GeV  
3 09_+0 1 7 _ . 0  07 3788 BAND 87B M A C  e + e -  E c m = 2 9 G e V  I 
3 25 ¢ 0 14 ¢ 0 18 8470 BEBEK 87C CLEO e + e -  Ecm=10 5 G e V  I 3.15_+.0 .36:1 :0  40 10k FERNANDEZ 85 M A C  e + e  - E c m = 2 9 G e V  

+ 0 . 8 1  
3 1 8 _ 0  94 80 ALTHOFF 84D TASS e + e  - Ecru=43 G e V  

4 7 + 3 9 143 BEHREND 83D CELL e + e -  Ecru=22 34 - 2 9  G e V  

4 6 _+ 1 9 102 FELDMAN 82 MRK2 e + e -  Ecm=29 G e V  
4 9 -+2 0 121 FORD 82 M A C  e + e  - Ecru=2829 

G e V  
• • • We d o  hal  use the fo l lowing d a t a  for a v e r a g e s  fits hmlts e tc  • • • 
3 . 2 0  ¢ 0 54 156 JAROS 83 MRK2 Repl by  AMIDEI 88 

"r D E C A Y  MODES 

r + m o d e s  o re  c h a r g e  con juga tes  of the m o d e s  b e l o w  

] ' I  1 . -  ~ #-~_.~/Jr 

r 2 T -  - -  e - / J e / J :  

r s T -  ~ 2 ~ r + 3 " X - P :  

r 4 T -  ~ 2 ~ r ~ 3 7 r - ~ - o / J r  

I" s T -  --~ K +  K -  ~ r -  /Jr 

I" 6 " -  ~ K - ' n ' + ~  " -  ( > - 0  ~-o) V, 

I" 7 " -  ~ K - / J r  

1" 8 . -  ~ 7r-u:V r 

I" 9 . -  ~ 7 t ' - p o / J r  

1'~o " -  --* O , ( 1 2 6 0 ) - / J :  

I ' .  " -  ~ K -  ( > - t  n e u l r a l )  /J= 

] ' 12  " -  ~ ~ - / J r  

I"13 - -  

F r a c t i o n  (I"/I") 
(17 8 z 0  4 ) x l 0  - 2  

(17 5 -+0 4 ) ;<10 - 2  

( 5 6  + - 1 6 ) × 1 0  - 4  

( 8 . I  :12 2 ) × t 0  - 4  

(2.2 -+I~ ) × 1 0 - 3  

~ _+~ ~ >;<1o-~ 
( 6 6 ± 1  9 ) < 1 0  - 3  

( 1.6 +,0 5 );<I0 -2 

( 5 4 __.I 7 ) × 1 0  - 2  

~1 o8_~ o o 2,;)× 1o-2 
(10 8 +,0 6 ) ;<10 - 2  

< 1 .4  

Scale/ 
Cant Lev 

S=11 

;< 1 0 -  2 CL=95% 

~r ~ 2 7 r - / j :  ( n o n - r e s o n a n t )  
I"14 T- ~ 7 r - T ~ P  T < 1.0 

1"15 1.- ~ P - / J r  

1"16 T -  ~ " ~ ' + 2 7 r - / J  r 

r17 T -  - -  ~ " 2 ~ - 3 ' ( S )  /J, 

I'ls T -  
h a d r o n -  ( > - 2  h o d r o n O )  /JT 

1"19 1 . -  --~ 
2~r  ~ 3 ~ r -  ( _ > 0  n e u t r a l s )  /J, 

I"2o r -  --* /C~(892)-V, 

× 1 0 -  2 CL=95% 

(22 3 ¢ 1  1 ) '<10  - 2  

( 6 8  x 0 . 6  ) × 1 0  - 2  S = t 5  

( 6 4  + _ 0 6 ) ; < 1 0  - 2  S = 1 4  

( t 6  3 +_.I 3 ) × 1 0  - 2  

( t t 5 ¢ 0 . 2 7 ) ; < 1 0  - 3  

( 1 43 -+0 .31 )x10  - 2  

I"21 T- ~ K~(1430)-U, < 9 ×10 -3 CL=95% 

1"22 T -  ~ ( 1 4 ± 0  9 ) X I 0  - 2  

K ' 4 ¢ ( 8 9 2 )  - ( > - 0  n e u t r a l s )  v~ 

i'23 1"- ~ ~- -~ -o  (non-resonant) u~ ( 3 0 Z 3"° )'<10-3 

I'24 T- ~ 21"+ 27r- 7rOvT (44 +,16 )xlO -2 

I '25 1"- -- ~-3~°u: ( 3 .0  -+2 7 ) ;<10 - 2  

1"26 1"- -- 7r-2~0~ ( 7 5 ± 0  9 ) , I 0  - 2  

r 2 l  T -  ~ < 6 " 10 - 3  C L : 9 0 %  

K -  ( 2  c h a r g e d )  (>- -0  n e u t r a l s )  p~ 

1"28 T- -- 7r-2;r-/~ (_>0 3') p, < 2 7 YI0 -3 CL=90% 

1"29 T- ~ 7 r - ~ ° T / / j  r < 2 t ×10 -2 CL=95% 

I'3o 1.- -- 7 h a d r o n s  ± ( > - 0 7 r  o) v~ < t 9 × 1 0  - 4  CL=90% 

1"31 1"- ~ K - K a Y 7  < 2 6 ;<10 - 3  C L : 9 5 %  

['32 T -  ~ K -KOT i ' 0 / j  7 < 2 6 x l O  - 3  CL=95% 

1"33 T -  ~ 7r-7/  (> -0  n e u t r a l s )  p~ < 2 1 <10 - 2  CL=95% 

r34 T -  ~ 7r-7/T/ (> -0  n e u t r a l s )  /j~ < 5 ,10 -3  CL:90% 
I '35 T -  ~ < 3 0 "<10 - 3  C L : 9 0 %  

~ + ~ ' - T r - T /  (>- -0  n e u t r a l s )  /j~ 

r 36  r -  ~ ( I  c h a r g e d )  ( _ > 0  n e u t r a l s )  v~ 

I 37  T -  - . .  h a ( I r o n -  ( > - I  / r  ° )  /JT 

I '3s 1"- ~ h a d r o n -  ( > - 0  n e u t r a l s )  p~ 

139 1 . -  ~ ~ ' + 2 7 r -  ( > - 0  7r0) u~ 

I"40 1.-  ~ K -  ( > - 0  n e u t r a l s )  p~ 

L E P T O N  N U M B E R  O R  L E P T O N  F A M I L Y  N U M B E R  

V I O L A T I N G  M O D E S  

1"41 T -  .-,, # - 3 ,  < 5 '<10 - 4  CL=90% 

F42 1.- ~ e -  3' < 6 × 10 - 4  CL=90% 

1"43 T -  ~ # -  c h a r g e d  p a r t i c l e s  
I'44 T -  ~ e -  c h a r g e d  p a r t i c l e s  
I"45 T -  ~ # - / J , ~ # -  "< 2 .9  '<10 - 5  C L : 9 0 %  

['46 T -  ~ e - # + ~  - < 3 3 '<10 - 5  CL=90% 

r47  T -  ~ # - e + e  - < 3 3 ×10  - 5  CL=90% 

r4s T -  -,. e - e + e  - < 4 × 1 0  - 5  CL=90% 

I'49 T -  ~ # - ~ 0  < 8 ×10  - 4  CL=90% 

I'50 T -  --,- e -T r0  < 2 1 ' , I 0  - 3  CL=90% 

]'51 T -  ~ # - K  ~ <, 1 0 × 1 0  - 3  CL=90% 

['52 T -  .-~ e - K  ~ < 1 3 '<10 - 3  CL=90% 

1"53 T -  ~ ~ - / ) 0  < 4 ;<10 - 5  CL=90% 

]'54 T -  .-=. e - p  0 < 4 x 1 0  - s  CL=90% 

T'55 T -  "~  e - 7 1 " * / T ' -  < 4 ' -10  - 5  CL=90% 

I'56 T -  ~ e + g T - T ~  " -  < 6 x 1 0  - 5  CL=90% 

I"57 T -  ~ ~ -71"+71  " -  < 4 × 1 0  - 5  CL=90% 

1"58 I ' -  ~ ,.~+7~'-71"- < 6 X l 0  - 5  CL=90% 

I '59 1"- ~ e - T r + K  - < 4 '<10 - 5  CL=90% 

I"60 1 " -  ~ e + ~ r - K  - < t 2 '<10 - 4  CL=90% 

I"61 T -  ~ ~ - ' / T + K  - < 1 2 "<10 - 4  CL=90% 

r62  T -  ~ / J + " ~ - K -  < 1 2 "<10 - 4  CL=90% 

I"63 1"-  ~ e - K ~ ( 8 9 2 )  0 < 5 ×10  - 5  CL=90% 

I'64 1"-  ~ # - / C ~ ( 8 9 2 )  o < 6 "<'10 - 5  CL=90% 

1"65 T -  --b e + # - #  - < 4 ;<10 - 5  CL=90% 

I"66 T -  ~ #+e-e- < 4 ;<'10 - 5  C L - 9 0 %  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f i t  I o  21 b r a n c h i n g  r a t i o s  u s e s  83  m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e t e r m i n e  11 p a r a m e -  
te rs  The  o v e r a l l  flt h a s  a ×2 = 6 4  3 fo r  73  d e g r e e s  
o f  f r e e d o m  

1"he f o l l o w l n g  o f f - d l a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t l o n  c o e f f i -  
c i e n t s  ~6x I 6x l . , / (~x I ~xj) in p e r c e n t ,  f r o m  t h e  fit t o  t h e  b r a n c h i n g  
f r a c t i o n s ,  x~ ~ l ' j / ] '~orol  The  fit c o n s t r a i n s  t h e  x I w h o s e  l a b e l s  
a p p e a r  in th ls a r r a y  t o  s u m  to  o n e  
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1 5 9  

Listings 
T 

X 2 -- 16 
X 7 0 0 
XI~ - 3  3 58 
Xf2 8 41 4 - 3  
XIS - 2  - -2 0 0 0 
x1~ 0 0 0 0 0 
x17 -4  - 2  0 - 1  - 2  

x18 18 48 -2 - 9  - 3 5  
xf9 0 O O 0 - 1 
X23 0 0 0 0 0 

Xl  X 2 X7 X11 X12 

0 
0 91 

- 7 9  0 - 6 
0 0 0 - 4  
0 0 0 23 0 

X15 X16 X17 X18 X19 

"r B R A N C H I N G  R A T I O S  

r ( I t / -  V ,  V , ) / r t o t a l  I ' i / I "  
VALUE EVT$  DOCUMENT ID TECN COMMENT 

0.178 ± 8.004 OUR FIT 
8.478 ± 8.004 OUR AVERAGE 
0 177 _+ 0 012 ± 0  007 AIHARA 87B '[PC e + e  - Ecru = 29 

GeV 
0 183_+0 0 0 9 ± 0 . 0 0 8  BURCHAT 87 MRK2 e + e  - Ecru= 29 

GeV 
0 . 1 7 4 ± 0  006_ .0  008 4201 ADEVA 86B MRKJ e + e  - Ecru= 

14-47 GeV 
0 . 1 8 8 ± 0  008-+0  007 85B BARTEL 86D JADE e + e  - Ecru = 

34 6 GeV 
+ 0 . 0 0 7  0. 429 ± 8 017 _ 0 .005  ALTHOFF 85 TASS e + e -  Ecru = 

34 5 GeV 

0 . 1 8 3 ± 0  0 0 9 ± 8  005 473 3ASH 85B MAC e + e  - Ecru = 29 
GeY 

0 1 8 0 ± 0  010 ± 8  006 4BALTRUSAITIS85 MRK3 e + e  - Ecru = 
3 77 GeV 

0 194 ± 0 016 -+ 0.017 153 BERGER 85 PLUT e '*  e -  Ecru = 
34 6 GeV 

0 1 7 6 ± 0  8 2 6 ± 8 . 8 2 1  47 BEHREND 83C CELL e + e  - Ecru= 34 
GeV 

0 178_.0  027 BERGER 81B PLUT e + e  - Ecru = 
9 - 3 2  GeV 

0 35 :t 0 14 BRANDELIK 88 IASS e + e -  Ecm = 30 
GeV 

+ 0  07 11 SMITH 78B SPEC e + e  - 0 22 - 0 . 0 8  
/~ + / ~ -  X 0 

0 15 ± 8 03 220 8URMESTER 77B PLUT Assumes V - A  
d e c o y  

0 .22  + 0  10 - 0 07 CAVALLI 77 SPEC e + e -  
# ± X  ~: 

0 . 1 7 5 ± 0  040 PERL 77 MRK1 e + e  - 
/.~ :t: X :I: 

1"(e- ],o v, )Irtofol 
VALUE EVT$ 

0.475 ± 8.004 OUR FIT 
0.178 ± 0.005 OUR AVERAGE 
0 184 ± 0 012 Z 0 .010 AIMARA B78 TPC e + e -  Ecru = 29 

GeV 
0 191 ± 0  0 0 8 ± 0  011 8URCHAT 87 MRK2 e + e  - Ecru= 29 

GeV 
0 . 1 7 0 ± 0  0 0 7 ± 0  009 515 BARREL 860 JADE e + e  - Ecmo 

34 6 GeV 
.*,~n + 0.044 0 204 ± 0 ~ - 0 .009  ALTHOFF 85 TASS e + e -  Ecm= 

34 5 GeV 

0 . 1 8 0  :l: 0 009 ± 0 006 390 8 ASH 85B MAC e + e -  Ecru= 29 
GeV 

0 182 ± 0 007 ± 0 005 9 0ALTRUSAITIS 85 MRK3 e + e -  Ecru= 
3 77 GeV 

0 1 3 0 ± 0  0 1 9 ± 0  029 BERGER 85 PLUT e + e  - Ecru = 
34 6 GeV 

8 183 ± 0 824 ± 0 019 60 BEHREND 83c CELL e + e -  Ecru= 34 
GeV 

0 19 ± 0 09 BRANDELIK 80 TASS e + e -  Ecru- 30 
GeV 

0 . 1 6 0 ± 0  013 459 10BACINO 78B DLCO e + e  - Ecru= 
3 1-7 4 GeV 

• • • We d o  not  use the  fo l l ow ing  d a t a  for averages ,  fits l imlts e fc  • • • 
0 178  ± 0  007 -+0.005 5AIHARA 87B TPC e + e  - Ecm= 29 I 

GeV 
0 177 ± 0  007 6BARTEL 86D JADE e + e -  Ecru= I 

34 6 GeV 
0 173 ± 0 . 0 0 5  7ASH 85B MAC e + e  - Ecru= 29 

GeV 
3Error co r re la ted  wi th  FERNANDEZ 85 l - p r o n g  va lue  
4Error co r re la ted  wi th  BALTRUSAITIS 85 B iG va lue  
5 C o m b l n e d  res_ult of AIHARA 87B ev~; a n d  # v v  measurements  assuming J 

BR(/=pv)/BR(evv) = 0 .973 
6 C o m b i n e d  result of BARREL 86D e v v  ancl ~ ' v  measurements  assumlng  J 

BR(#vu) /BR(evl ; )  = 0 973 
; / C o m b i n e d  result of ASH85B [ ( l ' ~ - V # V r ) /  ]')oral r ( e - ' v e v r ) /  [')oral, a n d  

] ' ( / ~ - v = v r ) l ~ ( e - V e l , ; - ) / r ~ t a l  measurements  assuming B R ( p l , v ) /  8R(evv) = 
0 9 7  

I ' 2 / I "  
DOCUMENt I0 TECN COMMENT 

• • * We d o  not  use the fo l l ow ing  d a t a  for averages  flts ilmi?s e l c  • * • 
0 183  ± 0  007 _+ 0 005 11 AIHARA 87B TPC e *  e -  Ecru= 29 I 

GeV 
0 182 ± 0 008 12 BARTFL 86D JADE e "  e -  Ecru= J 

34 b GeV 
0 478 ± 0 005 13 ASH 85B MAC e + e -  Ecru= 2q 

GeV 
$Error co r re ia ted  wi th FERNANDEZ 85 1-prong va lue  
9Error co r re la ted  wl fh  BALTRUSAITIS 85 l (u - i ' #vT) /110 ta l  

10BACINO 78B va lue  comes  tram hl to events wl th  e -+ a n d  one other  
none lec t ron  c h a r g e d  p rong  

11Comiolned res_u[t of AIHARA 87B e l ' v  a n d  iJI ' i '  measurements  assumlng 
BR(laUlJ)/BR(euv) = 0 973 

f 2 C o m b l n e d  res_ult of 8ARTEL 86D e v v  a n d  ~ v v  measurements  ossumlng } 
BR(/zvv)IBR(e'av) = 0 973 

13Comb ined  result of ASH BSB l ( , u - l ' # V r ) /  l toml i ( e - l , e ! ' r )  / l lota , a n d  
( I~ -  'u ' ~ ) ] ' ( e - l ' e  ' - ) /  "~)al measurements  assuming BR(~zvv) / Bl~(el;i,) = 

0 97 

( I ' ( / . t -  V u v))l'(e-vov,))1.'21PIora) 
(l" d 2)D/1" 

VALUE EVTS DOCUMENT ID TECN COMMENT 

0.1766 ± 0*0026 OUR FIT 
0 . 4 8 9  ± 0 . 0 2 0  O U R  AVERAGE 
0 1 8 2 ± 0  0 2 8 - . 0 . 0 1 4  13 14BRANDELIK 78 DASP Assumes V - A  

decay 
0.224  ± 0 .032 ± 0 045 21 14 BARBARa- 77 MRK1 
0 1 8 6 ± 0  0 1 0 ± 0  028 144 14pERL 77 MRKI 
• * • We d o  not  use the fo l l ow lng  clara for ave rages  i l ls l imits e tc  • • * 

0.17 + 0  06 105 15 PERL 76 MI~KI ReD[ by  PERk 77 
- 0  03 

14Assumes V - A  c o u p l i n g  T moss = 1 9 GeV I% moss = 0 
15Assumes V - A  c o u p l l n g  r mass = I 8 GeV, v r mass = 0 

I '( / .(-  ~' .  v~)l'(e--v(,v~)/l?o,a~ 
1"11"2/1"2 

VALUE EVT$  OOCUMENT IO IECN COMMENT 
0 . 0 3 4 2  ± 0.0009 OUR FIT 
0 . 0 2 9 3  - 0.0022 OUR AVERAGE 
0 0 2 8 8 ± 0 . 0 0 1 7 - + 0  0019 ASH 85B MAC e + e  - Ecru= 29 

GeV 
0 030 ± 0  005 257 BLOCKER 82D MRK2 e + e  - Ecru = 

3 5 -6  7 GeV 
0 034 ± 0 . 0 0 8  ± 0  005 20 16BACINO 79c DLCO e + e  - Ecru= 

3 6 -7  4 GeV 
fbBACINO 79c quotes  BR(/J) = 0.21 ± 0 . 0 5 _ + 0 . 0 3  assuming BR(e) = 0 16 

We mu l t i p l y  by  0 16 to ge t  a b o v e  va lue  

V'( O- Uev.)/r(l~ --~, v.) r211", 
Predlcted fo be I for sequentlol lepton 2 tar Dora-electron and 1."2 tar 
Dora rough ParD-electron also ruled out by HEILE 78 

VALUE EVIS DOCUMENT lO TECN COMMENT 
0.986 ± 0.034 OURR!  - -- 
0 . 8 6 ± 0 . 1 7  OUR AVERAGE 
0 7 5 ± 0  23 154 17BLOCKER 820 MRK2 e + e  - Ecru= 

3 5 -6  7 G e V  
1 0 9 ± 0  38 18 18BRANOELIK 78 DASP e + e  - Ecru = 

3 I - 5  2 GeV 
0 .92  ± 0 .37 21 BURMESIER 77c PLUF Assumes V - A  

d e c a y  
• • • We do  not  use the  fo l [ow lng  d a t a  for averages  fits l lmi ls e fc  • • • 
0 91 ± 0  0 6 ± 0 . 0 5  19BARTEL 86D JADE e + e -  Ecru= i 

34 6 GeV 
0 . 9 8 ± 0 . 0 7 ± 0 . 0 4  390 20ASH 85B MAC e + e  - Ecru= 29 

GeV 
17BLOCKER 82D gives the inverse at thls rat io as 1 33  :t 0 18 ± 0 36 
18BRANDELIK 78 quotes  the  inverse at thls rat io as 0 92 ± 0 . 3 2  
19BARTEL 86D gives inverse at thls ratio as 1 10 _+ 0 07 _ 0 06 Not i ndepen -  | 

d e n t  of BARTEL 8bD el ,  v a n d  u v v  values I 20Not I n d e p e n d e n t  of ASH 85B I ( # - ~ , ~ v r ) / i  =oral a n d  1 ( e - ~ e V r ) / l  tom, va lues 

I '(  ~I"- V~)I[ ' fota I I'12/I" 
VALUE EVTS DOCUMENT lO TECN COMMENT 
o.~oe ~ o.~o~ O ~ F I T  . . . . .  

0 . t09  ± 0.006 OUR AVERAGE 
0 100 ± 0 011 ± 0 014 BURCHAT 87 MRK2 e + e -  Ecru= 29 I 

GeV 
0 . 1 0 7 ± 0 . 0 0 5 ± 0 . 0 0 8  798 FORD 87 MAC e + e  - Ecru= 29 i 

GeV 
0 1 1 8 ± 0  006-_0 011 328 21BARTEL 8bD JADE e + e  - Ecru = [ 

34 6 GeV 
0 099 ± 0 017 ± 0 013 34 BEHREND 83C CELL e + e "  Ecru= 34 

GeV 
0.117_+0 019 1138 BLOCKER 820 MRK2 e + e  - Ecru= 

3 5 -6  7 GeV 
21BARTEL BbD have co r rec ted  their result w i th  [ ( K - l , : ) /  I)oio~ = I 

0 .0059  ± 0.0018 
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I ' ( K -  l ' : ) l l ' l o l o  I r T / 1 "  
VALUE EVT$  DOCUMENT /D TECN COMMENT 
0.0066 -+ 0 0 0 i 9  OUR Fir Error m c l u d e s - s c o l e - f o c l o r  of  11 
0 .0067 ± 0 .0023 O U R  A V E R A G E  Error inc ludes  sca le  fac to r  of  1 3  
0 0 0 5 9  _+ 0 0 0 1 8  16 MILLS 84 DLCO e + e -  Ecru= 29 

0 0 1 3  ~ 0 0 0 5  15 BLOCKER 82B MRK2 
G e V  

e + e  - Ecru= 
3 9 - 6 7  G e V  

l ' ( p -  #~- ) / l ' t o ta l  l ' t .5/1" 
VALUE EVTS DOCUMENT ID IECN COMMENT 
0 . 2 2 3  -+ 0.011 OUR FIT . . . . . . .  
0.224-+ 0.011 OUR A V E R A G E  

0 . 2 3 0 ± 0 0 1 3 - _ 0 0 1 7  582 ADLER 87B MRK3 e + e -  Ecru= I 
3 7 7  G e V  

0 2 2 3  _+ 0 0 0 6  _+ 0 0 1 4  629  YELTON 86 MRK2 e ~ e -  Ecru= 29 J 
G e V  

0 221 _+ 0 025 BEHREND 84 CELL e + e -  Ecru= 
t4  22 G e V  

• • • We do  not  use the fol low~ng d a t a  for a v e r a g e s  Ills l imits e l c  * • • 
0 258 _+ 0 0 t7  -+ 0 025  22 BURCHAT 87 MRK2 e + e -  Ecrn= 29 J 

G e V  
228URCHAT 87 va l ue  ~s not  i n d e p e n d e n t  of YELTON 86 va lue  Nonresonan t  J 

d e c a y s  i nc l uded  

r ( K ~ ( 8 9 2 ) -  P , ) / I ' t o t o  I 
VALUE E V T $  DOCUMENT ID TECN 

( ) . 0 1 4 3  _+ 0 . 0 0 3 1  o U R - A V E R ~ . G E  - - -  

0 0 q 5  -+ 0004 ± 0004 15 AIHARA 87C TPC 

0 0 1 3 _ + 0 0 0 3 _ + 0 . 0 0 3  31 YELTON 86 

0 0 1 7 ± 0 0 0 7  11 DORFAN 81 

r ( K ~ ( 1 4 3 0 ) -  u~ . ) / l ' t o l o  j 
VALUE CL~ EVTS 

<0.009 95 0 

l ' ( a , ( 1 2 6 0 )  - / / . ~ ) / I ' t o t a  I 
VALUE EVT$ 

DOCUMENTID 

~)ORFAN 

DOCUMENT ID 

l ' 2 o / r  
COMMENT 

e "  e -  Ecru = 29 
G e V  

MRK2 e + e -  Ecru= 29 
G e V  

MRK2 e ~ e -  ~c  - 
4 2-6 ~ ; v  

1"21/1" 
TECN COMMENT 

81 MRK2 e + e  - Ecm= 
4 2 - 6 7  
G e V  

r t o / l "  
TECN COMMENT 

• • • We clo not  use the fo l low ing  d a t a  for o v e r a g e s  fits hmlts, e tc  * • • 
0 1 0 8  _+ 0 0 3 4  27 23 WAGNER 80 PLUT e + e -  Ecru= 4 - 5  

G e V  
23Nol  mdepenc len t  of  WAGNER 80 l ( / r - p 0 v T ) / l ' m m l  va l ue  b e l o w  Assumes 

tha i  al l  (t,poTr-+) even ts  a re  (ua ,F)  a n d  BR(4 -+ ~,~,) = 0 1 7 3  :t: 0 0 1 3  

I'(=- V~.)/l'(e- ~ePr) r12/r2 
VALUE DOCUMENT ID TECN COMMENT 

• * * We do  not  use t~e fo l low ing  d a t a  for ave rages ,  fits l imits e t c  • * • 
0 6 4 7 - + 0 0 3 9 - + 0 . 0 6 1  24BARTEL 86D JADE e + e  - Ecru = 3 4 6  I 

G e V  
2 4 C o m P l n e d  result of  BARTEL 86D eL';;, /~'~; a n d  ,"r-~, assuming 

BR(,uvu)./BR(ev~;) = 0 9 7 3  

£ ( / ' r -  r} P ~ ) / r t o t a  I l ' l J l "  
VALUE CL% E V T $  DOCUMENT 10 TECN COMMENT 
< 0 . 0 1 0  95 GAN 87B MRK2 e + e  - Ecm= 

29 G e V  
• • • We do  hal  use the fo l low ing  d a t a  for ave rages ,  fits l lm#s e ta  • • • 
< 0  014 90 BEHREND 88 CELL e + e -  Ecru= J 

1 4 - 4 6 8  
G e V  

< 0 0 1 3  95 ALBRECHT 87N ARG e + e -  Ecru= I 
9 4 - 1 0 6  
GeV  

< 0 0 ~ 8  95 BARINGER 87 CLEO e + e -  Ecru= I 
1 0 5  G e V  

< 0 0 2 5  90 0 COFEMAN 87 MRK3 e + e  - Ecrn = J 
3 7 7  G e V  

0 0 5 1 _  0 0 1 0  -+ 0 0 1 2  65 DERRICK 87 HRS e + e -  Ecm= I 
29 G e V  

r(-x- ~: is,)ll'(~-+ 2=- =o/.s ) i'~/i'24 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0 . 3 6  _+ 0 .06  . . . . . . .  '146 25 ALBRECHT 87L A ~  e + e -  Ecru= 10-  J 

G e V  
25ALBRECHT 87L quo tes  thls ra t io  t imes BR(cc ~ 7r + ~ ' - T  0) = 0 3 2  ± 0 0 5  J 

We Cltwde by  0 8 9 6  fo ge t  a b o v e  va l ue  

l ' ( p -  I~, ) r ( #  - ~ ,  ~ ,  )/17o~al 
1"~51"t/1'2 

VALUE EVT$  DOCUMENT 10 TECN COMMENT 

0 , { ]39~7  _+ 0 , 0 [ ) ' 2 t  O U R  FIT --- 
0 . 0 4 1  _+0.009 103 BLOCKER 80 MRK2 e + e  - Ecm= 

3 5 - 6 7  G e V  

l ' ( p -  ~ , ) l ' (  e -  7 /e#~) / l ' ~o ta  I 

r15] '2 /1"2 
VALUE EVTS DOCUMENT 10 TECN COMMENT 
0.0391 -+ 0 .0020 OUR Fr[ - 
0 .034 _+ 0 .008 139 BLOCKER 80 MRK2 e + e -  Ecm= 

3 5 - 6 7  G e V  

I'(~'- v:)l'(e- ~e.v:)/17o,o I 
r 1 2 1 2 / 1  "2 

VALUE EVT5  DOCUMENT ID TECN COMMENT 
o.~-liS9 ±~.ooio- OUR-EIT . . . . . . . . .  

0.014 _+ 0 .004  O U R  A V E R A G E  

0 .013  - + 0 0 0 5  _+0.002 10 26BACINO 79C DLCO e + e  - Ecru= 
3 6 - 7 4  G e V  

0 0 1 5  _ + 0 0 0 5  _ + 0 0 0 5  23 27ALEXANDER 78B PLUT e + e  - Ecrn= 
3 6 - 5  GeV  

268ACINO 79C quo te  BRQ'r) = 0 0 8 0  _+ 0 0 3 2  _+ 0 .013  assumlng BR(e) = 0 1 6  
We mul t ip ly  by 0 4 6  to ge t  a b o v e  va lue  

27ALEXANDER 788 quo te  BR(;,r) = 0 . 0 9 0  _+ 0 0 2 9  _+ 0 0 2 9  uslng BR(e) = 
0 1 6 7 - + 0 0 1 0  We mul t ip ly  by 0 1 6 7  to ge t  a b o v e  vo l ue  

I ' ( ~ ' -  7r ° ( n o n - r e s o n a n t )  / , ' r ) / l ' f o t a  I r 2 3 / I '  
VALUE DOCUMENT ID TECN COMMENT 
o.o~o _+ o.66~o ou~ F, - 

0.003 _+0.003 B£HREND 84 CELL e + e  - Ecru= 1 4 2 2  
G e V  

r(Tr- 2 ~'o/:r)/l'fotol r26/r 
VALUE CL % E V T S  DOCUMENT ID TECN COMMENT 

- 0.075---+" 0009- "  OUR AVERAGE 
0 0 8 7 - + 0 0 0 4 - + 0 0 1 1  815 28BAND 87 M A C  e + e  - Ecru= 

29 G e V  
0062_+0006_+0012 29GAN 87 MRK2 e + o ~ _ ! ~ m  = 

0 0 6 0 = 0 0 3 5  BEHREND 84 CELL e + e  - Ecru= 
4 4 2 2  G e V  

• • * We clo not  use the fo l low ing  d a t a  for ove rages ,  fits l imils e tc  • • • 
> 0 0 8 3  95 30AIHARA 86E TPC e + e  - Ecru= 

29 GeV  
28BAND 87 assume BR(~--3v'0,uT) = 0 0 1  and  BR(Tr-~'OrH'r) = 0 . 0 0 5  
29GAN 87 onalys~s use pho ton  mufhp l ic l ty  chstribuflon See c o m m e n t s  for 

l ( h a d r o n -  (_>2 hadron  °) ~h')/t'total 
30AIHARA 86E analys is  is sensl f lve to the sum of severa l  mul t lp le  neutra l  

meson  d e c o y  modes  See c o m m e n t s  for l ( h a d r o n -  (->2 haOron °) ~,~)/ 
rtotol 

F ( T r -  37r0 V r ) / l ' t o t a  I ] ' 2 5 / r  
VALUE DOCUMENT IO TECN COMMENT 
(]'.030_+--6-.027 - -  BEHREND 84 CEL~- e + e ~ E c m =  ~-4 22 

G e V  
• * • We clo nol  use the fo l lowlng d a t a  for o v e r a g e s  fits. limits e t c  • • • 

0 . 0 0 0  + 0  001-0014+0001011 3 1 G A  N 87 MRK2 e ÷ e  - Ecru = 29 G e V  J 

31Hlghly c o r r e l a t e d  wi th GAN 87 ] ' (Tr -~ '0r /VT) / l lo ro  j va lue  Authors quo te  I 
BR(~-+ 37r°I,r) + 0 6 7 B R ( =  ~: ~ ° l ' ? )  = 0 0 4 7  _+ 0 0 1 0  -+ 0 0 1 1  I 

l'(?r- po/,,'~.)/lrola ~ I'9/I" 
VALUE EVTS DOCUMENT ID IECN COMMENT 

0 .054 -+0 .017  27 WAGNER 80 PLUT e + e  - Ecru= 4 - 5  
G e V  

I'(71"- u.' P+)/l'tolo I l'B,/l" 
VALUE ( u n # s J -  3) _ - -  EVT5 _DOCUI~EN~LD TECN _COMMENT . . 

16.0 _+ 2 .7  _+ 4.1 139 BARINGER 87 CLEO e + e -  Ecru= I 
1 0 5  GeV  

r ( ( ' l  c h a r g e d )  ( > 0  n e u t r a l s )  v r ) / r t o t o  i 
(r~+l2+I'7+rr;+l,~+i'~8+r2~)/l" 

C h a r g e d  por t l c le  c o n  be  e ,u or had ron  Since 5 p rong  b ranch ing  
f rac t ion  I$ very  smal l  trds b ranch ing  f rac t ion  is not  Jndependen t  of  3 
p rong  va lue  (I (~r + 2~ ' -  (_>0 ~r0) uT)/l'toto~) 

VALUE EVT$  DOCUMENT 10 TECN COMMENT 

0.857 -+ 0 .004  OUR FIT 

• * • We do  not  use the fol iow~ng c lata for o v e r a g e s  fits, l imits e tc  * • * 
0 . 8 4 7 - + 0 . 0 0 8 - + 0 0 0 6  32AIHARA 87B TPC e + e  - Ecm= 29 

G e V  
0 8 7 1  - + 0 0 1 0  _+0.007 33 BURCHAT 87 MRK2 e + e  - Ecru= 29 

G e V  
0 8 7 9 _ + 0 0 0 5 _ + 0 0 1 2  RUCKSTUHL 86 DLCO e + e  - Ecru = 29 

G e V  
0 8 7 2  _+ 0 0 0 5  _+ 0 0 0 8  SCHMIDKE 86 MRK2 e + e -  Ecru= 29 

GeY  
0 8 6 9  -+ 0 0 0 2  _+ 0 0 0 3  4098 AKERLOF 85B HRS e + e -  Ecru= 29 

G e V  

+ 0 0 1 6  169 34ALTHOFF 85 TASS e + e  - Ecru= 0 8 4 7 : 1 : 0 0 1 1  013 3 4 5  G e V  

0 8 6 1  _+ 0 0 0 5  = 0 0 0 9  BARTEL 85F JADE e + e -  Ecru = 
3 4 6  G e V  

0 8 7 8  -+ 0 0 1 3  _+ 0 0 3 9  35 BERGER 85 PLUT e *  e -  Ecru= 
3 4 6  GeV  
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0 867 +-0.003 --"0 006 FERNANDEZ 85 MAC e + e  - Ecru= 29 
GeV 

0 852 +- 0 009 ~ 0 015 660 AIHARA 84C TPC e + e -  Ecru= 29 
GeV 

0 852--.0 0 2 6 z 0  013 178 6EHREND 84 CELL e + e  - Ecm= 14 J 
GeV 

0 851 _+ 0 028 +- 0 013 182 BEHR~ND 84 CELL e + e -  Ecru= 22 J 
GeV 

0 840 .+ 0 020 672 BEHREND 82 CELL e ~ e -  Ecru= 
32-36  8 GeV 

0 86 ± 0  02 = 0  01 764 BLOCKER 82C MRK2 e + e  - Ecru= 29 
GeV 

32Not i n d e p e n d e n t  of AIHARA 878 1 ( ,u-  i;u P*)/ I tolal  " ( e -  'e  ' - ) / t ' to~a. a n d  J 
I ( h o d r o n -  (_>0 neutra ls)  I,T)/I total va lues ' 

33Not i n d e p e n d e n t  of SCHMIDKE 86 va lue  (also not  I n d e p e n d e n l  oi BUR l 
CHAr 87 va lue  for I (~  + 2 ~ -  ( > 0  ~-o) ~%)/I roml 

341N;lodrn;e?~n->denteu~rlls~LTH~; El ?;o, '~nd '  u , ' (~  ' ..... , ( e - , , e l , , ) / ,  ..... 
2r::- (_>0 ?rO t +'r)/ rtolat 

va lues 
35Not i n d e p e n d e n l  o1 E l -p rong  + 0;,re) a n d  ( I  p rong  + >17r o) va lues 

I ' ( h a c l r o n -  (_>0  n e u t r a l s )  P r ) / l ' t o t o l  ( l ' 7 + r 1 2 + l ' i s + F 1 a + l ' 2 3 ) / l "  
VALUE EVTS DOCUMENT ID TECN COMMENT 
o . ~ 3 - ~ ) ~  OUR E i ~ - -  . . . . . . . . . .  

+ 0 . 0 6  
0.49 _ 0,07 O U R  A V E R A G E  Error inc ludes  scale fac tor  o1 I 9 See the  

i d e o g r a m  b e l o w  

0 515+-0  0 2 9 " " n  0 016 
026 ALTHOFI: 85 TASS e + e -  Ecm= 

34 5 GeV 

0 2 9  ± 0 11 BRANDELIK 78 DASP Assumes V - A  
d e c a y  

0 45 ± 0 19 19 BARBARa 77 MRKI 
• • * We d o  ha l  use the  fo l l ow ing  d o l o  for ave rages  fits hmlts e t c  • * • 
0 . 4 8 6 + - 0  012..+.+0 009 36AIHARA 87B TPC e + e  - Ecru= 29 I 

G e v  
0 .22  +-0 14 37BRANDELIK 80 T A S S  e + e  - Ecru= 30 

G e v  
36Not J n d e p e n d e n l  of AIHARA 878 e~,~' /~I,~, a n d  = :+2 , " r - (>0~o)u  va lues  J 
37Not i n d e p e n d e n t  of BRANDELtK 80 1"(/~- I ' , i ' T ) / l  total l ( e - l , e ~ , - ) /  total a n d  

I ((1 c h a r g e d )  (_>0 neuJra S) ' r ) / i tota= varues 

WEIGHTED AVERAGE 
0 4 9  + 0 0 8  - 0 0 7  (Error scaled b y 1 9 )  

Values above of weighted average error. 
and scale fac:ot ere based upon the data ~n 
this ideogram only They are not neces- 
sardy the same as our "Des:* values 
ob:amed flora a least-squares constlamed ht 
uhhzmg measurements of other (related) 
quantities as addltlOnSl information 

ALTHOFF 85 TASS 
I BRANDELIK 78 DASP 

BARBAR0- 77 MRK1 

d O  0 2  0 4  0 6  0 8  

] ( h a ( I r o n -  (_>0 neul ro ls)  1%)/I total 

I ' ( K -  ( > 0  n e u t r a l s )  / : + ) / l ' t o f a l  ( [ '7+1"11) I I "  
}/ALUE EVTS DOCUMENT ID TECN COMMENT 

0.0171 + 0~0022 . . . . . . . .  -- 0 . 0 0 2 3  OUR FIT 

0 . 0 1 6 8  :t: 0 . 0 0 2 4  O U R  A V E R A G E  

0 016 :t: 0 004 ± 0 002 35 AIHARA 

0 0171 .+0 0029 53 MILLS 

X 2 

0 4  
3 3  
0 0  

3 8  
(Conf idence Level -- 0 151) 

I 

10  

87B TPC e + e  - Ecru= 29 J 
GeV 

84 DLCO e + e -  Ecru= 29 
GeV 

I ' ( K -  ( > I  n e u l r a l )  ~ , ) / l ' t o f a l  11t11" 
V_ALUE E V T $  DOCUMENT IO TECN COMMENT 

0 . 0 t 0 5  + 0 . 0 ( ) 2 7  O U R  FIT 
- O . O 0 2 B  

0 . 0 t 2  _~ 0 . 0 0 5  + 0 . 0 0 2  - 0 . 0 0 4  9 AIHARA 87e TPC e + e  - Ecru= 29 J 
GeV 

t'(~" ~ 2"x- Vr)Irlota I I t6,'l 
Decoy modes wlth kaons are measured to be small so all hodrons are 
assumed 1o be plans BEHREND 84 and RUCKSTUHL 86 subtract koons by 
h a n d  

VALUE EVP$ DOCUMENT ID TfCN COMMENT 
0.O68 .+ 0.006 OUR FIT Error inc ludes  scale factor  of 1 5 
0.064 +- 0 . 0 0 6  O U R  A V E R A G E  Error inc ludes  scale factor of 1 4 See the 

i d e o g r a m  b e l o w  
0 070_+0 003___0 007 t566 BAND 87 MAC e + e  - Ecru= 29 

GeV 
0 . 0 5 6 - 0 . 0 0 7  593 38AL6RECHT 86B ARG e + e  - Ecru = 10 

GeV 
0 050 :t: 0 010 39 RUCKSTUHL 86 DLCO e + e- Ecru= 29 

GeV 
0 078 _+ 0 005 ± 0 008 890 SCHMIDKE 86 MPK2 e + e- Ecru= 29 

GeV 
0.097 ± 0,024 BEHREND 84 CELL e + e- Ecru= 

14 22 GeY 
0 09 ± 0 06 BRANDELIK 80 TASS e + e -  Ecru = 30 

GeV 
• * • We d o  no l  use the fo l low ing  d a t a  for averages  fits limits e l c  • • • 
0 067 ± 0 008 _+ 0 009 40 BURCHAT 87 MRK2 e + e -  Ecru= 29 

GeV 
0 081 ± 0 008 1255 FERNANDEZ 85 MAC Repl by  

6AND 87 
0.07 +- 0 .05  13 41 JAROS 78 MRKI e + e -  Ecru> 6 

GeV 
38ALBRECHT 86B does not  i nc l ude  kaon modes  SlohshcoI a n d  systemahc 

errors ore odc led  in quad ra tu re  by  authors 
39Conl r lbu l lons  from kaons ore sub t rac ted  
40BURCHAT 87 va lue  is no l  i n d e p e n d e n t  of SCHMIDKE 86 va lue  
41JAROS 78 events consistent wi th b e i n g  /,r, or a. 

WEIGHTED AVERAGE 
0 0 6 4  + O OO0 (Error scaled by  14) 

" ~ " ~ l , _ p  Values above of welgh 'ed ave'age error 
and scale factor are based upon the date in 
this ,:leogrsm only They are not neces- 
sari ly the same as our "best* values 
obtained from a least-squares constlalned ht 
uhhzmg measurements 01 o'her (related) 

quantities as additional information X 2 

I _-.:/~- | BAND B7 MAC O 5 
J ~ ~ ALBRECHT 86B ARG 14 

. • RUCKSTUHL 86 DLC0 21 
I ~ SCHMIDKE Be MRK2 2 1 
I < ' ~  BEHREND 84 CELL 1 9  

/ ~ I ) -  BRANDELIK BO TASS 
j , +  +o 

(Conh=dence Level -- O 092)  

O OO O D5 O 10 0 15 O 20 

t ( +  + 2,or - + ' r ) l l  , o , o ,  

l'(Tr + 27r- P: (non-resonant))/l'total l't311" 
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 0 1 4  95 WAGNER 80 PLUT e + e -  Ecru= 4 - 5  
GeV 

r o t  + 27r- rr0v+)It total rtT//r 
This meosu remen l  of T-- ~ ;':;+2T'--"T0 'r rS put  Into the fit aS T-- -+ 
7r + 2~-"~(S) I' T we  assume that the mult i  ,-r 0 f rochon is smal l  

~/ALUE EVTS DOCUMENT ID rECN COMMENT 
0.064 +- 0 . 0 0 6  O U R  FIT Error inc ludes  scale factor  of 1 4 
0 . 0 4 6  ~ 0 . 0 1 0  O U R  A V E R A G E  

0 042 _+ 0 005 - 0 009 203 42 ALBRECHT 87L ARG e + e -  Ecm= 10 
GeV 

0 062+-0 .029  BEHREND 84 C E L L  e + e -  Ecru= 
14 22 GeV 

0 15 ± 0 07 BRANDELIK 80 TASS e + e Ecm= 30 
G e v  

• • • We do  not  use lhe  fo l l ow ing  d a t a  for overages  fits limits e lc  • • • 
0 061 +_ 0 008 _+ 0 009 43 6URCHAT 87 MRK2 e + e Ecm= 29 

G e v  
0 060+_0 012 44RUCKSTUHL 86 DLCO e ' e -  Ecm= 29 

G e v  
0 0 4 7 ± 0  005_*0 008 530 45SCHMIDKE 86 MRK2 e + e  - Ecru= 29 

G e v  
0.11 .+0 07 JAROS 78 MRKI e + e  - Ecru.- 6 

GeV 
42ALBRECHT e7t measure the p roduc t  of b r a n c h i n g  Tahoe BR(3~+-;~'0r.) 

BR((er or .~l; or 7r Or K or o ) z,r) = 0 029 a n d  use lhe  PDG B6 values for 
the second  b ranch ing  rat io wh ich  sum lo  0 69 _. 0 03 to ge t  the Quoted  
va lue  

43BURCHAT 87 va lue  is not  i n d e p e n d e n t  of SCHMIDKE B6 va lue  
44Contr ibuhons from kaons a n d  from -1,-r0 are sub t rac ted  Not i n d e p e n  

d e n l  of (3 p rong  + 0= C) a n d  (3 p rong  + ;'0,-r 0) values 
45Nol i n d e p e n d e n t  of SCHMIDKE 86 ,-r ÷ 2,': " I '  a n d  ~ + 2=-(_ '0r~O)r  values 
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Full Listings 

l'(Tr÷27r - (~0 m -°) ~,.)ll'tota I 
Decay  modes  Wlfh Roans are m e a s u r e d  to De smal l  

(l's6+I" ~T)/I' 
SO al l  ha<irons ore 

assumed  to be  p lans  

VALUE EVTS DOCUMENT ID [ECN COMMENT 
0.1319 _+ 0.O026 OLII~'FIT . . . . . . . . . .  
0.1331 _+ 0.0026 OUR AVERAGE 

0 151 _+ 0 008 _+ 0 .006  AIHARA 878 TPC e + e -  Ecru= 29 I 
GeV 

0 '121 _+ 0 005 _* 0 012 RUCKSTUHL 86 DLCO e + e -  Ecru= 29 J 
GeV 

0 128  ± 0 005 _+ 0 008 1420 SCHMIDKE 86 MRK2 e_+ e -  Ecrn= 29 I 
GeV 

0.130_+0 002_+0 003 4098 AKERLOF 858 HRS e + e  - Ecru= 29 
GeV 

0 153_+0 011+00 0~3 - 016 367 ALTHOFF 85 T A S S  e + e  - Ecru= 
34 5 GeV 

0 . 1 3 6 ± 0  0 0 5 ± 0  008 BARIEL 85F JADE e + e  - Ecru = 
34 6 GeV 

0.122 ± 0  0 1 3 ± 0  039 46BERGER 85 PLUT e + e  - Ecru= 
34 6 GeV 

0 133 ± 0 003 _+ 0 .006  FERNANDEZ 85 MAC e + e -  Ecru= 29 
GeV 

0 1 4 8 ± 0  020_+0 013 178 BEHREND 84 CELL e + e  - Ecru= 14 J 
GeV 

0 1 4 5 ± 0  022_+0 013 182 BEHREND 84 CELL e + e  - Ecru= 22 J 
GeV 

0 150 ± 0 020 186 BEHREND 82 CELL e + e -  Ecru= 
32 -36  B G e V  

0 24 _+ 0 06 35 BRANDELIK 80 TASS e + e -  Ecru= 30 
GeV 

• • • We d o  not  use fhe fo l l ow ing  d a t a  for ave rages  fits l imits e t c  • • * 
0 . 1 2 8 ± 0  010-_0  007 47BURCHAT 87 MRK2 e + e  - Ecru= 29 J 

GeV 
0 148-+0 009_+0.015 660 AIHARA 84C TPC Repl b y  

AIHARA 878 
0 14 _+ 0 02 152 BLOCKER 82C MRK2 Repl by  

SCHMIDKE 86 
0 .32  ± 0  05 692 48BACINO 788 DLCO e + e  - Ecru= 

3 I - 7  4 GeV 
0 .35  :tO 11 48BRANDELIK 78 DASP Assumes V - A  

d e c a y  
0 18 _+0.065 33 48 jAROS 78 MRKI e + e  - Ecm> 6 

GeV 
46No1 i n d e p e n d e n t  of BERGER 85 •'(#- u~i, .r) /  I'~o~o ~ i ' ( e -  l ,e i ,z) /  I'~o~o ~ 

l ' ( h a d r o n -  (_>t "x 0) y.)/l'lo~a~, a n d | l ' ( K - P T ) +  I(,'r-P,)l/[',o,o, 
478URCHAT 87 va lue  Is rIoI ~ndepencl(~nt of SCHMIDKE 86 ~a lue  J 
48Low ene rgy  exper imen ts  are no t  in a v e r o g e  or fit b e c a u s e  the  systemat ic  

errors In b a c k g r o u n d  sub t rac t ion  are l udgec l  to be  la rge 

I'(~- ~°'r/u~)/l'tofal r29/r 
VALUE CL % DOCUMEN~ IO TECN COMMENT 
<0.021  95 BARfNGER 87 CLEO • + e -  Ecm= I 

10 5 GeV 
• • • We clo not  use the fo l l ow ing  d a t a  for ave rages  fits, hmlts, e t c  • • • 

0 042 + 0  007 . I _ 012:¢U 016 49 GAN 87 MRK2 e + e  - Ecru = 29 
GeV 

49Highly co r re l a ted  wi th GAN 87 I ' (~ ' -3~ '0~- ' r ) / ] ' ( to ta l )  va l ue  J 

I ' (2 / I  " + 3 / r -  (_>0 neutra ls)  ~ ) / l ' t o t a  I l ' fg/l ' 
DOCUMENT ID TECN COMMENT VALUE (umts_[O_- 3) C_L_~_ EV]'S 

1.15 -+0.27 OUR FIT 
1.15 - 0.27 OUR AVERAGE 
1 02-+0  29 13 

3 -+'I ± 2  

1.6 ± 0 . 8  z 0  4 4 

10 ± 4  10 

BYLSMA 87 HRS LY ~..~ v e~+~e~e~ ~rn= 

BARTEL 85F JADE e + e -  Ecru= 
34 6 GeV 

BURCHAT 85 MRK2 e +  e~_E~m - 
~y .,,=Tt~ y 

BEHREND 82 CELL e + e -  Ecrn= 
32-36  8 
GeV 

• • * We d o  not  use the fo l l ow ing  d a l a  for ave rages  Ells l imits e tc  • • • 
.< 7 95 0 ALTHOFF 85 TASS e + e -  Ecru= 

34 5 GeV 
BELTRAMI 85 HRS ReDI b y  

BYLSMA 87 
FERNANDEZ 85 MAC e + e ~ E ~ r n =  

84 CELL e + e  - E m = 
14,22 ~ e V  

.c 

80 TASS e + e- Ecru= 
30 GeV 

I'27/T" 
TECN COMMENT 

90 AIHARA 84C TPC e + e -  Ecm= 29 
GeV 

1 3 : z 0 4  10 

< 1.7 95 2 

< 3 90 4 

< 9 95 I BEHREND 

< 5 95 2 BLOCKER 

• <60 95 BRANDEUK 

l ' ( K -  ( 2  c h a r g e d )  ( _ > 0  n e u t r a l s )  ~ ' r ) / l ' t o t a l  
VALUE CL % DOCUMENT IO 

.<0.006 

l'(~r÷27r-u,)l[r(Ir+2~r-.v,) + ['(rr÷2~'-7(s) u~)} 
F16/(l',f6+l'17 ) 

Not i n d e p e n d e n t  of values for 1(Tr+2~'--PT)/  Itoto I ancl [ ' ( ~ r + 2 ~ -  
(_>0 T,o) ~',)/l'toto, 

VALUE . . . . .  EVT$ DOCUMENT rO TECN COMMENT 

• • • We clo not  use the  fo l l ow ing  d a t a  for overages ,  fits l imlts, e t c  • • • 
0 37 + 0 . 3 5  - 0 20 103 ALTHOFF 85 TASS e + e -  Ecru= 

34 5 GeV 
0 61 -+-+ 0 03 ± 0 05 FERNANDEZ 85 MAC e + e -  Ecru= 29 

GeV 

I '(7hadrons- (>0~-0) pr)/l'tofal i"30/I" 
VALUE CL % DOCUMENT ID TECN COMMENT 
< 1.9 × 1 0 - 4  90 BYLSMA 87 HRS e " e -  Ecm= 29 J 

GeV 

1"(~'+27r-K ° (_>0 7) t"~)ll'total I'2811" 
VALUE CL~ DOCUMENT rD TEeN COMMENT 

<0 .0027  90 BELTRAMI 85 HRS e + e -  Ecm = 29 
GeV 

l'(2"rr- 3/r- ,u,~)ll'tota I i'31 I" 
_VALUE (unrrs f _ . O - 4 ~ _ _  EVT$ DOCUMENT ID_ TECN _COMMENT 
5.6 :¢ 1.6 OUR AVERAGE 

6 4 ± 2 . 3 ± 1  12 ALBRECHT 888 ARG e + e  - Ecru = 10 J 
GeV 

5 I _+ 2 .0  7 BYLSMA 87 HRS e ~ e -  Ecru= 29 J 
GeV 

• • • We d o  not  use the  f o l l ow lng  clata for overages  fits l lmlts, e t c  • • • 
6 7 -+ 3 .0  5 50 BELTRAMI 85 HRS Rept by  

BYLSMA 87 
50The error q u o t e d  is stat ist ical  on ly  

I '(2~" ÷ 3 ~'-  ~o ~T)/Ftotal 1"4/F 
VAU.{E_ (units 10 - 4 )  . . . .  E V T S  ~ . I J M E N T  ID IE~'N COMMENT 
5.1 :t 2 .2  6 BYLSMA 87 HRS e + e -  Ecru= 29 I 

GeV 
• • • We d o  not  use the fo l l ow ing  d a t a  for overages  flts, l lmits, e t c  • • * 
6 7 - - . 3 . 0  5 51BELTRAMI 85 HRS Repl by  

BYLSMA 87 
51The error quote<]  Is stat lst tcal on ly  

F(K ÷ K -  ?r- v, ) / l ' toto I 1"5/I" 
VALUE EVTS DOCUMENT IO rECN COMMENT 
n nn,)~ + 0•0017 
. . . . . .  - 0 .0011  9 52MILLS 85 DLCO e + e  - Ecru= 29 

GeV 

52Error co r re la ted  w l th  MILLS 85 (K~Tr~'0p) va l ue  Excludes 23% systemat ic  
error 

r ( K -  ~'+ 7r- ( > 0  ~-0) ~, )/r'tota I ro/r  
VALUE EVTS DOCUMENT IO TECN COMMENT 
0 nn,,,,~ + 0.0016 

. . . .  - -0.0013 9 53MILLS 85 DLCO e + e  - Ecru = 29 
GeV 

53Error co r re la ted  w l th  MILLS 85 (KK;rv)  va lue  Excludes 23% systemat lc  
error 

l ' (hadron- (_>I  /r0) vT)/l 'tota I (I'15+F18+I'23)/I" 
VALUE DOCUMENT ID FECN COMMENT 
0 .389+0 .007  OUR FIT . . . .  
0 .389  ± 0.017 OUR AVERAGE Error ~ncludes sca le  fac tor  of 1 2 
0 382 ± 0 .012 : 0 .010 54 BURCHAT 87 MRK2 • + e -  Ecru= 29 GeV J 
0 4 2 7 ¢ 0  020__.0 029 BERGER 85 PLUT e + e  - Ecm= 3 4 6  

GeV 
54BURCHAT 87 q u o t e  tar BR(~rz _>1 neutra l  l ' r )  = 0 3 7 8 ± 0 . 0 1 2 ¢ 0 . 0 1 0  l 

We a d d  0 .004  to a c c o u n t  for con t r l bu t i on  from ( K ~ - l , r )  wl~ich they  f ixed I at BR = 0 013 

[r(K- z,~) + r(=- P~)}/I'toto I (r,+r,2)/r 
VALUE DOCUMENT ID TECN COMMENT 

0 .114  ± 0 .006  OUR FIT 
0.130 ± 0 . 0 2 0 ± 0 . 0 4 0  BERGER 85 PLUT e + e  - Ecru= 3 4 6  

GeV 
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Listings 
T 

r ( h a d r o n -  ( > 2  hadron  °) P~.)/l'tota I I"18/I" 
Exper imenta l  s i tuat ion Is con fusea  The d a t a  b e l o w  are  no t  a d d e c l  Into 
the  overa l l  tit at  this t ime A c c e p t a n c e s  for i nd i v i dua l  modes  con t r lbu t -  
Ing to this c a t e g o r y  vary  g rea t l y  For m o d e s  ( r - ~  T -  X 1,7). 
AIHARA 86E (TPC) q u o t e  BR(2~'0 ~-'- ~':) + 1.6BR(3",v 0 ~ ' -  v~.) + 
1 TBR(rr°r/~-~%) = 0 1 3 9 ± 0 . 0 2 0 + 0 . 0 t 9  ancl GAN 87 (Mark II) q u o t e  
BR(2~rO ~r- ~,T) + 0 95BR(3"rr° ~ -  vr )  + O.43BR(~T°~;v- Vr) = 
0 090-+0  0 t 0 : 1 : 0 . 0 t 2  

VALUE DOCUMENT TD TECN COMMENT 

0 4 ~ o  +0.020 . . . .  - 0.021 O U R  A V E R A G E  

0 1 2 0 + 0 . 0 1 4 ± 0 . 0 2 5  55BURCHAT 87 MRK2 e + e  - Ecm= 29 GeV 

n , ) n + 0  019 AIHARA 86E TPC e + e  - Ecru= 29 GeV 0.139 ± 0  " * " - 0 . 0 2 2  

55Error co r re la ted  wi th  BURCHAT 87 l ' ( p - l , e ) / l ' ( f o t o l )  va l ue  

F ( K ~ ( 8 9 2 )  - (_>0 neutrals) P r ) / F t o t a l  I ' 22 / I "  
VALUE EVTS DOCUMENT ID TECN 

0.014 = 0.009 ± 0.00-3-- --5 AIHARA 87B TPC 
COMMENT 

e + e -  Ecm- 29 
GeV 

r(K-/~ V T ) / l ' t o t a  I rstlI" 
VALUE CL % DOCUMENT TO TECN COMMENT 

<0 .0026  . . . .  9 5 -  AIHARA 87C TPC e + e -  Ecru= 29 
GeV 

r(K- K° ~'°u,)/r tofal  r321r 
VALUE CL % DOCUMENT IO TECN COMMENT 

<0 .0026  95 AIHARA 87C TPC • + e -  Ecru= 29 
GeV 

r(~-,7 (_>o neutrals) P ~ ) / l ' t o t o  I I'33/I" 
VALUE CL % DOCUMENT 'D TECN COMMENT 

<0.021 90 ABACHI 87e HRS e + e  - Ecru= 29 
GeV 

<0.021 95 BARINGER 87 CLEO e + e  - Ecru= 
10 5 GeV 

r ( ? r - ~ / r /  (~0 n e u t r a l s )  Vr)/l'tota I I " 3 4 / I '  
VALUE CL'~ DOCUMENT ,O TECN COM~NT 

< 0 . 0 0 5  - ' - -  9 0  ABACH~ 87B HRS e + e -  Ecm= 2 9  
GeV 

• • • We dO not  use the  fo l l ow ing  c lato for averages ,  fits l lml ts e tc  • • • 

d 0  015 95 BARINGER 87 CLEO e + e  - E c r u =  
40 5 GeV 

r ( T r * ' ; ' r -  "n'- ' r /  ( _>0  n e u t r a l s )  P~. ) /F to to  I I "35/ I "  
VALUE CL~ DOCUMENT ,D ,ECN COMMENT 

<0.003~ 90 ABACHI B7g HRS e + e- Ecm = 2-9 
GeV 

[I'(#- c h a r g e d  p a d l c l e s )  + r(e- c h a r g e d  p a r t l c l e s ) ] , / l ' t o t a l  

U'43 + r44)/r 
Test of l ep ton  fami ly  n u m b e r  conserva t ion  

VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 0 4  90 ,56 BURMESTER 77C PLUT e + e -  Ecru= 4 - 5  
GeV 

56Assumes same ,u, e m o m e n t u m  spec t rum as (# e + no th i ng  de tec fec l )  

1"( /~-  7 ) / f l o r a l  I"4, /1'  
Test of l ep ton  fata l ly  n u m b e r  conserva t ion  

VALUE CL 1~ OOCUMEN[ TD TECN COMMENT 

~--S.5 ×10 . 4  90 HAYES - - 8~ MRK~ er'e ~ Ecru = 
3 8 -6  8 GeV 

rCe- "y)II'tota I r421r 
Test of l ep ton  fami ly  n u m b e r  conserva t ion  

VALUE CL % DOCUMENT ID TECN COMMENT 

< 6 .4  ×~(I - ' I  90 HAYES 82 MRK2 e + e  - Ecru= 
3 8 - 6  8 GeV 

r(#-/,z + ~ - ) / l ' f o t a  I F4s/I" 
Test of l ep ton  fami ly  n u m b e r  conserva t ion  

VALUE CL % DOCUMENT iO TECN COMMENT 

< 2.9 × t 0  - $  90 ALBRECHT 87M ARC- e + e  - Ecm--qO J 
GeV 

• • • We d o  no t  use the  fo l l ow ing  d a t a  for ave rages  fits l imits e tc  * • • 

< 4 9 ×10  - 4  90 HAYES 82 MRK2 e + e  - Ecru= 
3 8 - 6  8 GeV 

r(e- p.+ #-)Irtota, I ' 4 6 / I "  
Test of l ep ton  tam l l y  n u m b e r  conserva t ion  

VALUE CL % DOCUMENT ID TECN COMMENT 

< 3 .3  × I 0  - s  ~;[3 - ALBRECHT 87M ARG e + e  - Ecru =- I -0 J 
GeV 

• • • We d o  not  use the  f o l l ow lng  d a t a  for averages ,  fits, l imits, e t c  • • • 
< 3 3 × 10 - 4  90 HAYES 82 MRK2 • + e -  Ecrp= 

3 8 - 6  8 GeV 

r(/.L- e + e-)/l'tota I I'47/I" 
Test of l ep ton  fami ly  n u m b e r  conservot ,on  

VALUE CL% DOCUMENT ID TECN COMMENT 

< S.S × I 0  - ~  . . . . . .  90 ALBRECHT 87M ARG e + e  - Ecru= 10 
GeV 

• * * We do  no l  use the fo l l ow ing  d a t a  for averages  fits hmds e l c  • • * 
< 4 4 ×10 - 4  90 HAYES 82 MRK2 e + e  - Ecru= 

3 8 -6  8 GeV 

r(e- e + e-)Irtoto, I'48/r 
Test of lepton family number conservohon 

VALUE CL % DOCUMENT IO TECN COMMENT 

< 3.8 ×I '0 - S  90-" ~,[.BRECHT 87M ARG e + e  - Ecru= 10 
GeV 

• * • We do  not  use the  fo l l ow ing  cloto for overages  fits l imits e t c  • • • 
< 4 0 × t 0  - 4  90 HAYES 

I ' ( # -  ~ ° ) / l ' t o t o  I 
Test of l ep ton  fam. ly  n u m b e r  conservat ion  

VALUE CL % OOCUMENT ID 

< 8.2 ×10 - 4  . . . . . . . .  90 HAYES 

r(e- r°)ll'toto, 
Test of l ep ton  fami ly  n u m b e r  conservat ion  

VALUE CL % DOCUMENT ID 

< 2.1 '('10 - 3  90 HAYES 

l'(/X- K ° ) / l ' t o t a l  
Test of l ep ton  taml l y  n u m b e r  conservat ion 

VALUE CL % DOCUMENT IO 

< 1.0 × 1 0  - 3 90 HAYES 

l'(e- K ° ) / l ' t o t a  I 
Test of l ep ton  fami ly  n u m b e r  conservat ion  

VALUE CL % DOCUMENT ID 

< 1.3 × t 0  - 3  90 HAYES 

I'(~.- p°) / r to ta I 
Test of l ep ton  fami ly  n u m b e r  conserva t lon  

VALUE CL % DOCUMENT IO 

< S.S ×10 - 5  90 ALBRECHT 

82 MRK2 e + e -  Ecru = 
3 8 -6  8 GeV 

I"4911" 

TECN COMMENT 

82 MRK2 e + e -  Ecru= 
3 8 -6  8 GeV 

l's0 / I" 

TECN COMMENT 

82 MRK2 e + e -  Ecru= 
3 8 -6  8 GeV 

l ' s t / l "  

TECN COMMENT 

82 MRK2 e + e  - Ecru= 
3 8 - 6  8 GeV 

1 " 5 2 / I "  

TECN COMMENT 

82 MRK2 e + e -  Ecru= 
3 8 -6  8 GeV 

1"53/I" 

TECN COMMENT 

B7M ARG e + e  - Ecm= 10 
GeV 

• • • We d o  not  use the fo l l ow ing  clata for overages,  fits, l imits, e tc  • • • 
< 4 4 ":10 - 4  90 HAYES 82 MRK2 e + e  - Ecrn= 

3 8 -6  8 GeV 

F(e- pO)/rtota I l'ss/l" 
Test of l ep ton  foml ly  number  conservat lon  

VALUE CL % DOCUMENT I0 TECN COMMENT 

< 3 .9  ×10 - 5  90 ALBRECHT B7M ARG e - e -  Ecru= 10 I 
GeV 

• * • We clo not  use the  fo l l ow ing  d a t a  for averages  fits limits e t c  * • • 

< 3.7 ×10 - 4  90 HAYES 82 MRK2 e + e  - Ecru= 
3 8-6  8 GeV 

r( e - ~ + ~--)I l'toto I ['ssl r 
Test of l ep ton  fami ly  number  conservohon 

VALUE CL % DOCUMENT IO TECN COMMENT 

< 4.2 ×10 - 5  90 ALBRECHT 87M ARG e + e  - Ecru= 10 I 
GeV 

l ' ( e  + 71-- ? r - ) l l ' t o t a  I l ' s ~ / l  
Test of l ep ton  n u m b e r  conservat ion 

VALUE CL % DOCUMENT lO TECN COMMENT 

< 6 .3  ×10 - s  90 ALBRECHT 87M ARG e ' e -  Ecru= 10 J 
GeV 

1"57/l" 

TECN COMMENT 

87M ARG e + e -  Ecru = 10 I 
GeV 

[ 58//I 

TECN COMMENT 

87M ARG e + e -  Ecru= 10 I 
GeV 

r(u- ~- + ~ -)I rfofa, 
Test of l ep ton  fami ly  number  conservo t lon  

VALUE CL % DOCUMENT lO 

< 4 .0  ×10 - 5  90 ALBRECHT 

r(#+ ~- 7r-) / l ' foto I 
Test of l ep ton  n u m b e r  c o n s e r v o t l o n  

VALUE CL % DOCUMENT ID 

< 6.3 ×10 - S  90 ALBRECHT 



1 6 4  

Stable Particle 
T 

Full Listings 

r ( e -  ++ K-)/I totoJ 
Test Of l ep ton  tomJly n u m b e r  conservo t lon  

VALUE CL % DOCUMENT ID 7ECN 

-. 4.2 " 10- 5 90 ALBRECHT 87M ARG 

[ ( e "  ~ -  K - ) / i ' t o t a  I 
Test of l ep ton  n u m b e r  conservat ion  

VAL UE CL % DOCUMENT ID TECN 

< 1.2 ~ I0 - 4  90 ALBRECHT 87M ARG 

1"(/.£ - + + K--  ) / l ' t o t a  r 
Test of lepton lamdy n u m b e r  conservation 

VALUE CL % DOCUMENT IO TECN 

<. 't.2 ' I0 - 4  90 ALBRECHT 87M ARG 

I'(/.~ + 7r-  K - ) / l ' t o t a  I 
Test of l ep ton  n u m b e r  conservo t lon  

VALUE CL % DOCUMENT ID TECN 

<. t .2  -10 - 4  . . . . .  90 ALBRECHT 8-7M ARG 

l ' ( e -  K ~ ( 8 9 2 ) 0 ) / l ' t o l o l  
Test of l ep ton  fami ly  n u m b e r  conse rvohon  

VAt UE CL % DOCUMENT ID TECN 

< B.4 ~'IO-: S 90 ALBREChl:---B--7M A, RG 

]'(/.l- K>k(B92)°)/1'totoJ 
Test of lepton family number conservahon 

VALUE CL % DOCUMENT IO TECN 

I"59/r 

COMMENT 

e + e -  Ecm="lO- 
GeV 

1"6o / [' 

COMMENT 

e ~ e -  Ecru ~- I0 
GeV 

1"6~/1" 

COMMENT 

e + e  - Ecru= 'tO 
GeV 

1"62/I' 

COMMENT 

e + e  - Ecru= t0 
GeV 

1"63 / I" 

COMMENT 

e ~ e  - Ecru = 10 
GeV 

['64/1" 

COMMENT 
< 5 . 9  ~<I0 - 5  90 

I ' ( e  + .u - ~ - ) / r t o t a  I 
Test of l ep ton  total ly n u m b e r  conservat ion  

VALUE CL % DOCUMENT ID 

< 3.8 -" '10 - 5  90 ALBRECHT 

r ( # "  e -  e -  ) / l ' to to  I 
Test of l ep ton  fami ly  n u m b e r  conserva t lon  

VALUE CL % DOCUMENT ID 

< 3.8 '<'10 - 5  . . . . . . . .  9 0  

ALBRECHT 87M ARG e + e  - Ecm= 10 
GaY 

r65/r 

TECN COMMENT 

87M ARG e + e  - Ecru= 10 
GeV 

I'66/I" 

TECN COMMENT 

A,L.BRE-C-H:r "" 8"7M ARG e "  e - E c m =  10 
GeV 

T D E C A Y  PARAMETERS 

p (MICHEL) PARAMETER 
( V - A )  theory  p red ic ts  p = 0 75 

VALUE EVT5 DOCUMENT ID TECN COMMENT 

(].73 -+ 0.07 OUR A V E R A G E  . . . . . . . . . . . .  

0 .79_+0.10_+0 10 3732 FORD 878 MAC e ' e -  Ecru= 2 9 G e V  
0 71 _+ 0 09 _+ 0 03 1426 BEHRENDS 85 CLEO e + e -  near  T(4S') 
0 72_+0 15 594 BACINO 798 DLCO e + e  - Ecru= 3 5 - 7 4  

GeV 

.r / /~ CHARGED COUPLING-CONSTANT RATIO 

VALUE DOCUMENT IO TECN COMMENT 

+ 0.12 -+ 0.09 ALTHOFF 84D TASS e + e -  Ecru= 43 GeV .94 _ 0.09 

ALBRECHT 888 
AMIDEI 88 
BEHREND 88 
ABACHI 878 
ABACHI 87C 
ADLER 878 
AIHARA 878 
AIHARA 87C 
ALBRECHT 87L 
ALBRECHT 87M 
ALBRECH| 87N 
ALBRECHT 87P 
8AND 87 
BAND 878 
8ARINGER 87 
8EBEK 87C 
8URCHAT 87 
8YLSMA 87 
COFFMAN 87 
DERRICK 87 
FORD 87 
FORD 878 
GAN 87 
GAN 87B 
ADEVA 868 
AIHARA 86r 
ALBRECHI 868 
BARTEL 86D 
PDG 86 
RUCKSTUHL 86 
SCHMIDKE 8b 
YELTON 86 
AKERLOF 858 
ALTHOFF 85 
ASH 858 
8ALIRUSAfflS 85 
BARIEL 85F 
BEHRENDS 85 
BELIRAMI 85 
8ERGER 85 
BURCHAT 85 
FERNANDEZ 85 
MILLS 85 
AIHARA 84C 
ALTHOFF 84D 
8EHREND 84 
MILLS 84 
8EHREND 83C 
BEHREND 83D 
JAROS 83 
BEHREND 82 
BLOCKER 828 
BLOCKER 82C 
BLOCKER 82D 
FELDMAN 82 
FORD 82 
HAYES 82 
8ERGER 81e 
DORFAN 81 
8LOCKER 80 
8RANDELIK 80 
WAGNER 80 
ZHOLENTZ 80 

AlSO 81 

8ACINO 798 
BACINO 79C 
KIRKBY 79 

8alavla 
ALEXANDER 
BACINO 

AlSO 
AlSO 

BARTEL 
8RANDELIK 
FELDMAN 
HELLE 
JAROS 
SMITH 
BARBARa 
BURMESTER 
8URMESTER 
CAVALLI 
PERL 
PERL 
PERL 

PL 8202 149 
PR D37 1750 
PL 8200 226 
PL 8197 291 
PRL 59 2519 
PRL 59 1527 
PR D35 1553 
PRL 59 751 
PL 8185 223 
PL 8185 228 
PL 8195 307 
PL 8t99 580 
PL 8198 297 
PRL 59 415 
PRL 59 1993 
PR D36 690 
PR D35 27 
PR D35 2269 
PR D36 2185 
PL B189 260 
PR D35 408 
PR D36 1971 
PRL 59 411 
PL Bt97 561 
PL 8179 177 
PRL 57 1836 
ZPHY C33 7 
PL B182 216 
PL r70B 
PRL 56 2132 
PRL 57 527 
PRL 56 812 
PRL 55 570 
ZPHY C2b 521 
PRL 55 21t8 
PRL 55 1842 
PL 1018 188 
PR D32 2468 
PRL54 ~775 
ZPHY C28 1 
PRL542489 
PRL 54 1624 
PRL 54 624 
PR D30 2436 
PL 14t8 264 
ZPHY C23 t03 
PRL 52 t944 
PL 1278 270 
NP 82t l  369 
PRL 51 955 
PL 1t48 282 
PRL 48 1586 
PRL 49 1369 
PL 1098 119 
PRL 48 66 
PRL 49 r06 
PR D25 2869 
PL 998 489 
PRL 46 215 
LBL 10801 ThesIS 
PL 92B t99 
ZPHY C3 193 
PL 968 214 
SJNP 34 814 
Translated tram YAF 34 t471 

REFERENCES FOR "r 

+81nder Boeckmann4 (ARGUS Collab 
+Trilling APrams 8aden+ (MARK II Coliab 
+Crlegee DOlnfon F~eld+ (CELLO Collab 
+Barlngm Bylsma De Bonle+ (H~  CaJlob 
+Akerlof Barlnger 81OCkUS+ (HRS Callab 
+Backer 81aylock 8alton+ (MARK III Collop 
+AIsIon Garnlost Avery+ (TPC Collab 
+Alslon Garnjost Avery÷ (TPC Collab 
+81nder Boeckmann alas+r+ (ARGUS Collab ) 
+81nder Baeckmonn Gloser, (ARGUS Callob ) 
+Andam Andam 81nder÷ (ARGUS Callab ) 
+Andam B~nder Boeckmonn+ (ARGUS Collab ) 
+Compotes1 Chadwick DelBno+ (MAC Cal lab)  
+8osman Camporesl Chadwick+ (MAC Callab ) 
÷Mcllwain Miller Shlbato+ (CLEO Callab ) 
+Berkelman 81ucher Cassel, (CLEO Collab ) 
+Feldman 8arklaw Boyarskl+ (MARK II CoIlab ) 
+AbaChl Barlnger DeBante+ (HRS Collab ) 
+DubOls Elgen Hause¢+ (MARK III Callab ) 
+Koollman Lads Musgrave+ (HRS Collab ) 
+QI Read Stalin+ (MAC Collab ) 
+QI Read Smith+ (MAC Collab ) 
.Abrams Amldel 8aden+ (MARK I[ CoIlab ) 
+Abrams Amldei 8aden+ (MARK II Collab ) 
+Ansari Backer Becket SzendyKMARK J Collab ) 
+AJston Garnjost Avery÷ (TPC Collab ) 
+banker Gabriel Edwards+ (ARGUS Collab ) 
+Backer Felst Haldl Knies+ (JADE Col lab)  

Aguilar Benltez Porler* (Particle Data Group} 
+Stroynowskl Atwood 8alish* (DELCO CoIlab ) 
+Abrams Motleuzzl Amid+l+ (MARK II COIIOb ) 
+barton Abrams Amldei+ (MARK II COlIOb ) 
~Batanko Barlnger 8eltraml+ (HRS CoIlab ) 
.Braun$ctlweig Kifscnflnk+ (TASSO ColIoD ) 
*Band Blume Camporesi+ (MAC CoIlab ) 
~BeCker BlOylOCR Brown+ (MARK ffl CoIlab ) 
÷Backer Cotas felsl* (JADE Cotlab ) 
÷Gentile Gulda Gulda Morrow* (CLEO Collab ) 
÷BylSma DeBonle Gan+ (HRS CollaD ) 
,Genzel Lackas Plelorz+ (PLUIO COlIOb ) 
*Schmldke Yellon Abrams+ (MARK II Callao ) 
*Ford QI Read+ (MAC ColIab ) 
+Pal AIwooa 8adlon+ (DELCO CoIIab ) 
~Alston Garnjost Badtke 8akken+ (TPC Collab ) 
+Braunschwelg KlrSChflnk+ (lASSO Collob ) 
,Farmer Schachler Schroder+ (CELLO Callao ) 
*RucksIuhl AIwood BoIIIon+ (DELCO COlIOD) 
+Chen Tanner Gumpel+ (CELLO COHab) 
~Cnen Fleld Farmer* (CELLO Col lab)  
*Amldel hllhng Abrams+ (MARK I[ Coilab ) 
*Chen Fenner Field* (CELLO Col lab)  
*Abrams Alom 81ondel+ (MARK II Collab ) 
*Levi Abrams Amid+l+ (MARK II CoIlab ) 
+Dorfan Abrams Alam+ (MARK II CoIlab ) J 
~Trllllng Abrams Am,del+ (MARK II COIIOD ) 
~Smlth AIIQDy ASh (MAC CoIlab ) 
~Perl Alom 8oyofsk~+ (MARK II COHOb ) 
+Genzel Grlgull Lackas+ (PLUIO Collab ) 
+Blocker Abrams Alam, (MARK II Collab ) 

(LBL) 
*Braunschwelg Gather. (|ASSO Collob ) 
~Alexander Crlegee Dehne* (PLUTO Coffab ) 
*Kurdadze Lelchuk Mlshnev+ (NOVa) 
Zholentz Kurd dZe Lelchuk+ (NOVa) 

PRL 42 749 ÷Ferguson Nodulmon Slot+r* (DELCO Collab ) 
PRL 42 6 .Ferguson Nodulmon Slat+f+ (DELCO COIIOb ) 

SLAC PUB 2419 (SLAC) J 
Lepton Photon Canlerence 
788 PL 788 162 +Cnegee Dehne Derlkum+ (PLUTO Collab ) 
788 PRL 41 13 +Ferguson Nodulman Slaler+ (OELCO Collab ) J 
78 Tokyo ConE 249 Kirz (S|ON) 
80 PL 9@B 2t4 Zholentz Kurdadze LelchuR Mlsnnev÷ (NOVa) 
78 PL 778 331 +Dlttmonn Dulnker Olsson Oneill+ (DESY HELD) 
78 PL 738 109 +Btounschwelg Mortyn Sander+ (DASP Collob ) J 
78 lokyo Cone 777 (SLAC) J 
78 NP B138 189 +PeEl Abrams Alam 8oyarskl* (SLAC LBL) 
78 PRL 40 1420 +Abrams Alam+ (SLAC LBL NWES HAWA) 
788 PR D18 I +Ford Morse Mann, (COLa PENN WISC) 
77 PRL 39 1 0 5 8  8arbafoGoltlerl Kwan<LBL NWES SLAC HAWA) 
778 PL 688 297 +Criegee oehne Oerlkum÷ (PLUTO Collab ) 
77C PL 688 301 ÷Criegee O~hne Oerlkum+ (PLUTO Collab ) 
77 LNC 20 337 Cavolll Sforza Gaggl+ (PAVI PRIN UMD) 
77 PL 708 487 +Feldman Abrams Alam Boyarskl* (SLAC LBL) 
76 PL 638 466 +Feldman Abrams Alam Boyarski+ (SLAC LBL) 
75 PRL 35 1489 .Abrams 8oyarskr Breiaenl:>ocn+ (LBL SLAC) 

- -  OTHER RELATED PAPERS 

BARISH 88 PRPL t57 I ÷SIfoynowskl (CI|) 
PERL 80 AR'NPS 30 299 (SLAC) 
ALLES 79 LNC 25 404 Alles 8orelll (BGNA) J 
FLUGGE 79 ZPHY Ct 12r (DESY) 
AZIMOV 78 SPU 21 225 oFrankturl Khoze (LENI) 
PERL 78 SLAC PUB 2219 (SLAC) 

Karlsruhe Summer ~n$11tute 
FLUGGE 77 8asian Cone (DESY) 

AlSO Issued QS DESY 77 '35 
PERL 77S Hamburg Syrup (SLAC) 

Also issued as SLAC PUB 2022 
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LIGHT MESONS 

N O T E  ON D E C A Y  C O N S T A N T S  O F  P S E U D O -  

SCAI ,AR ; E S O N S  

The  decay cons tan t  . fp  o f  pseudoscalar  meson  I' is 

def ined by 

(0J -lu(0)Jl'(q~)) = t f p q  u 

where  .-t u is the axml-vector  part o f  the charged weak 

current  after a Kobayash>Maskawa  m m n g - m a t n x  e lemenl  

l 'qq,  ~s r emoved  The  stale vector  ~s normal ized  as 

( P ( ~ I  P ( g ' ) )  = (2rr)32EqS(~ " - ~") and Its phase is chosen  

such that f l '  is real and posl tfve Note  however  that in 

many  theoreucal  papers  fp./,~."~ is deno ted  by ,Cp and 

called the pseudoscalar  deca.', cons tant  

For  exper imenta l  de le rmlna t ton  o f  f p ,  rad~atfve correc- 

tion must  be taken ,nto account  in principle Since the 

pho ton- loop  correct ion in t roduces  an infrared d~vergence 

which is canceled by sof l -pholon  em~ssmn / '  -,. Ivy .  we can 

de t e rmine  /1' only from a combined  rate o f  P ~ gv and 

P ~ t v y  The  c o m b i n e d  rate is given by 

r [ / '  -.. l ~ ( -  c~y)] 

8 " 1 r  " - " 

The  term o f  O ( a )  consists  o f  the inner  bremss t rah lung  

parl B which does  not depend  on the s tructure o f  meson  

p 1.2 and the s t ruc tu re -dependen t  part BSD 3 ,Although the 

latter revolves  a subslantml  theoretical  amb~gmty and 

grows with rap,  it is much  smaller  than the unambiguous  

tuner  b remss t rah lung  part m the case o f  m u o m c  decays 

Since we d e l e r m m e  /"rr" fK"  and fD from muonfc  decays. 

we keep only the inner  b rcmss l rah lung  part given by '4 

B = 4 "- " ( n v -  1 I n ( ' ,  2 -  I ) - 2 f n x -  
L.v-- I 

. " )  , 

4 ) - ; , , ,  - - . V - -  ] .V ~ 4 

10v 2 - 7 15x 2 - 21 
+ . . . . . . . . . . . .  / ' " L V  ~-  - -  

(.v 2 -  1) 2 4(.v 2 -  1) 

where 

k ( : )  i f n ( I  t "dr  
= - ) t "  a n d . v  = m l , / m  ¢. 

B takes the value - 1 35 for 7r ---, lau and - 6 44 for K ....+ ~v 

We use the exper imenta l  values o f  I l 'qq,I  gfven in 

Eqs (5), (7), and (8) o f  the "Kobayash l -Maskawa  M m n g  
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Matr ix"  section and our  current  best x alues of  branching 

ratios, hfel imes,  and masses  to obtain the fo l lo~mg x alues 

'<,r = (131 69+_() 15) MeV 

fK 

f'l) 

-- (161 2 ~ 1  4) M e V ,  

< 300 MeV (CL - 90%) 

References 

1 S Berman.  Phys Rev Left I, 468 (1958) 

2 T Klnoshl ta ,  Ph.,,s Rev Left 2 . 477 (1959)  

3 T G o l d m a n  and W J ~,Vllson. Phys Rev DIS, 709 
(1977) 

4 A Swlm, Phys Rev Dfi, 436( [972)  

r ~  IG( j  P) = I - ( 0 - )  

The fit uses the x-+ 
measu remen ls  

• It± MASS 

7r0 and ~-+ moss and  mass d i f fe rence 

V_A_L_UE (Me_}/) . . . . . . . . .  DOCUMENT ID TECN 
1 3 9 . 5 6 7 5 5  ~: 0.00033 OUR FIT 

1 3 9 . 5 6 7 3 7  - 0.00033 OUR AVERAGE 
139.56752 ± 0 00037 I JECKELMAN 86 CNTR - Mesonic  a toms l 
139.5664 _+ 0 .0009 2 LU 80 CNTR - Mesonic  a l oms  i 

139.5686 ± 0 0020 CARTER 76 CNTR - Mesonic  a toms 
139 571 ± 0 010 D OLIVERA 76 CNTR - Meson lc  a toms 
139 5660 -+ 0 0024 2 3 MARUSHEN 76 CNTR - Mesonic  a loms 
139 569 -+ 0.008 4 BACKENSTO 73B CNTR - Mesonic a l oms  
139 566 ± 0 013 5 SHAFER 72 CNTR - Mesomc a loms 

• • * We clo not use the fo l lowing d a t a  for averages  fits hmlfs e l c  * • • 

139 5704 ±0 .0011  6ABELA 84 SPEC + ~ +  ~ ~ + I '  
139 549 _+0 008 4BACKENSTO 71 CNTR - Mesonic  a l oms  
139,577 _+ 0.013 5 SHAFER 67 CNTR - Meson lc  a l oms  
139 68 -+ 0 15 BARKAS 56 EMUL + 

CHG COMMENT 

139 37 ± 0 20 CROWE 54 CNTR - 
1JECKELMAN 86 glves rn(=) rn(e) = 273 12677(71) We use n"~e) = J 

0 51099906(15) MeV 
2Value sca led  wlth new w o v e l e n g l h  ene rgy  convershon factor VX = J 

1 23984244(37)10 - 6  eV m from COHEN 87 I 3This MARUSHENKO 76 va lue used a l  authors redues l  because  ii uses 
a c c e p t e d  set of cahb rahon  ") energ les Error mc reased  from 0 0017 to 
Inc lude  QED c a l c u l a h o n  error of 0 0017 (12 p p m )  

4BACKENSTOSS 738 corrects BACKENSTOS$ 71 with new v a c u u m  po lar iza t ion  
ca l cu la t i on  

5SHAFER 72 u p d a l e s  SHAFER 67 with new ~, a n d  new cahb rahon  hne 
e n e r g y  

6ABELA 84 va lue d e p e n d s  on assumed ,u + mass m(,~) : 
105 65932 ± 0  00029 enters our fit via :r - u moss d l f fe rence be low  
wh ich  is i n d e p e n d e n t  of n~u )  

7 r +  - #+ MASS DIFFERENCE 

The Ill uses the ~-+ ;r, 0 a n d  u ± mass a n d  moss d i f ference 
measurements  

VALUE (MeV) EVT$ DOCUMENt iD TECN CHG COMMENt 
33.90916 -+ 0.00033 OUR FIT 
33.9111 -+ 0.0011 OUR AVERAGE 
33.9111 ± 0  0011 ABELA 84 SPEC 
33 925 ± 0 025 BOOTH 70 CNTR + M a g n e h c  

spect  
33 881 -+0 035 145 HYMAN 67 HEBC + K - H e  
34 00 ± 0 076 BARKAS 56 EMUL 
33 89 -+ 0 076 BARKAS 56 EMUL 
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(m(,~-+) - -  m(Tr-)) / AVERAGE 

Test of CPT 

yALUE ~unlrs #0- 4) - - -  DOCUMENT ID TECN 
2 z 5 AYRES 74 CNTR 

x '±  MEAN LIFE 

VALUE (~0- 9 se~) EVTS DOCUMENT I D. [ECN CHG. 
26.029 _+ 0 .023 OUR AVERAGE 
26 09 :t 0 08 DUNAITSEV 73 CNTR + 
26 0 2 : t 0  04 AYRES 71 CNTR 
26 04 ± 0 ,05  NORDBERG 67 CNTR + 
25 6 ~ 0 3 8ARDON 66 CNTR 
25 9 z 0 3 DUNAITSEV 66 CNIR 
26,67 :t 0 24 LO8KOWICZ 66 CNTR 
26 ,02  :t 0 04 ECKHAUSE 65 CNTR + 
25 .6  + 0 . 8  0 8 ANDERSON 60 CNTR 

25 46 ± 0 32 8000 ASHKIN 60 CNTR 
25 6 ~ 0 5 CROWE 57 RVUE 

+ 

• • • We d o  not  use the  f o l l ow ing  d a t a  for ove rages  fits l imits, e tc  • • * 
26 40 ~ 0 08 7 KINSEY 66 CNTR + 

7Systemahc errors In ca l l b ra t l on  =n thls e x p e r i m e n t  dlscussecl by  NaRD 
BERG 67 

('K + - -  ~ ' - )  / AVERAGE, MEAN UFE DIFFERENCE 

This quan t i t y  is a measure  of CPT l n vo r l ance  in w e a r  Interac* 
t lons 

VALUE (unlts 10-4) _DOCUMENT ID [ECN 
5 ± 7 OUR AVERAGE 
5 5-+ 7 1 AYRES 71 CNTR 

- t4  - 29 PETRUKHIN 68 CNTR 
40 :I: 70 8AROON 66 CNTR 
23 :t 40 8 LOBKOWICZ 66 CNTR 
8Above  Is the  most conserva t i ve  va lue  q u o t e d  by  authors 

~r+ DECAY MODES 

~ -  modes  are c h a r g e  con juga tes  of the  modes  b e l o w  

Sca le /  
Frachon (I ' t i ')  Conf  Lev 

I" I 7I"+ --,, / I * V ~  t 0 

1"2 71"~ " *  e + V e  (1 ,228 ~ 0 . 0 2 2 ) × 4 0  - 4  S=18 

l" 3 71 "+  ~ ~ + / J u ~  / ( t  24 +-0 25 ) × 1 0  - 4  

+ 0 033 8 r 4 7r + ~ e + P e l r  ° ( t  0 2 5 _ 0 ' 0 3 4 ) × 1 0 -  

['s 7r + -,, e+P'y (5 ,6  : i :0 ,7  )×I0 -8 

I" 6 Tr + ~ e + ~ ' e + e  - < 5 x 1 0  - 9  CL=90% 

r 7 71 .+  ~ ~L/.+V e < I 5 <10 - 3  CL=90% 

1"8 7r+ ~ # + P e  < 8 ~<t0 - 3  CL=90% 

]'9 "/I'* ~ / p . - e + e + / ;  < 8 ×40 - 6  CL=90% 

~r + B R A N C H I N G  RATIOS 

l '( /x + u. 3,)/rtota , 
v,~LUE (un!ts fO-4) E_V.T$ pOCUMENT ID TECN COMMENT 
t . 2 4  ~:0,25 2b CASTAGNOLI58 EMUL e~<3 38 MeV 

I ' (e + Ise)/r'loia I 
vAL.~IE_(unlts_ fO~ 4) E_VT~ DOCUMENT ID TECN CHG 
I , 228 :1 :0 ,022  OUR AVERAGE Error inc ludes  sca le  fac tor  of I 8 See the  

IDeogram b e l o w  
1,248 ¢ 0  014 32k BRYMAN 83 CNTR + 
1 273 :t 0 ,028 11k 9 DICAPUA 64 CNTR 
'I 21 ± 0 07 ANDERSON 60 CNTR 

9DICAPUA 64 u p d a t e d  using cur ren t  m e a n  life 

r s / r  

r 2 / r  

WEIGHTED AVERAGE 
1 228 :L O 022 (Error sca led by  1 8) 

E 

1 05  110 115 120 1 25 

1 (e  + Ve) / l  lotoi 

r ( e  + Ve'n'0)/l'tota L 
VALUE ~ ~0_~ EVTS 
I n ~  + 0,033 . . . .  - 0,034 OUR AVERAGE 

X 2 

BRYMAN 83 CNTR 0 8 
DICAPUA 64 CNTR 2 5 
ANDERSON 60 CNTR 0 1 

onf~dence Level -- 0 2081 

I 3 0  1 35  1 4 0  

[ ' j r  
DOCUMENT/D TECN CHG COMMENT 

1 026 :~ 0 ,039 1224 10 MCFARLANE 85 CNTR + Decay  in t l lght  

+ 0 08 332 DEPOMMIER 68 CNTR 4- I O0 - 0  10 
I 07 ± 0  21 38 11BACASTOW 65 OSPK + 
1 10 : I :0 ,26 11 BERTRAM 65 OSPK + 
I 1 ± 0 2 43 11 DUNAIISEV 65 CNTR + 
0 97 :t 0 20 36 11 BARTLETT 64 OSPK + 
• • * We d o  not  use the  fo l l ow ing  d a t a  for averages,  fits l imits e tc  • • • 
I 45 z 0  22 52 11DEPOMMIER 63 CNTR + 

10Comblnes measu red  rate (0 ,394  ~ 0 015) /sec wi th 1982 PDG m e a n  llfe 
11DEPOMMIER 68 states that  the  result of DEPOMMIER 63 Is at  least 10% too  

la rge b e c a u s e  of a sys temat ic  error in the T 0 d e t e c t i o n  e f f i c iency  This 
m a y  be  true of oi l  the  prev ious measurements  occorc l l ng  to DEPOM- 
MIER 68 a n d  V Soergel .  p r l va te  commun~ca t lon .  1972 

r(e+ w'y)/rtotal r~ll" 
VALUE (unllS10 - 8 )  (y [s_  DOCUMENT ID TECN CHG COMMENT 
8.6 :I: 0 .7 226 12 STETZ 78 SPEC + e m o m  >56 

M e V / c  
• • * We d o  not  use tl~e fo l l ow ing  d a t a  for ave rages  flts l imits e t c  * * • 
3 ,0  143 DEPOMMIER 638 CNTR + e + ' )  KE ~48 

MeV 
42STEIZ 78 is for e - ' y  o p e n i n g  a n g l e  -132" Obta ins  3 7 w h e n  using same 

cutoffs as DEPOMMIER 638 

r ( e  + v e  + e - ) / r t o t o l  l '6 / r  
VALUE__~__OilS ~O-8) C L%EVTS DOCUMENT I D LECN_ -CH_G _COMMENT 
< 0 , 4 8  90 KORENCHE 768 SPEC + 
• • • We d o  not  use the fo l l ow lng  d a t a  for averages ,  fits. l imits e tc  • • • 
SEEN 79 EGLI 86 SPEC + SINDRUM 
<3 4 90 KORENCHE 71 OSPK + 

I ' ( I  x + }e ) / l ' i o ta i  1"7/1" 
Forb idden  by  to ta l  l ep ton  n u m b e r  conserva t ion  

VALUE ~_nll$ ~0 - -3 ) -  CL % DOCUMENT ID TECN COMMENT 
< % 5  90 COOPER 82 HLBC Wlc leband  I' b e a m  

r(/.z + pe)IPtotal 1"81 r 
Forb idden  lay l ep ton  fami ly  n u m b e r  conservo l lon  

VALUE_~_It$ 10 - 3) _CL ~& DOCUMENT IO TECN COMMENT 

< 8  0 90 COOPER 82 NLBC Wldebanc l  u b e a m  

F(/~- e + e + P)/rtota I I W r  
Forbldclen by lepton family number conservation 

VALUE CL % DOCUMENT ID TECN CHG 
< 7,7 × '10-6  90 KORENCHE 87 SPEC + 
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71"-- 

/r+ -- POLARIZATION OF EMITTED /~÷ 

?r + -,. /.~*~ 
Tests Lorentz  structure of  t e p f o n i c  c h a r g e d  w e a k  I n t e r a c t i o n s  

VALUE . . . .  e L %  D O C U M E N {  ID rECN C H G  COMMFNT 

• • • W e  d o  not  use the  fo l low ing  d a t a  for a v e r a g e s  fits hmlfS e t c  • * • 
• ( -  0 . 9 9 5 9 )  90  r3 FETSCHER 84 RVUE + 
- 0 99 ± 0 16 14 ABELA 83 SPEC ~ X-rays 

13FETSCHER 84 uses o n l y  m e a s u r e m e n t  of CARR 83 
14Sign of  n l e a s u r e m e n f  r e v e r s e d  ~n AB[LA 83 fo c o m p o J ' e  wJth ,u + m e a s u r e  

ments 

N O T E  ON x -+ ---~ g-+ P'7 .~.Nl) K +- ...~ g ±  jg.y F O R M  

F .l .("[()  RS 

(b', H S Pruxs Zurich l, 'm\crs~t,~) 

In the r a d m u \ e  dcca.~ P ±  -.-,. I .: vy. v, hcre P s tands  for 

rr or K. / for ¢' or ~. and y m a real or \ f r tual  pho ton  

( ( ' -  c - pall), both the vector  and the axml - \ ec to r  'xeak 

hadronf~, currents  conttqbute to the deca.', a m p h t u d e  The 

aMal-xector  current  g l \ e s  t\'.o conlrfl)uttons,  one descnbfng  

fnner hremsstrahlung f lom the lepton and the meson ( IB) 

and one descr ib ing structure-dependent radfatmn (SI ) . t )  

from ~ n lua) had~onfc states The  ", ector  current  o n b  leads 

t e a  s t ~ u c t u r e - d e p c n d e n t t c r m ( S D  1 ) T h e l B a m p h l u d e s  

arc d c l c f m m c d  b) lhc meson  dcca.', cons tants  1 .  and t h I 
T h e a m p h t u d c s  f o r S D  I a n d S D l  a r e p a r a m e m z c d b ~  the 

eclat ti)ffll l;:lcIor/"l and the axml- \  ector  Ibrm tactors l"-t 
anti R 1-4 

- c ( ;  1. ]qq, ~pll,l.l.(lavarl aqr , I / (SDI  ) = -- \ ' ~ m / ,  

- l.¢,(,'1. I 
I/(,~D. I ) . . . . .  q q ' - { * ' / " l " l [ ( S - I t ;  ,,] + Rt-, 

• ~ ~ n t t  , "~.e - qp/~ • p~, 

\ ' ,here I qq, tS the Koha.~ash>Maskax\a m~xmg-matr~x cle- 

ment  The quanlH) et.~ ~s the polaf~zauon \ cctor  o f  the real 

photon  or the electron-posi t ron euf rent, e u = 

(e ."l ) g ( p .  I'yUV(l) _ ) and / p ~s the lep ton-neut r ino  current 

1" = ~ ( p f f y " (  I y5 h ( p i t  q and /, arc the four -momenta  
of  the meson  and the photon,  respectf\  e b .  s = q /, and t = 

/, 2 r h c  s- and t dependence  o f  the form factors ~s 

neglected. \ \ tuch ~s a good a p p r o \ f m a l m n  for peons 2 but 

not foe kaons 4 In the ease o f p m n s ,  the \ co re r  form factor 

/"1 =' fs related \ fa  ( ' V (  to the ~r 0 h f e u m c  I 1"{ r I = 

(I,,'~t)~V/(21" 0) / ( r r , f  O) I PCAC relates R to the elcc- 
- .~ 1 n l / , f l , ( ~ ,  ~ t r omagncnc  '~adms o~rthc meson . -  4 R P = ~- 

The  ca teulanon o f  the o ther  form factors I-~ "r, 11K. and I .'k 
~s model  dependen t  I 4 

For  the decay I '  --* /uh' \V~lh a real photon ,  the partfal 
deea> rate can be g t \ e n  anal.~t~call.x I 5 

d21"l,__~le3 d21"iB d21"SD d21"lN T 

dvdv dxdv dvdv d',(h 

d21"SI) a 

× [ ( / I  ~ 1 I)2SD - ~ (11 

S t ) "  = ( \  • ~ - I ~ ) [ ( \  • 

S I t -  - (I - ! • t ) [ ( l  

[1 nip 

, i 2  i / ,  

I ~ ) 2 S I )  ] 

- I ) ( I  \ ) - ~ ]  

}(I I )  - i ]  

where \ = 21;.,, :m I, ~ = 21~ 'mt ,  and J = ( , f ,  m l , ) 2  

I'IB I'SD and I'IN l . a r c t h e c o n t r l b u t u ) n s  florn mncl 
bfcnasslfahlung, stl uclu~c-depcndent  lad la t lo0  and thou 

intcl [crence l e spcc t l \  el} 

In the deca.,,s 7r ---* c r y  and h --* cv~ the Intclfi. ',cncc 

leffllS ale small, and thus ont.\ the abM)Jtllc \alLies 

I / " j  * / j  I and l /  j / j  I e a n b e o b t a m c d  I n t h e d c c a \  

K ~ laU'g the Inlcf'l~'rence lerm i% fmpol rant and thus aJsc.) 

the s~gns o f  1 I and 1 .t can be obta ined l h c  deea.x rr -+ 

,uv3, Is eomplclcl.~ donuna tcd  b.~ hrcrnss t lahlung The 

dcca)s  7r ~ cv('"-c and k --. ,u(c)vc c al lo\\  the 

de t cxmmatmn  ora l l  thlec form tacit)is I I 1 I and R 

\kc  hst the zr -  lo1111 la~.tms l t I I and R bclo~\ In 

the /x*  b ; anchmg  l a c e  sea_non o f  the Full Data Listings 

~ e  JIM n l e ; f S t l l  C f l l C n l S  o f  1" and  ( . 'onlblnollons o f  Ihc 
S I ) -  

mterl;, ' lcncc tc lms  and I for t~ --~ lal,'~ and J" afld 
SD S l ) '  

I'SD for A -,. ~'t'T 

References 

1 I)-k B r x m a n e t a l  PIDs Rcp 88 151 (1982) %ce 
diS() lhc " ."N'OlC ',211 Dec;3 ~. ( ' o n M a n l s  o f  PSeLId(.)scalal 
Mesons " aboxc 

2 4 K e r s c h a n d  I- Schc~k Nucl Ph)s  B263 475 
( 198(9 

3 W T  ( h u c t a l  I)h~s Rc~ 166 15"77 (19681 

4 I ) ~ u  Bmdm and E -k l \ anox  So~ J Pall Nucl 7 
2~h I } 975) 

5 S ( ;  B r m ~ n a n d  %-k Bludman,  l)h~s Rex 136 
BI lb0 ~ 19641 

"K~: FORM FACTORS 

FA, AXIAL-VECTOR FORM FACTOR 
VALUE . . . . . .  DOCUMENT ID TECN CHG COMMENT 

0.0118 ± 0 . 0 0 2 0  OUR AVERAGE Error i n c l u d e s  s c a l e  f a c t o r  of I 6 See  the  
i d e o g r a m  b e l o w  

0 . 0 ' t 3 5  : t 0 . 0 0 1 6  I S B A Y  8b SPEC t ~r ~ e r - :  
0 018  + 0  0 ~ 5  

- 0  012 EGLI 86 SPEC + :r ~ e + e - e * e  
0 006 ± 0  003 15pilLONEN 86 SPEC + ~ ~ e p 3  
0 011 S0 003 1516STETZ 7B SPEC + ,'I" ~ ei,-~ 

15Uslng the veclor form feeler from CVC prediction I V = 0 0259 t 0 0005 
O n l y  ll~e a b s o l u l e  v a l u e  of fA iS a e t e r m m e a  

16Result  of STETZ 78 is two- fo ld  a m D i g u o u s  Solut ion c o m D a h b l e  wltt ~ la ter  
d e t e r m i n a t i o n s  is t a k e n  
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7 r  , 71- 

WEIGHTED AVERAGE 
0 0118 ± 0 0 0 2 0  {Error sca led  by  16)  

O0  0 01 0 O2 

T~ = ax ia l  v e c l o r  form fac to r  

2 
X 

BAY B6 SPEC 12 
ECLI 86 SPEC 0 2 
PIILONEN 86 SPEC 3 7 
STETZ 78 SPFC O I 

52 
(Confidence Level ~ 0 159) 

I I 

0 03 O O4 

F v, VECTOR FORM FACTOR 
VALUE DOCUMENT ID TECN CHG COMMENF 

n')o +0"019 EGLI 86 SPEC ~ zr ~ e i e - e + l ,  I 
0 . . . .  - 0 .014 

R ,  SECOND AXIAL-VECTOR FORM FACTOR 
VALUE DOCUMENT /D TECN CHG COMMENr 

n/,~ + 0 " 0 2 6  EGLI 86 SPEC + ,.'r ~ e + e - e + i  , J 
0 . . . .  - 0 0 t6  

COHEN 87 
KORENCHE 87 

BAY 86 
EGLI 86 
JECKELMAN 86 
PIILONEN 86 
MCFARLANE 85 
ABELA B4 

Also 7B 
Also 79 

FEISCHER 84 
ABELA 83 
BRYMAN 83 
CARR 83 
COOPER B2 
LU 80 
StETZ 78 
CARTER 76 
[30LIVERA 76 
KORENCHE 76B 

MAI~USHEN 76 

AlSO 76 
AlSO 7B 

BACKENSTO 73a 
AlSO 73 

DUNAITSEV 73 

SHAFER 72 
AYRES 7t 

AlSO 67 
AlSO 68 
AlSO 69 
AlSO 69 

8ACKENSTO 71 
AlSO 70 

KORENCHE 71 

BOOIH 70 
DEPOMMIER 68 
PETRUKH[N 68 
HYMAN 67 
NORDBE RG 67 
SHAFER 67 

AlSO 85 
BARDON 66 
DUNAITSEV 66 
KINSEY 66 
LOBKOWICZ bb 
BACASTOW 65 
BERTRAM 65 
DUNA,ISEV 65 

ECKHAUSE 65 
BARTLETT 64 
DICAPUA 64 

AlSO 86 
DEPOMMIER 63 PL 5 61 
DEPOMMIER 638 PL 7 285 

REFERENCES FOR - j r ±  

RMP 59 1121 +Taylor (R~SC NBS) 
SJNP 46 192 Korencnenko KOStlP MZhOVIyO+ (JINR) 
Tronslotecl from YAF 46 313 
PL B174 445 *Ruegger GobiouO Joseph Loude+ (LAUS ZUR() 
PL B178 97 *Engfer Grab Hermes* (AACH ETH SIN ZUR1) 
PRL 56 1444 +NOWQQO Beer+ (ETH FI~B) 
PRL 57 1402 +Bollon Cooper Frank+ (LANL TEMP CHIC) 
PR D32 547 +Auerbach Gai l le* (TEMP LANL) 
PL 148B 43t  +Daum Eaton Fro$ch Joel Kettle+ (SIN) 
PL 74B 126 Doum Eolon Frosch Hlr~,cr, monn~ (SIN) 
PR D20 2692 Daum Eolon Frosch Hlrschmonn* (BIN) 
PL 140B 1t7 (ETH) 
NP A395 413 *BocWenstoss KunOld Simons+ (BASL KARL) 
PRL 50 7 .DuDOlS Numoo Olanlyo+ (TRIU CNRC) 
PRL 5t 627 +GidoI Gobbl JodidlO Dram+ (teL NWES TRIU) 
PL il2B 97 +Guy MlChette Ivnael Venus (RL) 
PRL 45 1066 +Delker Dugan Wu Coffrey+ (YALE COLU JHU) 
NP at38 285 +Carroll OrtenOohl PerezMenctez+ (LBL UCLA) 
PRL 37 1380 ,Dixlt Sunctareson* (CARL CNRC CHIC CJT) 
ZNAT 3tA t t50  ,Daniel  VonEgldy* (MUNI) 
JErP 44 35 Korencnenko Koslln Mlcelmocher+ (JINR) 
translated Ram ZETF 7t 69 
JEIPL 23 72 Molushenko Mezentsev Peltunln, (LENI) 

+Helntze Rubblo Soergel 

Tronslotecl Irom ZEIFP 23 80 
Pnvale Carom sharer (FNAL) 
Ptlvote Comm Smirnov (LENI) 
PL 43B 539 BockenMoss Dohlel Koch+ (CERN KARL MUNI) 

NP to be pub touscher 
SJNP 16 292 +Proxoshkm Razuvoev+ (SERP) 
ltons~ote~ horn YAF ~6 ~,24 
Private Carom (FNAL) 
PR D3 1051 +Cotmack Greenberg Kenney+ (LRL UCSB) 
PR 157 1288 AWes COlClwell Greenberg Kenney Kurz*(LRL) 
PRL 21 261 Ayres Cormock GreenDerg+ (LRL UCSB) 
UCRL 18369 Tr, esls Ayles (LRL) 
PRL 23 1267 Greenbeig Aytes Cormock+ (LRL UCSB) 
PL 3~8 603 8ockentto~,s DonLet Koch~ (CERN KARL HELD) 
Ihesls vonDerMolsburg (HEID) 
SJNP 13 189 Korenchenko KOSTIn Mlcelmoct ler+ (JINR) 
TransloleO from YAF 13 339 
PL 32B 723 +JOhnson Wlllioms Wotmald (LIVP) 
NP B4 189 +Duties Helnlze KlelnkneCht~ (CERN) 
JINR Pt 3862 ÷Rykolin Khozln$ Cisek (JINR) 
PL 25B 376 ÷LOken Pewdt McKenzle* (ANL CMU NWE$) 
PL 24B 594 +LODkOWlCZ Busman (ROCH) 
PR 163 1451 (LRL) 
PRL t4 923 snorer Crowe Jenkins (LRL) 
PRL 16 778 +Dare Dorian Krleger+ (COLU) 
PL 23 283 +KUtVIn Prokoshkln Rosuvoev Slmonov (JINR) 
PR 144 1132 +LObkOwlCZ NorOberg (ROCH) 
PRL t7 548 +Mehssinos Nogoshima+ (ROCH BNL) 
PR 139B 407 +Gnesqulere WlegOnd Larsen (LRL SLAC) 
RR 139B 617 iMeyer  Corrigon+ (MICH CMU) 
JEIP 20 58 +Petlukhln Prokoshkln+ (JINR) 
TxonsIoled Itom ZEIF 47 B4 
PL 19 348 +Harris Shuler+ (WILL) 
PR 136B 1452 +Devons Meyer Rosen (COLU) 
PR 1338 1333 +Garland Pondtom Strelzoff (COLU) 
Prlvote Carom Ponarom (WISC) 

+Heinfze Rubbio Soergel (CERN) 
(CERN) 

ANDERSON 00 PR 119 2050 +Fulil Mdler+ (EFI) 
ASHKIN 60 NC 16 490 ~Fazzlnl Fidecaro Llpmon, (CERN) 
CASTAGNOL158 PR 112 1779 +Muchnlk (ROMA) 
CROWE 57 NC 5 541 (alAN) 
BARKAS 56 PR t01 778 +BirnlDoum Smllh (LRL) 
CRakE 54 PR 96 470 ~Phlllips (LRL) 

- -  OTHER RELATED PAPERS 

BRYMAN 86 PR 033 1211 +OubO~$ MacdonaLd N~mOo+ (tR~U CNRC) 
BRYMAN 828 PRPL 88 t51 ,Depommler  LarDy (TRIU MONT LVLN) 
DEPOMMIER 80 NP A335 07 (MAN/) 
WILKIN 80 JP G6 L5 (LOUC) P 
BRYMAN 75 PR D11 1337 +PICCIOttO (VICI) 
CARRIGAN 68 NP fib 662 (CMU) J 
CZIRR 63 PR 130 341 (LRL) 
MERRISON 62 ADVP ' i l  I (LIVP) 
SHAPIRO 62 PR 125 1022 *Leaerman (COLU) 
CARrWRIGHT 83 PR 91 677 +Richmon WhffeheOd W,lCOX (LRL) J 

I G ( j P C )  = 1 - ( 0 - + )  

MASS 

The fit uses t he  ;r ± r, 0 a n d  ,u = mass oncl  moss d i f f e r e n c e  
m e a s u r e m e n t s  

VALUE (_l~eV) OOCUMENF ID 
134.9733 ± 0 0029 OUR f [ l  Error" tnc~udes score fac to r  of 2 3 

x ±  - 71-0 MASS DIFFERENCE 

The Ell uses the  ~,-+ E 0 a n d  ~-+ moss a r i d  moss d l l f e r e n c e  

m e a s u r e m e n t s  

VALUE ('MeV) DOCUMENt rD TECN CHG 
4 , 5 9 4 2  _+ 0.00215 OUR FIT Error i n c l u d e s  s c a l e  fac to r  of 2 3 
4 .5942 ± 0°0025 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 2 0 See l h e  

I d e o g r a m  b e l o w  

4 5930 _+ 0 0013 CRAWFORD 86 CNTR - 
4 6034 ± 0 0052 VASBLEVSKY 66 CNTR - 
4 6056 +_ 0 0055 CZIRR 63 CNIR 
4.5g ± 0 03 PETRUKHIN 63 CNTR - 
4 09 ± 0 07 SAMIOS 60 HBC 
4 55 ± 0 07 CASSELS 59 CNTR 
4 52 _+ 0 05 HADDOCK 59 CNTR -- 
4 b0 = 0 04 HILLMAN 59 CNTR 

WEIGHTED AVERAGE 
4 5 9 4 2  ± 0 0 0 2 5  (Error sca led  by  2 0)  

"1" Values above of weighted average error 
and scale factor are baaed upon the date in 
this ideogram only They are not neces- 
sar i ly the seine as our "bes t "  values.  
obtained from a least-sQuares constrazned ht  
utd~zmg measurements  0t other (related) 
quanti t ies as edd~honal informetlOtl 

- l -  
- I -  

i 

4 54  4 58  4 62  

tr ± - ,-r o moss d i f f e r e n c e  (MeV)  

2 
X 

CRAWFORD 86 CNTR O 9 
VASILEVSKY B6 CNTR 3 1 
CZIRR 63 CNTR 4 3 
PETRUKHIN B3 CNTR 0 0 

) SAhtlOS' 60 HBC 
CASSELS 59 CNTR 

) HADDOCK 59 CNTR 
H~LLMAN 59 CNTR 0 0 

8 3  
( C o n f i d e n c e  Leve l  - -  O 081)  

i i 

4 6 6  4 7 0  



See key on page 129 

x o  M E A N  LIFE 

_V_AZ_U~_ [f o.T r~. s e c )  EVTS _DOCUM_ENI..LD_ I_E_C_N _COMMENT 
0 .84  :1:0.06 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 3 0 See the  

i d e o g r a m  b e l o w  
0 897 _+ 0 022 ± 0 017 ATHERTON 85 CNTR 
0 82 +_ 0 04 I BROWMAN 74 CNTR Primakoff  e f fec t  
0 56 _+ 0 06 BELLETTINI 70 CNTR Pr imakof f  e f fec t  on  

n u c l  
0 . 9  -+ 0 068 KRYSHKiN 70 CNTR Pr lmakof f  e f fec t  
• • • We d o  not  use the  to l ]ow}ng  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
I 0 -+ 0 . 5  232 2 STAMER 66 EMUL 
0 . 7 3 0 ± 0  105 BELLETTINI 65B CNTR 

+ 0 . 1 8  VONDARDEL 63 CNTR 1 0 5  - 0 . ~ 8  

t B R O W M A N  74 g ives  ,-.to wlc l th  = 8 02 +- 0 42 eV M e a n  life ~s h., 'wiclth 
21nclucles even t s  of KOLLER 63 

WEIGHTED AVERAGE 
0 8 4 : 1 : 0 0 6  (Error sca led  by  3 0 )  

! 

0 4  0 0  0 8  

~ro m e a n  life (10 - 1 6  sec )  

L K.YSH,~,. 

1 0  

X 2 

ATHERTON 85 CNTR 4 4 
BROWMAN 74 CNTR 0 2 
BELLETTIN; 70 CNTR 21 S 

70 CNTR 0 8 

27 0 
( C o n f i d e n c e  Leve l  < 0 001)  

i 

12  14  

x o D E C A Y  M O D E S  

S c a l e /  

F r a c h o n  0 / / I ' )  C o n f  L e v  

I'i "tl "° ~ 2"7 (98 798 +- 0 032) × 10-2 s=I 1 

I" 2 7r ° ~ e+e-"7 ( 1 198 : tO 0 3 2 ) " ~ I 0  - 2  S=I 1 

] '3  ~o _.. e . e + e - e  - ( 3 . 1 4  _+0.30 )~<10 - 5  

J' 4 ~T 0 --P 3 "7  <: 4 " I 0 - 7 C L = 9 0 %  

1" 5 7r ° ~ 4"I" < 1 6 × 1 0 - 6 C L = 9 0 %  

I" 6 7to ~ e + e  - ( 1.8 _+0 7 ) ~ i 0 _ 7  

1' 7 7T ° - p  2 V  < 2 4 ~ 1 0 - 5 C L = 9 0 %  

I" 8 7T ° ~ / j + e -  + / J - e  + < 7 ":10 - 8  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f i t 1o 2 b r a n c h i n g  r a h o s  u s e s  4 m e a s u r e -  
m e n t s  a n d  o n e  c o n s f r a l n t  t o  d e t e r m l n e  3 p a r a m e -  
te rs  The  o v e r a l l  f l t  h a s  a )[2 = 1 9 for  2 c l e g r e e s  of  

f r e e d o m  

The  f o l l o w i n g  o f f - d l a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a h o n  c o e f f i  

c l e n f s  <~xl Bx l ) / (~x l  ~xj),  In  p e r c e n t ,  f r o m  t h e  h i  t o  t h e  b r a n c h i n g  

f r o c t l o n s ,  x I | ' i / [ ' Fa ta l  The  f l t  c o n s t r a l n s  t h e  x I w h o s e  l a b e l s  
a p p e a r  in  th~s a r r a y  t o  s u m  to  o n e  

x 2 100  

X3 - I  0 
x l  x2 

x "° B R A N C H I N G  R A T I O S  

rCe+ e-'7)Ir(2~) 
VAL.UE (I~) EVT$ DOCUMENT IO TECN COMMENT 
1.213 ± 0 .033  OUI~ FIT Error i n c l u d e s  s c a l e  f a c t o r o f - l - I  . . . .  
1.213 -+ 0 . 0 3 0  O U R  A V E R A G E  

1 25 -+0 04 SCHARDT 81 SPEC ~ ' - p  ~ nTr 0 

I 166 ¢ 0 . 0 4 7  3071 3 SAMIOS b l  HBC ~ r - D  - -  nTrO 
%17 : tO 15 27 BUDAGOV 60 HBC 

1"2/I" I 
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~r 0 

• • * We Oo not  use l h e  f o l l o w l n g  d o l o  for a v e r a g e s  fits hinds, e t c  * • • 
1 196 4 JOSEPH 60 Q u a n l u m  e l e c t  

3SAMIOS 61 v a l u e  uses Panofsky roho  = 1 62 
4Tf~eofet icol  c o l c u l o t l o n  

I'(3"( )If'total 14/I 
ForDldoen by C invorlonce 

VALUE (unlis._fO- b) C L~  E_V.TS DOCUMENT ID TECN 
<:0.38 90 0 HIGHLAND 80 CNTR 
• • • We clo not  use t he  f a l l a w l n g  d a t a  for a v e r a g e s  tltS hmlts e l c  • • • 

< '1 .5  90 0 AUERBACH 78 CNTR 
<:4 9 90 0 5 DUCLOS 65 CNTR 
<:4 9 90 5 KUTIN 65 CNTR 

5These experiments glve BR(3~ '24:) • 5 0 • 10 -6 

l'(e + e + e- e-)II'(2'7) 1 3/[t 
VALUE (units r0~_52_ E_V_T__S _DOCUMENT ID rECN COMM__E_N T 
3.18 +_0.30 OUR FIT 
3.18 _+0.30 146 6SAMIOS 62B HBC 
• * • We do  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  flts hmlts e f t  ° * • 
3 28 7 MIYAZAKI 73 THEe Q u a n t u m  e l e c t  

6SAMIOS 62B v a l u e  uses Ponofsky rat io  = I 62 
7MIYAZAKI 73 v a l u e  is o t h e o r e t l c a l  COlCu lohon 

I'(4"i")11"ioio I I s / l "  
V_A_LUf~u_n!Is 10 - 6) CL % E VTS DOCUMENt_ IO [ECN 
< 1.6 90 BOLOTOV 86C CALO 
• ° • We clo not  use l h e  f o l l o w l n g  d a l a  for a v e r a g e s  fils hmllS e t c  • • • 
< 4 4 90 0 AUERBACH 80 CNTR 
< 3 8  90 0 AUERBACH 788 CNTR 
< 6 0  90 0 8 ABRAMS 73 ASPK 

8ABRAMS 73 g lves  BR(4~ '2"))  • 6 1 ~ 10 - ' ! '  

l ( e  + e - ) / [ ' ( 2 " y )  1"6/]" , 

V.A__LU_E ~unlts tO- 6) CL % EVTS DOCUMENT tO TECN COMMENT 
+ 0 .07 

0.18 _ 0 . 0 6  O U R  A V E R A G E  

0 .17  _+0 07 59 FRANK 83 SPEC 

- ~ 240 90 8 FISCHER 78B SPRK 0 . 2 2 3  _~ 110 

• ° ° We d o  not  use the  t a l l o w i n g  Oa la  for a v e r a g e s  fits 
0 18 _+ 0 06 58 MISCHKE 82 SPEC 

< 4  0 90 SCHACHER 77 STRC 
< 2  0 90 9 DAVIES 74 RVUE 

9DAVIES 74 ex t rac ts  thls i n f o rmohon  f rom BLOCH 75 K + e x D e r l m e n l  

r(2~)ll'totol I'7/I 
VAL_U§ (unlrs r o -  5) CL % E v r_S  _D_O_CUMENT ID TECN__ 
<:2.4  90 0 HERCZEG 81 RVUE 

r(.+ e-) + i'(/j- e+)/rtota , ]'s/! 
Forb ldc len  by  l e p t o n  fam l l y  n u m b e r  c o n s e r v a t i o n  

VALUE DOCUMENT ID rECN COMMENT 
<- 7 \ 1 0  - 8  BRYMAN 82 RVUE K + ~ ~ + / ~ e  
• ° * We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  tits hmlts e t c  * * • 
< 14 ' . . 1 0 - 8  HERCZEG 84 RVUE K + - -  z r + p e  
< 2 • 1 0 - 1 5  HERCZEG 84 THEe ~J- - -  e -  c o n y  

~r--rO ~ nTr0 

K + e x p t  

l imits e t c  • • * 
Repl  by  FRANK 83 
7 r - p  ~ n.-ro 

"K ° E L E C T R O M A G N E T I C  F O R M  F A C T O R  

The a m p l i t u c l e  for the  p rocess  :r0 ~ e + e - ~  c o n t a l n s  o form 
fac to r  I ( x  2) at  the  ,i-0~, ~ ve r tex  w h e r e  x = m ( e  + e - )  m ( ~  °) 
The p a r a m e t e r  a in the  hneor  e x p a n s i o n  l ( x  2) = 1 + ax  2 is 
l i s ted b e l o w  

L I N E A R  C O E F F I C I E N T  O F  / r  ° E L E C T R O M A G N E T I C  F O R M  F A C T O R  

VALUE EVTS DOCUMENt IO TECN COMMENT 

+ 0.10 +_ 0 .03  30k r0 FISCHER 78 SPEC ROd corr  
• • * We do  not  use the  f o l l ow ing  c la ta  for o v e r a g e s  flts hinds e t c  * * • 

11 TUPPER 83 THEe FISCHER 78 d a t a  
+ 0 . 0 1  = 0  11 2200 DEVONS 69 OSPK No rod  corr  
- 0 . 1 5 _ . 0 . 1 0  KOBRAK 61 HBC N o r a O  cor r  
- 0  2 4 - + 0 . 1 6  3071 SAMIOS 61 HBC NO rocl cor r  

10Error s to t ishco l  on ly  Result w i t hou t  rochahon  co , ' rechons  = 4- 0 05 -+ 0 03 
11TUPPER 83 is l h e o r e t i c a l  ana lys i s  of FISCHER 78 i n c l u d i n g  t w o - p h o t o n  

e x c h a n g e  The,r e s h m o l e  of the  ~mpoct  of l hese  c o r f e c l i a n s  is tha t  the  
+0  05 m a d i f l e d  n u m b e r  w o u l d  b e  0 1 2 - 0  04 

REFERENCES F O R  x 0 

BOLOTOV 86C JETPL 43 520 *Gnlnenko DzhllkJboev l$okov (INRM) 
rronsloteO from ZETFP 43 405 

CRAWFORD 86 PRL 56 1043 .Doum FrO$Ch Jo$1 Kettle° (SIN VIRG) 
ATHERTON 85 PL 158B 81 *Bovet Coef+ (CERN ISU LUND LPTP EFI) 
HERCZEG S4 PR D2Q 1954 ÷Hoffmon (LANL) 
FRANK 83 PR D28 423 *Hoffmon MiscP1ke Mou+ (LANL ARZS) 
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TU;'PER 
BRYMAN 
MISCHKE 
HERCZEG 
SCHARDI 
AUERBACH 
H!GHLAND 
AUERBACH 
AUERBACH 788 
FISCHER 78 
FISCHER 788 
SCHACHER 77 
BLOCH 75 
BROWMAN 74 
DAVIES 74 
ABRAMS 73 
MIYAZAKI 73 
BELLET'INI 70 
KRYSHK!N 70 

DEVONS 69 
STAMER 66 
VASILE VSKY 66 
BELLE'IINI 65B 
DUCLOS b5 
KUT'N 65 

CZIRR 63 
KOLLER 03 

AlSO 66 
PETRUKHIN 63 
VONDARDEL 63 
SAMiOS 02B 
KOBRAK 61 
SAMIOS 61 
8UDAGOV 60 

JOSEPH 60 
SAMIO$ 60 
CASSELS 59 
HADDOCK 59 
H,LLMAN 59 

FI 

83 PR D28 2905 +arose Samuel (OKSU) 
82 PR 026 2538 (TRIU) 
B2 PRL 48 1153 ~Frank Hoffman Moir Sar loclno, (LANL ARZS) 
81 PL 1008 347 +hal/man (LANL) 
81 PR D23 639 .Frank Hoffmann Mischwe Moll* (ARZS LANL) 
80 PL 908 317 *Halk Highland McFarlane MoceK~(IEMP LASL) 
80 PRL 44 628 +Auefboch HOlk McFarlane MQcek{TEMP LASL) 
78 PRL 41 275 *Highland Johnson+ (TEMP LASL) 

PL 78B 353 +Highland JOhq$oq÷ (TEMP LASL) 
PL 73B 359 +Extermonn Gulsan Meimod+ (GEVA SACL) 
PL 73B 304 +Extermonn Gulsan Melmod+ (GEVA SACL) 
LNC 20 177 ,CzaDer( Hahn Madl (BERN) 
PL 568 201 +8rehm 8unce Devaux÷ (SACL GEVA) 
PRL 33 1400 +Dewrre Glt telmon Hanson, (CORN BING) 
NC 24A 324 +GuY Z=O (BIRM RHEL SHMP) 
PL 45B bb +Colroll KyCIO LI Michael Mockel t*  (8NL) 
PR D8 2051 +TOkOSugl (TOKY) 
NC 6hA 243 +8emporad Lubelsmey+ (PlSA BONN) 
~llP 30 1037 tSterligov Usov (TMSK) 
"ian$1aled from ZETF 57 1917 
PR 184 1356 +Nemethy Nl$$1t~ Sabot Caoua*  (COW ROMA) 
PR 15t 1108 *Ioy,ol Koller Huelle~+ (STEV) 
PL 23 28t +VlShnyakov Dunaltsev+ (JINR) 
NC 40A 1139 +BemDorad Braccinl+ (PISA FIRZ) 
Pt 19 253 +Freytag Helnlze* (CERN REID) 
JETPL 2 243 *Petrukhm Prokoshk~n (JINR) 
rranslaled from unknown ioumal 
PR 130 341 (LRL) 
NC 27 t405 +Taylor Huetter (STEV) 
PR 15 ~ 1108 Stamer ray,ol Koller Hueltelo (STEV) 
Siena CanT 208 +Pro.~osr, k~n (JINR) 
PL 4 5t  *Dekkers Mermod VonPotleP* (CERN) 
PR t26 t844 *Piano Prodell+ (COLU 8NL) 
NC 20 1t15 (EFI) 
PR ~21 275 (COLb BNL) 
JEIP t i  755 *VlktOr Dzhe.epov ErmolOV* (JINR) 
honslated from ZEIF 38 1047 
NC 16 997 (EFI) 
NC t8 154 (COLU) 
PPSL 74 92 +Jones Murphy Nelll (LIVP) 
PRL 3 478 eAbaShlOn Crowe Ct l [ '  (LRL) 
NC 14 887 +MlCldelkOOD Yomagato Zavathnl (CERN) 

~/ W I D T H  

~/ WIDTH DETERMINED FROM MASS SPECTRUM 
VALUE (keY) CL % E vr5 DOCUMENr lD TECN 

• • • We do  not  use the  f o l l ow ing  d a l o  for a v e r a g e s  fits hmlts e tc  • • • 

IG( j% : 0 + ( 0 - + )  

}I M A S S  

VALUE (MeV) EVfS DOCUMENr tO IECN 

548.8  ± 0 .6  OUR AVERAGE Error i n c l u d e s  s c a l e  f a c l o r  of 1 4 See t he  i d e a  
g r a m  b e l o w  

555 0 ± 2 0 250 JAMES 66 HBC 
548 2 ± 0 65 FOSTER 65C HBC 
549  0 ± 0 7 148 FOELSCHE 64 HBC 
552 0 _+ 3 0 325 KRAEMER 64 DBC 

• 4000 BALTAY 66C DBC 
- 12000 31 JAMES 66 HBC 

900 95 JONES 66 CNTR 
• 10000 148 FOELSCHE 64 HBC 

10000 91 ALFF 62 HBC 

q WIDTH DETERMINED FROM DECAY RATE 
This tS Ihe  p o r h a l  d e c a y  ra te  1(2~,) for the  m o d e  ~l -- 25 d w l d e d  by  
the  t i t l ed  b r a n c h i n g  t r a c h o n  for tha t  m o d e  

VALUE (keV) DOCUMENT ID 

1 08 ± 0 t9 OUR FIT Error i n c l u d e s  sca le  fac to r  of 2 1 

I1 q ~ 2 ~  
I 2 r/ ~ 37r0 

I 3 T / ~  7r + 7r, " 7r :' 

14 ~/ ~ 7 r + / T "  3' 

I s  f l  ~ e + e - , T  0 

l o )7 ~ e + e - , - r -  7r 

I'7 ~ ~ ~'°2"~ 

I8 fl ~ e + e - 3  
1 9 i 7 ~  7r • 7r- ~c'y 

to r/ ~ 7r -7~ -23 '  

12 ~/ ~ ,u+#-'7 
13 T/ ~ /~+ / .~- ' t r  0 

14 ~ ~ ,T " 7r- 

15 r / ~  e ' e  
16 r} ~ ,u+# ,To 3 

17 r/ ~ 3*f 

7/ DECAY MODES 
Frachon ( I / I  

(38 9 tO 4 ) 10 - 2  

(31 9 0 : 0  34) 10 - 2  

(23 7 : 0  5 ) 10 - 2  

4 91 _-- 0 13) 

5 

1 3  : 1 3  

7 1  " ; 1 4  

5 0  ± 1 2  

6 

2 1 

( 6 5  z 2 1  

( 3 1  _ * 0 4  

5 

.- 1 5 

-. 3 0 

3 0 

5 

1 0 - 2  

1 0 - S  

10 - 3  

1 0 - 4  

10 3 

1 0 - 4  

10 3 

1 0 - 6  

t0  4 

1 0 - 6  

1 0 - 3  

1 0 - 4  

t0  6 

10 4 

C a n t  L e v  

90% 

90% 

90% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  Ill to a p a r h a l  wldlh and 12 branchlng 

r a h o s  u s e s  4 6  m e a s u r e m e n t s  a n d  o n e  c o n s t r a i n t  t o  
d e t e r m i n e  7 p a r a m e t e r s  The o v e r a l l  fit h a s  a \ 2  = 

38  9 for  4 0  d e g r e e s  of  f r e e d o m  

549 3 ± 2 9 DELCOURT 63 CNTR 
548 0 Z I 0 91 ALFf: 62 HBC 
549 0 ± 1 2 53 BASTIEN 62 HBC 
546 0 ÷ 4 0 35 PICKUP 62 HBC 

WEIGHTED AVERAGE 
5 4 8 8  ± O B  (Error s c a l e d b y  14)  

1 JAMES 
FOSTER 
FOELSCHE 

- KRAEMER 
OELCOURT 
ALFF- 
BASTIEN 
PICKUP 

.540 

X 2 

66 HBC 9 6 
65C HBC 0 9 
64 HBC 0 1 
64 DBC 1 t 
63 CNTR 0 0 
62 HBC 0 7 
62 HBC 0 0 
B2 HBC 05 

129 
( C o n f i d e n c e  Leve l  -- O 075)  

5 5 0  555  5 6 0  5 6 5  5 4 5  

r mass (MeV)  

The fo l lowing off-diagonal array e lements  are the cor re lahon coeff i- 
c ients ,;~x, Ax/, (Ax, ;,xl) m percen t  from the hi to the branch ing  
f r a c t i o n s  x t r , . . l ' l o t a  I The  fit c o n s t r a i n s  t h e  x, w h o s e  l a b e l s  
a p p e a r  in  th is  a r r a y  to  s u m  to  o n e  

x 2 45 
x 3 85 81 
x 4 74  70  79  

x7 2 2 4 4 

x 8 11 10 6 6 1 
I 6 3 5 4 0 1 

Xl X 2 X 3 )(4 X7 X 8 

R a t e  ( k e Y )  S c a l e  

11 r/ ~ 2")  0 42  ± 0 07 2 1 

12 q -*. 3 ~  0 0 34 ± 0  06 2 1 

1' 3 ~ ~ / r - ~ - ' / r  ° 0 26 S 0  04 2 0  

I 4 77 ~ ~ / r - " )  0 053 ± 0  009 2 0  

I 7 ~/ ~ 7To2~ 0 00077 ! 0 00020 1 2 

r 8 ~ ~ e + e - ' y  0 0054 t 0 0016 1 2 

N O I E  ON THE RAI)IATIVE %Vll)rll OF TIIE T/ 

(b} N A Roc, SI.AC) 

The measurements of l'(r~ ~ ~'y) hsted belo,~ d~spla~ a 

dtscrcpanc} the rcsuhs from lx~o-photon producuon do 

not agree w i t h  the results from Pnmakofl 'producuon 



See k<v on page 129 

Since the last ed~tmn, the onl.', change has been a final 

result frona Crystal Ball, 1 l'(-q ---* 3"3') = 0 514 -': 0 017 - 0 035 

keV This  measu remen t ,  with ~ts htgh slahst]cs and small 

syslemat}c error, is consis tent  w)lh pre,, mus two-photon  

results and s t rengthens  tile ease for th~s t echmque  Yet the 

o n g m  o f  the d~sagreemenl vqth the Prm~akoff results 
remains  obscure 

In the two-pho ton  measurements ,  r/'s were produced m 

the QED process  e + e " ~ c + e  --),'.,i," ..+ c - c - r l  The cal- 

cu la tmn o f  the rate ~s well unders tood,  and the uncertainty 

due to the ' ,mua l  pho ton  tbrm factor ~s small Wf lhams  I 

quotes  an uncertamt~ o f  0 2% from this source Back- 

grounds  to the 7/s~gnal from beam-gas  mtc rac tmns  and 

other  lwo-pho lon  mtc racuons  'a.uh m~ssmg part~cles are 

also small The wmghted ax.erage from the four experi-  

men ts  ~s 0 52 = 0  03 keV. and agreement  a m o n g  them ~s 
excellent v, l thln errors 

In the Pr, m a k o f f e x p e n m e n t s ,  r/'s were produced b.,, the 

mtcractmn of a real photon wnh a v}rtual photon m the 
Coulomb field of the nucleus There ]s coherent back- 
ground from strong produchon of ~/'s m the nuclear 
hadromc field, and interference bet,aeen the strong and Pn- 

makoff production amphtudes The angular dependence of 
the background differs from that of  the Pr~makot]'szgnal, 
allowing I"(7/-., y3")to be extracted from the data b~ a fit to 
thcangulard~stnbutmn In the best fit to thmr data. BEM- 
PORAD 67 found the coherent hadromc background to be 
consistent ~v~th zero BROW.M.-kN 74 bad a ,,v~der range of 
photon energms a h~ghermaxmlum energy, better angular 
resolution, and h~gher staust~cs Thcy [bund a s~gmficant 
contnbutmn from the hadromc background, especially at 

Iov, er energms BROWM&N 74 also anal.,,zed the data of 
BEMPORAI) 67 and tbund that tt was compauble ,a~th 
theu fit including background terms 2 lh~s suggests that 
the background ~as underesumated by BEMPOR,M) 67. 
and thmr result ~s superseded by that or BROWMAN 74 

We are still left ,a']th a serious d~sagreement, at the 3(7 
le,.el, beEr, can tl~e average two-pho ton  xalue and the result 

o f  B R O W M A N  74 The errors assigned by B R O W M 4 . N  

74 include a 5 3% statistical error, a 12 2% sys temauc  error  

for uncertainty m tile accepted pho ton  spectrum,  and a s~s- 

t emauc  error  o f  2 5% for uncer ta inty m the nuclear  parame-  

ters used m t t l e  calcula lmn o f  the Pnnaakof l ' and  nuclear  

tbrm factors The  P n m a k o f f t b r m  fac to r / " ( .  ~s a funclmn 

o f  the m o m e n t u n l  t ransfer  q and tile p roducuon  angle 0 

.-ks q2_._~ O. the uncer ta inty m 1"(. due to the q 2  dependence  
3 

vamshes  The m m m a u m  q -  m thts exper iment  ranged 
from - 6 8 0  MeV 2 at the lo'aest encrg.~ to - 174 MeV 2 at 

the htghcst In this range the result ]s s e n s m v e  to details in 

the calculatton o f  I.( but ~t ~s d~fl]cult to es t imate  the s.xs- 

temalzc er ror  o f  thfs dependence  ~no the r  poss~ble source 

o f  s,,stemat~c error  ~s m the phase o f  the interference term 

4) This  was a free pa ramete r  m the fit. but it was not ,,,,ell 
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determined b', the data rhts ~s because the interference 
contribution peaks mt l l c  same angular region as the Pn- 

makofl" signal and so cannot be unamb~guousl.x separated 
b~ an angular fh -\ reanal~sls of the data would lye ne~es- 
sar.,, to determine ~ hether an~ of these factors ma\  ha'. e 
been ()~ crk)oked m thc de te rmina t ion  of the s} stcn]auc 
error 

Us,ng the same appazatus, the authors of BRO\VM.\N 
74 measured l'(Tr0-, - y"y) = 7 93 ± () 39 eV m good agree- 

ment with the ~orld axeragc xaluc of 7 3 -0  2 eV ~hlch ~,~ 
dominated b,, the dcca}-Iength measurement of .\therton e( 
al 3 Hov, e~cr the unccrtamt.~ duc to / ( ~s reduced at 

lower m o n l c n t u m  transfers,  and (i 2 ',,,as ~ 100 tmaes 

smaller  m tile 7r 0 measuremen t  The s~gnal-to-background 

ratm ,s also larger making tile fit lets s ensmve  to nuclear 

producuon The radmt [~c~d tho f t heT r  0hasbeen meas- 

ured using the t~o -pho lon  techmquc  b.', ('r.~slal Ball. I 

',,,'hose ",aluc E)f 7 7 ._.' 0 5 ± 0 5 eV ~s also cons , s t em ~ t h  lhe 
~or ld  average 
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1 D Wflhams.  Ph D thes~s Harxard  [ :n lvcrs l t \  1987 
(unpubbshed)  

2 A Bro,*man et a l .  Ph~s Rex LeII 3~ 1400 (1974) 

3 H W .-Mherton et a l .  Ph' ,s  Left 158B 81 (1985) 

• r/ D E C A Y  R A T E S  

r(23') 
VALUE (keY) EVT5 DOCUMENT ID TECN COMMENf 

0 . 4 2  ± 0 . 0 7  OUR Fir Error Wlcludes scale fOClOr of 2 1 
0 .42  -+ 0 06 OUR AVERAGE Error inCludes Scale factor of 1 8 See the 

icleogram below 
0 64 _+ 0 14 *- 0 '13 AIHARA 8b TPC e + e -  * e + e -  
0 53 -~ 0 04 _~ 0 04 BARTEL 85E JADE e + e -  ~ e "  e " If 
0 56 _+0 16 5b WEINSTEIN 83 CBAL e ~ ' e  - ~ e + e - T t  
0 324 ~_ 0 046 6ROWMAN 748 CNrR Pnmakof f  effect 
• " " We do  not use l h e  | a l l o w i n g  d a t a  for averages  fits I lmllS e t c  . . .  

1 00 _+ 0 22 t BEMPORAD 67 CNTR Pnmako f l  effect 
tBEMPORAD 67 g=ves I ( ~  -. 23 )  = '1 2 t  +_ 0 26 keY a s s u m i n g  tha t  I ( . ,  o 
24!) / l o l o l  = 0 314 B e m p o r a d  p n v o t e  c o m m u n i c a t i o n  gives more  g e n  
erOI reSull as [ ( ~  ~ 2"~)1 (7 ~ 2"~) / total = 0 380 _t 0 083 W e  eva lua te  
this us ing  I ( l }  ~ 2"~) / tara[  = 0 38 +_ 0 01 Nol  mCluCled in a v e r a g e  
because  the u n c e r t a i n t y  resu lhng  from the s e p a r a h o n  of t he  COu lomb 
a n d  n u c l e a r  O m p l l l u a e s  has a p p a r e n l l y  b e e n  undereshmoted  

WEIGHTED AVERAGE 
0 4 2  +. 0 08 (Error scaled by 1 8) 

02 

t 

O4 
I (24,) ( keV )  

Values eb0va 0! welgh:ed ave'age error 
end scale fae:0r are based upon the data m 
thls rde0grem 0nly They are not qeces- 
Satlly the same as our "Des:" values 
o~:amed f~0m a least-s~ueres CoPs:ralPed fit 
UhllZlng measurements of o:hel (related) 
qu3nW, leS 0s add;flat;8', r'lform0tlO[- 

x___L 
MHARA B6 TPC 1 3 
BARTEL 35E JADE 3 7 

-- WEINSTEIN 83 CBAI 8 
BROWMAN 74BCNTR 404 

18"£ 
, ~ (co~,ao~c~ Cavil - o o171 

O 8  0 8  1 0  12  

It 
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• r/ B R A N C H I N G  RAllOS 

[r(2~) + r~3~o) + r(,~o2~)]/[r(~+~-,~ o) + r(,~+~--i) + 
,'Co + e -  "y)J ( r1+,2. l ' z ) / ( r3 . , ' . t+rs)  
VALUE EVT$  DOCUMENT tO TECN 
2.414 ± 0 . 0 8 -  OUR FIT . . . . .  

2 .64  ± 0 .23  BALTAY 670 DBC 
• • • We Oo not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits, l imits e f t  • * * 
4 5 ± I 0 280 2 JAMES 66 HBC 
3 20 ± I 26 53 2 BASIIEN 62 HBC 
2 5 ± I 0 10 2 PICKUP 62 HBC 

2These e x p e r i m e n t s  t l a v e  not  b e e n  u s e d  in c o m p u h n g  t he  a v e r a g e s  as 
t hey  w e r e  u n a b l e  to s e p a r a t e  c l e a r l y  p a r t i a l  m o d e s  r/ ~ ~ '+~r-~rO a n d  
~/ ~ ~'+ 7r - ' . f  f rom e a c h  o the r  The r e p o r t e d  v a l u e s  thus p r o b a b l y  c o n  
ta~n some  ( u n k n o w n )  f r ac t i on  of moc le  r/ ~ } r+  ~" - ' r  

, '(2"7)l l l ' (Tr+Tr-Tro ) + l ' (~+Te-"y)  + 1 (e+ e-~,) ]  ,'11(,'3+,'4+,'8) 
VALUE EVTS DOCUMENT iD rECN 
1.34 :TG;04 our 7.  
1. I  ±_ 0 . 4  OUR AVERAGE 
1 51 ± 0 93 75 KENDALL 74 OSPK 
0 99 ± 0 . 4 8  CRAWFORD 63 HBC 

r(~o2"y)/ l'(2"y) * l'(3"n-o) + ]'(rro2"y) ,'71(r1.l'2+,'7) 
For o her  [esu s. see  (~ '02-~)/  iolo I 

VALUE CL % DOCUMENt IO TECN 

0.00100 _+ 0 .00020  OUR FIT 
0o0010 _+ 0 .0002  ALDE 84 G A M 2  

• " • We do  hot  use  l h e  f o l l o w l n g  d a t a  fat a v e r a g e s ,  fits l imits e t c  • • • 
< 0  04 90  ABROSIMOV 80 HLBC 

l'(Te + / r -  " / ) / . ' ( l i  "+/i-- ~-o) ,'4/i" 3 
VALUE EVTS DOCUMENT ID TECN 
0 .2074  ± 0 .0034  OUR FIt 
0 .207  _~ 0 .004  OUR AVERAGE Error i n c l u d e s  s c a l e  f ac to r  of 1 1 
0 209  ± 0 . 0 0 4  18k THALER 73 ASPK 
0 . 2 0 1  ± 0 006 7250 GORMLEY 70 ASPK 
0 28 _* 0 04 BALTAY 678 DBC 
0 2 5  +_0.035 LffCHFIELD 67 O8C 
0 30 ± 0 06 CRAWFORD 66 HBC 
0 t 96  ± 0 041 FOSTER 65C HOC 
0 14 ± 0 . 0 8  FOELSCHE 64 HBC 
0 10 ± 0 t 0  KRAEMER 64 DBC 

• • • We d o  not  use t he  f o l l o w l n g  d a t a  for a v e r a g e s  flts l imits e t c  • • • 

0 73 _+ 0 25 24 PAULI 64 DBC 

, ' ( 3 ~ - o ) / r ( 2 3 , )  I'2/," I 
VALUE DOCUMENT ID TECN COMMENT 

0 . 8 t 9  _+ 0 . 0 0 9  OUR FIT 
0 , 8 4 - +  0 . 0 6  OUR AVERAGE 
0 .91  -+0 14 COX 708 HBC 
0 7 5  ± 0 0 9  DEVONS 70 OSPK 
0 8 8  -+ 0 1 6  BALTAY 67D DBC 
I 1 +_0,2 CENCE 67 OSPK 

• • * We d o  not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits, l lml ts  e t c  * • • 
I 25 ± 0 . 3 9  BACCI 63 CNTR Inverse BR r e p o r t e d  

> 0  90 CHRETIEN 62 PBC 

" ( 2 " ) ' ) / " ( = "  r r -  ~-o) r , / ,  3 

VAt UE E VTS DOCUMENT /D TECN 

1.64 :t 0 . 0 5  OUR FIT 
1.69 -+ 0 . 2 t  OUR AVERAGE 
1 72 ± 0 . 2 5  401 BAGLIN 69 HLBC 
I 6 t  ± 0  39 FOSTER 65 HBC 

[r(2") ')  + , ' (3= °) + r ( ' t rO2"/ ) i / r ( l r+~ ' - ' r r° )  (r1+I'2+,',1/1"3 
VALUE EVTS DOCUMENT IO TECN 

2 .99  ± 0 .09  OUR FIT 
3 26 ± 0 . 3 0  OUR AVERAGE 
2 ,54 -+ 1 .89  74 KENDALL 74 OSPK 
3 4 ± 1 I 29 AGUILAR 72B HBC 
2 . 8 3 ± 0  80 70 3 8 L O O D W O  728 HBC 
3 6 ± 0 6 244 FLATTE 67B HBC 
2 89 ± 0 5 6  ALFF- 66 HBC 
3 6 ± 0 .8  50 KRAEMER 64 DBC 
3 .8  ¢ I I PAUU 64 DBC 

3Error i n c r e a s e d  f rom p u b l i s h e d  v a l u e  0 5 b y  B looc lwodh  ( p r i v a t e  c a m  
m u n i c a t l o n )  

r ( e  + e -  l r o ) / r ( ~ r  + ~ ' -  ~-0) J ' 5 / " 3  
S ing le  p h o l o n  p rocess  f o r b i d d e n  by  C pa r i t y  

VALUE (unlt$.10 - 4 )  CL%EVTS DOCUMENT ID TECN_ 
< t . 9  90  JANE 75 OSPK 
• • • We  dO no t  use  t he  t a l l o w i n g  d a t a  tar  a v e r a g e s  tits, l imits,  e i c  • • • 
< 42 90 BAGLIN 67 HLBC 
< 16 90 0 81LLING 67 HLBC 
<. 77 0 FOSTER 658 HBC 
< 110. PRICE 65  HBC 

r ( e  + e -  7 1 " * / r - ) / l ' f o t a  I " 6 / 1 "  
_VALUE (units 10_-. 2) DOCUMENT ID TEC_N 

• • • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
< 0  7 RITTENBERG 65 HBC 

l ' ( e  + e -  ~ ' -  ~ ' - ) / , ' ( ' r r -  71"- "() ' 6 /1 '4  
VALUE EVT$  DOCUMENT IO TECN 

GROSSMAN 66 HBC 0 026 ± 0 .026  1̀ 

l'(2~y)/[l'(2*y) + l'(3"rr o) + I'(~o2"y)] 
VALUE EVTS DOCUMENT ID rECN 

0 .549 t  ± 0.()0~ OUR FIT 
0 . 5 4 9  ± 0 . 0 0 4  OUR AVERAGE 
0 549  ± 0.  004 ALDE 84 GAM2 
0 . 5 2  _+0 09 88 ABROSIMOV 80 HLBC 
0 60 ± 0  14 t13 KENDALL 74 OSPK 
0 5 3 5 ± 0  0'18 8UTTRAM 70 OSPK 
0 . 5 9  _+0 033 BUNIATOV 67 OSPK 

ri/("I+"2 +I 7) 
COMMENT 

0 177 :tO 035 FELDMAN 67 OSPK 
0 209 -+ 0 , 0 5 4  DIGIUGNO 66 CNTR 
0 29 ± 0 10 GRUNHAUS 66 OSPK 

, ' ( e *  e -  710)/1 total I 5/1 
Single p h o t o n  p rocess  t o r b l d d e n  by  C pa r i t y  

VAL.UE(UnlIs 10-  2) CL% Er rs  _DOCUMENT ~D TECN 

* • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits hml ls  e t c  • * • 
< 0  0`16 90 0 MARTYNOV 76 HLBC 
< 0  084 90 BAZIN 68 DBC 
< 0 7  I~ITTENBERG 55 HBC 

l (/l "+/I"-/l'o~()II'(/r ÷ 11"- ~o) I'9/l 3 
VA_L.U_E_(~mrs JO- 2) CL % E_V..I"S DOCUMENT ID TECN 
< 0 . 2 4  90 0 THALER 73 ASPK 
* • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits l imits e t c  • * • 
< I  7 90 ARNOLD 68 HLBC 
< I  6 95 BALTAY 67B DBC 
< 7  0 FLATTE 67 HBC 
< 0  9 PRICE 67 HBC 

l'(/r + 7r- 2"y)/l'(Ir" "n" - ~o) rlo/," 3 
VALUE CL % DOCUMENT ID rECN 
< 0 . 0 0 9  PRICE 67 HBC 
. • • We d o  not  use the  f o l l o w l n g  c lara  for a v e r a g e s  flts [ imlts e t c  * • • 
< 0  016 95  8ALTAY 678 DBC 

i - (3=O)/ l - ( ,re + = -  =o)  , '2/I'3 
VALUE EVr$ DOCUMENT ID rECN 

1.35 ± 0 . 0 4  OUR FIT 
+ 0 . t 2  1.27 - 0 .14 OUR AVERAGE Error I n c l u d e s  s c a l e  fac to r  of 1 3 See t he  I d e a  

g r a m  b e l o w  

+ 0  15 199 8AGLIN 69 HLBC 1 ' 5 0 - 0  29 

1 4 7  +00- 2017 bULLOCK 68 HLBC 

1.3 ± 0  4 BAGLIN 67B HLBC 
0 90  ± 0 24 FOSTER 65 HBC 
2 0 ± I 0 FOELSCHE 64 HBC 
0 83 :t 0 32 CRAWFORD 63 HBC 

[r(2"y) + r(37ro) + I'(~ro2*y)Vl'toto I 
VAt UE E VTS DOCUMENt rD 

0 . 7 0 9  ± 0 .006  OUR FIT 
0 • 7 0 6  ± 0 . 0 0 8  OUR AVERAGE 
0 . 7 0 5 ± 0  008 16k BASLE 71D CNIR MM s p e c t r o m e t e r  
0 79 ± 0 08 BUNIATOV 67 OSPK 

(r't+r2+,'T)/i" 
rECN COMMENT 

l imits e t c  • • • 

Not i ndeD  of I ( 2 " ) ) I  
1 ( 2 3 )  + [ ( 3 ; r o )  + 

Error d o u b l e d  

• • • We CIo not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e f t  • • • 
0 5 7  _+ 0 0 9  STRUGALSK171 HLBC 
0 ,$79 ± 0 0 5 2  FELDMAN 67 OSPK 
0 . 4 1 6  :i: 0 0 4 4  DIGIUGNO 66 CNTR Error d o u b l e d  
0 4 4  ± 0 0 7  GRUNHAUS 66 OSPK 
0 3 9  ± 0 0 6  4 JONES 66 CNTR 

4This resul t  f rom c o m b i n i n g  cross sec t ions  f rom Iwo  d i f fe rent  e x p e r i m e n t s  

,C3~o)/[vC2 y) + r(3~o) + r(,~o2-r)] r2/0 ,+l 2+r,) 
VALUE E V T $  DOCUMENt ID TECN COMMENT 

0.4499 ± 0 .0027 OUR FIT 
0 . 4 5 0  ± 0 . 0 0 4  OUR AVERAGE 
0 4 5 0  -+ 0 . 0 0 4  ALDE 84 GAM2 
0 44  - 0  08 75 ABROSIMOV 80 HLBC 
0 439  ± 0 024  8UrlRAM 70 OSPK 
• • * We d o  no l  use  t he  f o l l ow ing  c la ta  for a v e r a g e s  flts 
0 32 ± 0 09 STRUGALSKt 71 HLBC 
0 41 ± 0  033 BUNIATOV 67 OSPK 
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WEIGHTED AVERAGE 
127  + 0 1 2  - O 1 4  (Error sca led  b y 1 3 )  

" ~ ' " ( "  Values a b o v e  of  w e ~ g h l e d  a v e r a g e ,  e r r o r ,  
a n d  sca le  laclor are based upon lhe data m 
this ideogram only They are not n e c e s -  
s a r i l y  the same as our "best"  v a l u e s ,  
obtained from a least-squares constrained fit 
utlhzlng measurements of other (relsted) 
quantlheS 8S 8ddi110n81 irtformatlon 

8AGLIN 6g HLBC 0 7 
BULLOCK 68 HLBC 13 
BAGLIN 87B HLBC 0 0 
FOSTER 65 HBC 2 4 

CRAWFORD 63 HaC ! 9 

6 9  
(Conhdence  Level  = 0 227) 

• I I 

4 5 0 1 2 3 

( 3 = o ) / I  (,-.r + ~r- ~-o) 

F(~re  2 " y ) / l ' ~ o t o  I 
S e e  015o the r e w e w  by LANDSBERG 85 

I '7/1" 

VALUE [u._nlts ~O-4)_CL%EVTS DOCUMENT ID [~.~_N_. COMMENT 
7,'I ± ~.4 OUR FII 

• • • We do  not  use the fo l lowing d a t a  for ove rages ,  flls. IImlts e tc  • • • 
7 'I ± 'l 7 5 ALOE 84 G A M 2  ~r- .o ~ q n ] 
9 5 +_ 2 .3  70 8[NON 82 G A M 2  ReD[ by ALOE 84 

<:30 90 0 DAVYDOV 81 G A M 2  T - p  ~ qn 
5Not Inc lependt  of ALDE 84 resul'1 l '(~r02-~)/[ l  (2" t )  + I"(3= °)  + I (?.'.°2~)] [ 

l ' ( i  u " / . ~ - ) / ] ' t o l o l  I ' ,H / I "  
V__A.LUE (units ~0- 5) CL % EVTS OOCUMEN~ IO TECN _COMMEN.T . . . .  

0 , 6 5 ± 0  2~ 27 DZHELYADIN 80a SPEC ~ - o  ~ ~n  
• • • We do  not  use the fo l lowlng do'1o for o v e r a g e s  fits llmlts e t c  * ° • 
<:2 95 0 WEHMANN 68 OSPK 

r(/ .~ +/ .~-  71"0) / ] ' to la I l 'e3 / I" 
Single pho ton  p rocess  Iotb~dcien by C-par l |y  

V At_OE (unIIs fO -4 )  CL% D_O_CUMENT ID TECN ~OMMENT 
< 0 . 0 5  90 DZHELYADIN 8~ SPEC ~ - p  ~ ~n 
• • • We do  not  use the fo l low,ng d o r a  for o v e r a g e s  fits hn31'1s e f c  • • • 
< 5  WEHMANN 68 OSPK 

r(u+u-)lrC2"~) IIt/T I 
i(:~tOE (unlts tO-5) _--- DOCUMENT tO fE~_ty 

• • • W e  do  not' use the fo l lowing d a t a  for o v e r a g e s  fits l imits e tc  • • • 
5 9 ± 2 2 HYAMS 69 OSPK 

l'('Zi" + 71"- )ll'tota I ] '14/1" 
V~olates P and CP i n v o r l o n c e  

VALUE (unlt$ I_0 - 2 )  EVeS _DC)~UMENT IO T_ECN COMMENI 
<0.`15 0 THALER 73 ASPK CL not  g i ven  

l ' ( e  + e -  "/)/l'(/r + 71-- =o) I s/I'3 
VALUE (units tO-2) . E V T S  DOCUMENt 10 TECN 
2.'I ± 0 . 5  OUR FIT 
2.'1 ± 0 . 5  80 6JANE 758 OSPK 

6Va lue  c h a n g e d  by er ra tum 

l ' ( e  + e -  ) / l t o l a  I l" I . ~ / I '  
VALUE (unlts JO - 4 )  CL % _DOCUMENt tO TECN 
< 3 ,  90 7 DAVIES 74 RVUE 

7DAVIES 74 ex t rac ts  thls in fo rmahon f rom ESTEN 67 

I'(/..~ ÷/.Z - ")." ) 1  l ' t o la  I I "12/ l "  
VALUE (unlts 10 - 4 )  EVTS DOCUMENT ID [E_C._N_ COMMENT 
3 '1 -_0.4 600  DZHELYADIN 80 SPEC ~ ' - D  ~ f in 
• * * We do  not  use the to l lowlng d a t a  for overages Ills l lmlfs e f c  , , • 
'1 .5 ± 0 75 '100 BUSHNIN 78 SPEC ReDI by OZHE- 

LYADIN 80 

I'(,U. +/.Z - "fl'0"), ) / [ ' t o t a  I I"16/I" 
VA~U~ (units fO-6} CL~ DOCUMENT tO TECN COMMENT 
< 3 .  90 DZHELYADIN 8¢ SPEC ~-D ~ ~n 

I'(3T)/[I'C2"Y) + l ' (3r  °) + ['(~'°2"Y)] 
Forb idden by C i nva r l once  

VALUE CL % DOCUMEN~ IO [ECN 
<: 7- -  ~-`10 - 4  " 95 ALOE 84 G A M 2  

I'~7.,'(1 ~+12+1 7) 

N O T E  O N  ~ D E C A Y  P A R A M E T E R S  

C violation m ~ d e c a ) s  

.as a test o f  poss ible  C viola t ion m e lec t romagne t ic  

in terac t ions ,  a n u m b e r  o f  e x p e r i m e n t s  have  looked tbr pos- 

sible charge a s y m m e t r i e s  m the decays  rt --,, 7r ÷ 7r- 7r0 and  7/ 

-.., ~r=~r-~,/ We list the  following pa rame te r s  

(a) The  left-right as,vmmetr> 

A = ( N "  - . V  )/(N" ~-A ) .  

where  ..\" + m e a n s  the  n u m b e r  e l e m e n t s  v, ith the ~r ± energy 

greater  than  the 7r ;  encrg~ m the r / res t  f rame  

(b) The  sex tan t  a s y m m e t r >  

"VI + Y3 ~-'V5 " ' V 2 -  V 4 - ' \ 6  

"Is :VI + V2 + N3 + V4 ~- "\5 + "V6 

for the decay g ~ ~r~Tr-~.0 The numbers ret~r to sextants 
o f  the Dah tz  plot (see, for example ,  Layter  el al I ) l,s is 

sens i t ive  to an I = 0 C-vio la t ing  asymmetry ,  

(c) T h e  q u a d r a n t  a s>mmet rx  .tq. def ined  m a s imi la r  

way as -1 s ,  but  with each sector o f  the  D a h t ,  plot now con-  

t a m i n g  ~-/2 ra ther  than  7r/3 r ad lans  -Iq is s e n s m v e  to an / 

= 2 C-~ Jolatmg final s late 

(d) T h e / ) - w a v e  c o n t n b u n o n  to the  C-vio la t ing  a m p h -  

tude  in the  deca~ 7/-,- 7 r - n  ~ ,  The  upper  l imit for th~s 

con t r ibu t ion  is m e a s u r e d  b ) t h e  p a r a m e t e r  fl. def ined by 

d A ' / d l c o s O I  ~ sm20( I  + f l e e s 2 0 ) ,  

where  0 is the  angle  between the 7r + and  the 7 in the d lp lon  

center  o f  m a s s  A term propor t iona l  to cos 20 could also be 

due  to P-  and  t . - w a v e  in terference 

We  hst  .! tbr the decay m o d e s  ~ -~ 7r-~r ~r0and ~ 

~ ' + 7 r - %  -1 s and  +lq _far the  deca.~ ~ ~ 7r " 7r-~r 0` and  ~ for 

the  decay ~ ~ lr 7r 3' m the Full [ a s h n g s  below 

Dal i tz  plot for 7/--~ l r+ l r -~r  0 

T h e  Dah t z  plot for the  decay 7 / ~  ~r+~r-Tr ° max be fit 

by the dlstnbutJon 

I M ( x , v ) l  ~ " "x I + a t  # - b l ' 2 + C  ', - e l \  "~ " c \ l  

Here, 

x = \ ."3(T_ - T _ ) / Q .  v = (3T(),,"Q) - I , 

l ' .  T _ ,  and  T 0 are the k m e n c  energies  o f  the  ~r ". ~r- .  

and  ~0 m the r/ rest sys t em a n d Q  = m n m _~ nt 

- m 0 T h e  coefficient  o f  the  te rm l inear in \ ~s s ensn ' i \ c  

to ( v to l auon  due  to an 1 = 0 or / = 2 final state \~ e list 

papers  p resen t ing  d e t e r m m a h o n s  o f  the  pa r ame te r s  a /~, 

and  d m the sect ion DP  below However ,  we do not tabu-  

late va lues  o f  these  pa r ame te r s  because  the a s s u m p l t o n s  
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made b) dl f l 'ercnt au thors  are not compa t ib le  and do not 

a l l o~  compar i son  o f  the numer ica l  ~alues 

D a h t z  p lot  for ~/--*- ~rO'x0T o 

The  Dal]t;" p lo t  for  the decav r/-,,. ~r0~r% 0 max be fit to 

the c \p rc s s ion  

I I1 1 2 z 1 "- 2c~5 

where 

-) 3 .3 ,~ 

: _. ; ~ 13( , , ,  ~ _ ~,, ,  ) I ( / :  ~ . , }  f l )12  : p - , p l T T l a  X 

I ~] 

Here 1:  ]s the energ~ o f  t h e / t h  pmn ]n the 7/rest f rame 

and p ts the d is tance  to the center  o r t h e  Dahtz  plot We 

list the pa ramete r  c~ m section &O belo~ 

Reference 

I J O  L a y t e r e t a l  I)h~s Rex Lett 29. 316 (1072) 

'r/ C-NONCONSERVING DECAY PARAMETERS 

~',-7r-~-0 LEFT-RIGHT ASYMMETRY PARAMETER 
VALUE (~JnLt$ t O - 2 )  _ E V T S  DOCUMENT /D [ECN 

0.12 _+ 0.17 OUR AVERAGE 
0 28 - 0 26 165k JANE 74 OSPK 

- 0 05 _+ 0 22 220k LAYTER 72 ASPK 
- 1 4 1"_ 3 1138 CARPENTER 70 HBC 

3 2 -+ 5 4 349 DANBURG 70 DBC 
0 3 ± 1 1 10709 MULLER 69 OSPK 
7 2 ± 2 8 1351 BALTAY 66C DBC 
5 8 z 3 4 1300 CLPWY 66 HBC 

- 6 t ~ 4 0 705 LARRIBE 66 HBC 

COMMENT 

• • • We do  no l  use the foFIowlng d a l a  for overages  fits l imits etc  • • • 

1 5 -+ 0 5 36800 8 GORMLEY 68C ASPK 
0 3 -+ 1 0 10665 CNOPS 66 OSPK Repl by MULLER 69 

8GORMLEY 68C asymmet ry  p r o b a b l y  due  to u n m e a s u r e d  (E < 8) spark 
c h a m b e r  effects New exper imen ts  wl lh  (E ~ B) controls d o n  t observe 
asymmet ry  

7r + 71"- T LEFT-RIGHT ASYMMETRY PARAMETER 
VALUE. (unlfs TO-2 ) . .  E VTS _DOCUMENT ID [ECN 

0 9 ~ 0,4 OUR AVERAGE 
1 2 ± 0 6 35k JANE 74B OSPK 
0 5 ± 0 6 36k THALER 72 ASPK 
I 22 ± I 56 7257 GORMLEY 70 ASPK 
1 5 -+ 2 5 1620 9 MULLER 69 OSPK 

- 4 -+ 8 LffCHFIELD 67 DBC 
• - 2 *.I. 17 33 CRAWFORD 66 HBC 

9MULLER 69 IS sensltrve only to upper 0 4 of "i-roy spectrum 

7r-Tr ~-o SEXTANT ASYMMETRY PARAMETER 
V_ALUE (unds 10- 2) EVT5 DOCU_M_ENT ID 7ECN 

0J19 _+0.16 OUR AVERAGE 
0 20 ± 0 25 165k JANE 74 OSPK 
0 10 _+ 0 22 220k LAYTER 72 ASPK 
0 5 ± 0 5 37k GORMLEY 68C WIRE 
6 8 ~-3 3 1300 CLPWY 66 HBC 

- 2 ,4  _+ 4 .0  705 LARRJBE 66 HBC 

~'- ~'- 71" o QUADRANT ASYMMETRY PARAMETER 
VALUE (untt_s.fO- 2) E V T S  _DOCUMENT ID .TECN 
- 0 . 1 7  ±0.17 OUR AVERAGE 
- 0 30 _+ 0 25 165k JANE 74 OSPK 
- 0 07 ± 0 22 220k LAYTER 72 ASPK 

,~ FOR r/ ~ ?r-7r-"7 
Sensdive to D-wove con t r ibu t ion  dN, OCOSi, = sln 2el ( I  + ,'~ COS 2~!) 

VALUE E V r S  DOCUMENT ID TECN 
0.05 _+ 0.06 OUR AVERAG F Error i nc ludes  sca le  fac tor  of 1 5 See the 

i d e o g r a m  b e l o w  

0.11 +_0 11 35k JANE 748 OSPK 
0 12 ± 0 06 10 THALER 72 ASPK 

-0 060~_0 065 7250 GORMLEY 70 WIRE 
10Authors d o n  I be l i eve  Ibis to i nd i ca te  D-wove b e c a u s e  d e p e n d e n c e  of .'t 

on "~, energy  inconsistent  wi lh l h e o r e h c a l  p red i c t i on  Cos 2 d e p e n d e n c e  
m a y  also c o m e  from P w a v e  a n d  F-wave in ter fe rence 

WEIGHTED AVERAGE 
0 0 5  ~ ooe  (Error scaled by15) 

f , 
x 

JANE 74B 0SPK 0"~ 
~ THALER 72 ASPK 15 
~GOBMLFY 70 WIRE 27 

onf ,dence Loyal = 0 1041 
i 

- O b  - 0 3  - 0 1  01  0 3  0 5  

ENERGY DEPENDENCE OF 7/DALITZ PLOT 

See note  on r~ d e c o y  pa ramete rs  a b o v e  The fo l low ing e x p e n m e n t s  tit 
to one  or more  of the coef f ic ients o b c d or e for q o ~.+ .-r-Tr0 

ma l r l x  e l e m e n t i 2  = I + ay  + by  2 + CX + dX 2 + exy 
VALUE EVT$ DOCUMENT IO 7ECN 

• • • We do  not use the fo l low ing da ta  lot  averages  tllS I lmlls e l c •  * • 
81k 11 LAYTER 73 ASPK 

220k 11 LAYTER 72 ASPK 
1138 11 CARPENTER 70 HBC 

349 t l  DANBURG 70 DBC 
7250 11 GORMLEY 70 WIRE 

526 1t BAGUN 69 HLBC 
7170 1t CNOPS 68 OSPK 

37k 1t GORMLEY 68C WiRE 
1300 11 CLPWY 66 HBC 

705 t t LARRIBE 66 HBC 

11See note  on ~7 DECAY PARAMETERS a b o v e  

{~ PARAMETER FOR T/ ~ 371" 0 
, m a l n x  e l e m e n t l 2  = 1 + 2(~z (See note a b o v e  ) 

VALUE EVT$ DOCUMENT ID TECN 

• 0.023 _+ 0.023 OUR AVERAGE 
- 0 022 Z 0 023 50k ALDE 84 GAM2 
- 0  32 ± 0  37 192 BAGLIN 70 HLBC 

AiHARA 80 
BARTEL 85[ 
LANDSBERG 85 
ALDE 84 

AlSO 843 

WEINSTEFN 83 
BINON 82 

AlSO 828 
DAVYDOV 8t 

AlSO 818 

DZHELYAOIN 81 
AlSO 81C 

ABROSIMOV 80 

DZHE LYADIN 80 
AlSO 80C 

DZHELYADIN 808 
AlSO 800 

BUSHNIN 78 
A J $ O  788 

MARTYNOV 76 

JANE 75 
JANE 758 

AlSO 78B 
Erratum In private communlcahon 

BROWMAN 748 PAL 32 1067 
DAVIES 74 NC 24A 324 
JANE 74 PL 488 260 
JANE 748 PL 48B 265 
KENDALL 74 NC 21A 387 
LAYTER 73 PR D7 2565 
THALER 73 PR D7 2569 
AGUILAP 728 PR D6 29 

REFERENCES FOR 7/ 

PR D33 844 ~Alston Garnlost~ (TPC TWO Gamma Collop ) 
PL 1608 421 ,Backer Cords Felsl, (JADE ColIoI3 ) 
PRPL 128 310 (S~ERP) 
ZPH¥ C25 225 *BJnon Bncmon DonsKove (SERP BELG LAPP) 
SJNP 40 918 AlOe 81non Brlcman* (SERP BELG LAPP) 
fransloleCl from YAF 40 1447 
PR D28 2896 +Antreosyon Gu KollmOn+ (Crystal Boll Collop ) 
SJNP 36 391 ,Bncman Gouonere+ (SEEP 8ELG LAPP CERN) 
translated from YAF 36 670 
NC 71A 497 Bmon Bncmon+ (SERP BELG LAPP CERN) 
LNC 32 45 ÷Donskov Fnyokln, (SERP BELG LAPP CERN) 
SJNP 33 825 Davyclov Blnon* (SERP BELG LAPP CERN) 
Translated from YAF 33 1534 
PL 1058 239 +Golovkln Konstontlnov KubarovSkl+ (SERP) 
SJNP 33 822 Ozhelyoain Viklorov Golovkin+ (SERP) 
Tronsioted from YAF 33 1529 
SJNP 31 I05 ,lilnCl Niszcz Okhrlmenko~ (JINR) 
hanslotecl from YAF 31 371 
PL 948 548 ÷Vlktorov Golovkln+ (SERP) 
SJNP 32 516 DzhelyoChn GoIOvkln Kachonov+ (SERP) 
TronslaleO from YAF 32 998 
PL 978 471 +Viklorov GoIOvkln÷ (SERP) 
SJNP 32 518 DzhelyoChn GolOVkln Kachanov* (SERP) 
Translated from YAF 32 1002 
PL 798 147 ,DzhelyOdln GoIOvktn G[itsuk+ (SERP) 
SJNP 28 775 Bushnm GoIovkin GtltSuk Dzhelyadln* (S~RP) 
Translated from YAF 28 1507 

+Soltykov Torosov OZhlnSk II (JINR) SJNP 23 48 
Translated from YAF 23 93 
PL 598 9~ +Gronnls Jones Llpman Owen~ (RHEL LOWC) 
PL 598 103 +Glannls Jones Llpman Owen* (~HEL LOWC) 
PL /38 503 Jane 

+Dewlre Glttelman Hanson LOb* (CO~'N BING) 
*Guy ZlO (81RM RHEL SHMP) 
+Jones Llpmon Owen+ (RflEL LOWC SUSS) 
*Jones LIpman Owen+ (RHEL LOWC SUSS) 
+Eonou MoSslmo ,5rsaplro ÷ {~OW ~A~I ~%flt~) 
*Appel  KotlewSkl Lee Stein ThOler  (COLU) 
*ApDel Kotlewskl Loyter Lee Slain (COLU) 
AguUar Benltez Chung Eisner Samfos (BNL) 
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Listings 
K ± 

BLOODWO 
LAYTER 
THALER 
BASILE 
STRUGALSKI 
BAGLIN 
BUTTRAM 
CARPENTER 
COX 
DANBURG 
DEVONS 
GORMLEY 

AlSO 
BAGLIN 

AlSO 
HYAMS 
MULLER 
ARNOLD 
BAZIN 
BULLOCK 
CNOPS 
GORMLEY 
WEHMANN 
BAGLIN 
BAGLIN 
BALTAY 
BALTAY 
BEMPORAD 

AlSO 
BILLING 
BUNIATOV 
CENCE 
ESIEN 
FELDMAN 
FLAtIE 
FLAtIE 
LIECHFIELD 
PRICE 
ALFF 
BALTAY 
CLPWY 
CHOPS 
CRAWFORD 
DIGlUGNO 
GROSSMAN 
GRUNHAUS 
JAMES 
JONES 
LARRIBE 
FOSTER 
FOSTER 
FOSTER 
PRICE 
RITTENBERG 
FOELSCHE 
KRAEMER 
PAUtl 
BACCI 
CRAWFORD 

AlSO 
DELCOURT 
ALFF 
BASTIEN 
CHREIIEN 
PICKUP 

BOWEN 
CARMONY 
ROSENFELD 
PEVSNER 

728 NP B39 525 Bloodworth Jackson Prentice Yoon (TNIO) 
72 PRL 29 316 *Appel Koflewskl Lee Stein Iholet (COLU) 
72 PRL 29 313 +Appel Kotlewski Layler Lee Stem (COLU) 
710 NC 3A 796 +BoIIInl Dalplaz Frabettl+ (CERN BGNA SIRB) 
71 NP B27 429 ,Cnuvilo Gemesy Ivonovskoyo* (JINR) 
70 NP 822 6~ ,Bezoguet Degrange* (EPOL MADR STRB) 
70 PRL 25 1358 +Kreisler Mlschke (PRIN) 
70 PR O1 t303 *Binkley Chapman Cox Dogan* (DUKE) 
708 PRE 24 534 *Fortney Golson (DUKE) 
70 PR D2 2564 .Abohns DOhl Davies HOC*'I Klrt* (LRL) 
70 PR Ot t936 .Grunhous KOZIOWSkl Nemethy÷ (COLU SYRA) 
7C PR D2 501 *Hyman Lee Nash Peoples+ (COLU BNL) 
70B Nev,s 18t fhes.s Gormley (COLU) 
69 PL 29B 445 +Bezaguet, rEPOt UCB MADR STRB) 
70 NP 822 66 Baghn Bezoguet Degronge-KEPOL MADR STRB) 
69 PL 298 128 +Koch Potter VonLindern* (CERN MPIM) 
69 fhes,s (STRB) 
68 PL 27B 46b ,Paty Boghn Binghom* (STRB MADR EPOL UCB) 
08 PRL 20 895 *Goshaw Zocher* (PRIN QUKI) 
68 PL 278 402 *Esten Fleming Govar' Henderson* (LOUC) 
68 PRL 21 1609 +Hough Cohn~ (BNL ORNL UCND TENN PENN) 
b8C PRL 2t 402 +Hyman Lee NOSh Peoples+ (COLU aNt) 
68 PRL 20 748 *Engels+ (HARV CASE SLAC CORN MCGI) 
67 PL 248 637 ~Bezoguet Degrange* (EPOL UCB) 
b7~ BAPS 12 567 ,Bezoguet Degrange* (EPOL UCB) 
b7~ PRL t9 1498 ,Ffonzlnl Klm Newman+ (COLU STON) 
673 PRL 19 1495 *Ffonzinl Klm Newman+ (COLU BRAN) 
67 PL 258 380 *Brocclnl FaD LuOelsmev+ (PISA BONN) 
67 Private Comm ion 
b7 PL 258 435 *Bullock Esten Govon- (.OUC OXF) 
07 PL 25B 560 ,Zavathnl Oelnet* (CERN KARL) 
07 PRL 19 1393 *Paterson Stengel Chlue (HAWA LRL) 
67 PL 248 1t5 *aaron  Kmgm Miller tovey* (LOUC OXF) 
57 PRL 18 868 ,Fratl Gleeson Halpem÷ (PENN) 
67 PRL 18 q76 (LRL) 
678 PR t63 1441 ~WOhl (LRL) 
67 PL 24a 486 +Rongon Segar Smdh* (RHEL SACL) 
67 PRL t8 '207 +Clawford (LRL) 
66 PR 145 1072 Altf Stelnberget Bailey* (COLU RUTG) 
66C PRE 16 1224 +F,anzlm Kim KItSCh. (CO~U STON) 
66 PR 149 1044 (SCUC LRL PURD WlSC YALE) 
66 PL 22 546 ~Finocchoro lassalle+ (CERN EIH SACL) 
60 PRL 16 333 ~Pnce (ERE) 
66 PRL 16 767 oGiorgl Sdvestrl* (NAPL IRST FRAS) 
66 PR ~46 993 -Phce Crawford (LRL) 
60 thesis (COLU) 
66 PR 142 896 *KIoybHt (YALE BNL) 
66 PL 23 597 +Blnnle Duone Horsey Mason- (LOIC RHEL) 
06 PL 23 6OO ,Levedue Muller POuh+ (SACL RHEL~ 
65 PR 138B 652 +Peters Meet Loefflet* (WISC PURD) 
658 Athens Cant +Good Meet (WISC) 
65C Thesis (WISC) 
65 PRL 15 123 +Crowford (LRL) 
05 PRL 15 550 +KOtPlle,sch (LRL BNL) 
64 PR 1348 1138 ~KroybIH (YALE) 
64 PR 1308 496 +Madanskv FieldS* (JHU NWES WOOD) 
64 PL 13 351 *Muller (SACL) 
03 PgL 11 37 *Penso Salwnl* (ROMA FRAS~ 
63 PI?L 10 546 *LlOyd Fowler (LRL DUKE) 
668 PPt 16 907 Crawford Doyd Fowler (LRL DUKE; 
63 PL 7 215 *Lef,anco~s Petez y Jorpo* (ORSA) 
62 PRL 9 322 Alff Stembetger Barley Colley+ (COLU RUIG) 
62 PRL 8 1 t4 *Berge Dohl Ferro LUZZI+ (LRL) 
62 PRL 9 127 +BulOS* (BRAN BROW HARV MIr PADO) 
62  PRL 8 329 +RoDInSOP Salon, (CNRC BNL) 

- -  OTHER RELATED PAPERS 
67 PL 24B 206 4ChOpS Finocchloro* (CERN EtH SACL~ 
62 PRL 8 117 *Rosenteld vanOeWolle (LRL) 
62 PRL 8 293 ~Cormony VanOeWalle (LRL) 
6t PRL 7 421 *Kroemer Nussbaum Richardson+ (JHU) 

STRANGE MESONS 

r ~  i(JP): 12(0_ ) 

K ± M A S S  

VALUE (MeV) DOCUMENT ID rECN CHG COMMENT 

4 9 3 . 6 4 6  _+ 0 . 0 0 9  OUR FIT 
4 9 3 . 6 4 6  +- 0 009 OUR AVERAGE 
493 636 _+ 0 011 GALL 88 CNTR - Kaomc  o loms 
493 640 _+ 0 054 LUM 81 CNTR - Kaomc  a toms 
493 670+_0 029 BARKOV 79 EMUL +_ e + e  - ~ K + K  - 
493 657 +- 0 020 CHENG 75 CNTIR - KOOmC atoms 
493 691 +_ 0 040 BACKENSTO .73 CNTR - Kaoruc atoms 
• • • We do  not use the fo l low ing da ta  tar averages  fits limits e f t  • • • 
493 662 _+ 0 19 KUNSELMAN 74 CNTR - Kaomc atoms 
493 78 _+ 0 17 GREINER 65 EMUL + 
493 7 _+ 0 3 BARKAS 63 EMUL 
493 9 _+ 0 2 COHEN 57 RVUE + 

K + - K -  MASS DIFFERENCE 

Tesl at CPr  

VALUE (MeV) Errs DOCUMENt ID lEON CHG 

- 0.032 _* 0.090 1 5M 1 FORD 72 ASPK +- 
1FORD 72 uses m ( E + ) - m ( ,  " r - )  = {- 28 --_ 70 keV 

K :  MEAN LIFE 

VALUf ( tO S s e c )  EVT.S  E)OCUMENT ID TECN C H G  C O M M E N T  

t . 2 3 7 t  +- 0 . 0 0 2 8  OUR FIT Error inc ludes scale tac lor  at 2 1 
t . 2 3 6 9  *_ 0.0032 OUR AVERAGE Error mc ludes  scale factor  of 2 4 See Ihe 

i d e o g r a m  be low  

1 2380 ± 0 0016 3M OTT 71 CNTR E Stopp ing  K 
1 2272 _+ 0 0036 LOBKOWICZ 69 CNTR + K m fhghl  
1 221 _+0 0 t i  FORD 67 CNTR _+ 
t 2443 t 0 0038 FITCH 658 CNTR + K at resl 
1 231 +-0 011 BOYARSKI 62 CNTR i 
• • • We do  not use the foIIowff lg da ta  for averages his hmlis etc • • • 

~0 22 2 8ARKAS 61 EMUL 1 25 - 0  17 

1 27 ~0 36 51 2BHOWMIK 61 EMUL 
-0 23 

t 31 _" 0 08 293 NORDIN 61 HBC 
1 24 z 0 07 NORDIN 61 RVUE 
1 38 z 0 24 33 2 FREDEN 608 EMUL 
1 21 _+ 0 06 BURROWES 59 CNTR 
1 60 +- 0 3 52 2 EISENBERG 58 EMUL 

+ 0 36 2 ILOFF 56 EMUL 0 95 - 0  25 

2Old e x p e n m e n l s  with large erro;s e x c l u d e d  f rom ave rag ing  

WEIGHTED AVERAGE 
12369  ~- O 0 0 3 2  (Error scaled by 2 4 )  

" ' ~ ' " ~ ' - - ' F -  Values above 0' weighted ave:age error 
and scale factor based the data are upon i'1 
th=s ,deogram only They are not neces- 
S8111y the same as our *Pest" values. 
abed,ned fiom a least-squares cons',ramed fit 
ut hzmg measu'ements of other (related) 
qJantll es as addl'.lora i '#ormahor 

X ~ 
OTT 71 CNTR ~ "  
LOBKOWICZ 68 CNTR 7 3 

-,TL~ ~ FORD 67 CNTR 2 1 
~ / / ~  FITCH 65" CNTR 3 8 

. - f -  

I 

120 121 122 

80YARSKI 62 CNTR 0 3 

(Conf idence Level = 0 0 0 8 )  

1 2 3  t 24  1 2 5  1 2 6  127  

K= m e a n  llfe ( I0  - 8  sec) 

( K  + - K - )  / AVERAGE, MEAN LIFE DIFFERENCE 

'[his Quar~hty is O measure  of OPT inVar lonce in weak  m le rac  
l ions 

VALUE (%) DOCUMENT ID TECN 

0.11 ± 0 . 0 9  OUR AVERAGE Error inc ludes scale factor Of I 2 
0 090 +- 0 078 LOBKOWICZ 69 CNTR 
0 47 ~ 0 30 FORD 67 CNTR 

K + DECAY MODES 

K" modes  are cParge con jugo les  of the modes  be low  

1 I K + ~ /.z- IP 

1 2 K + ~ ~ - T r 0  

1" 3 K + ~ , - ' r - z r - T r -  

] ' 4  K +  ~ 7r'Tr°~'° 

r 5 K + ~ 7ro/j ~ it 

Called K.3 
l" 6 K + ~ ,-TOe , z ,  

Cal led Ke3 
1" 7 K + ~ e + ip 

Scale 
F_rachon (I j.? ). Cant Lev 

(63 51 * 0 16 ) 10 . 2  

(21 17 t 0 15 ) 10 2 

5 589_+0 C28) ~0 2 5=1 1 

1 7 3  ± 0 C 4 )  ;0 2 S=12 

3 1 8  _ + 0 0 6 ) 1 0  2 S=12 

4 82 .0 05 ) t0 ~ S-I I 

1 54 + 0 07 ) t3 5 
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Stable Particle Full Listings 
K -+ 

l" 8 

[ '9 

I ~0 

l'~f 

I ' t2  

l ' t 3  

1",4 
l'f~ 

I'f6 

['17 

[`IS 
l ' f9  

1"2o 

F2f 

I"22 

1"23 

I"24 

I'25 

1"26 

1"27 

1"28 

I"29 

1"30 

[`3f 

1"32 

['33 

I"34 

I"35 

l '36 

1"3~ 

I'~8 

I'39 

I"4o 

[ ' 4 t  

I'4~ 

1"43 

K+ ~ 7 r O l r O e + p  i 99 _+004735 ) ' ~ 1 0 - 5  

K + ~ 7 r + T r - e + ~  ' 3 9 0  zO 14 ) ' < 1 0 - 5  

C a l l e d  Ke= 

K + ~ ~ + T r - / x + ~  1 4 - 0  9 ) '<10 - 5  

C a l l e d  K~= 

K + --* 7 r * ' y ~ "  < 8 ~<I0-6CL=90% 

K + ~ ~'+3"y < 1.0 × I 0 - 4 C L = 9 0 %  

K + ~ e +PpP < 6 ",10 - 5  

K + - . .  / x + ~ ' ~ ' p  < 6 ~ 1 0 - 6 C L = 9 0 %  

K+  -. .  ~ + p e + e  - ( 1.05 ± 0 3 1  ) x l O  - 6  

K + ~ e + / / e + e  - ( 2 1 +2 ~ )'~I0-7 

K + ~ / . x + u ' y  ( 5 4 0  zO 30 ) . : ~ 0 - 3  

K + ~ # * P ' Y  (SD +) < 3 0 ~ 1 0 - 5 C L = 9 0 %  

K + ~ /x*,u'y ( S D + I N T )  < 2 7 • 40 -5CL=90% 

K + ~ / .~+v~(  ( S D -  + S D - I N T )  < 2 6 x 1 0 - 4 C L : 9 0 %  

K + ~ e + P " f  (SD + )  ( 1 52 -+0 23 ) < t 0  - 5  

K+ ~ e+u3' (SD-) < 1 6 • I0-4CL=90% 

K + ~ ~ r + ~ ' e ' ~  ( 2 .75  ± 0  15 ) '<10 - 4  

K + ~ ~ ' + 7 r ° ' 7  ( D E )  ( t 8 ± 0 4  ) ~ 1 0 - s  

K + - . -  ~ ' + ~ ' + ~ ' - " y  ( 1 0 -+0 4 ) ' < t 0  - 4  

K + _.,. ~ ' o / ~ + p , y  < 6 ~ I 0 - 5 C L : 9 0 %  

K ÷ ~ 7 T ° e + v ' ~ /  ( 2 72 -+0 19 ), . '10 - 4  

K + ~ 7 1 " ° e + P " [  (SD) < 5 × 1 0 - 5 C L = 9 0 %  

F O R B I D D E N  BY C O N S E R V A T I O N  L A W S  

K + ~ ~ T ÷ I T * e - v  < 1.2 

K + ~ ~ + / i ' + p - P  < 3 0 

K + ~ 7 : + e + e  - ( 27 Z 0 5  

K + --=" 71"+/.~' /J - < 2 4  

K + -'-,. ~ ' + P P  < 1 4 

K + --~ I 4 - p e + e  + < 2 0 

K + - , .  I . l+ l s  e < 4 

K + ~ ~ + / , x + e  - < 5 

K *  ~ ~ r ± , u , ~ - e  + < 7 

K + ~ ~ r + e + / . z  - 

K + ~ 7 r - e  + e + < 1 0 

K +  -~  ~+Pe < 3 3 

K + --*, ~ ' ° e + I J e  < 3 0 

K + ~ ~ T + ~  

• 1 0 -  8 

< 10-6CL=95% 

) < t 0 - 7  

/ 1 0 -  6CL=90% 

< 1 0 -  7CL=90% 

,<10-8  

• 1 0 -  3CL=90% 

,~ t 0 - 9  

/ 1 0 - 9  

;.. 10--8 

".c 1 0 -  3CL=90% 

x 10 - 3CL=90% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f it t o  t h e  m e a n  Ella. 2 p a r t i a l  w i d t h s  a n O  
18 b r a n c h i n g  ra t i os  uses 58 m e a s u r e m e n t s  a n d  o n e  
c o n s t r a i n t  to  d e t e r m i n e  7 p a r a m e t e r s  The o v e r a l l  ht 
h a s  a X 2 = 7 4 6  for  52 d e g r e e s  of  f r e e d o m  

The f o l l o w i n g  o f f - d l a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t i o n  coe f f i -  
c i e n t s  ~6Pi ~PI>,/(~Pl 6p/).  in p e r c e n t ,  f r o m  t h e  fit to  p a r a m e t e r s  P l ,  
i n c l u d i n g  t h e  b r a n c h i n g  f r a c t i o n s ,  x i .-- [ ' ~ / l ' i o ta  j The fit c o n s t r a i n s  
t h e  x i w h o s e  l a b e l s  a p p e a r  ~n th is  a r r a y  to  s u m  to  o n e  

x 2 - 7 7  
x 3 - 2 1  - 7  
x4 22 3 11 
x s - 33 18 6 2 
x 6 34 15 17 - I 
l" 5 4 35 3 

Xl  x 2 x 3 x4 

1"i K + ~ /x + v  

1" 2 K + .-~ ../.1-+ 71" o 

1" 3 K ~ ~ 7F+Tr+Tr  - 
1" 4 K + ~ lT~"/rO/f 'o 

1" s K + ~ 71"op-p 
C a l l e d  K.3  

1" 6 K + ~ / rOe  + ~, 

C a l l e d  Kes 

37 
I 5 

x5 x6 
R a t e  ( I 0  s s e c - f )  S c a l e  

0 5 1 3 4  - + 0 0 0 1 8  13  

0 1711 ± 0 . 0 0 1 3  1 1 

0 0 4 5 1 8  -+000021  

0 0 1 4 0 0  = 0 0 0 0 3 2  12 

0 0 2 5 7  -+ 0 0 0 0 5  12 

00390 -+0.0004 'I 1 

K ±  D E C A Y  RATES 

l(~-v) 
VALUE £!0 d seE-_ #) DO_(~IJMENT ID. TEEN ~HG 
51.34 +0 .18  OUR FIT Error inc ludes  sca le  factor  of 13 
51.2 -+ 0 .8  FORD 67 CNTR -+ 

l ' ( z r  + zr * 7r - ) 
yALUE (106.seE - I )  E V T S  _D.OCUMENT /D rECN CHG 
4.518 - + 0 . 0 2 1  O U R  FIT 
4.511 -+ 0.024 3 FORD 70 ASPK 
• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits. l imits e tc  * • * 
4 5 2 9  -+ 0 0 3 2  3 2 M  3 FORD 70 ASPK 
4 4 9 6  :t: 0 0 3 0  3 FORD 67 CNTR -+ 

3Frrsl FORD 70 va lue  is second  FORD 70 c o m b l n e d  wi th  FORD 67 

l ' f  

I '  3 

( r C K  + )  - I ' ( K - ) )  I PC/0  

K + ~ / 1 + v  RATE DIFFERENCE 
Test at CPT conserva t ion  

VALUE (%) DOCUMENT ID TEEN 
- 0.54 _+ 0.41 FORD 67 CNTR 

K + ~ ~ ' + ~ ' + T r -  RATE DIFFERENCE 
Test of CP conservo t lon  

VALUE.(%) . . . .  EVTS DOCUMENT ID TEEN CHG 
0.07 ± 0.12 O U R  A V E R A G E  
0 0 8 - + 0 . 1 2  4FORD 70 ASPK 

- 0 5 0  -+ 0 9 0  FLETCHER 67 OSPK 
• • * We do  not  use the  fo l l ow ing  d a t a  for overages  fits, l imits efc  • * • 
- 0  02+_0 16 5SMITH 73 ASPK 

0 1 0  -+ 0 1 4  3 2 M  4 FORD 70 ASPK 
- 0 . 0 4 _ + 0 2 1  4FORD 67 CNTR 

4First FaRO 70 va lue  is second  FORD 70 c a m b l n e d  wi th FORD 67 
5SMITH 73 va lue  of K-+ ~ 7r-+ = +  r -  rote d l f fe rence  is de r i ved  from 

SMITH 73 va lue  of K-+ ~ ,":-+ 2,+r 0 rate d i f fe rence 

K + ~ ~ ' *T r07 r  ° RATE DIFFERENCE 
Test of CP conserva t ion  

~/ALUE (%) EVT$ DOCUMENt ID TEEN CHG 
0 . 0  -+ 0 . 6  O U R  A V E R A G E  . . . . . . .  
0 0 8  -+ 0 5 8  SMITH 73 ASPK ± 

- 1 1 -+ 1 8 t802 HERZO 69 OSPK 

K + ~ ~ + ' x  ° RATE DIFFERENCE 
Test of CPT conservo t lon  

VALUE ( ~ ) DOCUMENT ID TEEN 
0.8  -+ 1.2 HERZO 69 OSPK 

K + ~ / r +  71-0-), RATE DIFFERENCE 
Test of CP conse fvo f lon  

VALUE (%) ... EVTS DOCUMENT ID TEEN CHG COMMENt 
0.9 -+ 3.3 o u R  A V E R A G E  . . . . . . . . . . .  
0 8  -+ 5 8  2461 SMITH 76 WIRE -+ Tr-+ KE 55-90 

MeV 
I 0 -+ 4 0  4000 ABRAMS 73B ASPK -+ ?r KE 51-100 

MeV 
0 . 0  .-+ 24 .0  24 EDWARDS 72 OSPK ~" KE 58-90 

MeV 

K + B R A N C H I N G  R A T I O S  

1"(~ + V ) / l ' t o i a  i I ' , / l '  
VALUE (units #0 - 2 )  . E.VT_S DOCUMENT ID TEEN CHG COMMENT 
63.51 - + 0 . 1 6  O U R  FIT 
6 3 . 2 4  -+ 0.44 62k CHIANG 72 OSPK + 184  G e V / c  K + 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages,  fits, l imits, e t c  * • * 
5 6 9  -+2.6 6ALEXANDER 57 EMUL + 
5 8 5  -+ 3 0  6 BIRGE 56 EMUL + 

6Oid exper imen ts  not  r nc l uded  In o v e r o g l n g  

r ( l x -  v ) / r ( =  + = +  = - )  l ' , / l ' a  
VALUE EVES DOCUMENt ID IECN CHG 
11 .36  --. 0.07 OUR FIT Error inc ludes  sca le  factor  of 11 

• * * We d o  not  use the  f o l l ow lng  d a l a  for averages  tits l imlts e tc  • • • 
10.38 -+ 0 .82  427 7 YOUNG 65 EMUL + 

7De le ted  from overa l l  fit b e c a u s e  YOUNG 65 constro lns his results to o d d  
up  to 1 On ly  YOUNG 65 measu red  (#i ,)  d i rec t l y  

1 ' ( = -  ? r ° ) / l ' i o i a  I 1"21i" 
I/,4L_U_E_ (units tO -27  E V T S  _DOCUMENT #O TEEN EHG _C.OlyffpfE_N. T . . . .  
21.17 z 0.15 OUR FIT 
21.18 ± 0.28 16k CHIANG 72 OSPK + 184 G e V / c  K + 



See key on page 129 

• • * We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmits e t c  • • • 
21 0 _+0 6 CALLAHAN 65 HLBC See l ( , " r+ '~,° ) /  

i (~ -+=+ r , - )  
2 t  6 ± 0  6 TRILLING 658 RVUE 
23 2 ± 2 2 8 ALEXANDER 57 EMUL + 
27 7 ± 2 7 8 BIRGE 56 EMUL + 

8Earl ier e x p e r i m e n t s  not  a v e r Q g e d  

i ' ( i r  + i r o ) / r ( .  + . )  r 2 / r ,  
VALUE EVT5 DOCUMENT ID TEeN CHG 
0 . 3 3 3 3  ± 0 .0030  OUR FIT 
0.331 ± 0 .005  O U R  A V E R A G E  Error i n c l u d e s  sca le  fac to r  at I 2 
0 3355 z 0 . 0 0 5 7  9 WEISSENBERG76 SPEC + 
0 305 ± 0 018 1600 ZELLER 69 ASPK + 
0 3277 ± 0 . 0 0 6 5  4517 10 AUERBACH 67 OSPK + 
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
0 328 _+ 0 005 25k 9 WEISSENBERG74 STRC + 

9WEISSENBERG 76 rewses WEISSENBERG 74 
10AUERBACH 67 c h a n g e d  from 0 3253 _+ 0 0065  See c o m m e n t  w i th  r aho  

i (,-ro~ + . ) I t  (~  + . )  

l ' ( i r  + i r ° ) / l ' ( i r  + 71" + i r - )  1"21I" 3 
VALUE EVTS DOCUMENT tO TEeN CHG 
3 . 7 8 7  __0 .034  OUR FIT 
3 . 8 4  ± 0 27 O U R  A V E R A G E  Error i n c l u d e s  s c a l e  fac to r  of I 9 
3 96  ± 0 15 1045 CALLAHAN 66 FBC + 
3 24 _+ 0 34 134 YOUNG 65 EMUL + 

1"( ~ +  i r +  i r - ) / l ' i o t a l  I ' 3 / F  
yALU_E.~ynirs fO~. 21 E.VT5 _DOCUMENT ID ]'ECN CHG COMME_N!_. 
5 . 5 8 9  ± 0 .028  OUR FIT En'or i n c l u d e s  s c a l e  f a c l o r  of I I 
5 . 5 2  ± 0 . I 0  OUR A V E R A G E  Error i n c l u d e s  sca le  fac to r  of I 3 See the  ~deo 

g r a m  b e l o w  
5 34 +_ 0 21 693 t t  PANDOULAS 70 EMUL + 
5 71+_0 15 DEMARCO 65 HBC 
6 0 --. 0 4 44 YOUNG 65 EMUL + 
5 . 5 4  ± 0 12 2332 CALLAHAN 64 HLBC + 
5 1 ± 0 2 540 SHAKLEE 64 HLBC + 
5 7 ± 0 3 ROE 61 HLBC + 
• • * We d o  not  use t he  t a l l o w i n g  d a t a  for o v e r a g e s  tits l imits e l c  • • • 
5 56 ± 0 20 2330 12 CHIANG 72 OSPK + 1 84 G e V , ' c  K + 
5 2 ___ 0 3 13 TAYLOR 59 EMUL + 
6 . 8  ± 0  4 13ALEXANDER 57 EMUL + 
5 6 ± 0 4 13 BIRGE 56 EMUL + 

111ncludes events of TAYLOR 59 
t 2 V a l u e  is not I n d e p e n d e n t  of CHIANG 72 l ( , u + = ' ) /  [told I I ( , " r+ , ' r ° ) /  I tolo, 

] (;T, + ~-.0 ~-01/I tufa, I (Tr0u + t , ) / I  ,o.a, a n d  [ ( r  o e + =,)/] tom, 
'13Earher e x P e n m e n l s  no t  a v e r a g e d  

WEIGHTED AVERAGE 
5 5 2  - 0 1 0  (Error sca led  b y 1 3 )  

Values above of weighted average error 
and scale fac*,or are based upon the data iq 
t ins ideogram only Tney are not neces o 
Sal l ly the same as our *beSt" va lues 
obtained f l0m 8 least-squares c0r:stramed f l l  
u t ,hz lng measurements  0f other (related) 
quantif ies as 8CdltlOn81 information 

X 2 

PANDOULAS 70 [MUL " 
DEMARCO 65 HBC 1 6 
YOUNG 65 EMUL 14 
CALLAHAN 64 HLBC 0 0 
SHAKLEE 64 HLBC 4 4 
ROF 61 HIBC 0 3 

(Con f i dence  Loyal  = 0 1271 

4 5  5 0  5 5  6 0  6 5  7 0  7 5  

I (=  + ,"r + = - ) /1 ~o~o, (un, ts 10 - 2) 

l ' ( i r  + 7r e i r o ) / ] ' t o i a  i r4/ ,  I" 
VALUE ~unlts_rO~" 2) .... E_VTS DOCUMENT ID _rECN CHG COMMENT 
1 , 7 3  ¢ 0 . 0 4  O U R  FIT Error i n c l u d e s  s c a l e  fac to r  of 1 2 
I . 7 7  ± 0 .07  O U R  A V E R A G E  ErrOr i n c l u d e s  s c a l e  fac to r  of 1 4 See t he  ideo-  

g r a m  b e l o w  
1 84 ± 0 06 1307 CHIANG 72 OSPK + 1 84 GeV'c K + 
1 .53_+0  11 198 14 PANDOULAS 70 EMUL + 
1 8 ± 0 2 108 SHAKLEE 64 HLBC + 
I 7 ± 0 2 ROE 61 HLBC + 
• • • We dO not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
I 5 _ 0 2 15 TAYLOR 59 EMUL + 
2 2 ± 0 4 15 ALEXANDER 57 EMUL + 
2 1 ± 0 5 15 BIRGE 56 EMUL + 

14 Inc ludes  even t s  of TAYLOR 59 
15Earl ler e x p e r i m e n t s  not  a v e r a g e d  

Stable Particle 

1 7 7  

Full Listings 
K -  + 

WEIGHTED AVERAGE 
177  = 0 0 7  (Error sca led  b y 1 4 }  

" ' " ~ " 4 - -  Values above of weighted average error 

0 15 20 

l (,';r " T,O=O)ll ~o'o, (unds 10 - 2) 

r(ir + ir0ir:)/r(ir- ir0) 
VALUE EVTS DOCUMENT ID 

and scale (actor are based upon the data i ' l  
this ideog'am only They are not neces- 
satdy the same as our "best"  values 
obta,ned from 8 least-squales constrained f l l  
ut,hzin 9 measu:ements of e the l  (related) 
qJanti l ,es aS 8Cdltl0r8 1flf0rmatloe 

2 
X 

CH~ANG 72 OSPK ' 5 
PANDOULAS 70 EMUL 4 6 
SHAKLEE 64 HLBC 0 0 
ROE 61 HLBC 0 1 

63  
(Confidence Level = O 1OO) 

i i 

2 5  3 0  

I 4,,' l 2 
TEeN CHG COMMENT 

0 . 0 8 1 9  _+ 0 .0020 OUR FIT Error i n c l u d e s  sca le  fac to r  of 1 2 
0 . 0 8 t  ± 0 005 574 16 LUCAS 738 HBC Dahlz pairs only 

16LUCAS 73s gives N(Tr2,-re) = 574 ± 5 9% N(2~',) = 3564 ± 3 I% We cluole 
0 5N(Tr2,-r0) / N(2;'r) where 0 5 is because only Dahlz pa~r :: s were used 

rCir+ ir:ir0)IrCir + it" it-) ]4/r3 
VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0.310 ± 0 007 OUR FIT ErrOr i n c l u d e s  sca le  fac to r  of I 2 

0 .304  ± 0 .009  OUR AVERAGE 
0 303 ± 0 009 2027 BISI 65 BC + HBC+HLBC 
0 393 ± 0 099 17 YOUNG 65 EMUt + 

r ( i r ° / ~  - u ) / r t o t o l  I s,,'l 
VALUE (umts rO -21 E VTS pOCUME_N_T ID [EC_ N CHG COMMENT 
3.18 ± 0 .06  OUR FIT Error i n c l u d e s  s c a l e  fac tor  of 1 2 
3 . 3 3  _~ 0.16 2345 CHIANG 72 OSPK + 1 84 G e V  ¢ K + 
• * * We d o  not  use l h e  f o l l o w l n g  d a t a  for a v e r a g e s  hts hmds e t c  • • • 
2 8 ± 0 4 t7 TAYLOR 59 [MUL 4 
5 9 ± 1 3 '17 ALEXANDER 57 EMUL + 
2 8 ± 1 0 17 BIRGE 56 EMUL ~- 

17Eorher e x p e r l m e n l s  not  a v e r a g e d  

r ( i r o .  - . ) / r ( ~  - . )  l ~,,,I ~ 
VALUE EVTS POCUMENT #D TECN CHG 
0•050t  ± 0.0010 OUR FIT Error i n c l u d e s  sca le  fac to r  of 1 2 

0 .0488 ± 0 .0026  OUR A V E R A G E  
0 054 ± 0 009 240 ZELLER 69 ASPK + 
0 0480 ± 0 0037 424 "8 GARLAND 68 OSPK + 
0 0486 ± 0 0040 307 19 AUERBACH 67 OSPK ~" 

iBGARLAND 68 c h a n g e d  from 0 055 ± 0 004 in a g r e e m e n l  w i th  u s p e c t r u m  
c a l c u l a h o n  o l  GAILLARD 70 a p p e n d i x  B L G Pondrom ( p r w a t e  c o m m u m  
c a h o n  73)  

19AUERBACH 67 changed from 0 0602 _':- 0 0046 by erralum WhlCh brings the 
u spectrum calculahon rata agreement with GAI~LARD 70 appendlx B 

r ( i r 0 .  - . ) / i ( i r -  = +  i t - )  i ~,,,i 3 
VALUE EVTS DOCUMENT #D TEeN CHG COMMENT 
0 ° 5 6 9  _~ 0.011 OUR FIT Error i n c l u d e s  sca le  fac to r  of 1 2 
0.517 z 0 .032 OUR A V E R A G E  Error ~nc ludes sca le  fac to r  of I 8 See tr~e 

i d e o g r a m  b e l o w  
0 5 0 3 ± 0  0 t 9  1505 20HAIDT 71 ~LBC -t 
0 63 _*0 07 2845 218181 658 BC HBC+HLBC 
0 90 ± 0 16 38 YOUNG 65 EMUL r 
• * • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
0 510 ± 0 017 1505 2C EICHTEN 68 HLBC t 

20HAIDT 71 is a reana lys l s  of EICHTEN 68 
2tError e n l a r g e d  lot  b a c k g r o u n d  p r o b l e m s  See GA[LLARD 70 
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Stable 
K -  

Particle Full Listings 

WEJGHTED AVERAGE 
O 517 ± O 0 3 2  (Error scaled by  1 8) 

~f 

t 
I 

, 

1 0  

Values above of weJghled average ert0r, 
and state facf0r are based upon the data ~n 
th)s ,deogram onty They a,e not neces- 
sari ly the same as Our "best"  values, 
obtmned flora e least-squares constra=:~ed fit 
ut i l iz ing measure~enfs Of other IreJefed) 
quaqllheS as aodHional Infotmehon 

X 2 

HAIDT 71 HLBC 0 5 
BISI 658 BC 2 6 
YOUNG 65 EMUL 57 

8 9  
(Conf idence Level = 0 012) 

I I 

12 14 0 4  0 6  0 8  

i ( ~ o . + ~ , ) / l ( r ,  + ~+  = - )  

r(~-o. + ~,)/i'(~oe- ~,) rs/r~ 
VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
[)-.660 ~'-0.012"" OUR FIT Error tnclude--s sca le  factor  of 11 - "  
0.679 +_ 0.013 OUR AVERAGE 
0 6 7  _+ 0 .12  WEISSENBERG76 SPEC + 
0 7 0 5  ± 0 .063 554 22 LUCAS 738 HBC - DaIltz pairs on ly  
0 6 9 8  -+ 0 0 2 5  3480 23 CHIANG 72 OSPK + 184 G e V / c  K + 
0 . 6 6 7 ± 0 0 1 7  5601 BOTTERtLL 688 ASPK + 
0 . 7 0 3 ± 0 0 5 6  1509 24CALLAHAN 668 HLBC 
• • • We d o  no t  use the  fo l low ing  d a t a  for ave rages  fJts hmlls e f t  • • * 
0 6 7 0 ± 0 0 1 4  25HEINTZE 77 SPEC + 
0 6 0 8  ± 0 0 1 4  1585 2o BRAUN 75 HLBC + 
0 5 9 6 - + 0 . 0 2 5  27 HAIDT 71 HLBC + 
0 6 0 4  ¢ 0 0 2 2  1398 27 EICHTEN 68 HLBC 

22LUCAS 73a g ives N(K~3 ) = 554 _~ 7 6 %  N(Ke3 ) = 786 ± 3 I% We d i v i de  
23CHIANG 721 (,"r0/1+~;)/l (~'Oe÷l') is s tahshco l ly  I n d e p e n d e n t  of CHIANG 72 

I (~rO~ + l ' ) / l ' ,o to  ~ a n d  I (~ '~e+ P)/l 'totol 
24From CALLAHAN 668 we  use onJy the K,3/Ke3 rat io a n d  d o  ~ol  i n c l u d e  in 

the  fit the ratios I(#3 / (E~.+,-r0) a n d  ~(es / ( ' r ~ + = 0 )  s ince they  show 
la rge  d i sag reemen ts  wi th the rest of the  d a t a  

25HEINTZE 77 va lue  from fit lo  '\o Assumes /~-e umversahty  
26BRAUN 75 va lue  ~s from form factor  fit Assumes /J e unwersOl l ty  
27HA~DT 71 Is o feanolys~s of EICHTEN 68 Or)I V ind~v~duo~ ratios incJuded ~n 

fit (see I (rrO# + u ) / I  (=  + ,-'r + = - )  a n d  I'(~: 0 e + l , ) / I  (,-r + ,'r + ~ ' - ) )  

[r(~-+ ~-o1 + r(~-o.- vl}/,fo,a, ¢rE+r~)/~ 
We c o m b i n e  these two mo~es for experiments measuring them ~n 
xenon  bubbJe  c h a m b e r  b e c a u s e  of d l f l l cu l l l es  of s e p a r a h n g  them 
there  

V_A.LUE (un#s i f ) -2 )  EVFS DOCUMENT ID _;ECN C~.IG 
2 4 . 3 5  ± 0 . 1 5  OUR FIT 
24.6 ± 1.0 OUR AVERAGE Error mc)udes sca le  factor  at 14  
2 5 4  -+ 0 9  886 SHAKLEE 64 HLBC + 
2 3 4  ± 1 1  ROE 61 HL8C + 

I ' (  ~rO e + * ' ) / r f o t a .  r 6 / ] "  
VALUE (units 10-2} . . E V T S  DOCUMENT ID TE~N CHG COMMENT 
4,82_+0.05 OUR FIT Error inc ludes  sca le  fac tor  of t t 
4 .85 ± 0 .09 OUR AVERAGE 
4 8 6  ± 0 ';0 3516 CHIANG 72 OSPK + 184  GeV: 'C K + 
4 7  .+. 0 3  429 SHAKLEE 64 HLBC + 
5 0  ± 0 . 5  ROE 61 HLBC + 
• • * We d o  no t  use tl~e fo l l ow ing  d a t a  for ave rages  fits hmlts e t c  • • • 
5 1  _. 1 3  28 ALEXANDER 57 EMUL + 
3 2 _ I 3 28 BIRGE 56 EMUL + 

28Earlier expe r [men ls  not  a v e r a g e d  

l'(~oe + p)/l'(/4- p) r6/I' , 
VALUE E V r $  DOCUMENT ID TECN CHG 
(3o0759 _+ 0.0~00~) OUR F~r--Error IncLudes sca le  facto-rof  I f 
0.0752 _~ 0.0024 OUR AVERAGE 
0 .069  ± 0 0 0 6  350 ZELLER 69 ASPK + 
0 .0775  +_ 0 0033 960 8OTTERILL 68C ASPK + 
0 0 6 9  ± 0 0 0 6  561 GARLAND 68 OSPK + 
0 0 7 9 1  _ 0 0 0 5 4  295 29 AUERBACH 67 OSPK + 

29AUERBACH 67 c h a n g e d  from 0 0 7 9 7  ¢ 0 ,0054  See c o m m e n t  wi th  rat io 
I ( , 'a 'op+~') / l (p+~')  t h e  va lue  0 0 7 8 5 ± 0 . 0 0 2 5  g l ven  In AUERBACH 67 tS 
on a v e r a g e  of AUERBACH 67 l (~ '0e  + i , ) / l ' ( #  + I ' )  a n d  CESTER 66 l'(~rae + u) /  
(,.(.+,.1 • ](=+ ~,o1), 

J'(~oe+ O / r ( ~ "  ~°) ro/]2 
VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
().227(~'_'k 0.[~030 ~SUR FIT Error inc ludes  sco~e factor  of 1 I -  
0.221 ± 0.012 786 30 LUCAS 73B HBC - Dol i lz pairs on ly  

30LUCAS 738 gives N(Ke3 } = 786 ± 3 I% N(2n') = 3564 ± 3 I% We div ide 

r(=°e+ O/r(~-- rr- ~-)  r~/l 
VALUE EVTS DOCUMENT ID TECN CHG 
0.863 _+ (3.009 OUR FIT Error ~ncludes sca le  factor  of 11 
0860_+ 0 . 0 1 4  OUR AVERAGE 
0 8 6 7  z 0 0 2 7  2768 BARMIN 87 XEBC + I 
0 8 5 6  _+ 0 0 4 0  2827 BRAUN 75 HLBC -)- ! 

0 . 8 5 0 _ + 0 0 1 9  4385 31HAIDT 71 HLBC + 
0 9 4  ± 0 0 9  854 BELLOTTI 678 HLBC 
0 9 0  ± 0 1 6  37 YOUNG 65 EMUL + 
0 9 0  _+ 0 0 6  230 BORREANI 64 HBC + 
• • • We do  no t  use the to f fowmg d a t a  tar ove rages  tits l imits e tc  • * • 
0 8 4 6  _. 0 0 2 1  4385 31 EICHTEN 68 HLBC + 

31HAIDT 71 is a reanolysls of EJCHTEN 68 

['(=°e+ P)/[I'(# + .) + F(TT ÷ ~-o)} 1,6/¢i'+i,2) 
V_A_LUE (un,rs fo -  2,) _ EVeS D OCUMEN~ID T_ECN C_ HG 
5.69 -+ 0.06 OUR FIT Error inc ludes  sca le  factor  of 11 
6.01 ± 0.15 OUR AVERAGE 
5 9 2  _+ 0 6 5  32 WEISSENBERG76 SPEC + 
6 1 6  ± 0 .22  5110 ESCHSTRUTH 68 OSPK + 
5 8 9 ~ 0  2 t  1679 CESTER 66 OSPK + 

32VaJue c a l c u l o t e d  t ram WEISSENBERG 76 (TrOel,) (#~,) a n d  (~;.r0) va lues to 
e h m l n a l e  d e p e n d e n c e  on our 1974 (Tr 2;,r 0) a n d  (;'r ~,+ Tr-)  f ract ions 

l ' ( e  + P ) / l ' t o t a  I I'7/1 
V,4LUE (uniT? I 0 -  5) C~ % E VTS DOCUMENT ID_ TECN_ CHG 

• • * We do  not  use the fo l l ow ing  d a t a  for ave rages  fits l imits, e l c  • • • 
+ 

8 4 BOWEN 678 OSPK + 2 I 
I O 

<. 160 0 95 BORREAN) 64 HBC + 

I ' ( e +  , ) / 1 " ( . -  u )  1"7/1 , 
VALUE (unlrs fO - s) _ fvTs DOCUMENT IO TECIV CHG 

2 a ' ) + 0 " t 1  OUR AVERAGE 
"~"  - 0 .  t0 

2 51 ± 0 t5  404 HEINIZE 76 SPEC + 
2 37 ± 0 t7 534 HEARD 758 SPEC + 
2 4 2 ± 0 4 2  112 CLARK 72 OSPK + 

+ 0 8  8 MACEK 69 ASPK + 1 8  -06 

I 9 + 0 7 10 BO~TERKL 67 ASPK + -05 

r ( = o ~ o e +  O l r ( ~ - o  e + v )  r8 / ' [ "  ~ 
VAL_UE~nlTS IO~4) CL%EVTS DOCUMENT ID TECIV C_HG 

4.1 + I°0 OUR AVERAGE - 0 . 7  

4 2:[~ 0 25 8OLOTOV 86B CALO - J 

3 8  + 5 0  2 LJUNG 73 HLBC 
J 

+ 

• • • We d o  no t  use the  fo l l ow ing  d a t a  for averages  fits l imits e t c  * • • 
< ' 3 7 0  90 0 ROMANO 71 HLBC + 

I'(~ + ~- e+ O/r(~ + ~ + ~- ) 
VALUE.(unlts tO- 4) . EVTS DO C_UMENT I D_ TECN CHG 
6.98 ¢ 0.26 OUR AVERAGE 
7.21 _.+ 0 3 2  30k ROSSELET 77 SPEC + 
7 3 6  ± 0 .68  500 BOURQUIN 71 ASPK 
7 0  ± 0 9  106 SCHWEINB 71 HLBC + 
5 8 3  ± 0 6 3  269 ELY 69 HLBC + 
6 .7  ± I 5 69 81RGE 65 FBC + 

I"(/I" ÷ 71"-/.( + t - ' ) I I ' f o t a  i 
V_ALIJE (unlfs 10_ - 5) EVTS DOCUMEN T ID [ECN CH_G 

I ' 9 / [ "  3 

I ' I 0 / I  

• • • We d o  na t  use the foHawing d a t a  far ave rages  tlts, I lml ls e t c  • • • 

0 7 7 + 0 -  5054 I CLINE 65 FBC + 

r(Tr+ 7r-~+ O/r(Tr + 7r+ 7r-) r,o/r3 
VALUE (unlt$ fO - 4 )  EVTS DOCUMENT ID_ r E ~  CHG 

2.57 -. 1 , 5 5  7 8151 67 DBC + 
• • • We d o  not  use the fo l l ow ing  d a t a  for overages,  tits, l lmlts e tc  • * • 
o 2  5 ~ GREINER 64 EMUL + 

r ( ~ "  " y " y ) / l ' f o t a ~  l ' r  1 / I "  
Al l  va lues g i ven  here assume a phase  space  a l a n  ene rgy  spec t rum 

VALUE (unlts_ fO - 4 )  ~L%EVTS ~ I ~ I M E N [  ID ~ rEC_N CHG COMMENF 
< 0.084 90 0 ASANO 82 CNTR + 1;.r 117-127 

MeV 



See kKv on page 129 

• • • We d o  not  use the  f o l l ow ing  d a l a  for a v e r a g e s  hls, hmlts e t c  * • • 

- 0  42 :I: 0 52 0 ABRAMS 77 SPEC + T,'r - 92 MeV 
< 0 35 90 0 LJUNG 73 HLBC + 6 - 1 0 2 . 1 1 4 - 1 2 7  

MeV  
< 0 5 90 0 KLEMS 71 OSPK + T~" - 117 MeV 

- 0 1 +. 0 6 CHEN 68 OSPK + T~ 6 0 - 9 0  MeV 

1"(~ + 3"y)/Ftota I I'~2/r 
V a l u e s  g i v e n  h e r e  a s s u m e  a p h a s e  s p a c e  p=on e n e r g y  s p e c t r u m  

VALUE (units tO- 4) C L % _DO~U_ME_Nj LD. FECN CHG COMMENT 
< 1 . 0  90 ASANO 82 CNTR + T(,-r) 117 -127  

MeV 
• • • We d o  h a l  use the  f o l l o w i n g  d a t a  for o v e r a g e s  his I lmds e t c  • * • 
< 3  0 90 KLEMS 71 OSPK + T(,'r) > t 1 7  MeV 

r ( e *  ~ , O / r ( e  + P) r , 3 / ]  
VALUE CL % E V T $  DOCUMENT ID TECN CHG 
< 3 . 8  90 0 HEINTZE 79 SPEC + 

rE# + ~,p ~')/l'fota I r~4,T 
VALU~ (units ~0-6)  CL%EVTS _DOCUMENT ID _T.E~N C_HG 
<6.0 90 0 33 PANG 73 CNTR + 

33pANG 73 assumes  ,~ s p e c l r u m  from v ~' i n t e r a c t i o n  of BARDIN 70 

l ' ( p + u e + e - ) l r ( ~ r ' ~ r - e * u )  115/l 9 
VALUE (unlt_s TO- 3) E y_LS _D_O.._CUME_N_~ IO_ F_EC_ty EHG C_O_MME_IYT 
27. - 8.  14 34 DIAMANT 76 SPEC + E x l r a p o l a l e d  BR 
• • • We d o  not  use l h e  f o l l o w i n g  d a t a  for o v e r a g e s  hfs l imits e l c  * * • 

3 3 + - 0  9 14 34DIAMANT 76 SPEC + m ( e e )  -140 
34DIAMANT-BERGER 76 c luofes fh~s resul t  h m e s  our  1975 ~ ' . +~ r -e~  BR raho  

The first DIAMANT-BERGER 76 v a l u e  is t he  s e c o n d  v a l u e  e x t r a p o l a t e d  to 0 
tO i n c l u d e  l ow  moss e DOffS 

r ( e  + ue  + e -  ) / r Q r *  7r- e + ~) 1",6/r9 
yALUE (un#s_.'iO - 2) EVTS _DOCUMENT ID TECN CHG 

+ 0*54 4 DIAMANT 76 SPEC + 0 * 5 4 - 0 ° 2 7  

I ' ( p "  u " y ) / l ' t o l a  I 1 "17 / r  
V,~LUE (units I0-3~__ E. VTS DOCUMENT ID [ECN CHG COMMENT 
5 . 4 _ + 0 . 3  35 AKIBA 85 SPEC P(#)-  231 5 

MeV,, c 

• • • We do  not  use t he  f o l l o w i n g  d a t a  fat o v e r a g e s  fits l lml lS e t c  • * * 
5 8 _+ 3 5 12 WEISSENBERG74 STRC + E(~) -9 MeV 

35Assumes # e un i ve rsah ty  a n d  uses COnstralnts f rom K ~ e l ' " ,  

1 " ( # +  p"y (SD*)) / l ' to to l  I"18/'1" 
S t r u c t u r e - d e p e n d e n t  pa r t  w l l h  +"$ hehC l t y  (SD + t e rm)  See the  'No te  
on  =+. ~ i - +  ~,-f a n d  K_+ ~ t" -+ i ,h  Form Factors  in t he  ;,r_+ s e c h o n  of 
t he  Full Da ta  Listings a b o v e  

V_:~LUf run,is TO- 5) CL % DOCUMENT tO T_E_~ N 
< 3 . 0  90  AKIBA 85 SPEC 

1"(/,/,+ U'y (SD*INT)) / r to ta l  1"19/I" 
Interference term between internal bremsstrahlung and SD + term See 
the  No te  on  ,- r -  ~ / _+ I ' ;  anc l  K :t ~ ( : t  r ~  Form Factors ~n the  ,T -  
sec t i on  of the  Full D a l a  Llst lngs a b o v e  

VALU§ ~unlts 10- 5~ EL % DOCUMENT ID TECN 
< 2 . 7  90 AKIBA 85 SPEC 

I'(/.~+~'"f (SO- + S D - I N T ) ) / l ' t o t a  ~ I ' 2o / I "  
Sum ol  s t r u c t u r e - d e p e n d e n t  pa r t  w l l h  -~ .  h e h c i t y  (SD-  te rm)  a n d  
i n t e r f e r e n c e  t e rm  b e t w e e n  in te rna l  b r e m s s l r a h l u n g  a n d  SD te rm See 
t he  'No te  on  ,-r+. ~ ( ±  I'~ a n d  K+. ~ ¢" :t l " )  Form Factors in the  ,T +. 
sec t i on  of t he  Full Da ta  Listings a b o v e  

VALUE (units 10 -4)  CL% DOCUMENT ID TECN 
< 2 . 6  90 36 AKIBA 85 SPEC 

36Assumes /4-e un ive rsa l i t y  a n d  uses Constra in ts  f rom K ~ ei~',, 

l ' (e  + U T (SD+))/l 'tolal I"21/I 
Structure-dependenl part w~lh +": hellcdy (SD + term) See the Nole 
on ,-*r::t ~ ~'+-r'y and K+. ~ (+.~'~ Form Factors In the ~r+. secHon of 
the Full Data Listings above 

_VALUE (units TO- 5) CL % DOCUMENT /D TECN CHG COMMENT 
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his hmlts e t c  • • ° 
< 7  1 90  MACEK 70 OSPK + P(e)  2 3 4 - 2 4 7  

]'Co + " 7  ( S D + I ) / r ( ~ *  ~) r 2 t / r ,  
S t r u c t u r e - d e p e n d e n t  pa r t  w i th  +~, h e l l c l l y  (SD + te rm)  See the  N o l e  
on  ~'+. ~ ('---v~. a n d  K -  ~ / _+l") Form Factors ~n the  ,"r -+ sec t i on  of 
t he  Full Da ta  Listings a b o v e  

VALUE (uplrs_ t~?.~-.5~ .... E_VTS DOCUMENT tO TECN CHG 
2 .40  _+ 0 . 3 6  107 37 HEINTZE 79 SPEC + 

• * • We do  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits l imits e l c  • • • 
2 33 -+ 0 . 4 2  51 37 HEINTZE 79 SPEC + 

37~ll;Sn~ HEleN+TZE 7 9 1 ~ s u l t  I iSeSeCO2ealocomb,ned w i th  HEARD 75 r e s u l t ,  . . . . . . .  
( ,; ( ))I ( ') 
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Particle Full Listings 
K ± 

r C e * l , ~  (SD+) ) / r (e+~ ,) 12,"17 
S l r u c t u r e d e p e n d e n t  Dart wl t~ +~  h e h c d y  (SO* te rm)  See Ihe  Note  
on  ,-r -+ ~ / ' - * l ' h  a n d  K_+ ~ /_+r '~  Form Factors in the  :r_+ s e c h o n  of 
the  Full Da ta  Dshngs a b o v e  

VALUE EVrS DOCUMENT ID TECN CHG COMMENT 

• • • We do  ha l  use the  f o l l ow ing  d a t a  for a v e r a g e s  fllS l imits e f t  • • • 

_+ 0 25 56 38 HEARD 75 SPEC + P(e) 2 3 6 - 2 4 7  I 05 30 
38this v a l u e  t~. i n c l u d e d  m the  first HEINTZE 79 v a l u e  ~n the s e c h o n  on  

I ( e + l , ' t  ( S D ) ) / l ( . + l  ' )  a b o v e  

r ( e  + u ?  (SD-))ll'tola I I 22 / I  
S l ruc tu re  d e p e n d e n t  par t  w~tb - ~  hehc~ly  (SD-  l e rm)  See Ihe  Note  
on  ;'r,-+ ~ / +-c2. a n d  K ± - ( _+ r '~ Form Foclors in the  :T _+ sec t i on  of 
Ihe  Full Da ta  Lishngs a b o v e  

V_AL.U_~.(~n,.t~tO-.. ~ CL% DOCUMENT tO TECN CHG 
~, 4.6 90 39 HEINTZE 79 SPEC + 
391mphes (axlal vector vector) amphtude raho Outside range from - 1 B Io 

- 0  54 

r(7r + 7r0";, ) / r tota I I 2 j l  
VALUE (units IO-4 )  CL%EVTS DOCUMENT ID TECN CHG COMMENT 

2 .75  ± 0.15 OUR AVERAGE 
2 71 z 0  45 140 BOLOtOV 87 WIRE T,"r- 5 5 - 9 0  

MeV 
2 87_+0 32 2461 SMITH 76 WIRE z f ~ !  5 5 - 9 0  

MeV 
2 71 ± 0  19 2100 ABRAMS 72 ASPK _+ T~ "  5 5 - 9 0  

MeV 
• • • We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  Il ls l imits e t c  • • • 

1 5 _+t I 40LJUNG 73 HLBC + T~" 5 5 - 8 0  
MeY  

2 6 + 1 5 40 LJUNG 73 HLBC + T=', ~ 5 5 - 9 0  
- 1 1  

MeV 

B + 3  7 17 40LJUNG 73 HLBC + T;T- 5 5 - 1 0 2  6 dC ] 
MeV 

2 4 _+0 8 24 EDWARDS 72 OSPK T,-r* 5 8 - 9 0  
MeV 

<1  0 0 41 MALTSEV 70 HLBC + T,'r ~ ( :55  MeV 
<I 9 90 0 EMMERSON 69 OSPK T:*r ~ 5 5 - 8 0  

MeV 
2 2 z 0 7 18 CLINE 64 FBC + T,'r ~ 5 5 - 8 0  

MeV 
40The LJUNG 73 va lues  a re  not  i n d e p e n d e n l  
41MALTSEV 70 se lec ts  low 7r t e n e r g y  to e n h a n c e  d i r e c t  emiss ion Con t r lbu  

tlOn 

rOT+ ~-o~ (DE))/I veldt 1 2,1/'1 
O~rect emlss lon  par t  of IQr* ,"r0~t)/l 'otol 

_VALUE ~unlts I 0 -  5~ DOCUMENT ID TECN CHG COMMENT 
1 8 - 0 .4  O U R  A V E R A G E  

_+nO 39 BOLOTOV 87 WIRE - T;T- 55-90 2 05 _+ 0 46 ~ 23 
MeV 

2 3 Z3 2 SMITH 76 WIRE _+ T=+. 55-90 
MeV 

1 56 -+ 0 35 -+ 0 5 ABRAMS 72 ASPK _+ T=- 55-90 
MeV 

I 25/"1 
CHG COMMENT 
+ E('~) 11 MeV 

l 2 6 , , '  I 4 

C"HG COMMENT 

E('~) > 10 MeV 

r(7r + 7r + 7r- ~)Irtotol 
VALUE (units 10- 4) . . . . . .  _DOC_L/PyfENT tO TECN 
1.0 -. 0 .4  STAMER 65 EMUL 

l'(Tr- 2=0~ )II'(=" ~'0 7r0) 
V_AL_UE (units to-4) pOCq_M_E.m tO TECN 
4.3  + 3 * 2  - 1.7 BOLOTOV 85 SPEC 

1" (~ ° /~  * V " y ) l l  fo la l  
VALUE (un#s.!O__-5) C_L%_ E V T S  DOCUMENT tO TECN 
<6.1 90 0 LJUNG 73 HLBC 

l'Qr0e+ ~,7)ll'Or0e* l,) 
VALUE (unlrs TO-2~_ _ E V E S  DOCUMENT IO .TECN 
0 .56  -+ 0 .04  OUR AVERAGE 

1 2 7 / l  
CHG ~OMI~ENT 
+ E(~) 30 MeV 

I 2B,' 1 (~ 
CHG COMMENT 

0 56_+0 04 192 42BOLOTOV 86B CALO - E(':,) 10 MeV 
0 76_+0 28 13 43 ROMANO 71 HLBC E('~) 10 MeV 
• • • We do  not  use the f o l l ow ing  d a t a  for a v e r a g e s  his hmltS e tc  • • • 
0 48 _+ 0 20 16 44 LJUNG 73 HLBC * El': ) 30 MeV 

+0 t5  44LJUNG 73 HLBC + E(~,) 30 MeV 0 22_ 0 10 

0 53+_0 22 43ROMANO 71 HLBC + E('.,) 30 MeV 
1 2 _+0 8 BELLOTTI 67 HLBC + E('.,) 30 MeV 
42cos#(e~) belween 0 6 and 0 9 
43Both ROMANO 71 values are for cos'~(e~) between 0 6 and 0 9 Second 

value is far comparison wlth second LJUNG 73 value We use lowest E(~) 
Cut tar Summary  Tab le  v a l u e  See ROMANO 71 tar E 5 d e p e n d e n c e  

44First LJUNG 73 vo tue  is for c a s t i l e ' ) )  • 0 9 s e c o n d  v a l u e  is for c o s . ( e ' t )  
b e t w e e n  0 6 anc l  0 9 for c o m p a r i s o n  wi th  ROMANO 71 



1 8 0  

Stable 
K_+ 

Particle Full Listings 

1 ( ~ ' e e +  V~  ( S D ) ) / l ' t o l a )  r 2 9 / r  
St ruc tu re  d e p e n d e n t  pa r t  

VALUE (units ro- 5~ CL % _DOCUMENT ID [EC.N CHG 
4 5  3 90 BOLOTOV 868 CALO - 

r(-fl "÷ 7r -  e- v ) I r t o t a  I I 30/[" 
Test of 3.S = ~ Q  ru le  

VALUE (units 10- 7) CL % EVES DOCUMENT ID TECN CHG 

• • • We do  not  use the  t a l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  * • • 
<" 9 0 95 0 SCHWEINB 71 HLBC + 
<- 6 9 95 0 ELY 69 HLBC 
< 2 0  95 BIRGE 65 FBC 

r ( ~ -  7r" e -  ~ ) / r Q r -  71"- e + ~,) r 3 0 / I ' ,  ~ 
Test of 3,5 = 3,Q ru le  

VALUE (unlrs tO-4) CL%EVTS -DOCUMENT ID [ECN 
4 3 90 3 45 BLOCH 76 SPEC 
• • • We d o  not  use the  f o l l ow ing  c lara  for a v e r a g e s  hls, hmils, e l c  * • • 
<130 95 0 BOURQUIN 71 ASPK 

45BLOCH 76 q u o t e s  3 6 < 10 - 4  o l  CL = 95% w e  c o n v e r t  

1 " ( = +  ~'+ # - ~ / l ' t o t a  I l ' 3 t / I "  
Tesl of 3,5 = 3,Q ru le  

VALUE (unlts. TO- b) CL % EVTS DOCUMENT lO TECN CHG 
4 3 . 0  95 0 BIRGE 65 FBC -t- 

I ' ( ? r  + e + e - ) / r t o t o  I 1"32/I" 
Test for 3,S = 1 w e a k  n e u t r a l  c u r r e n t  A l l o w e d  by  c o m b i n e d  tlrsl o r d e r  
w e a k  a n d  e l e c t r o m a g n e t i c  i n l e r a c t l o n s  

VALUE (units I0 - a t  CL%EVTS DOCUMENT IO TECN CHG COMMENT 

• • * We dO not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his l lml lS e l c  * • • 
< 1 7 90 CENCE 74 ASPK + Three t r ack  

evts  
< 0 27 90 CENCE 74 ASPK + Two t r a c k  

e v e n t s  
< 3 2  0 90 BEIER 72 OSPK 
4 4 4 90 BISI 67 DBC + 
< 0 88 90 CLINE 678 FBC + 
< 2 45  90 1 CAMERINI 64 FBC + 

1 " ( ~  + e + e-)/l'(~ " °  ~ -  e + y) I'32/1"9 
Test for 3.5 = 1 w e a k  n e u t r a l  c u r r e n l  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
l r o w e o k  i n t e r a c t i o n s  

VA_LUE (units 10-3) EVeS DOCUMENT ID .TECN CHG 
7.0  ± 1.3 41 46 BLOCH 75 SPEC + 

46BLOCH 75 q u o t e s  this resul t  m u l t i p l i e d  by  our  t 9 7 4  r. + , ' r - e l '  BR t r a c t i o n  

I'('rr"/.z + #. - ) / r t o t o  I 1"33 / I" 
Test for 3,S = 1 w e a k  n e u t r a l  c u r r e n t  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
t r o w e o k  i n t e r a c t i o n s  

_VALUE_.fu_nIts 10- 6) CL% _DOCUMENT ID TECN ClOG 
< 2  4 90 BISl 67 DBC + 

• * • We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits, l imits e t c  • • • 
< 3  0 90 CAMERINI 65 FBC + 

l ' ( ' t r "  l:~/l'totm 1"34/1" 
l es t  for 3.5 = t w e a k  n e u t r a l  c u r r e n t  A l l o w e d  by  h i g h e r  o r d e r  e l e c -  
t r o w e a k  i n t e r a c t i o n s  

VALUE (un,ls tO - 6 )  C~$E.Y_[_$ DOCUMENT ID TECN ClOG _COMMENT 
< 0.14 90  ASANO 81B CNTR + T(~') 115 -127  

MeV 
• • • We do  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e l c  • • , 
< 0 94 90 47CABLE 73 CNTR + T(e) 6 0 - I 0 5  

MeV 
4 0 56 90 47CABLE 73 CNTR + T(~') 6 0 - t 2 7  

MeV 
< 5 7  0 90 0 48 LJUNG 73 HLBC + 
< 1 4 90 47KLEMS 71 OSPK + T(~) 117 -127  

MeV 
47KLEMS 71 a n d  CABLE 73 a s s u m e  ,-t s p e c t r u m  s a m e  as Ke3 d e c o y  S e c o n d  

CABLE 73 l lm l t  c o m b l n e s  CABLE 73 a n d  KLEMS 7'I d a t a  for v e c t o r  i n t e r o c  
ban  

48LJUNG 73 assumes v e c t o r  i n t e r a c t i o n  

l (U-  " e  + e + ) / r (  ~'" ~r- e+  . )  l'~s/r,~ 
Test of l e p t o n  fam i l y  n u m b e r  c o n s e r v a t i o n  

VALUE {_un#s I0 -  3) CL %EVTS _DOCUMENT ID TECN CHG 
< 0 . 5  90 0 49 DIAMANT 76 SPEC + 

49DIAMANT-BERGER 76 q u o t e s  this resul t  t imes  our  1975 ;"r + n ' - e l ,  BR roho  

1 " ( # "  . u e ) / l ' t o t a  I l 3 o / l '  
F o r b i d d e n  by  l e p t o n  fami ly  n u m b e r  c o n s e r v a t i o n  

VALUE CL % EVTS DOCUMENT tO rECN CHG COMMENT 
- . _ .  . . . . .  

< 0 . 0 0 4  90 0 LYONS 81 HLBC 0 200 G e V  K + 
n a r r o w  b o n d  l, 
b e a m  

• • • We do  not  use the  f o l l o w i n g  d a l a  for a v e r a g e s  flts l imits e t c  • • • 

4 0  012 90 COOPER 82 HLBC W l d e b a n d  J, 
b e a m  

I (Tr-'-p * e - ) / r ( ~ - -  7r- e + v )  13,/]'~, 
Test of l e p t o n  fa ta l ly  n u m b e r  c o n s e r v a t l o n  

VALUE (urals_ I 0 -4 )  C_L%EVTS _DOCUMENT ID [ECN C_HG 
4 'I.3 90  0 50 DIAMANT 76 SPEC + 

SODIAMANT fiERGER 76 q u o t e s  lh ls resul t  t imes our  1975 7r +,-r - e l ,  BR ra t io  

l ' ( / r  -"/.~ .T- e + ) / l . t o l a l  1.38/1, 
VALUE (unffs10- 8) CL % .D__OCUMENT ID [ECN_ CHG 

• • * We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his bruits e t c  • • • 
< 2  8 90 BEIER 72 OSPK _+ 

I Qr -+ p • e+)IrOr ÷ ~- e + v) i38/[' ~ 
Tesl of l e p t o n  fam i l y  n u m b e r  or to ta l  l e p t o n  n u m b e r  c o n s e r v a h o n  
Sum of = ' , + p - e  + a n d  ~ ' - / ~ + e  + m o d e s  

VALUE [unlt~ 10 - 4 )  CL%EVT5 D OCUME~ITI-D TEC.N CHG 
4`1.9 90 0 51 DIAMANT 76 SPEC + 

51DIAMANT-fiERGER 76 q u o t e s  th ls resul t  t lmes  our  1975 t r + ~ - , - e u  f i r  r aho  

I ( ~ +  e * / . ~ - ) / l ' t o t a  I 1 39/I" 
VALUE (I.~nlrs fO-._8~_ CL % -DOCUIVI~_NT ID 7_EC N CHG 

• • * We do  not  use the  f o l l ow lng  d a t a  for a v e r a g e s  fits hmlts e t c  • * * 
< 1 4 90 BEIER 72 OSPK 

l ' ( T r -  e + e + ) / l ' t o t o l  1.40t l .  
Test of tolaJ l e p t o n  n u m b e r  c o n s e r v a t i o n  

VALUE ~_n_ItS 10- 5) .... DOCUMENT I_D TECN CHG 

• • * We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  flts hmlts,  e t c  • • * 
< ' I  5 CHANG 68 HBC 

r ( ~ - -  e + e + ) / r O r  ÷ 71-  e + . )  r 4 0 / r , ,  
Test of f o lo l  l e p t o n  n u m b e r  c o n s e r v o h o n  

V.~LUE (unlts TO- 4) CL%EVTS DOCUMENT ID_ [ECN CHG 

4 2 . 5  90 0 52 DiAMANT 76 SPEC + 
52DIAMANT-BERGER 76 Quotes this resul t  t lmes  our  1975 f i r  ra t io  

I ( #  + Po t / ] ' t o t a l  1 4 t / I"  
F o r b i d d e n  by  to ta l  l e p t o n  n u m b e r  c o n s e r v a h o n  

VALUE (U_q#S .I0- 3) CL % DOCUMENT IO [ECN COMMENT 
4 3 . 3  90 COOPER 82 HLBC W l d e b o n d  r b e a m  

r(71-0 e + ~( , ) / I ' t o fo  I I ' 4 2 / r  
F o r b i d d e n  by  to ta l  l e p t o n  n u m b e r  c o n s e r v a t i o n  

VALUE CZ% DOCUMENT IO TECN COMM_ENt 
40 .003 -  90 COOPER 82 HLBC W l d e b o n d  t' b e a m  

] ' (Tr"  ~ ) / l ' t o t a  I r43/r 
Vio la tes  a n g u l a r  m o m e n t u m  c o n s e r v a t i o n  NOt l i f t ed  in Summary  Tab le  

V.~LUE (unlls 10- a) CL_% -DOCUMENT IO [E_CN CHG 
• • * We d o  no t  use the  f o l l ow ing  d a t a  for o v e r a g e s ,  fits, l imits e t c  • • • 
4 1 4 90 ASANO 82 CNTR + 
<4 0 90 53 KLEMS 71 OSPK + 
53Test of model of Sellerl NC 60A 291(1969) 

K + L O N G I T U D I N A L  P O L A R I Z A T I O N  O F  EMITTED /z + 

K + - . -  / ~ + v  
Tests for r ight  h a n d e d  cu r ren ts  in s t r angeness  c h o n g l n g  d e c a y  

VALUE DOCUMENT ID TECN CHG 
- 0 .97  ± 0 .04  OUR A V E R A G E  

- 0  970..+.+0,047 YAMANAKA 86 SPEC + 
- 1 . 0  ~ 0  I CUTTS 69 SPRK + 
- 0 96 +_ 0 12 COOMBES 57 CNTR + 



See  key  o n  page  129 

N O T E  O N  D A L I T Z  P L O T  P A R A M E T E R S  F O R  

K --~ 31" D E C A Y S  

T h e  Dah tz  plot d t s t n b u t m n  for K ~ rr t 7r ± 7r ~- 

K ± ---* 7r%0rr -' and  K O ---+ 7r + r r  ~r0 can be pa ramet r fzed  

b.v a serfes e x p a n s f o n  such as that  in t roduced  b.v Welnberg  I 

We use the  form / ] e 
13112 "*. I - g ( Y 3 - % )  + h s 3 q  s°  

, , ,  L 

(~'2 S l )  " - " - 

4 .1 ., k + (1) 

'"-Tr [ ' " ; "  

"3 
where  ,T - .  has  been in t roduced  to m a k e  the  coeff icients  

?1" 

g .  h .  j .  and  L d l m e n s m n l e s s  and  

= )2 .s'~ = (PK . pf)2 (m K nlf - 2 i n K 7  ) .  t .-- 1.2.3 

= ~-(,.~ + - + m~') ~ r ) =  ~ Z ~ ,  , . ~  m ~  . 

1 

H e r e  t h e  PI  a r e  f o u r - v e c t o r s ,  m I a n d  7 I a r e  t h e  m a s s  a n d  

kfnetfL' energy o f  the i th plon.  and  the index 3 is used for 

the odd p]on 

The  coeff icient  ~,. is a m e a s u r e  o f  the slope fn the `"arl- 

able s 3 (or T 3) o f t h e  Dahtz  plot. while h and  h m e a s u r e  

the q u a d r a u c  d e p e n d e n c e  on s 3 and  (.s 2 s-1 ) respect ively  

The  coeff icient  1 ~s related to the a s y m m e t r y  o f  the  plot  

and  m u s t  be zero 1t" (7 '  l nva r l ance  holds  Note  also that  if 

( 7 '  is good.  g .  h. and  k m u s t  be the  s a m e  f o r / ' , -  -..  

7r+rc "~ l r -  a s  f o r  K ~ 7r "Jr rr 

Since d , f ferent  e x p e r i m e n t s  use  different  fo rms  for 

I~11 "~ -. in o rde r  to compare  the exper lmcn ts  we have con- 

' ,cr ied to .~.,. h . .1 .  a n d / ,  w h a t e x e r  coeff icmnts  have  been 

m e a s u r e d  W h e r e  such  con , , e r s lons  have  been done.  the 

m e a s u r e d  coefficient  a v. a t a u or  a v fs g iven in the c o m -  

m e n t  at the right For d e f i n m o n s  o f  these  coeff icmnts ,  

deta i ls  o f  thfs c o n v e r s m n ,  and  d l s c u s s m n  o f  the data,  see 

the  April 1982 ~ers]on o f t h , s  note  2 

See also the re,,qcw o f  D e v h n  and  Dicke} 3 v~hlch con-  

rains an ana l}s , s  o f K  ~ 2~ and  K ~ 3rr da ta  in t e rms  o f  

t rans l t ton  a m p h t u d e s  w n h  appropr ia t e  energy dependence  

R e f e r e n c e s  

1 S Welnberg .  Phys  Roy I.ctt 4 87 (1960) 

2 Partlcle Data  Group .  Phys  Lett 111B. 6 9 ( 1 9 8 2 )  

3 T J D e ' , h n  and  J O Dfcke`'.  Rcv Mod Phys  51. 237 
(1979) 
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K± ENERGY DEPENDENCE OF DAUTZ PLOT 

mat r i x  e l e m e n l  2 = 1 + g u  + hu  2 + kv  2 

where u = (s 3 - So) m2(a -) and v = (s I - $2) m2(;*r) 

LINEAR COEFFICIENT gT + FOR K ~ ~ rr-Tr*Tr- 
Some e x p e r i m e n t s  use DOIIIz va r i ab les  x a n d  y In the  c o m m e n t s  we  
g ive  Oy = coe f f i c i en t  of y l e r m  See n o l e  a b o v e  on  Dohtz Plot Porom 
elers for K .o 3~ D e c o y s  For d iscuss ion  of l h e  c o r l v e t s l a n  Of a v Io g 
see the  ea rhe r  vers ion at the  s a m e  no te  in the  1982 e d i t i o n  at fhls 
Rev iew p u b h s h e d  in Physics Lel ters t118 70 (Apr i l  1982) 

VALUE E V T S  DOCUMENT ID rECN CHG COMMENT 

- - 0  2154 _+ 0 0035 OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of 1 4 See Ir~e 
i d e o g r a m  b e l o w  

- 0 2221 ± 0 0065 225k DEVAUX 77 SPEC + O v = 
2814 _+ 0082 

- 0 2157 -+ 0 0028 750k FORD 72 ASPK + ay : 
2734 _+ 0035 

-0 200 _+0 009 39819 MHOFFMASTER 72 HLBC + 

• • • We do no1 use the f o l l ow ing  dole for overages fits limits etc • • • 
-0 196 +_0 012 17898 55GRAUMAN 70 HLBC + a : 

228 ± 0 030 
-0 218 _+0 016 9994 56BUTLER 68 HBC + a : 

~277±0 020 
- 0 22 _+ 0 024 5428 56 57 ZINCHENKO 67 HBC + vOr~ .~8 

+_ 0 03 
54HOFFMAST[R 72 i n c l u d e s  GRAUMAN 70 d a t a  
55Emuls lan d a t a  a d d e d  al l  even ts  i n c l u d e d  by  HOFFMASTER 72 
S6Expenmen ls  w i th  l a rge  errors not  i n c l u d e d  in a v e r a g e  
57Also i n c l u d e s  DBC e v e n l s  

WEIGHTED AVERAGE 
-0  2154 _ 0 0035  (Error scaled by 14) 

,,,,= 
I 

2 X 

DEVAUX 77 SPEC 1 0 
FORD 72 ASPK 00 
HOFFMASTFR 72 HLBC 2 9 

(Conhdonce Level = O 135) 
i i 

-O23 -O22 -O21 -O20 -O19 -O18 

Linear  energy d e p e n d e n c e  far K ~ ~ ~ + r + ,'r-" 

QUADRATIC  COEFFICIENT h FOR K + ~ ~'+ 7r-  ;T-  
VALUE Evrs DOCUMENT ID TECN CHG 

0.012 _+ 0 008 OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of 1 4 See l h e  
i d e o g r a m  b e l o w  

- 0  0006_+0 0143 225k DEVAUX 77 SPEC + 
0 0187 _+ 0 0062 750k FORD 72 ASPK + 

- 0  009 _+0 014 39819 HOFFMASTER 72 HLBC + 

QUADRATIC COEFFICIENT k FOR K ~ ~ ;,r÷a-+~ - 
VALU_E. E V T S  DOCUMENt ID TECN CHG 

- 0.0401 -~-0,0034 OUR AVERAGE ErrOr I nc l udes  sca le  fac to r  of 2 1 See the  
~deogrom below 

- 0  0205+_0 0039 225k DEVAUX 77 SPEC ~- 
- 0 0075 _+ 0 0019 750k FORD 72 ASPK + 
- 0 0105 _. 0 0045 39819 HOFFMASTER 72 HLBC + 
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WEIGHTED AVERAGE 
0 0 1 2  ± 0 0 0 8  (Error scaled b y 1 4 )  

QUADRATIC COEFFICIENT k FOR K -  ~ ~ ' - ? r - ~ "  
VALUE E VT$ DOCUMENT ID TECN CHG 
" 0°0084 ± 0 .0019"  OUR AVERAGE " " 

-0 04 -0 02 0 00 O 02 

Quadra t i c  coef f ic ien t  h for K + -o r, + ;r. + : r -  

2 

~ DEVAUX 77 SPEC 0X8 
FORD 72 ASPK 

~ HOFFMASTER 72 HLBC 2 3  

(Conf idence Level = O 123) 

0 0 4  0 06  

WEIGHTED AVERAGE 
- 0  0101 :i: O 0 0 3 4  [Error scaled b y  2 1) 

- 0 0083 ± 0 0019 750k FORD 72 ASPK - 
- 0 014 ± 0 012 50919 MAST 69 HBC - 

( g r *  - g r - )  / (g r+  + g r - )  
A nonzero  va l ue  for this q u a n h t y  ind ica tes  CP v io la t ion  

.VALUE (%) EVT$ DOCUMENT /D TECN 
- 0.70 _ 0.53 3 2M FORD 70 ASPK 

LINEAR COEFFICIENT g FOR K ± ~ "n' :  ~ - ~ - 0  
Unless otherwise s ta ted a l l  exper imeots  i nc l ude  terms q u o d r a h c  
m (s 3 - So) .' m2(,"r * )  See mln l  rev iew a b o v e  

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0.594 ± 0.019 OUR AVERAGE Etro;-mcludes scale fac lo t  o f  1 3 See-the 

i d e o g r a m  b e l o w  
0 582 ± 0.021 43k BOLOTOV 86 CALO - 
0 670 - 0 054 3263 BRAUN 768 HLBC + 
0 630 ± 0 038 5635 SHEAFF 75 HLBC + 
0 510 ± 0  060 27k SMITH 75 WIRE + 
0 67 2 0  06 1365 AUBERT 72 HLBC + 
0 544 ± 0 048 4048 DAVISON 69 HLBC + AlSO emuls lon  
• • • We do  ha l  use the  fo l l ow ing  d o t e  for overages,  flts l lmlts e l c  • • • 
0 806 ± 0 220 4639 62 BERTRAND 76 EMUL + 
0 484  ± 0 084 574 63 LUCAS 738 HBC - Dohfz DOlts on ly  
0 527 ± 0 102 198 62 PANDOULAS 70 EMUL + 
0 586 ± 0 098 1874 63 BISI 65 HLBC + AlSO HBC 
0 48 _+ 0 04 1792 63 KALMUS 64 HLBC + 

62Experiments wi th la rge errors not  i n c l u d e d  in o v e r a g e  
63Authors g i ve  l inear fit on ly  

I 

X 2 

DEVAUX 77 SPEC 72 
FORD 72 ASPK 18 

FFMASTER 72 HLBC 0 0  

76 
~ . . ~ C o n h d e n c e  Level - -  O Ol l )  

- 0  0 3  - 0  02 - 0  01 0 O0 

Q u a d f o h c  coef f ic ien t  k for K + ~ ~ +  ~+  Tr- 

LINEAR COEFFICIENT g T -  FOR K -  ~ ? r - ~ - - T r *  

WEIGHTED AVERAGE 
O 594 + 0 018 (Error scaled by  131 

V 

3 04 O5 06 O7 08 

Linear  e n e r g y  d e p e n d e n c e  Ior K~ 

2 
X .  

BOLOTOV 86 CALO O 3 
BRAUN 76B HLBC 2 0  
SHEAFF 75 HLBC 0 9 
SMITH 75 WIRE 2 0  
AUBERT 72 HLBC 1 6 
DAVISON 89 HLBC 11 

(Conf ,dence Level -- O 1641 
i i I 

0 9  10  

?- ± ~0~0 

Some exper imen ts  use Dolifz var iab les  x a n d  y In the c o m m e n t s  we  
g i v e  ay  = c o e f f l o e n t  of y term See h o l e  a b o v e  on "Dah lz  Plot Param 
elets  tot K ~ 3~: Decoys For discussion of the convers ion  of oy to g 
see the  eor l le t  version of l he  some no te  in the  1982 ed i t i on  of this 
Review p u b l i s h e d  in Physics Letters 1118 70 (Apn l  t982)  

VALUE Errs DOCUMENT tO rECN C_H_.G_ COMMENT 
--- 0 217 ± 0.007 OUR AVERAGE Error inc ludes  sca le  foc lo r  of 2 5 

- 0 2186 __ 0 0028 750K FORD 72 ASPK - 0Y2770 ± 0035 

- 0  193 ± 0  010 50919 MAST 69 H8C - o ~ 2 4 4 z 0 . 0 1 3  

• * • We d o  not  use the fo l l ow ing  d a t a  for ave rages  fits l imits e l c  • • • 

- 0  199 ±O 008 81K 58LUCAS 73 H8C - 0 ( ~ 2 5 2 ± 0  011 

- 0 190 ± 0 023 5778 59 60 MOSCOSO 68 HBC - a0v 242 ± 0 029 

- 0  220 ± 0  035 1347 61FERRO-LUZZI 61 HBC - a 0 v 2 8 ± 0 . 0 4 5  

58Quadrohc  d e p e n d e n c e  is requ i red  by  K~ e x p e t l m e n l s  For compar i son  
w e  a v e r a g e  on ly  those K ± exbe r lmen l s  wh l ch  q u o t e  q u a d r o l i c  fit va lues  

SgExperlments wi th  la rge errors ha l  I n c l u d e d  in a v e r a g e  
60Also inc ludes  DBC events 
61N0 rad ia t i ve  cor rechons i n c l u d e d  

QUADRATIC COEFFICIENT h FOR K -  ~ ~ ' - 7 1 " - 7 r  ÷ 
VALUE E_VfS ~)OCUMENT ID. TECN CHG 

0 . 6 ~ 6 : 0 . 0 ~  OUR AVERAGE 
0 0125 - 0 0062 750k FORD 72 ASPK - 

- -0  001 ± 0  012 50919 MAST 69 HBC - 

QUADRATIC COEFFICIENT h FOR K ± ~ /I"-+ ~°Tr ° 
See mln l  r e w e w  a b o v e  

VALUE EVTS DOCUMENT ID [ECN CHG COMME__NT . . . . . . .  
0°035  -_ 0 ,015  OUR AVERAGE 
0.037 ± 0 024 43k BOLOTOV 86 CALO - 
0 152 _+ 0 082 3263 BRAUN 768 HLBC + 

0 041 ± 0 030 5635 SHEAFF 75 HLBC + 
0 009 ± 0 040 27k SMITH 75 WIRE + 

- 0  01 - 0  08 1365 AUBERT 72 HLBC + 
0 026 ± 0 ,050 4048 DAVISON 69 HLBC + AISO emuls ion 

• • • We do  not  use the fo l l ow ing  d a t a  fat overages  hls l lml ls  e fc  • • • 
0 164 ¢ 0 121 4639 64 BERTRAND 76 EMUL + 
0 018 ± 0 124 198 64pANDOULAS 70 EMUL + 

64Experiments wi th  la rge errors not  I n c l u d e d  in a v e r a g e  

N O T E  O N  K ~  A N D  KO3 F O R M  F A C T O R S  

Assuming that onl} the vector current contributes to K 

- . .  7r(u decays,  we w r i t e  the matrix c lement  as 

M .× / .  ( t)[(PK ' P~r) ,73 ' ,  (1 ~- Ys)vl 

=- f _ ( l ) [ m , ( ( l  ~- yS)v} . (1)  



See key  on page 129 

where  PK and Prr are the f o u r - m o m e n t a  o f  the K and ~r 

mesons ,  m/- is the lepton mass.  and f .  and f _  are d imen-  

sionless form factors which can depend  only on l = 

(PK - P )2. the square o f  the f o u r - m o m e n t u m  transfer  to /r 
the leptons  If  time-re``'ersal invariance holds, /"~ and f _  

are relatp,ely real Ru3 exper imen t s  measure  / '+ and f . 

while Ke3 exper imen t s  are sensi t ive only to . f .  because the 

small electron mass  makes  the t _  term negligible 

(a) Ix . experiments Analyses o f  K . ,  data frequently 

a s sume  a l inear dependence  o f  I +  and t '_  on t.  ~ e .  

'3 
l ' ,+(t)  = 1"_+(0)[1 + a ± ( t / m ~ r ) ]  (2) 

Most  Ku3 data are adequate ly  descr ibed by Eq (2) for / +  

and a cons tan t  f _  (i e .  X_ = 0) There  are two eqm``alent  

pa ramet r iza t lons  c o m m o n l y  used in these analyses 

(1) X_, l~(0) pa~ametrtzatton Analyses o f  Ku3 data 

often in t roduce  the ratio o f  the two form factors 

~(t) = f ' _ ( t ) / f  +(t) 

The  Ku3 decay dis t r ibut ion is then descr ibed by the two 

parameters  X_ and ~(0) (assuming t=me reversal m' , 'anance 

and X_ = 0) These  parameters  can be de te rmined  by three 
different  m e thods  

Method..l  B.v studying the Daht," plot or  the pion spec- 

t rum o f  Ku3 decay The  Dahtz  plot densi ty is (see. e g .  
Choune t  et al I) 

f'2 P(Er.I:" u),~ _(t)[.I  t B~;(t)+ ('~(1)2]. 

~.here 

~ = mK(21"uE v - inK/:" ~) + m~(~-/ ' . r r  - E ) .  

B = m~(f' .",  - ±1-"2 "~') " 

( ' =  -~m~l: 

E~. = /.-max _ E = (m/~+m~. -m~)12 , , i  K • E 
" ~  /r 71" 

Here Err, E . and  /-. are, respectively,  the pmn.  muon,  and 

neut r ino  energies m the kaon center  o f  mass  The dens,t.v 

is fit to the data  to de t e rmine  the values o f  X+ ~(0). and 

their  correla t ion 

Method B By measur ing  the K/a3/Ke3 branching ratm 

and compar ing  it with the theoretical ratm (see. e g .  Fear- 

mg et al 2) as given in te rms  o f , k _  and ~(0). assuming/~-e  
universal i ty  

F(K~3)/I ' (Ke5 ) = 0 6457 + 1 4115X t ~- 0 1264((0) 

+ 0 0192((0) 2 + 0 0080X+~(0) ,  
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I'(K~3)tI'(K+] 3) = 06452  • I 3162X~ -I)12f~4/~lfl) 

+ 0 0186,~(0) 2 + 0 0()64~ t ,~(f)) 

This  cannot  de te rmine  X, and ,~(f)) sm~ultaneousl.x but sm~- 

pl', fixes a relai lonstup between them 

• '~lethod ( B.v measur ing the m u c h  polaNzatmn m hta3 

deca$ In the rest frame o f  the K. the u ,s expected to be 

polarized in the d i rec tmn A ~.vlth P = ..~,"[ .t[ '~,herc k is 

given ( ( ' ab ibbo and ,Maks.x nmv, lcz 3) b.~ 

A = a l(~)pu 

-a21~) mK- t :~ r "  ip~-12(l:**-mu i -PTr 

* m K Im~(t)(P,.r×P u) 

If t ime-reversal  ln``'arlance holds. ,~ is real and thus there ~s 

no polarizat ion perpendicular  to the K-deca~ plane Polar~- 

zat ion expcrirnents  measure  the weighted a`` erage o f  ~(t I 

over  the I range o f  the exper iment  ,.,,here the weighting 

accounts  for the xar ia tmn with i o f  the sensm~lt , ,  to ,~(t) 

(2) X_. kOPapametrtzatton Most o f  the more  recent 

Ku3 analyses have p a r a m e m z e d  in terms of  the tbrm fac- 

tors f .  and f0  which are associated v.llh xector  and scalar 

exchange,  rcspecu~el.x to the lepton pa~r ! 0 ,s related to 

I +  and f _  b.~ 

10/,  = c + l , i ,  

Here f0(0) must  equal I ~.{0) unless I _ [ l )  dp, crgcs al t 

0 The earlier a s s u m p u o n  that f _  is hnear  m t and I .. ~s 

cons tant  leads to f0  hnear  m t 

ro I t l  = to(O)[ i + Xol~ ' , , ~  i] 

~,"llh the assumpt ion  that 10(0) = t _(0) the iv, o paramelr-  

,zat lons IX. ,~( ( ) ) )and(X.  X 0) are cqul~alent as long as 

correlat ion ln lb rmauon  ~s retained (A_ X01 corre lauons  

tend to be less strong than ( X .  ~f())) correlat ions 

The  exper imenta l  results for ~f0) anti ils corre la lmn ~ ilh 

X .  are hsted in the /',"- and K O sections of  the Stable Par- 

ticle Full Listings in section ,~.~ '~B or .¢( dcpcnding  on 

whether  me thod  -k. B. or C discussed a b m c  ~as  used The 

cor responding  ~alues o f  X are also hsicd 

Because recent exper,  ments  l e n d  to  u s e  the  ( ~ + ) t o  i 

paramelr lza t ion,  we include a subsecnon  tbr X o resuits 

Where``er  possible ~e  ha~ e con', erred ,~(0) results inlo '~0 
results and vice xersa 
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See the 1982 ~crston of lh fs  nole 4 for addft]onal dfscus- 
stun of the K 0 ~3 paramelers, correlations, and conxersfon 

bcI,aecn paramctrtzatlons, and also for a comparison of lhe 

export mental results 

(/r) Ke3 ex17ertm('nt\ -%nalys]s of  Ke3 data ts simpler 

lhan lhat o f K u  3 because the second Icrm o f lhe  matrfx cle- 

ment assuming a pure ~cctor currcnl [Eq (1) above] can bc 

neglected Itcrc I _ ~s usually assumed to bc hnear fn ! 

and the hncar coefficient X_ of Eq (2) ~s determmcd 

It \~e remove lhe assumptmon of  a pure x color current. 

then the matrtx element for the deca.~, m ,'lddmllon to the 

terms m Eq (2) v.ould cantata 

. 2m K 11S-7(1 - yS)v 

• (21" 7 .'mK)(P h)\( l ' r r)  7ok ( l  -75)v 

where fly ms the scalar tbrrn factor, and t 7 fs the lensor 

(brm factor In the case of the K e3 decays where the f 

term can bc neglecled, cxpenmenls  ha\ e ~telded hmtts on 

I f ~ y . , / / +  I and I / . l / f .  I 
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K ± FORM FACTORS 

tn t h e  tRim fac to r  c o m m e n t s  t he  fa t )ow ing  symbots  o re  used  
f+ a n d  f_ a r e  form fac tors  for the  v e c t o r  m a t n x  e l e m e n t  
fS a n d  IT refer  Io t he  s c a l a r  a n d  tensor  te rm 
10 = f+ + V_t/ (m2(K)  - m2(~',)) 
&+ . \_ a n d  '\0 a re  the  h n e o r  e x p a n s i o n  coe f f i c i en ts  of f+ [_ 
a n d  t 0 
k+ refers fo t he  K ~  v a l u e  e x c e p l  in the  Ke3 sec t ions  
d~(0).:cr~+ ~s the  c o r r e l a h o n  b e t w e e n  ~(0) a n d  . \+  In K,3 
d~0..o'~ + is the  c o r r e l a t i o n  b e t w e e n  k 0 a n d  . \+ In K~3 
f = m o m e n t u m  t ransfer  to t he  zr in uni ts  of m2(Tr) 
DP = ba) i tz  p lo t  analys~s 
PI = ~ s p e c l r u m  ana lys is  
MU = # s p e c t r u m  ana lys ts  
POL= /~ p o l a r i z a t i o n  analys4s 
BR = K#s,'Ke3 b r o n c h l n g  ra t io  anolys~s 
E = positron or e l e c t r o n  s p e c t r u m  analysis 
RC = r a d i a t i v e  c o r r e c t i o n s  

~,~ = f _ / f +  (determmed from spectra) 
The p a r a m e t e r  .~ ~s r e d u n d a n t  w d h  ,\0 b e l o w  a n d  Is not  pu t  mlO The 
S tab le  Po rhc le  S u m m a r y  Tab le  

V,~LUE ~(O).,aX~EVT$ DOCUMENT fD TECN CHG COMMENT 
- 0 .35  ± 0 15 OUR EVALUATION Error I n c l u d e s  s c a l e  f ac to r  of 1 6 From o flr 

d i s c u s s e d  tn n o t e  on  KIS form fac tors  In 
1982 ed i t i on ,  PL 1118 (Aprd  1982) 

- 0  2 7 ± 0  2 5 - 1 7  3973 WHITMAN 80 SPEC + DP 
- -0  8 ~ 0  8 - 2 0  490  65ARNOLD 74 HLBC + DP 
- 0  5 7 - + 0  2 4 - 9  6527 66MERLAN 74 ASPK + DP 
- 0  36_+0 4 0 - 1 9  1897 6TBRAUN 73C HLBC 4- DP 
- 0  62 -+ 0 28 - 12 4025  68 ANKENBRA 72 ASPK + PI 
+ 0  45_~0  2 8 - 1 5  3480 69CHFANG 72 OSPK + DP 
- I  I ± 0  5 6 - 2 9  3240 70HAIDI' 71 HLBC + DP 
- 0  5 ± 0  8 - 2 6  2041 7tKIJEWSKI 69 OSPK + PI 
÷ 0 . 7 2 ± 0  9 3 - 1 7  444  CALLAHAN 668 FBC + PI 

• • • We clo not  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  his hmlts e l c  • • • 
- 0  5 ± 0  9 n o n e  78 EISLER 68 HLBC ~- Pr , \+=0  

0 0 _ +[~ ~ 2648 72CALLAHAN bbB FBC + .~ . \+=0  l 
u n k n o w n  

+ 0  7 ±Q 5 87 GIACOMELLi 64 EMUL + MU÷BR X+=O 
- 0  0 8 ± 0  7 73JENSEN 64 XEBC + DP+BR(K~3 

Key) 
+ 1  8 _+0 6 76 BROWN 62B XEBC + DP+BR \ + = 0  
65ARNOLD 74 hgure 4 was used to oblam ,~A and d~(0). CO, + 
66MERLAN 74 hgure 5 was used fo oblam d,~(0), d~+ 
678RAUN 73C e lves  .~(f) = - 0  3 4 - + 0  20 d.~(0, d , \+  = - 1 4  for , \+ = 0 0 2 7  t 

- 6 6  We c a l c u l a t e  a b o v e  ~(0) a n d  d~(0)  d~+  for fhe l r  . \+ = 
0 0 2 5 ± 0  017 

68ANKENBRANDT 72 hgure 3 was used Io obtain d~(0)d,k + 
69CHIANG 72 figure 10 was used to abram d,~(0) cO,+ Fit hod \_ = .\+ bul 

would not change for ,\_ = 0 L Pondrom (privale communl~atlon 74) 
70HAIDT 71 l a b l e  8 (DalHz p lo t  ono lys l s )  g lves  d~(0) : 'dx  + = 

( -  I I + 0 5) ( 0  0 5 0 -  0 029)  = - 29 error  ra ised  f rom 0 50 to a g r e e  wdh  
d~(0)  = 0 20 for h x e d  . \+ 

71KIJEWSKI 69 f igu re  17 was  used  fo o b l o m  d~(0)  cO,+ a n d  errors 
72CALLAHAN 66 t a b l e  'I (= ana l ys l s )  gqves dE,(0). 'a~+ = (0 7 2 - 0  0 5 ) ' ( 0 - 0  04)  

= - 17. error  ro tsed from 0 eL0 fo a g r e e  wi th  dE(0) = 0 37 for f i xed  ,\ + 
73JENSEN64 g i ves  .\~ = , \ e  = - 0  020,+_0 027 d~(0) . .d~+ u n k n o w n  

Inc l udes  SHAKIºEE 64+~B.(K~3 k,.) 

~a = f - / f .  (determmed from K.a,"Kea) 
The Kus.Ke3 b r a n c h i n g  roho  fixes a re lohonsh~p b e t w e e n  ~(0) a n d  , \+  
We q u o t e  The a u t h o r s  .~(0) a n d  a s s o c l a l e d  ~+ bu t  d o  not  a v e r a g e  
b e c a u s e  the  \ +  va lues  dif fer The hi resul t  a n d  sca le  fac to r  g i v e n  
b e l o w  o re  h a l  o b t a i n e d  from Ihese  ~B va lues  Ins tead  t h e y  a r e  
o b t a i n e d  d~recf ly f rom m e  h f ted  Kla3..Ke3 ra t io  I (,"r0,u + l ' ) / l  (,'rOe + l , ) .  w im  
l h e  e x c e p t i o n  of HEINIZE 77 The p a r a m e t e r  ~ (s r e d u n d a n t  w i th  ~'0 
b e l o w  ancl  ~s noJ pu t  in to  the STable Par t ic le  Summary  Table  

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
- 0 .35  ± 0 15 OUR EVALUATION Error i n c l u d e s  sca le  fac to r  of I 6 From a flf 

d~scussed m no te  on  K/3 form fac tors  in 1982 
edd~on PL 111B (Aprd t 982 }  

- 0  1 2 ± 0  t2  55k 74HEINTZE 77 CNTR + 8R \ . = 0 0 2 9  
• • • We do  not  use The lo f fow lng  d a t a  for a v e r a g e s  fils hmtts e fc  * * • 

0 0 ± 0 15 5825 CHIANG 72 OSPK + BR 
.\ + =0 03 fig 10 

- 0  81 ± 0  27 1505 7SHAIDT 71 HLBC + BR 
) ,+=0  028 f ig 8 

- 0 35 ± 0 22 76 BOTTERILL 70 OSPK + 8R 
\~.=0 0 4 5 : 0  015 

+ 0  91 _+0 82 ZELLER 69 ASPK + 8R A + = 0 0 2 3  
- -0  0 8 - + 0  15 5601 76BOTTERILL 68B ASPK + BR 

: \+=0  023 ± 0  008 
- 0  6 0 : 0  20 4398 75EICHTEN 68 HLBC + 8R see  n o t e  
+I 0 ±0 6 986 GARLAND 68 OSPK + 8R ,\+=0 
+ 0  7 5 ± 0  50 306 AUERBACH 67 OSPK + BR A+=0  
+0 4 ±0 4 636 CALLAHAN 658 FBC BR \+=0 
+ 0  6 ± 0  5 BISI 65B HBC + 8R \ + = 0  
+0 B ±0 6 500 CUI15 65 OSPK + BR >,+=0 

- 0 1 7  -0+09975 SHAKLEE 64 XEBC + BR \+=0 

74Calculated by us from '\0 and ,k+ given below 
75EICHTEN 68 has  . \+ = 0 023 _+ 0 008 t = 4 , n d e p e n d e n f  of \ _  R e p l a c e d  

by HAIDT 71 
)6BOTIERILL 70 IS re evoluahon of BOTTERILL 688 wlm different . \ .  

~.c = f- / f+ (delermlned from # polorlzahon m K.a) 
The # polarlzahon is a measure of .~(t) NO assumpflons on .\+_ neces- 
sary t (welghfed by sensdwdy to c(t)) should be sbecffled In \+ ,~(0) 
paromefrlzahon fnls is .~(0) for .\+=0 d~..o~k = .~f For radlahve correc 
tlon to muon polarizatlon lh K~3 see GINSBERG 71 The parameter ,~ is 
r e d u n d a n t  wffh ,\O b e l o w  a n d  ts not  pu t  tolD t he  S tab le  Par t l c le  Sum 

mary Table 
VALUE EVT$ DOCUMENT ID TECN CHG COMMENT 
- -  0 .35  ± 0.15 OUR EVALUATION Error m c l u d e s  sca le  fac to r  of 1 6 From a flf 

d i s c u s s e d  In n o t e  on  K/s form fac tors  in 1982 
e d l h O n  PL Fl18 (Aprd 1982) 

- -  0 25 ± I 20 1585 77 BRAUN 75 HLBC + Pal 1=4 2 
- -  0 95 ± 0 3 3133 78 CUTTS 69 OSPK + TOIOI pal t=4 0 
- i 0 ± 0 3 6000 79 BETTELS 68 HI'BC ~- Total pal f=4 9 

• • • We d o  not  use Ihe  f o l l ow ing  d a t a  for o v e r a g e s  fds hmlfs e t c  • • • 
- 0 64 __ 0 27 40k  80 MERLAN 74 ASPK + PaL 

d~(0). 'dX + = + 1 7 
- 1 4 ± I 8 397 8t CALLAHAN 668 FBC + Tolal  pa l  

+ 0 9 3  2950 8t CALLAHAN 66B FBC + t o n g  pa l  - 0  7 - 3  

+ 2 . 4  2100 8'18ORREANI 65 HLBC + Po lanzohon  + 1  2 - I  8 
- 4 0 fo + 1 7 500 81 CUTTS 65 OSPK + Long pa l  

77BRAUN 75 d~(O).'d~+ = I f =  - 0  25 " 4 2  = - I 0 
18CUTTS69 f = 40 was calculated f~om hgu{e B dE(O),dX+ = Lt = 

- 0  95 • 4 = - 3  8 
79BETTELS 68 d~(0).:dX+ = ~t = - I 0 v 4 9 = -4 9 
80MERLAN 74 polarlzahon result (hgure 5) not possLble See d~scuss~on of 

p o l a r i z a t i o n  e x p e r i m e n t s  in n o t e  on  KI3 Form Foclors in t he  1982 ed i  
ban  of fhlS R e w e w  IPhyslcs Letters 1118 (Aprd  1982)]  

84f v a t u e  not  g w e n  
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Full Listings 
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I M A G I N A R Y  PART O F  
Tesl of r reversa l  i n v o r l a n c e  

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
- o.o t7  ± 6:~25--6UR ,~qERAGE 
- O 016 +_ 0 025 20M CAMPBELL 81 CNTR + Pal 

+ 0 .3  3133 CUTTS 69 OSPK + Total pal f lg  7 - 0  3 - 0  4 
- 0 t ± 0 3 6000 BETTELS 68 HLBC + Total pa l  

0 0 ± 1 0 2648 CALLAHAN 668 FBC + MU 
+ 1 6 _+ 1 3 397 CALLAHAN 668 FBC + Total pa l  

+ 1 4  
0 5 - 0 . 5  2950 CALLAHAN 668 FBC + Long pa l  

• * • We d o  no l  use the  f o l l ow ing  d o l o  for a v e r a g e s  fits hinds e t c  • • • 
- 0 010 ± 0 019 32M 82 BLATT 83 CNTR Polar iza t ion  

8 2 C o m b i n e d  resul t  of MORSE 80 (k~3) a n d  CAMPBELL 81 (Ku±s) 

X+  ( L I N E A R  E N E R G Y  D E P E N D E N C E  O F  f+ IN  K#~ D E C A Y )  
See a lso t he  c o r r e s p o n d i n g  en t r ies  a n d  foo tno tes  in sec t ions  ,~A ~C 
a n d  .X 0 For r a d i a t i v e  c o r r e c U o n  of K~ 3 DOIItZ p l o t  see  GINSBERG 70 
a n d  8ECHERRAWY 70 

VALUE EVeS DOCUMENT 1(3 TECN CHG COMMENT 

0 .033  -+ 0 .008 OUR EVALUATION Error i n c l u d e s  s c a l e  fac to r  of 1 6 From o 
fit d i scussed  in h o l e  on  /( /3 form fac tors  in 
1982 e d i t i o n  PL 1118 (Apr i l  1982) 

• e 0  050+_0  013 3973 WHITMAN 80 SPED + OP 
0 025 ± 0 030 490 ARNOLD 74 HLBC + DP 
0 027 ± 0 019 6527 MERLAN 74 ASPK + DP 
0 0 2 5 ± 0  017 1897 BRAUN 73C HLBC + DP 
0 024 _+ 0 019 4025  83 ANKENBRA 72 ASPK + PI 

- 0  0 0 6 ± 0  015 3480 CHIANG 72 OSPK + DP 
0 050 ± 0 . 0 1 8  3240 HAIDT 71 HLBC + DP 
0 009 _+ 0 026 2041 KIJEWSKI 69 OSPK + PI 
0 0 _+ 0 05 444  CALLAHAN 66B FBC + PI 

B3ANKENBRANDT 72 \ +  f rom h g u r e  3 to m a t c h  dE(O) ;dX+ Text g w e s  
0 024 ± 0 022 

X o ( L I N E A R  E N E R G Y  D E P E N D E N C E  OF fo IN  K~,~ D E C A Y )  
W h e r e v e r  poss lb le  w e  h o v e  c o n v e r l e d  t he  a b o v e  v a l u e s  of ~(0) Into 
v a l u e s  of '\0 us ing the  ossocJo led  ,\~+ a n d  d,~.'dX 

VALUE d, \~ dX e EVTS DOCUMENT ID TECN CHG COMMENT 
~ 0 0 4  ± 0 . 0 0 7  O U R  EVALUATION Error i n c l u d e s  s c a l e  fac to r  of 1 6 From o 

fit d i s c u s s e d  m n o t e  on  K/s  form fac tors  
m 1982 ed i t i on ,  PL 1118 (Apr i l  1982) 

+ 0  029_+0 011 - 0  37 3973 WHITMAN 80 SPEC + DP 
+O 019_+0 010 + 0  03 55k 84HEINTZE 77 SPEC + BR 
+ 0 . 0 0 8 ¢ 0  097 + 0  92 1585 858RAUN 75 HLBC + PaL 
- 0 040 ± 0 040 - 0 62 490  ARNOLD 74 HLBC + DP 
- 0  0 1 9 ± 0  015 + 0  27 6527 86MERLAN 74 ASPK -- DP 
- 0 008 ± 0 020 - 0 . 5 3  1897 87 BRAUN 73c  HLBC + DP 
- 0  0 2 6 ± 0  013 + 0  03 4025  88ANKENBRA 72 ASPK ~ PI 
+ 0 . 0 3 0 ± 0  014 - 0  21 3480 88CHIANG 72 OSPK - DP 
- 0  0 3 9 ± 0 . 0 2 9  - I  34 3240 88HAIDT 71 HLBC ~ DP 
- 0  0 5 6 ± 0  024 + 0  69  3133 85CUTTS 69 OSPK - PaL 
- 0  031 ± 0  045  - 1  10 2 0 4 t  88KIJEWSKI 69 OSPK - Pl 
- 0  063+_0 024 + 0 . 6 0  6000  85BETTELS 68 HLBC + PaL 
+ 0 058 _+ 0 036  - 0 37 444 88 CALLAHAN 668 FBC + PI 
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • * • 
- 0  017_+0 011 89BRAUN 74 HLBC + K~3/KI3 v l  f 

84HEINTZE 77 uses \ +  = 0 . 0 2 9  ± 0 003 d X 0 d X  + e s U m a t e d  by  us 
85,\ 0 v a l u e  Is for , \+ = 0 03 c a l c u l a t e d  by  us f rom ~(03 a n d  dE(0), o9,,~ 
86MERLAN 74 '\0 a n d  dX0 dX~ w e r e  c a l c u l a t e d  b y  us f rom ~.A XP  a n d  

d~(0)  O'X+ Thelr f igure  6 g i ves  \ 0  = - 0  025 ± 0 012 a n d  no  d ~ 0 ( ~  + 
87Thls v a l u e  orl,d error  o re  t a k e n  f rom BRAUN 75 bu t  c o r r e s p o n d  to t he  

BRAUN 73C , \~ resul t  d~0 ,d~  + is f rom BRAUN 73C d ~ ( 0 ) , d ~ +  in c A 
a b o v e  

88Xn C a l c u l a t e d  b y  us f rom ~(0) \~+ a n d  d~(0), dX+ 
898~AUN 74 is a c o m b i n e d  K ~ Ke~ resul t  It is not  i n d e p e n d e n l  of 

BRAUN 73c  (K#3) a n d  BRAUN 7~8 (Ke3) form fac to r  resul ts 

X .  ( L I N E A R  E N E R G Y  D E P E N D E N C E  O F  f+ IN Ke3 D E C A Y )  
For r a d i a t i v e  c o r r e c t i o n  of Ke3 Dal l tz  p lo t  see  GINSBERG 67 a n d  8ECHER 
RAWY 70 

VALUE EVf$ DOCUMENT ID 7ECN CHG COMMENT 
0 .028  ± 0 , 0 0 4  O U R  A V E R A G E  

0 027 ± 0 008 90 BRAUN 738 HLBC + DP no  RC 
0 0 2 9 ± 0  011 4017 CHIANG 72 OSPK + DP RC n e g h g  

b l e  
0 . 0 2 7  ± 0 010 2707 STEINER 71 HLBC + DP uses RC 
0 045 ± 0 015 1458 8OTTERILL 70 OSPK PI uses RC 
0 08 ± 0 04 960 BOTTERILL 68C ASPK + e + uses RC 

+ 0 08 90 EISLER 68 HLBC + PI uses RC - 0  02 - 0  12 

0 045+00  017 - 018 854 BELLOTTI 678 FBC + DP uses RC 

+ 0 . 0 1 6  ± 0 016 1393 IMLAY 67 OSPK + DP no  RC 
+ 0  028 + 0  013 - 014 515 KALMUS 67 FBC + e + PI no  RC 

- 0 . 0 4  ± 0  05 230 8ORREANI 64 HBC + e + no  RC 
- 0 010 ± 0 029 407 JENSEN 64 XEBC + PI no  RC 
+ 0  036_+0  045 217 BROWN 62B XEBC + PI no  RC 

• * • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e tc  • • • 
91 0.025 ± 0 007 BRAUN 74 HLBC + K~3 Ke3 VS t 

90BP~UN 738 states t ha i  r o d t o h v e  co r rec t i ons  of GINSBERG 67 w o u l d  l owe r  
, \ ~  by  0 002 bu t  ~hot rOdlOl lve c o r r e c h o n s  of BECHERRAWY 70 d t sag rees  
a ~ d  w o u l d  ra ise \ +  by  0 005 

91BRAUN 74 is o c o m b i n e d  K~3 Ke3 resul t  It is not  i n d e p e n d e n t  of 
BRAUN 73C (Kps) a n d  BRAUN 738 (Ke3) form fac to r  resul ls  

ItJf.l FOR K,. D E C A Y  
RatIO of sca la r  to I .  c o u p h n g s  

VALUE CL % E V T 5  DOCUMENT /D TECN CHG COMMENT 

0 4 ' )  + 0 . 0 4  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 3 
" " - 0  0 5  

O 00 _+ 0 10 2827 BRAUN 75 HLBC + 

+ 0 03 2707 STEINER 71 HLBC + ,\+ 15 fr '.' ftl 0 1 4 _  0 04 

• • • We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  hts hmds e l c  * • * 
< 0  13 90 4017 CHIANG 72 OSPK + 
( 0  23 90 BOTTERILL 68C ASPK 
< 0  18 90 BELLOTTI 678 HLBC 
< 0  30 95 KALMUS 67 HLBC -f 

'ifr/f+l F O R  Ke3 D E C A Y  
Rat io of tensor  Io f+ COupl ings  

VALUE CL % E V T $  DOCUMENt ID TECN CHG COMMENT 

0 , ) ~ + 0 . 1 5  O U R  A V E R A G E  
" ' '  - 0 . 1 3  

0 0 7 _ + 0 . 3 7  2827 BRAUN 75 HLBC + 

0 24 + 0  16 2707 STEINER 7 t  HLBC + ' \+  fS IT o l d  - 0  14 
• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits bruits e t c  • • • 
< 0  75 90 4017 CHIANG 72 OSPK 
< 0  58 90 BOTTERILL 68C ASPK 
<0 58 90 BELLOTTI 67B HLBC 
< 1  1 95 KALMU5 67 HLBC * 

I T / I  + F O R  K .3  D E C A Y  
Rat io of l enso r  Io 1+ c o u p h n g s  

VALUE E V T 5  DOCUMENT ID TECN 
0 .02  ± 0 12 1585 BRAUN 75 HLBC 

D E C A Y  F O R M  F A C T O R S  F O R  K-+ ~ ~ - - ' / r - e ~ = ,  
G w e n  m ROSSELET 77 BEER 73 a n d  BASlLE 71C 

D E C A Y  F O R M  F A C T O R  F O R  K-+ ~ ~ ' 0 7 r 0 e ±  U 
G l v e n  in BOLOTOV 868 

GALL 88 
BARMIN 87 

BOLOIOV 87 

BOLOTOV 86 

8OLOTOV 868 

YAMANAKA 86 
A~SO 84 

AKIBA 85 
BOLOIOV 85 

BLAtT 83 PR D27 1056 
ABANO 82 PL 113B 195 
COOPER 82 PL 1t2B 97 
ASANO 818 PL I07B 159 
CAMPBELL 81 PRL 47 t032 

AlSO 83 PR D27 t056 
LUM 81 PR D23 2522 
LYONS 81 ZPHY CI0 215 
MORSE B0 PR D21 1750 
WHITMAN 80 PR D21 052 
BARKOV 79 NP B148 53 
HEINTZE 79 NP B149 305 
ABRAMS 77 PR D15 22 
DEVAUX 77 NP B126 11 
HEINTZE 77 PL 708 482 
ROSSELEI 77 PR Dt5 574 
BERTRAND 76 NP 8114 387 
BLOCH 76 PL b0B 303 
BRAUN 760 LNC 17 521 
DIAMANT 76 PL 628 485 
HEINTZE 76 PL 608 302 
SMITH 76 NP 8109 173 
WEISSENBERG 76 NP 81~5 55 
BLOCH 75 PL 568 201 
BRAUN 75 NP 889 210 
CHENG 75 NP A254 381 
HEARD 75 PL 558 324 
HEARD 758 PL 558 327 
SHEAFF 75 PR Dt2 2570 
SMITH 75 NP B91 45 
ARNOLD 74 PR D9 t221 
BRAUN 74 PL 51B 393 

REFERENCES F O R  K ± 

PRL 60 186 +Aushn+ (BAST MII WILL CIT CMU WYOM) 
SJNP 45 62 +Barvlov Dawclenko Dem~dov. (IIEP) 
Translated from YAF 45 97 
$JNP 45 1023 *Gnlnenko DzhHklboev Isakov Klubokov~INRM) 
|rOnslated tram YAF 45 1652 
SJNP 44 73 -Gnlnenko DZhllkibaev Isakov* (INRM) 
honsloted from YAF 44 '17 
SJNP 44 68 +Gnlnenko Dzhllk~boev I$OkOv~ (tNRM) 
Translated from YAF 44 t08 
PR D34 85 +Havana Tanlguchl Ish,kawo~ (KEK TOKY) 
PRL 52 329 Havana YamOnaka fonlguchl*  (TOKY KEK) 
PR D32 2911 +lShlkOwa Iwasakl.  (1OKY T:NT TSUK KEK) 
JETPL 42 481 *Gninenko Dzhllklbaev fSOkOV* (INRM) 
tronsJolea from ZEIFP 42 390 

*AOolt Black Campbeh*  (VALE BN.) 
*Klkulonl Kurokowa MIVOCnI*(KEK "OKY OSAK) 
*Guy Michetle Tynclel Venus CRy) 
~Klkulanl Kurokawo MlyochI*CKEK "OKY OSAK) 
*BlOCk Blair Kasho SChmldl* (YALE BNL) 
Blon Adair Block Campbel l *  (YALE BNL) 

+Wiegond Kessler Deslaltes Sek,* (LBL NBS+) 
+ Albala, MVOH (OXF) 
+Lelouner Lorsen SChmld~ Blatto (BNL YALE) 
+Abrams Carroll KVcIo LI+ (ILLC BNL ILL) 
+Vossermon ZoIotorev Kruplno (NOVa KIAE) 
+Helnze,mann !go Kemenes, (HELD CERN 
+Caffoll KyCla LI Michael Mocke . *  (BNL~ 
~BIoch Dlamant Berger MOlllard° ($ACL GEVA 
,Hemzelmarm Igo Kemenes, ~HEID CERN 
*Extermann Fischer GulSon+ (GEVA SACL 
+Sacton+ {BRUX UBEL DUUC LOUD WARS 
*Bunce Devaux DpamantBerger~ (G|VA SACL 
~Mortyn ErrlQuez+ (AACH BAR BELG (ElaN 
O=amanl Berger Bloch Oevoux* (SACL GEVA 

+Helnzelmann IRa Kemenes Mbnat 'enke* (HE,D) 
+BooIh RensnoII Jones, (GLA$ LIVP aXE RHEL 
-Egorov Mlne~vlno* (I'EP LEBD) 
÷Brehln Bunce Devaux,  ~SACL GEVA 
*Cornelssen~ (AACH BARI B~UX CERN 
*Asano Cr'eP Dugon HU Wu0 (COL[, YALE 
÷Helntze Helnze:P~Onn~ (CERN HELD) 
+Helntze HelnzeP'~Qnn+ (CERN HELD) 

(wtsc)  
+Booth Renshall JOnes~ (GLAS LIV ~ OXF RHE.) 
¢l~oe Slnci(31r (MICH) 
+Cofnelssen Mortvn* (AACH BARI BRUX CERN) 
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Full Listings 

CENCE 74 PR Ot0 776 *~orrL$ Jones Morgodo+ (HAWA LBL WtSC) 
AlSO 73 Thesis unpub Clarke (WISC) 

KUNSELMAN 74 PR C9 2469 (WYOM) 
MERLAN 74 PR 09 t07 .Kasha Wanderer Adair* (YALE 8NL LASL) 
WEISSENBERG 74 PL 488 474 .Egorov Mmervlna* (ITEP LEBD) 
ABRAMS 73fi PRL 30 50C ÷Carroll KVC~O LI Menes Michael* (BNL) 
BACKENSTO 73 PL 438 431 8aCkenstoss* (CERN KARL HE~D STOH) 
8DER 73 PRL 30 309 *BuchhoIZ Mann Parker Roberts (PENN) 
BRAUN 738 P: 478 t85 +Cornelssen (AACH BARI 8RUX CERN) 

A.SO 75 NP 889 2t0 8tour'1 Comelssen+ (AACH BARI 81?UX CERN) 
BRAUN 73C PL 478 182 ,Cofnelssen (AACH 8ARt BRUX CERN) 

AlSO 75 N p 889 2t0 Broun Comelssen+ (AACH BARI 8RUX CERN) 
CABLE 73 PR 08 3807 ,Hudebrand Pang StJening (EFI LBL) 
LUNG 73 "R 08 1307 +Clone (WISC) 

AlSO 72 ORL 28 523 L,ung (WISE) 
AlSO 72 PRL 28 t287 Clme Ljung (WISC) 
AlSO 69 PRL 23 326 Camerim Llung Sheaff Chne (WISC) 

LUCAS 73 PR 08 719 *Taft Willis (YALE) 
LUCAS 738 PR D8 727 +Tatt Wdl~S (YALE) 
PANG 73 PR D8 1 9 8 9  *HddeDrond Cable Shenmg (EFI ARIZ LB.) 

A;SO 72 PL 408 609 Cable Hildebrand Pang Shenmg (EFI LBL) 
SMt'h 73 NP 860 41t *Booth Renshafl Jones+ (GLAS LIVP OXF RHEL) 
ABRAMS 72 PRL 29 t118 *CarrOll Kyoa LI Menes Michael+ (BNL) 
ANKENBRA 72 pR1 28 1 4 7 2  An*{enbrondl LarFen* (BNL LASL FNAL YALE) 
AUBERT 72 NC 12A 509 +HeuSse POSCOUd Violle+ (ORSA BRUX EPOL) 
BEIER 72 PRL 29 678 *BuChhOIZ Mann Porker (PENN) 
CHIANG 72 PR 06 1254 +Rosen SI~ODI;O Handler O~sen+ (ROCH WISC) 
CLARK 72 PRL 29 1274 +Cork Chaff Kerlh McReynolds Newton, (LBL) 
EDWARDS 72 PR D5 2720 +Be~er Bertram Helzo Koesler+ tILL) 
FORD 72 PL 386 335 +PlrOUe Remmel Smith Souder (PRIN) 
HOIFMASTER 72 NP 836 1 ~Kollet Taylor+ (STEV SETO LEHI) 
8ASILE 71C PL 368 6t9 +Brehm Dlomonl 8ergot KunZ* (SACL GEVA) 
8OURQUIN 71 PL 368 615 *8oymond Exlermann Marasco* (GEVA 5ACL) 
GINSBERG 7t PR 04 2893 ( i l l )  
HAIDT 71 PRD3 10 (AACH 8ARI CERN EPOL NIJM+) 

AlSO 69 PL 298 09t Hotdt+ (AACH BARI CERN EPOL NIJM ORSA~) 
KLEMS 71 PR 04 66 *HIIdebrond Stlenlng (CHIC LRL) 

Also 70 PRL 24 IC86 Klems Hildebrand Shenmg (LRL CHIC) 
AlSO 708 PRL 25 473 Klems Hildebrand Sllenlng (LRL CHIC) 

Ol i  71 PR D3 52 +PntChard (LOQM) 
ROMANO 71 PL 368 525 *Renton Auberl 8urbor, LUtZ (BARI CERN ORSA) 
SCHWEINB 71 PL 368 246 Schwe~nberger (AACH BELG CERN NIJM+) 
STEINER 71 PL 368 821 (AACH BARI CERN EPOL ORSA NIJM PAPa+) 
8ARDIN 70 PL 328 12t *8flenky Pontecolvo (JINR) 
BECHERRAWY 70 PR D1 1452 (ROCH) 
BOTTERILL 70 PL 318 325 ~8fown Clegg Corbetl Culligan+ (OXF) 
FORD 70 PRI. 25 1370 ,P~loue Remmel Smllh 5ouder (PR~N) 
GAILLARD 70 CERN 70 t4 *Chounet (CERN ORSA) 
GINSBERG 70 PR 01 229 (HAIF) 
GRAUMAN 70 PR DI 1277 ,Koiler TaylOr PandOulaS+ (STEV BETa LEHI) 

AlsO 69 PRL 23 737 Grauman Koller Taylor+ (STEV BETa LEHI) 
MACEK 70 PR DI 1249 +Manr, McForlone Roberts (PENN) 
MALTSEV 70 SJNP 10 678 +Pestova So~odovnlkova Fadeev~ (JINR) 

GREINER 65 ARNS 15 67 (LR~.) 
STAMER 65 PR 1386 440 ,Huelter Koller Taylor Grouman (SIEV) 
IRILLING 658 UCRL 16473 (LRL) 

updated from t965 ArGonne Conference page 5 
YOUNG 65 UCRL 16362 Thesls (LRL) 

AlSO 67 PR 186 t464 Young Osborne Barkos (LRL) 
8ORREANI 64 PL 12 t23 +Rlnaudo werbtouck (IORI) 
CALLAHAN 64 PR 1355 1463 +March Stork (WI$C) 
CAMERINI 64 PRL 13 318 +Cllne Fry Powell (WISC LRL) 
CLINE 64 PRL 13 101 +Fry (WISC) 
GIACOMELLI 04 NC 34 1134 +Monll Quoreni+ (BGNA MUNI) 
GREINER 64 PRL 13 284 +Osborne BorkOS (LRL) 
JENSEN 64 PR 1368 1 4 3 1  +Shaklee Roe SlnclOtr (MtCH) 
KALMUS 64 PRL 13 99 +Kernan PU Powell Dowd (LRL WISC) 
SHAKLEE 64 PR 1365 1423 +Jen:pen Roe 5tnclol! (MICH) 
8ARKAS 63 PRL 11 26 +Dyer Heckman (LRL) 
BOYARSKI 62 PR 128 2398 +LOh Niemelo Rilson (MIT) 
BROWN 628 PRL 8 450 +Kadyk Trdllng Roe+ (LRL MICH) 
8ARKAS 61 PR 124 1209 +Dyer Mason Norris Nickols Stall (LRL) 
BHOWMIK 61 NC 20 857 +Join Mothur (DELH) 
FERRO LUZZI 61 NC 22 1087 +Miller Murray Rosenfeld+ (LRL) 
NORDtN 61 PR 123 2166 (LRL) 
ROE 61 PRL 7 346 +Sinclair Brown Glaser+ (MICH LRL) 
FREDEN 608 PR ' t 8  564 +Gdberl While (LRL) 
BURROWES 59 PRL 2 117 +Coldwell Fr=sch Hdl* (MIT) 
TAYLOR 59 PR t14 359 *Harris Drear Lee Baumel (COLU) 
EISENBERG 58 NC 8 663 ~Koch Lohrmann NIkOhC* (BERN) 
ALEXANDER 57 NC 6 478 ~JOhnsfon Oceallaigh (DUUC) 
CO~{N 57 fund Cons Phys  ~Crowe Oumond (HAAS LRL CtI) 
COOMBES 57 PR t08 1348 +Cork GoIbrOllh Lomberlson Wenzel (LBL) 
BIRGE 56 NC 4 834 +PerklnS Peler$on Stork Whlteheod (LRL) 
ILOFF 56 PR *02 927 ~Goldhober Lonnuttl Gllbert+ (LRL) 

OTHER RELATED PAPERS - -  

CHOUNEI 72 PRPL 4C t99 +Galliard Galliard (ORSA CERN) 
FEARING 70 PR D2 542 +Flschbach SmHh (STON BOHR) 
HAIDT 698 PL 298 696 (AACH eARl CERN EPOL NIJM ORSA+) 
CRONIN 658 vienna Con1 241 (PR~N) 

RQpDOHeUr talk 
WILLIS 67 Heidelberg Cant 273 (YALE) 

Rapborleur talk 
CABIBBO 66 Berkeley Cant 33 (CERN) 
ADAIR 64 PL 12 67 +Lelpuner (YALE 8NL) 
CABIBBO 64 PL 9 352 +Maksymowlcz (CERN) 

AlSO 648 PL 1'~ 360 Cablbbo Moksymow~cz (CERN) 
AlSO 68 PL t4 72 CablbbO Moksymowlcz (CERN) 

BIRG I 63 PRL 1t 35 +Ely Gidal Camerlnl+ (LRL wlsc BARI) 
BLOCK 626 CERN Cont 371 +Lendlnara Monad (NWES 8GNA) 
8RENE 61 NP 22 553 +Egardl Qvlst (NARD) 

PANDOULAS 
CuTTS 

AlSO 
DAVISON 
ELY 
EMMERSON 
HERZO 
KIJEWSKI 
LOBKOWICZ 

AlSO 
MACEK 
MASI 
ZELLER 
~ETIELS 

AlSO 
BOTIERILL 
8OITERILL 
BUTLER 
CHANG 
CHEN 
E~CHTEN 
EISLER 
ESCHSTRUTH 
GARLAND 
MOSCOSO 
AUERBACH 

AlSO 
Erratum 

BELLOTII 
8EtLOTTI 

AlSO 
BISI 
8OTTERkL 

Also 
5OWEN 

11onstoteO ham YAF 10 1195 
70 PR D2 t205 *Taylor Koller Graumon* (SIEV SEIO) 
69 PR 184 1380 +Stlenlng Wiegond DeulsCh (LRL MIT) 
68 PRL 20 955 Cults Stienlng Wlegand Deulsch (LRL MIT) 
69 PR 180 1 3 3 3  *BOCOStOW Borkos Evans Fung Porler+ (UCR) 
69 PR 180 t319 *Gtdol HogOplOn Kalmus* (LOUC WISC LRL) 
69 PRL 23 393 +Qulrk (OXF) 
69 PR 186 ;403 +~,anne~ Belel 8el l lam Edwalds+ tiLL) 
69 UCRL 18433 Thesis (LBL) 
69 PR 185 1 6 7 6  +Meli$s=no$ NogoBhlma Tewksbury* (ROCH BNL) 
66 PRL 17 548 LoOkowlcz MeldBlnos Nogoshlmo+(ROCH BNL) 
69 PRL 22 32 +Mann McForlane Roberts+ (PENN IEMP) 
69 PR 183 1 2 0 0  ,Gershwin Aiston Gornjost Bangerter+ (LRL) 
69 PR 182 t420 *HaddOCk Holland Pahl+ (UCLA LRL) 
65 NC 56A 1106 (AACH BARE 8EgG CERN EPOL NtJM ORSA+) 
71 PR D3 10 HOldl (AACH BARI CERN EPOL NIJM*) 
688 PRL 21 766 +Brown Clegg Corbelt+ (OXF) 
68C PR t74 1661 +Brown Clegg Corbelt* (OXF) 
68 UCRL 18420 +BlOnd GOIdhaber Goldhaber Hlrata+ (LRL) 
68 PRL 20 510 +Yodh Ehrlich Piano* (UMD RUIG) 
68 PRL 20 73 *Cuffs KileWSkl Sllenlng÷ (LRL MIT) 
68 PL 27e. 586 (AACH 8ARI CERN EPOL ORSA PADO VALE) 
68 PR 169 1090 *Fung MorateCk Meyer plano (RUIG) 
68 PR 165 1487 .Frankhn Hughes+ (PRIN PENN) 
68 PR 167 1225 +/slplS Devons Rosen+ (COLU RUTG WISC) 
68 lhesJs (ORSA) 
67 pl~ t55 1505 *DObbS Mann* (PENN PRIN) 
74 PR D9 3216 Auerbach 

67 Heldelberg Cant + Pullla (MILA) 
678 NC 52A 1287 +fiorlnl PuHIO (MILA) 
668 PL 20 690 8ellotli Florinl Pglllo+ (MILA) 
67 PL 258 572 *Cester Chleso V,gone (1aRt) 
67 PRL t9 982 +Blown Corbett Cull lgan* (OXf) 
08 PR 171 1402 Bolterlll Brown Clegg Corbett+ (OXF) 
67S PR 154 t314 +Mann McFodane HugheS+ (PPA) 

CLINE 678 HerCeg Novl Tbl 4 
Proc InternohOnOI SChOOl on Elemenlory Particle Physics 

ILETCHER 67 PRL 19 98 +8eler Edwards+ (ILL) 
FORD 67 PRL 18 ~1214 .Lemonlck No~Jenbetg P~oue (PRLN) 
GINSBERG 67 PR 162 1570 (MAS8) 
JMLAY 67 PR I60 1 2 0 3  +ESChSlruth Fronklln+ (PRIN) 
KALMUS 67 PR 159 1187 +Kemon (LRL) 
ZINCHENKO 67 Rutgers lhesl$ (RUfG) 

(WlSC) CALLAHAN 66 NC 44A 90 
CALLAHAN 668 PR 150 1 1 5 3  +Camerlnl+ (WISC LI~ uCR eARl) 
CESTER 66 PL 21 343 ÷Eschtt{ufh OrieL(L+ (PPA) 

See foolnole t in AUERBACH 67 
AlSO 67 PR 155 1505 Aue¢boch DObbS Mann+ (PENN PRIN) 

BIRGE 65 PR 1398 1600 +Ely Gldol Comerlnl Cllne+ (LRL WISC) 
815~ 65 NC 35 768 +Bofreonl Cesler Fertaro÷ (IORt) 
BISI 658 PR 1398 1 0 6 8  +Borreonl MorZatlChleSo RlnaudO+ (TORI) 
8ORREANI 65 PR 1408 1686 tGlClol Rinaudo Coforlo+ (eARl FORT) 
CALLAHAN 68 PRL '~S 129 +Cline (WISC) 
CAMERINI 65 NC 37 1795 +Cllne Gldol KolmuS KemOn (WISC LRL) 
CLINE 65 PL 15 293 +F~ (WISC) 
CUTTS 65 PR 1388 969 +EllOff Stlenlng (LRL) 
DEMARCO 65 PR 1408 t430 +Grosso RinOudO (1ORL CERN) 
FITCH 658 PR 1408 t088 +Quarles WIIklns (PRIN MTHO) 

r~  i(JP) = 12(0_ ) 

/~  MASS 

VALUE (_Me_V)__ EVT5  DOCUMENT tD TECN COMMENT 

4 9 7 . 6 7 1  -+ 0 . 0 3 0  O U R  FIT 

4 9 7 . 6 7 6  ± 0 . 0 3 0  O U R  A V E R A G E  
497 661 -+0 033 3713 BARKOV 878 OSPK e + e  - ~ K~K~ 
497 742 _+ 0 085 780 BARKOV 858 OSPK e + e -  K~K~ 
497,44  ± 0 .50 FITCH 67 OSPK 
498 9 __ 0 .5 4500 BALTAY 66 HBC K 0 from ~ p  
497 44 ± 0 .33 2223 KIM 658 HBC K ° from p p  
498 I -+ 0 4 CHRISTENSON(>4 OSPK 

/(~ - K ± MASS DIFFERENCE 

VALUE (MoVe__ EVI$ DOCU=ARENT ID TECN CHG COMMENT 

4 . 0 2 4  ".z 0 . 0 3 ~  ( )UR f l l  
3.92 -+ 0.14 OUR AVERAGE 
3 95_+0 21 417 HILL 688 DeC + K + d  ~ K°PG 
3 90 _+ 0 25 9 BURNS'{E~N 65 HfiC - 
3 71-+0 35 7 KIM 65B HBC - K - p ~  n/d} 
5 .4  ± I .  I CRAWFORD 59 HBC + 
3 9 -+ 0 6 ROSENFELD 59 HBC - 

REFERENCES r-OR K ° 

BARKOV 878 SJNP 46 630 +vasserman Vorobev Ivanovl (NOVa) 
Translaled Irom YAF 46 1088 

8ARKOV 858 JEIPL 42 138 +BllhOV Vassermon* (NOVa) 
Tronsloted from ZETFP 42 1t3 

HILL 68B PR 168 1 5 3 4  +Robinson SOkllt Canler (5NL CMU) 
FETCH 67 PR t64 1711 +Rolh RuSS Vernon (P~IN) 
BALIAY 60 PR 142 932 +Sandwelss StoneNfi+ (YALE 8NL) 
BURNSTE/N 65 PR 1388 895 +Rubln (UMD) 
KIM 65fi PR 1408 1334 +KffSCh Miller (COLU) 
CHRISTENSON64 PRL 13 138 +CrOnln FilCh Tudoy (P~N) 
CRAWFORD 59 PRL 2 112 +CreSh GOOd Slevenson Tlcho (LRL) 
RO$ENFELD 59 pR'L 2 110 +Solmltz IrJbp (LR'L) 
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See key on page 129 Stable Particle Full Listings 
Ko 

J ~  1 
l(J P) = ~ ( 0 - )  

/~  MEAN LIFE 

For ear l ier  measurements  b e g i n n i n g  wl th  8OLDT 588 see our 
our 1986 e d l l i o n  Physics Letters 1708 130 (1986) 

VALUE fro_- ro sec~ E V T S  DOCUMENT lO [ECN COMMENT . . . . . . .  
0.8922  -+ 0 .0020  OUR AVERAGE 
0 8920 -+ 0 0044 214k GROSSMAN 87 SPEC E=100-350 GeV 
0 881 : 0 009 26k ARONSON 76 SPEC 
0.8913 ± 0 0032 I CARITHERS 75 SPEC 
0 8937 ± 0 0048 6M GEWENIGER 74B ASPK 
0 8958 ± 0 0045 50k 2 SKJEGGEST 72 HBC 
• • • We do  not use the fo l l ow ing  d a t a  for averages  fllS l imits e l c  • • • 
0 905 ± 0  007 3ARONSON 82B SPEC E=30-110 GeV 
0 867 _+0 024 2173 4FACKLER 73 OSPK 
0 856 ± 0 008 19994 S DONALD 688 HBC 
0 872 -+0 009 20000 50HILL 68 Dec 
0 866 -+0 016 5ALFF 668 OSPK 
0 843 -+ 0 013 5000 5 KIRSCH 66 HBC 

ICARITHERS 75 va lue  is for K~ - K~ moss d i f fe rence A(m)  = 
0 5348 ± 0 0021 The ~ m )  d e p e n d e n c e  of the l o l o l  d e c a y  rate ( inverse 
m e a n  l l fe) is I'(K~) = If1 122 ± 0  0 0 4 ) + 0  1 6 ( ' , ( m ) - 0  5348) I 
A(m)11010:'sec Va lue  w o u l d  not  c h a n g e  wl th  our cur rent  A(m)  = 
0 5349 ± 0 0022 

2HILL 68 has b e e n  c h a n g e d  by  the  authors from the  p u b l i s h e d  va lue  
(0 865 -+ 0 009) b e c a u s e  of o cor rec t ion  in the  shift d u e  to t 7+ _ SKJEG 
GESTAD 72 a n d  HILL 68 g w e  d e t a i l e d  discussions of systemof lcs e n c o u n  
fe ted  in this t y p e  at expe r imen t  

3ARONSON 82 f ind that  K~j m e a n  life m a y  d e p e n d  on the  kaon energy  
4FACKLER 73 does not  i n c l u d e  systemat ic  errors 
5pre-1971 exper imen ts  ore e x c l u d e d  from the a v e r a g e  b e c a u s e  of 

d i s a g r e e m e n t  wi th la ter  more  prec ise exper imen ts  
6HILL 68 has b e e n  c h a n g e d  by  the  authors from the  p u b l i s h e d  va lue  

(0 .865 ± 0 009) b e c a u s e  of a co r rechon  in the shlfl d u e  to 7/+_ SKJEG 
GESTAD 72 a n d  HILL 68 g i ve  d e t a i l e d  discussions of systemahcs e n c o u n  
f e ted  in this t y p e  of e x p e r i m e n t  

/~s DECAY MODES 
S c a l e /  

F_rachon . ( [ i j l ' )  . C a n t  L e v  

J' t K ~  Tr+Tr  - ( 6 8 . 6 1 ± 0 . 2 6 ) , < 1 0  - 2  S=12 

l" 2 K~ ~ ~o~o (31 39 -+ 0 26)×  10 - 2  S=1 2 

1' 3 K~ ~ ? ~  ( 2 4 -+I 2 ) > ' t 0  - 6  

r 4 K~ ~ ?r + 7 : - / i - o  <. 5 , 10 - 5  CL=90% 

l" 5 K~ --* 3"x c < 4 "< t0 - 5  CL=90% 

l 6 K~ ~ / r + / r - ' ~  ( 1 85 ± 0  1 0 ) ' , , I 0 - 3  

F O R B I D D E N  BY C O N S E R V A T I O N  L A W S  

r 7 K~ ~ / J+ / .Z -  <. 3 2 , ' I 0 - 7  

I" 8 K~ ~ e + e  - < I 0 <10 -5  

CONSTRAINED FIT INFORMATION 

A n  o v e r a l l  f it t o  3 b r a n c h i n g  ra t i os  uses 17 m e a s u r e -  
m e n t s  a n d  o n e  c o n s f r o l n t  t o  O e l e r m m e  2 p a r a m e -  
ters The o v e r a l l  fit has  O ~2 = 10 5 for 16 d e g r e e s  
of  f r e e d o m  

The f o l l o w i n g  o f f - d r a g o n o l  a r r a y  e l e m e n t s  o r e  t h e  c o r r e l o h o n  coe f f i -  
c i e n t s  ~ x i ~ x r , / ( ~ x  i ~xr). in p e r c e n t  f~om t h e  hi  1o t h e  b r a n c h i n g  
f r o c h o n s  x~ ] ' l , / l ' t o lo  I The Elf c o n s t r a l n s  t h e  x i w h o s e  I o b e t s  
a p p e a r  m th~s a r r a y  to  s u m  to  o n e  

X 2 100 
Xl  

/~s B R A N C H I N G  R A T I O S  

l ' ( T r "  7r - ) / l ' t o t a  I 
VALUE EVTS DOCUMENT #D IECN COMMENT 
0.6861 ± 0.0026  OUR FIT Error inc ludes  sca le  factor  of I 2 
0.671 ¢ 0 . 0 1 0  OUR AVERAGE 
0 . 6 7 0 ¢ 0  010 3447 7DOYLE 69 HBC , - r - p  ~ %K o 
0 70 -+0.08 COLUMBIA 60S HBC 
0 68 _+0.04 CRAWFORD 598 HBC 

I~ / ] "  

• • • We d o  not use the  fo l low ing  d a t a  for averages  frfs hmrfs etc  • • • 
0 .740 ± 0 .024  ? ANDERSON 628 HBC 

?Anderson result not  pub l i shed  even ls  a d d e d  to Doyle samp le  

I ' ( ~ +  l r - ) / l ' ( ~ 0 ~ o )  I 1/ i '  2 
VALUE EVTS DOCUMENT/D rECN COMMENT 
2.;I-86 -+ 0.027 OUR FIt Error inc ludes  scale factor of 1 2 
2.197 -+ 0.026 OUR AVERAGE 
2 11 2 0  09 1315 EVERHART 76 WIRE T . - p  -o \ K  o 
2 169_+0 094 t6k COWELL 74 OSPK z r - D ~  ~K ° 
2 16 -+0 08 4799 HILL 73 DBC K + d ~  KoDD 
2 22 -+0 10 3068 8ALITTI 72 H8C K + p  ~ r , + p K  ° 
2 22 ±0.08 6380 MORSE 728 DBC K+n ~ K~p 
2 t0  ± 0  11 701 ONAGY 72 HLBC K + n  o K~D 
2 22 -+ 0 095 6150 10 BALIAY 71 HBC KO ~ K ~ neutrals 
2 282 - 0 043 7944 11 MOFFETT 70 OSPK K÷n ~ KCp 
2 10 _+ 0 06 3700 MORFIN 69 HLBC K ~ n ~ KOp 

• • • We d o  not  use the fo l low ing  d a t a  for overages  frfs hmlts e tc  • • • 
2 12 -+0 17 267 9BOZOKI 69 HLBC 
2 285 ± 0 055 3016 11 GO881 69 OSPK K + n ~ k'~p 

SThe d i rec t l y  measured  quan t i t y  is K~ ~ ~ + r , -  / o i l  K c = 0 3 4 5 ± 0  005 
9NAGY 72 is o f inal  result wh ich  inc ludes  BOZOKI 69 

10The d i rec t l y  measu red  quan t i t y  is K~ ~ • + ~ -  / o i l  K c = 0 345 4-_ 0 005 
11MOFFETT 70 IS O f lnol resull  Which inc ludes  GO881 69 

r ( r r 0  ~ c ) / l ' l o t o l  1 2 /  
VALUE [VTS DOCUMENt IO rECN 
0.3139 ± 0.0026 OUR FIT Error inc ludes  sca le  factor of 1 2 
0.316 ± 0,014 OUR AVERAGE Error inc ludes  scale factor of 1 3 See the 

i d e o g r a m  b e l o w  
0 335+-0 014 1066 BROWN 63 HLBC 
0 288 +- 0 021 198 CHRETIEN 63 HLBC 
0 30 ± 0 035 BROWN 61 HLBC 
0 26 _+ 0 06 8AGLIN 60 HL8C 
0 27 - 0  11 CRAWFORD 59S HBC 

WEIGHTED AVERAGE 
O 3 1 8  + 0 0 1 4  (Error scaled by 13)  

O1 0 2  0 3  0 4  

I (,":o =o) / I  toto~ 

l ' ( ~ ' y ) / l ' l o t o  I 13/'1 
VALUE (units t o -  3) CI: % E V E S  _DO_C.U_MENT ID [ECN COMMENT 

0.0024 _+ 0.0012 19 BURKHARDT 87 CALO 
• • • We d o  not  use the  fo l l ow ing  d a t a  for overages  fits hmrfs e f t  • • • 
< 0 133 90 BARMIN 86a XEBC 
< 0 2 90 VASSERMAN 86 CALO ,. ,-~ K~K~ 
< 0 4 90 0 BARMIN 738 HLBC 
< 0 71 90 0 r2 BANNER 728 OSPK 
< 2 0 90 0 MORSE 72e Dec 
< 2 2 90 0 12REPELLIN 71 OSPK 
<21 0 90 0 12 BANNER 69 OSPK 

12These limits ore for m a x i m u m  in ter ference in K~K~ to 2~, s 

l ' ( T r  ÷ ~ -  7rO)/l ' totoi 1 4/I 
VA_L_(/E_.~uoJ_I_S . I0 -  4) CL % 130CUMENT /D TECN COMMENt 
< 0 . 4 9  90 BARMIN 85 HLBC K + 850 MeV 
• • • We d o  not use the fo l l ow ing  d a t a  for averages  fits hmlis e l c  * • • 
< 0  85 90 METCALF 72 ASPK 

rC3~ro ) I r )o to  i 1 s,'l 
_VALUE (unlrs TO - a t  CL % _DOCUMENt ID . [EC_N. 
<0 .37  90 BARMIN 83 HLBC 
• * • We clo not use the fo l l ow ing  d a t a  for averages  fits hmrfs e f t  • • • 
< 4  3 90 BARMIN 73 HLBC 

Values above of weighted average error 
and scale factor are based upon the data in 
this ideogram only They are not neces- 
sarily the same as our "oesr" values, 
obte=~ed from 8 least-squares constrained fit 
uhhzlng measurements of other (related) 
quantities aS 8ddltl0r:el mf0rmetl0n 

2 
X 

BROWN 63 HLBC 18 
CHBETIEN 63 HLBC 18 
BROWN 81 HLBC 0 2 
BAGLIN 60 HLBC 0 9 
CRAWFORD 59B HBC O 2 

4 9  
{Conf idence Level -- O 3 0 0 )  

i i 

0 5  0 6  



188 

Stable 
KO 

Particle Full Listings 

l (Tr~ ~--~ )Ir@- =- ) ['6," ri 
VALUE (untl.~ !0 -  3) EVT$ _DOC[)MENT ID r f C N  COM_M_ENT 
2 7 0  ~: 0.14 OUR AVERAGE 

2 68 z 0 15 13 TAUREG 76 SPEC p-) 50 MeV c 
2 8 ~ 0  6 MBURGUN 73 HBC p-~ 5 0  M e V c  
3 3 ~_ 1 2 10 WEBBER 70 HBC p-~ -50 MeV c 
no roho g w e n  27 BELLOTTI 66 H8C P't "50 MeV C 
• • • We d o  not use the fol low~ng d a l o  tar averages  fits I lmlls e l c  • • • 

3 0 _+ 0 6 29 15 BOBISUI 74 HLBC p-, -40 MeV c 
13TAUREG 76 hncl d~rect emission conlr~buhon - 0 06 CL ' 90% 
148URGUN 73 eshma les  thai  d i rec t  emission con t r ibu t ion  iS 0 3 +- 0 6 
!58OB15UT 74 not i n c l u d e d  m o v e r a g e  b e c a u s e  p.~ cut  differs Estimates 

d i rec t  emission COFIfrlbuhOh Io be  0 5 or less CL = 95% 

[ (~- ~-)/~ (,r- ~--) ~ 7,'rt 
Tesl for AS = I weak neutral currenl Allowed by hrst-order weak 
interoctlon combined with electromognehc interochon 

VALUE (una? ~0 - 5) CL % DOCUMENT ID [ECN 

< 0.047 90 GJESDAL 73 ASPK 

• • • We d o  not use the fo l low ing d a t a  for overages  fits hmds e l c  • • • 

<20 0 90 BOHM 69 OSPK 
~. 1 07 90 HYAMS 698 OSPK 
• -32  6 90 t6 STUTZKE 69 OSPK 
<10  0 90 BOTT 67 OSPK 

16Value c a l c u l a t e d  by us using 2 3 m s l e a d  ol  1 even l  90% CL 

i '(e- e -  ) / l ' (  ;,r ÷ 7r- ) I'8/I' I 
Tesl for AS = I weak neutral curtenl Allowed by hrsl order weak 
m l e r a c f l o n  c o m b i n e d  with e l e c t r o m a g n e t i c  in te rac t ion  

VALUE (un_~fs_. 10- 5) eL_% " DOCUMENT . ID,  [ECN 
< 1.5 90 BARMIN 86 XEBC 

• • • We d o  not use lr, e fo l low ing Gala  for averages  fits hmllS etc • • • 

< 1 6  0 90 t7 BITSADZE 86 CALO 
< 5 0  0 90 BOHM 69 OSPK 

17Use BR(~ * ,-'r-) : 0 6861 

CP'VIOLATION PARAMETERS IN /e s DECAY 

liner/._0)2 
where  r / + - 0  = A ( K ~  ;r-r=-,-rO C P v l o l a h n g )  A(K~ ~ } T + r - : r 0 )  
CPT assumed vahd 0 e Re(r /+_0)  = 0) 

VALUE Cl % E V 7 $  DOCUMENT ID rECN COMMENT 
<0.12 90 384 METCALF 72 ASPK 

• . • We do  not use the fo l low ing d a t a  for averages  his hmtts etc  • • • 

~ 0  23 90 601 18 BARMIN 85 HLBC K + 850 MeV 
<1 2 90 192 BALDO 75 HLBC 
< 0  71 90 148 MALLARY 73 OSPK R e ( A ) = - 0  05_+0 17 
<:0 66 90 t80 JAMES 72 HBC 
< 1 2 90 99 JONES 72 OSPK 
<1  2 90 99 CHO 71 DBC 
- . I  0 90 98 JAMES 7t HBC Incl in JAMES 72 
< 1 2 95 50 19 MEISNER 71 HBC eL :90% not avalt  
< 0  8 90 71 WEBBER 70 HBC 
< 0  45 90 8EHR 66 HLBC 
• :3 8 90 18 ANDERSON 65 HBC Incl in WEBBER 70 

18BARMIN 85 t lnd  Re( r /+_0)  = (0 05 +_ 0.17) a n d  Im(r/+ -0)  = (0 15 _+ 0 33) 
Inc ludes even ls  of 8ALDO-CEOLIN 75 

19These authors f ind Re(A) : 2 75 _+ 0 65. a b o v e  va lue at Re(A) = 0 

lm(~)ooo) 2 
where q000 = A(/~j~ 3r:,~ CPwolahng) • A(K~ ~ 3TrC) See lexl 
header for sechon Im(r/+ _0) 2 above Thls hmlt determlnes branchlng 
raho I (3~°) /1  toter a b o v e  

VALUE CL % EVTS DOCUMENT IO 7ECN COMMENT 
< 0 . t  90 632 20 BARMIN 83 HLBC 

• • • We do  not use l he  fo l lowing da ta  for averages  fits l imits e l c  • • • 

<0 28 90 21 GJESDAL 748 SPEC Indirect meas 
<1 2 90 22 BARMIN 73 HLBC 

208ARMIN 83 lind Re(~000) = (- 0 08 _+ 0 18) and Im(r/000 ) = 
(-0 05 _+ 0 27) Assumlng CPT mvarlonce they obtain lhe limd quoted 
a b o v e  

21GJESDAL 748 uses K2r., K 3 a n d  Ks3 d e c a y  . . . .  Its unitar i ty a n d  CP'{ 
Catc  latu e~s (I7000)1 = 0 2~___ 0 20 We conve r l  to u p p e r  hmif 

N O T E  O N  C P  V 1 O I . A T I O N  IN K ° -, .  3 x  

For  K~ ° --~ 37r the  q u a n n t t e s  which  m e a s u r e  ( 7 '  ~ iola- 

n o n  are the  rat ios  o f  a m p h t u d e s  

, I s (K  S - . T r ' T r  7r 0) 
~ + - 0 . . I L ( K L _,. ~r - TT 7r O ) 

.-15;( A S --. ~O~OTrO) 
T/C)O0 

..I L ( K  L --,, ~0~0-tr() ) 

I f  one  a s s u m e s  tha t  ( ' t ' T  in~ ar tancc  ho lds  and  that  there 

are no trans]t t()ns to I = 3 s ta tes  then  Re(r/~_ 0) and  

Re(r/000) can be neglected,  and  ( ' P  viola t ion  would  be 

obse rved  as n o n z e r o  ~alucs  o f  l i nEr /+ -0 )  and  line/000) W e  

hst  the relatt~e rates  

.~ l ' (k 'S--*Tr47r 7r O) 

( I m r / + - 0 ) -  I '(KL--~Tr 7r ~'()) 

I'(K S ~ v07r0~ -0) 
(Ira%00)2 

I'(~" L ~ ~0-x07r0) 

ob ta ined  u n d e r  the  above  a s s u m p t i o n s  

In the  above  exp re s s ions  the three  p l ans  are restr icted to 

the  d o m i n a n t  s s m m e t r ] c  1 = I state,  a ( ' P  = -1 state which  

coup les  to KS; only  if  ( ' I '  is v iola ted T he  deca} 

K s --* ~" ~-Tr-Tr 0 also has  ( P - a l l o w e d  a m p l i t u d e s  to I = 0 

a n d l  = 2 s t a t e s o f t h e t h r e e p m n s  T h e  angu la r  m o m e n t a  

in these  s ta tes  c a n n o t  be A' ~ a v e  so they are s t rongly  

supp re s sed  by c e n m f u g a l  b a r n e r  effects, and,  for the  I = 2 

state,  by the  AI = 1 / 2  rule as well 

8URKHARDT 87 
GROSSMAN 87 
BARMIN 86 

8ARMIN 868 
BITSADZE 86 
VASSERMAN 86 

BARMIN 85 
AlSO 858 

8ARMIN 83 
AlSO 84 

ARONSON 82 
ARONSON 828 

AlSO 828 
AlSO 83 
AlSO 838 

ARONSON 76 
EVERHART 76 
IAUREG 76 
8ALDO 75 
CARITHERS 75 
8081SUT 74 
COWELL 74 
GEWENIGER 748 
GJESDAL 748 
BARMIN 73 
8ARMIN 736 
8URGUN 73 
FACKLER 73 
GJESDAL 73 
HILL 73 
MALLARY 73 
ALITTI 72 
BANNER 728 
JAMES 72 
JONES 72 
METCALF 72 
MORSE 72B 
NAGY 72 

AlSo 69 
SKJEGGEST 72 
8ALTAY 71 

AlSO 71 
CHO 71 
JAMES 71 
MEISNER 71 
REPELLIN 71 
MOFFEII 70 
WEBBER 70 

AlSO 69 
BANNER 69 
BOHM 69 
8OZOKI 69 
DOYLE 69 
GOBBI 69 
HYAMS 698 
MORFIN 69 

REFERENCES FOR K~ 
PL 8199 139 + (CERN DaRT EDIN MANZ OI~A PISA SIEG) 
PRL 59 18 +Heller James Shupe* (MINN MICH RUTG) 
SJNP 44 622 +8arylov E)avldenko Demldov+ (ITEP) 
Translated Uom YAF 44 965 
NC 96A 159 +Sarylov Chistyokova Chuvllo+ (IIEP PADO) 
PL 1678 138 +Buclogov (BRAI  SOFI SERP TBLI JINR 8AKU+) 
JETPL 43 588 +Golubev Giuskm Druzhlnln* (SISE) 
Translated Irom ZETFP 43 457 
NC 85A 67 *BarVlOv ChlStyakova ChuvllO+ (ITEP PADO) 
BJNP 41 759 8ormm 8arylov Volkov+ (ITEP) 
Translated from YAF 41 1187 
PL t288 129 +8arvlov Chislyakovo Chuv)lo+ (ITEP PADO) 
SJNP 39 269 fiarmm Borylov GolubcNkov+ (ITEP PAPa) 
Translated from YAF 39 428 
PRL 48 1 0 7 8  +8emstem+ (BNL CHIC 8TAN WISC) 
PRL 48 1306 +Back C~eng FischOach (BNL CHIC PURD) 
PL 1168 73 Flschbach Cheng+ (PURE) BNL CHIC) 
PR D28 476 Aronson Back Chang* (8NL CHIC PURD) 
PR D28 49,5 Aronson Back Cheng* (8NL CHIC PURD) 
NC 32A 236 +Mclntyre Roehrlg* (WtSC EEl UCSD ILLC) 
PR D14 661 +Kraus Lanae Long Lowenslein+ (PENN) 
PL 658 92 +Zech Dyaak Novaffla+ (HEID CERN DORI) 
NC 25A 688 8oldoCeolin Boblsul Colimanl+ (PAPa WISC) 
PRL 34 t244 .Modls Nygren Pun~ (CCH.U NYU) 
LNC t l  646 +Huzlta Matholi Puglierln (PAOO) 
PR D10 2083 +Lee Fronz~nl Orcult rronzlnl+ (SlON COLU) 
PL 488 487 +Glesdal Presser+ (CERN HEID) 
PL 528 119 +Presser St+if+n+ (CERN HEID) 
PL 468 465 +8arvlov Davidenko DemldOV. (ITEP) 
PL 478 463 +8orvlov Davidenko Oemldov+ (ITEP) 
PL 468 481 +Bertronet LesQuoy Muller Paull+ (SACL CERN) 
PRL 31 847 +Ffl$Ch Marlin Smoot Sompavrac (MII) 
PL 448 217 +Presser Steffen Steinberg+re (CERN HELD) 
PR D8 1290 +Sakltt SGmlOS Burris Engler, (8NL CMU) 
PR 07 1953 +Binnle Galllvan Gomez Peck 8Clulll+ ( t i t )  
PL 398 568 +Lesquoy Muller (SACL) 
PRL 29 237 +Cronln Hoffman Knapp Shochet (PRIN) 
NP 849 1 +Montanet Paul Soetre* (CERN SACL OSLO) 
NC 9A 151 *Abashlan Graham Mantsch Ore Smith+ (ILL) 
PL 408 703 ~.Neuhoter Nlebergoll+ (CERN IPN WIEN) 
PRL 28 388 ~Nouenbetg Blefman Soger*(COLO PRIN UMD) 
NP 847 94 ,TelDJsz Vestergombl (BUDA) 
PL 308 498 8OZORI Fenvves Gombo$1 Nagv* (8UOA) 
NP 848 343 Skjeggeslaa James+ (OSLO CERN SACL) 
PRL 27 1 6 7 8  +Bridgewater Cooper Getshwin Hob}hi* (COLU) 
Nevls 187 lheSl$ Cooper (COLU) 
PR D3 1557 *Dralle Canter [ngler Flsk+ (CMU 8NL CASE) 
PL 358 265 .Montanel Paul Pauli* (CERN SACL OSLO) 
PR 03 59 *Mann Herfzbach Karl+t+ (MASA BNL VALE) 
PL 368 603 +Woltl Chollet Galtlarcl Jane+ (ORSA CERN) 
SAPS 15 512 +Gobb[ Green Hal(el Rosen (ROCH) 
PR Dr 1967 +SoImllz Cfowford Alslon GamlOSt (LRL) 
UCRL 19226 Thesis Webber CLRL) 
PR 188 2033 +Ctonln Llu Pdcher (PRIN) 
lhe$[$ (AACH) 
PL 308 498 ~Fenyves Gombosi NosY+ (BUDA) 
UCRL 18139 Thesl$ (LRL) 
PRL 22 682 *Green Hake} Molfetl Rosen, (ROCH) 
PL 298 521 *KOCh Potter VOnLIndern Lorenz+ (CERN MPIM) 
PRL 23 660 +Sinclair (MICH) 



See key on page 129 

STUTZKE 69 PR t77 2009 
DONALD 680 PL 27B 58 
HILL 68 PR 171 1418 
BOTT 67 PL 248 194 
ALFF 66~ PL 2t 595 
BEHR 66 PL 22 540 
BELLOTTt 66 NC 45A 737 
KIRSCH 66 PR 147939 
ANDERSON 65 PRL 14475 
BROWN 63 PR 130769 
CHRETIEN 63 PR 1312208 
ANDERSON 628 CERN Cant 836 
BROWN 61 NC 19 1t55 
BAGLIN 60 NC 18 1043 

Stable Particle 

÷AboshFon Jones Montsch Orr Smith (ILL) 
+Eclwarcls N/sot+ (LIVP CERN IPNP CDEF) 
÷Roblnson Sokltt+ (BNL CMU) 

Bali Boclenhausen DeBouorcl Cots÷l÷ (CERN) 
A1lfStelnbetget Heuet Klelnkn®cht. (CERN) 

÷Bril~on Petlou~ (EPOL MILA PADO ORSA) 
+PullIO Bolao Ceolln+ (MILA PADO) 
+S<:hmlclt (COt.U) 
+Crowforcl Golden Stern Blntotcl+ (LRL WISC) 
+Kaayk Tdlllng Roe+ (LRL MICH) 
+ (BRAN BROW HARV MITt 
+Crowforcl+ (LRL) 
+Bryant Burnsleln Gloser Koavk+ (MICH) 
+Bloch Orlsson Hennessy+ (EPOL) 

COI.UMBIA 60s Rochester Cant 727 S~hwortz÷ (COLU) 
CRAWFORD 598 PRL 2266 +Cre$ll DOuglass Goocl T)cho+ (LRL) 
BOLDT S8B PRL 1150 +Calawell Pal (Mff) 

- -  OTHER RELATED PAPERS 

TRILLING 658 UCRL 16473 (LRL) 
Upclotea from 1965 Argonne Conference page 115 

CRAWFORD 62 CERN Cant 827 (LRL) 
FITCH 61 NC 221160 +Plroue Perkins (PRIN LAS4.) 
GOOD 61 PR 1241223 +Motsen Muller Plcclon~+ (LRL) 
BiRGE 60 Rochester Cant 601 ~,Ely+ (LRL WISC) 
MULLER 60 PRJ. 4418 ÷Blr~ Fowler Good PICClOnI+ (LRL BNL) 

B l(J P) = ~(0-) 

(mOq) - m(K~)) / 

For ear l ier  measurements ,  b e g i n n i n g  wi th  GOOD 61 a n d  
FITCH 61 see our our t986  e d l h o n  Physics Lelters 1708 132 
( t986 )  

VALUE (IO.FO ,~ec- "~) _DOCUMENT ID TECN _COMMENT __  
0 . 5 3 4 9  +_ 0.0022 OUR AVERAGE 
0 .5340  ± 0 0 0 3 0  GEWENIGER 74C SPEC G a p  m e t h o d  
0 5 3 3 4  +_ 0 .0040  GJESDAL 74 SPEC Cha rge  asymmet ry  
0 .542 -+_ 0 0 0 6  CULLEN 70 CNTR 
• • • We d o  not  use the  fo l l ow ing  d a t a  for averages  fits, l imits e l c  • • • 
0 .482 + - 0 0 1 4  tARONSON 828 SPEC E=30-110 GeV 
0 5 3 4  +_0007 2CARNEGIE 71 ASPK GOD m e t h o d  
0 .542  +_0006  2ARONSON 70 ASPK G a p  m e t h o d  

tARONSON 82 f ind that  ,,(m) m a y  d e p e n d  on the  kaon ene rgy  
2ARONSON 70 a n d  CARNEGIE 71 use / ~  m e a n  life = 

( 0 8 6 2 + - 0 0 0 6 ) ' , : 1 0  - 1 0  sac We have  not  a t t e m p t e d  1o ad lust  these 
va lues for the subsequen l  c h a n g e  in the  K~ m e a n  life or in t / + _  

yALUE (TO - 8  se_ ~:) EVTS 
5 . 1 8  :I: 0 . 0 4  O U R  FIT 
5.16 +- 0.04 OUR AVERAGE 
5 1 5 4 + _ 0 . 0 4 4  0 4 M  
5 1 5  +- 0 1 4  
6 .1  + 1 . 5  1700 

- 1 2  
5 3  + - 0 6  

+ 2 . 4  t5  5 1 - 1 . 3  

+ 3  2 34 8 1  - 2 4  

/~ MEAN LIFE 

_DOCUMENT ID rECN 

VOSBURGH 72 CNTR 
DEVLIN 67 CNTR 

ASTBURY 65C CNTR 

FUJII 64 OSPK 

DARMON 62 FBC 

8ARDON 58 CNTR 

• * • We d o  not  use the  fo l l ow ing  d a l a  for overages  fits, l imits, e tc  • • ° 
5 0  +- 0 . 5  3 LOWYS 67 HLBC 

3Sum of par t ia l  d e c a y  rates 

rl ~ ~ 3~ "° 
r 2 / ~  --~ / . r + T r - ~ o  

C a l l e d  K~3 

r 6 / ~  ~ ~ - + / x - u  
r 6 K~ ~ ~ ' e u  

C a l l e d  K.a 
[`7 /~ "-" ~ r - e + ~  
rs /~ --* ~ '+e -u  

/~ DECAY MODES 
Scale/ 

Fraction (rdr) Cant Lev 
( 2 1 7  + - 0 7  ) x 1 0  - 2  S=14 

(12.37 + -0 .10 )×10  - 2  S=13 

( 2 7 0 1 + - 0 . 3 4 ) × 1 0  - 2  S=12 

( 3 8 6  +-0.4 ) ~ 1 0  - 2  S=I 2 

r9 /~ -~ ~'+~ ' -  
1"10 K~ ~ ~oTro 
r11 ~ ~ 2"y 
I"12 ~ ~ ,rrO2~ 

F13 /~ -,- 7rO~r+-e ~v 
r14 K~ ~ (~r# alom) v 
I'15 I~ ~ ~reu" i 

rt6 ~ ~ ~ r + ~ r - ' y  

1"17 

1'18 

r19 
1"20 

[ '2 t  

1"22 

1"23 

I'24 
l '2s 

I"26 
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Full Listings 

( 2 04_+0 04) ~10 - 3  

( 9 09_+0 2 9 ) "  10 - 4  

( 5 70_+0 23) v10 - 4  

< 2 4 • 10 - 4  

( 6 2  +-2 0 ) ' 1 0  - 5  

( t 05+_0 11).  10 - 7  

( 1 3 ± 0  8 ) < t 0  - 2  

( 4 41_+0 32) ~10 -S 

FORBIDDEN BY CONSERVATION LAWS 

S=1 2 

S:1 6 

S=t 7 

CONSTRAINED FIT INFORMATION 

A n  o v e r a l l  f lt t o  t h e  m e a n  h ie .  6 p a r h a l  w = d t h s  a n d  
14 b F a n c h l n g  rahos  uses 76 m e a s u r e m e n t s  a n d  o n e  
c o n s t r a i n t  l o  d e l e r m m e  8 p a r a m e l e r s  The o v e r a l l  ht  
has  a X 2 = 7 8 3  for 69 d e g r e e s  of  f r e e d o m  

The f o l l o w l n g  o f f - d l a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e t a t l o n  c o e f h -  
c m n f s  ' hP l  hDF/ (~P,  hpj). m p e r c e n t ,  f r o m  t h e  ht  t o  p a r a m e t e r s  p~ 
i n c l u d i n g  t h e  b r a n c h i n g  f r a c t i o n s ,  x, | ' i ,J ' to to l  The h l  c o n s t r a i n s  
t h e  x I w h o s e  l a b e l s  a p p e a r  in th is  a r r a y  to  s u m  to  o n e  

x 2 45  
x 3 77 17 
x 6 - 85 20 40  
x 9 28 39 15 17 
Xl0 5 15 0 0 46  
X l l  3 6 5 5 27 
r 11 - 1 0  -7 - 9  - 5  

Xl x2 x3 x6 x9 

I"i K~ ~ 3~ "o 
I" 2 / ~  --* ~-~-Tr o 

I" 3 K~ --) 7r# v 
Called Ku3 

r 6 K~ ~ ~ ' e P  

C a l l e d  Ke3 

I'~ K~ ~ 7r-~-- 

r io  K~ -=) ~'oTTo 

I"11 /~  --) 2"y 

61 
1 0 

Xl  0 x11 

Rate (1108 s e c - i )  Scale 
0 0419 +-0 0014 1 3 

0 0239 _+ 0 0004 t 2 

0 0521 _+0 0007 I 1 

0 .0745  _+ 0.0010 1 1 

0 000393 +- 0 000008 I 1 

0 000175 _+ 0 000006 I 5 

0 000110 ~ 0 000005 1 7 

/~ DECAY RATES 

1'(311 "°) I I 
VALUE (tO 6 s e c -  I )  EVTS _DOCUMENT IO TECN C_O_~f_ME_N_7 . . . . . . . .  
4.19 +-0.14 OUR FIT Error inc ludes scale factor  of 13 

5 ~ n  + 1.03 " = ' -  0.84 54 BEHR 66 HLBC Assumes CP 

r(~ + ~ ' -  ~o) r2 
yALUE_{ ~06_ s a c -  r 2 EVFS _DO_ CUME. NT ID TECN C_O_MM-~N7 . . . . .  
2.39 ± 0.04 OUR FI! Error inc ludes  sca le  factor of 12 
2.34 :I: 0.11 OUR AVERAGE Er.'ot i nc ludes  sca le  factor of 12 

2 ' 3 2 + 0 -  1513 192 8ALDO 75 HLBC Assumes CP 
2 3 5  _+ 0 2 0  180 4 JAMES 72 HBC Assumes CP 
2 7 1  _+ 0 2 8  99 CHO 71 DSC Assumes CP 
2 1 2  _+ 0 3 3  50 MEISNER 71 HBC Assumes CP 
2 2 0  +- 0 3 5  53 WEB8ER 70 HBC Assumes CP 
2 s, ,~+0.28 136 BEHR 66 HLBC Assumes CP • v , _  0 27 
3 2 6  +- 0 7 7  18 ANDERSON 65 HBC 
1 4  +- 0 4  14 FRANZfNI 65 HBC 

/~ --. e / l  

K~ --. g+g- -y  

K ~  e + e  - 

K~ -~  e + e - ~  ' 

/ ~  ~ 7 r O e + e  - 

/ ~  ~ ~ + ~ - e + e  - 

/ ~  --~ p . + / ~ - e + e  - 

K~ -~  e + e - e + e  - 

< 7 \ 10 - 9 CL=90% 

+ 2  4 ) ~ 1 0 _  9 ( 9 5  - t . S  

( 2 8 _+2 8 ),'<10 - 7  

< 1 2 <10 - 6  CL=90% 

<. 5 - 10 - 9  CL :90% 

( 1 7  +_09  ) - 1 0  - 5  

-: 2 3 \ 1 0  - 6  CL :90% 

< 2 5 X I 0  - 6  CL :90% 

< 5 ;<10 - 6  CL :90% 

< 2 6 "~10 - 6  CL=90% 
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Stable 
Ko 

Particle Full Listings 

• • • we  do nol use the tottowing data  tar overages tits limits etc • • • 
2 5 -+0 3 98 4jAMES 71 HBC Assumes CP 

In the hl this rate is well determined by the mean hie and the branch 
,ng raho I ( ; + ~ - : 0 ) / i l ( = + ~ , - ~ ° )  + I (~# r , )  + I (~ev )J  Ear this reason 
the d iscrepancy be tween the [ (~, + r r -  ~0) measurements does not 
al tect the scale factor of the overal l  tlJ 

4JAMES 72 IS O final measurement and includes JAMES 71 

l ( r ~ . )  l'~ 
VALUE LrO b ,3ec- '{) EVT~ DOCUMEN~J Q TECN 
5.21 -+ 0 0 7  O U R  FIT Error includes scale factor af 1 1  

4 54+4424 19 LOWYS 67 HL~,C 
- 08 

r(~ev) I 
VALUE (106 ,3ec- f~ E V T S  DOCUMENT /O [ECN COMMENT 
7.45 -+ 0. t0 OUR FIT Error includes scale factor of t t 

+ 0.5 OUR AVERAGE 7.7 - 0 . 4  

7 81 _+ 0 56 620 CHAN 71 HBC 

7 5 2  _ + 08572 AUBERT 65 HLBC 35=3Q CP assumed 

l ' ( T r + , - r -  ,-r a) + r ( ~ r p u )  + l ' ( r e v )  (] '2+1"3+] '6) 
K~ ~ charged 

VALUE (~06 s a c -  r) E_VTS _DOCUMENT tD TECN 
1 5 . 0 5  ± 0 . 1 7  O U R  FIT Error includes scale factor of 11 
15.1 -+ 1.9 98 AUERBACH 66B OSPK 

I ( 7 r # . )  + l'(Trel,) (1"3+I"6) 
V_ALUE (106 s a c -  r) E V T S  DOCUMEN T ID [ECN COMMENT 
1266 -+ 0.15 OUR FIT Error includes scale factor of 12 
11.6 -+ 0 6  O U R  AVERAGE Error includes scale factor af 1 4  See the ideo- 

gram below 
1 2 4  -+ 0 7  4 1 0  5 BURGUN 72 HBC K + p ~ K ° p ~ ,  + 

8 4 7  ± 1 6 9  126 5 MANN 72 HBC K -  p ~ nK ° 
13.1 - 1 3  252 5WEBBER 71 HBC K - p  ~ nK ° 
1 1 6  - + 0 9  393 56CHO 70 DBC K + n  ~ K°D 
9 . 8 5 +  ~ 15 109 5 FRANZINI 65 HBC 

- 05 
• • * We da not use the fol lowing data  for overages his limits etc * " " 
t 0 3  -+0 8 335 6HILL 67 DBC K+n ~ K°D 

5Assumes AS = ~Q rule 
6CHO 70 includes events of HILL 67 

WEIGHTED AVERAGE 
11~ :i: 0 8  (Error aceled by 14) 

" " " ~ - I -  Values above of weighted average error. 
end scale factor are based upon the date in 
th~s ~deogram only They ere not neces- 
sa(dv the e,3me a'3 o~r "beet" values 
able,red from 8 lesst-squsres constrained fit 
uhhz~ng mee,3urements of other (related] 
quantities as additional information 

10 15 

2 
X 

8URGUN 72 HBC 12 
MANN 72 HBC 3 5 
WEBRER 71 HBC 1 3 
CHO 70 DBC O 0 
FRANZINI 65 HBC 24 

8 4  
(Conhdence Level -- O 079) 

i J 

20 25 

I(i~,#1') + l(#er') (106 sec -t) 

/~  B R A N C H I N G  RATIOS 

I ' ( 3  l r O ) / l ' ( ~  + "a'- = o )  1"t/1" 2 
VALUE EVTS DOCUMENT ID T_ECN COMMENT . .. 
1.75 ±0 .07  OUR FIT Error includes scale factor of 13  
1.81 -+ 0 1 3  OUR AVERAGE 
1 80 -+ 0 13 1010 BUDAGOV 68 HLBC 
2 0 -+ 0 6 188 ALEKSANYAN64B FBC 
• • • We do hal use the fol lowing data  for overages his limits etc • • • 
1 65 -+ 0 07 883 8ARMIN 72B HL8C Error statistical only 

r(37ro)lJrOr*Tr-Tr o) + I'(~-#v) + [(reu)} r,/(r2.r3+1"O 
VALUE EVTS DOCUMEN~ID TECN COMMENT 
0.278 ± 0.012- OUR FIT Error includeS scale factor of I 4 
0 . 2 6 0  ± 0.011 OUR AVERAGE 
0.251 _+ 0 0 1 4  549 8UDAGOV 68 HLBC ORSAY measur 
0 2 7 7  _+ 0 0 2 1  444 BUDAGOV 68 HLBC Ecole polytec meas 

0 31 +0  07 29 KULYUKINA 68 CC 
- 0 0 6  

0 2 4  -~ 0 0 8  24 ANIKINA 64 CC 

l ' ( / r  + 7r -  / r ° ) / l ' t a ta l  1'2/1" 
VALUE DOCUMENT /O 
0.1237 _+ 0.0018 OUR FIT Error includes scale factor of 13 

1 " ( ~ "  ; ' r -  , - t r o l / [ l ' ( l r ' t r - T r  °)  + l ' ( / r # p )  + l ' ( T r e p ) ]  I 2/([ '2+I '3+1"61 
VALUE EVTS DOCUMENT I0 TECN COMMENT 
0 . 1 5 8 6  -+ 0 . 0 0 2 t  O U R  FIT Errar includes-scale factor of 1 
0 . 1 5 8 7  -+ 0.0024 OUR AVERAGE Error includes scale factor at 1 3 See the 

tdeogram below 
0 1 6 3  z 0.003 6499 CHO 77 H8C 
0 1605 -+ 0 0038 1590 ALEXANDER 738 HBC 
0 146 -+ 0 004 3200 8RANDEN8 73 HBC 
0 159 -+ 0 010 558 EVANS 73 HLBC 
0 t67 -+ 0 016 1402 KULYUKINA 68 CC 
0 161 _* 0 005 HOPKINS 67 HBC 
0 162 = 0 015 126 HAWKINS 66 HBC 
0 15 ~-0 03 66 ASTBURY 65 CC 

- 0 0 4  
0 159 -+ 0 015 326 ASTBURY 65B CC 
0 178 -+0 017 566 GUIDONI 65 HBC 
0 151 +_0 020 79 ADALR 64 HBC 

0 157 +OnnA03 75 LUERS 64 Hac 
0 t 8 5  - ~ . ~ 8  59 ASTIE R 6t  CC 
• • • We do not u,3e the farrowing data tot averages hts bruit,3 etc • • • 
0 144 ± 0 004 1729 HOPKINS 65 HBC See HOPKINS 67 

WEIGHTED AVERAGE 
0 1587 = O 0024  (Error scaled by 13) 

"1" Va;Jes above of we=ghted average error 
v aqd scale factor are based upon (he data in 
v t'~ls ideogram only They are not neces- v 
v ,3,3rdy the same as our "best" values, 
v obtained from a least-squares coflstralned fit 
v v ut hzmg measurements of other (related) 

~ ~  duantJtle,3 aS sddltronal information 2 

X 

CHO 77 HBC 2 O 
ALEXANDER 738 HBC O 2 
BRANDENB 73 HRC 10 1 
EVANS 73 HLBC O O 
KULYUKINA 68 CC O 3 
HOPKINS 67 HBC 0 2 
HAWKINS 88 HaC 0 1 
ASTBURY 65 CC 

. ~  ASTBURY 65B CC 0 O 
I GUI3ONt 85 HBC 1 3  

ADAIR 84 HBC 0 2 
LUERS 64 HBC j v t ' >AST~rR at cc 

v v ~ , 143  
(Can=f~donco Level = 0 111) 

0 12 0 14 0 16 0 18 0 20 0 22 0 24 0 10 

[ ( = + = - ~ , o ) / [ l ( = + = - ~ , o ) .  i(=~,,,) ÷ i (=e, . ) ]  

1"Or ~ 0/1"(~ e z,) 
VALUE EVIS DOCUMENT ID TECN COMMEN! 
().700 -+ 0,009 OUR FIT 
0 . 7 0 0  -+ 0.009 OUR AVERAGE 
0 702_+0 011 33k CHO 80 HBC 
0 6 6 2  _ 0 0 3 7  10k WILLIAMS 74 ASPK 
0 7 4 1  ± 0,044 6700 8RANDENB 73 HBC 
0662+_0030 1309 EVANS 73 HLBC 
0 6 8  -+ 0 0 8  3548 BASILE 70 OSPK 
0 7 1  ± 0 0 5  770 BUDAGOV 68 HLBC 
0 8 2  -+ 0 1 0  DEBOUARD 67 OSPK 
0 7 ± 0 2 273 HAWKINS 67 HBC 
0 8t  _+0 08 HOPKINS 67 HBC 
0 81 -+ 0 19 ADAIR 64 HBC 

1"3/['6 

• • • We do not use the followlng data  for averages tlts limits eJc • • • 
0 7t  -+ 0 04 569 7 BEILLJERE 69 HL8C 
0 6 4 8  -+ 0 0 3 0  1309 EVANS 69 HLBC Repl by EVANS 73 
0 6 7  -+ 0 1 3  8 KULYUKINA 68 CC 

2BEILLIERE 69 is a sconnlng exDerlmenf using same exposure as 
BUDAGOV 68 

8KULYUKINA 68 r ( ~ p r ) /  [ ( ~ e l , )  Is not measured independent ly  from 
t ( = + = -  =o)/l~(,~* ~ -  ~o) • i ( = ~ . ) .  I f=e, , )}  and I C , , e r ) / i l ( = + , , - = o  ) . 

( , . . , , ) .  ~(,Ter,) l 



See key on page 129 

I ' ( ~ P ) / [ I ' ( ~ ' +  ~ - ? r  ° )  + ] ' (~T/ , IM)  + I ' ( ~ - e v ) ]  I ' 3 / ( I ' 2 + I ' 3 + ] ' 6 )  
VALUE EVrS DOCUMENt lO TECN 
0.3464 +_ 0.0028 -EUR F n 
• • • We do  not  use the fo l l ow ing  d a t a  for overages  fits l imits e tc  • • • 
0 335+_0 055 330 9KULYUKINA 68 CC 

0 39 + 0  08 172 9ASTBURY 65 CC - 0  40 
0 356 +_ 0 07 251 9 LUERS 64 HBC 

9Thls m o d e  not  measu red  i n d e p e n d e n t l y  from I (,-r + ~-- ~.0)/[I (,"r + ~ -  ~-0) ÷ 
I(~.,~,,) + l ( = e , . ) ]  o n d  I ( = e , ' ) / [ l ( ~ + = - , - r C )  + I ( = p , ' )  + IC,'re,.)] 

I ' ( r r e v ) / [ l ' ( r r + / r -  7r ° )  + I ' ( ' t r /L+. ' )  + I ( + e v ) ]  ] '6,/(1 2 + 1 3 + I ' 6 )  
VALUE EVT5 DOCUMENt ID TECN 
0 . 4 9 4 9  ± 0.00-21) OUR FIT ......... 

OaA +0 .031  OUR A V E R A G E  • ~ .5  _ 0 . 0 3 2  

0 498 +. 0 052 500 KULYUKINA 68 CC 
+ 0  08 

0 46 - 0 10 202 ASTBURY 65 CC 

0 487 ± 0 05 153 LUERS 64 HBC 
0 46 ± 0  t'1 24 NYAGU 61 CC 

r ( t r e / . , ) / [ r ( 1 T , u . )  + l ' ( ~ e v ) ]  r 6 / ( l ' 3 + i ' e )  
VALUE Evr$ DOCUMEN~ tO TECN 
8.SOB2¥O,-OO3= OUR m . . . .  

0.415 ± 0  120 320 ASTIER 61 CC 

[ l ' ( ~ / x V )  + l ' ( T r e v ) ] , I I ' t o t a  I ( I ' 3 + I ' + 1 / I "  
VALUE DOCUMENT ID 
0 . 6 5 6  ± 0~0-06" O U R  FII Error inc ludes  s c o l e f a c t a r  af 1 4 

I ' ( /r  + "n'- )/]'lo'1al F9/I" 
Vlo lo les  CP canservahan  

V_ALUE fun(is I 0 -  3) DOCUMENT ID 
2.04 ± 0.O4 OUR FIT Error inc ludes  sca le  factor  o l  1 2 
2. t0 ,5  ± 0 . 0 5 6  ~0 ETAFIT 88 I 
"~OThls ETAFIT value =s computed from fitted values of )7+_ [ the K~ and K~ 

I I l fehmes a n d  the K~j ~ 7r+~r - b r a n c h i a  f rochon See the discuss=on in 
the  Note an CP w o l a h o n  in /~ d e c o y  

r ( ~ -  + ~- - ) / r ( i r  + +r - +to) r g / I ' 2  
Vio lates CP conservohon  

VALUE (u~Its f _ O ~ _  E_VTS pOCUMEN~ #O TECN COMMENT 
1.645 +. 0.031 OUR FIT Error inc ludes  sca le  factor  of 1 1 
1.64 ± 0.04 4200 MESSNER 73 ASPK )76-  = 2 23 

r ( ~ - - r - ) / l ' ( ~ - # v )  +_ r ( r e v )  I ' 9 / ( i ' 3 + I ' o )  
VlO a les CP canservo on 

VALUE (unils 10- 3~) (V_T~ _DOCUMENT /D TECN COI~MENT 
3.10 +_0 06 OUR FIT Error inc ludes  scale factor  of 1 2 
3.09 _+ 0.10 O U R  A V E R A G E  

3.'136_0 '14 1687 COUPAL 85 SPEC )7+_=2.28+_0 06 
3 04_+0 14 2703 DEVOE 77 SPEC )7+_=2 25_+0 05 
• • * We d a  not  use the  foHow~ng d a t a  for averages  his hmds e tc  • * • 
2 54 ± 0 23 309 ~ DEBOUARD 67 OSPK )7+_=2 00 ± 0 09 
2 .35+_0 19 525 11FITCH 67 OSPK )76-=`1 .94-60 08 

t i O I d  exper imen ts  e x c l u d e d  from fit See subsect ion on )7+_ in sechan  an 
'PARAMETERS FOR K~ ~ 2r, DECAY b e l o w  for o v e r a g e  )76_ of lhese 

exper imen ts  a n d  for note on d i s c r e p a n c y  

I ' (~ r  + ~ r - . ) /  1"(~ '+ ~T- 1TO) + l ' ( + r / . x i , )  + l ' ( / r e u ) ]  r o / ( r 2 + r + + r < > )  
V OIO es CP conserva t ion  

y:~LUE (units fO- 3) EVTS DOCUMENT/D T E C N  COMMENT 
2.61 ± 0.05 OUR FIT Error inc ludes  scale factor  of 1 1̀ 

• • • We d o  no l  use the fo l l ow ing  d a t a  for overages  tits, l imits e l c  • • • 
2 60 ± 0 07 4200 '~2 MESSNER 73 ASPK )7+_ = 2 23-'.L" 0 05 
I 93 +_0 26 13SASILE 66 OSPK )7+_ = 1 92±0 13 
't 993±0 080 13BOTT 66 OSPK )7+_ = I 95+_0 04 
2 08 _+0 35 54 13GALBRAITH 65 OSPK )7+_ = I 99+-.0 16 
2 0 ± 0  4 45 13CHRISTENSONb4 OSPK )7+_ = I 0 5 ± 0  20 

12From same d a t a  as l ( = + ~ r - ) / l ( ~ ' + ~ r - ~  c) MESSNER 73 but  Wlth di f ferent 
normal iza t ion  

13Oid expe r imen l s  e x c l u d e d  from fit See subsechon on )7+_ In sect ion on 
PARAMETERS FOR /~ ~ 2~, DECAY b e l o w  for o v e r a g e  )7+- of lhese 

exper imen ts  a n d  for no te  an d i s c r e p a n c y  

I ' (~° / r°) / l ' to la l  1 ~0/I" 
Violates CP cooservahon  

VALUE (units <0-3) EVTS DOCUMENT ID [ECN COMMENT 
0.909 _+ 0.029 OUR FIT Error mc ludes  sca le  fac lor  of '1 6 

• • • We d o  not use the ta l l ow ing  d a t a  for averages  fits h i l t s  e l c  • • • 
2 5 ± 0 8 189 t4 GAILLARD 69 OSPK )700=3 6 ± 0 6 
I 2 + I  5 1 2 7 15 CRIEGEE 66 OSPK 

t4Latesl  result Of lhls e x p e r i m e n t  g~ven by  FAISSNER 70 ]'(;rO,'rO)/I (3~-. 0) 
15CRIEGEE 66 e x p e r i m e n t  nat  d e s i g n e d  to measure  27r0 d e c a y  m o d e  

Stable Particle 
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L 

| ' ( ~ °  7 r ° ) / l ' ( 3 " t r ° )  i .o/It 
Violates CP conservat ion  

VA__LUE (units ?0- 2) EV!S DOC_U__M_~NT ID T_ECN COM~4ENT 
0.419 +_ 0 019 OUR FIT Error mc ludes  scale factor of 1 4 
0 . 4 4  _ 0 09 OUR A V E R A G E  Error inc ludes  scale lec tor  of I 6 See the idea  

g r a m  b e l o w  

I 21 +_ 0 30 450 t6 REY 76 OSPK q00=3 8 ± 0 5 
0 37 +_ 0 08 29 BARMIN 70 HLBC ~00=2 02 "~ 0 23 
0 32 ± 0 15 30 BUDAGOV 70 HLBC )700=t 9 ± 0 5 
0 90 ± 0 30 172 t7 FAISSNER 70 OSPK ~00=3 2 ± 0 5 
0 46±0 11 57 BANNER 69 OSPK +tO0=2 2±0 3 
no even ls  seen BARTLETT 68 OSPR See )700 be low  
• • • We do  not use the fo l low ing  d a t a  for averages  hls l imits etc  • • • 
1 31 ± 0 31 133 46 CENCE 69 OSPK )700=3 7 ± 0 5 
I 89±0 3'1 109 4BCRONIN 67 OSPK )700=4 9±0 5 
'I 36 ~ 0 '18 t8 CRONIN 67B OSPK )700=3 92 - 0 3 

16CENCE 69 events are i n c l u d e d  in REY 76 
17FAISSNER 70 centares same 2= 0 events as GAILLARD 69 l ( r .  0r. 0) / l  .cto, 
18CRONIN 678 IS further analysis of CRONIN 67 now bo th  w l l h d r a w n  

WEIGHTED AVERAGE 
0 4 4  ~ 0 0 9  (Error scaled b y 1 0 )  

" P  Values above of weighted average error 
and scale factor are Eased upon the data m 
this ideogram only They are not neces- 
Sal l ly the same as our "bes:"  values, 
obtamed tram 8 least-squares constlamed fit 
uhhz~ng measurements at other (related) 
qusntltles 8s additions i'lfotmatlOrl 

2 
X 

I BEY 76 OSPK 6 6 
BARMtN 70 HLBC 0 7 
BUDAGOV 70 HLBC 0 6 

~ FAISSNER 70 OSPK 2 4 
BANNER 69 OSPK 0 0 

10 4 
(Conf idence Level = 0 035)  

m I 

O 0  0 5  10  15 2 0  2 5  

I (~o~o)II (3~ o) (un,ts 10-2) 

l ( ~  o r ro ) / l  (~+ ~ )  r ,o , ' [  o 
Violates CP conservat ion 

VALUE DOCUMENT IO 
0 4 4 6  ± 0.013 OUR FIT Error inc ludes scale factor  of 2 1 
0 . 4 4 9 4  ± 0.0062 t0 ETAFff 88 

'19ThlS ETAFIT va lue  IS c o m p u t e d  from Id led  values of )700 11+_ a n d  the 
I (K'~ ~ :r + ~ - )  i ( ~  ~ ~°IT°) b ranch ing  t ract ion See the  discussion in 
the Note On CP v lo Iohon in K~ d e c o y  

[ ( 2 * ) ' ) / [  to ta l  l ' I t / I  
yALUE (U~{S I0 - 4 )  EVT$ DOCU_MENT ID rECN COMMENT 
5.70 ± 0.23 OUR FIT Error inc ludes  scale factor of 1 7 
4.9 ± 0 . 5  O U R  A V E R A G E  
4 54 ± 0 84 20 BANNER 72B OSPK 
4 .5  ± I 0 23 ENSTROM 74 OSPK K~ 4 5-9  G e V c  
5 5 ± 1 I 90 KUNZ 68 OSPK Norm to 3 ~(C+N) 
6 7 +. 2 2 32 TODOROFF 67 OSPK Repl CRIEGEE 66 
• • • We do  nol  use the Io I Iowmg d a t a  for averages  tits limits e l c  • • • 
6 04+_0 0 4 ± 0  22 110k 21BURKHARDT 87 CALO 
5 0 _+ I 0 22 REPELLIN 71 OSPK 
7 4 ± 1 6 33 23 CRONIN 67 O~PK 
I 3 +_ 0 6 24 CRIEGEE 66 OSPK 

1(2"~)/ 1(3,-r0) b e l o w  gives (4 82+_ 52 ) "  '10 . 4  C o m b i n e d  o v e r a g e  
(4  85  ± 3 7 ) "  10 4 

20ThiS va lue  uses 0700 )7+ )2 = 1 05+_0 14 In genera l  1 (2 " , ) / I tmo l  = 
;(4 32 ± 0 55) . 40-41()700 )7. _)2 I 

2tBURKHARDT 87 measured  K~ ~ (2"~)K~ ~ (2 r  0) The systemohc error is 
± 0 08 c o m b i n e d  in quadra tu re  with an external  systemohc error from 

)700of ± 0  20 E n t e r s h l w o  1(23) I(~0,' :0) be l ow  
22Assumes regene fahon  o m p h t u d e  in c o p p e r  al  2 GeV is 22 m b  To evo lu  

a le  for (3 g iven  regenera t ion  a m p l i t u d e  a n d  er,or mu l t i p l y  by  ( regenera  
l ion a m p h t u d e .  22mb)  2 

23CRONIN 67 r e p l a c e d  by  KUNZ 68 
24CRIEGEE 66 r e p l a c e d  by  TODOROFF 67 

1 ( 2 ' ~ ) / 1 ( 3 ~  "° )  I , ,  I ,  
V_ALUE Cunirs tO- 3) EVTS DOCUMENT IO TECN COMMENT 
2.63 +_ 0.13 OUR FIT Error inc ludes  scale factor  of 1 4 
2 . 2 4  +_ 0 . 2 2  OUR A V E R A G E  
2 13 +_ 0 43 28 BARMIN 71 HLBC 
2 2 4 ± 0  28 '1 '15 BANNER 69 OSPK 
2 5 ± 0 7 '16 ARNOLD 68B HLBC V a c u u m  d e c a y  
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r ( 2 3  <) / l ' ( -x  °,~-c) l '1~/l'4o 
VALUE EVT$ DOCUMENT tO TECN 
0 .627  +_ 0.021 OUR FIT Error m c t u d e s  s c a l e  fac to r  of 2 4 
0 . 6 3 2 - + 0  004_+0 D08 ' I10k BURKHARDT 87 CALO 

I ' ( ' xo2"y ) / l ' (3 "xo)  1",12,/1"1 
VALUE (units 10 - - I )  CL % E VTS -DOCUMENT ID TECN 
<' I  1 90 0 BANNER 69 OSPK 

l'(~'°~ "-- e ;  ~v)/I'tota I l't3/r 
VALUE (units IO-3) CL%EVTS -DOCUMENT ID "/ECN 

0 . 0 6 2  +-  0 . 0 2 0  16 CARROLL 8 0 c  SP,EC 
• • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits f lmils, e l c  • • • 
< 2  2 90 25 DONALDSON 74 SPEC 

25DONALDSON 74 uses K~ ~ ,-r+--, - ~.0 / (a l l  ~) d e c a y s  = 0 126 

I ' ( ( ~ ' #  atom) P ) / I ' ( ~ ' # P )  [ t 4 / r  3 
VALUE (un,t$ 10- 7) EVTS pOC.VME_NJ_ I_D__ TECN 
3 .90  -- 0 .39  'I,$5 26 ARONSON 86 SPEC 
• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  tits l imits e t c  • • • 

SEEN 18 COOMBES 76 WIRE 
26ARONSON 86 quote theorehcal value el (4 31 _-,z-0 08)'< 10-7 

l'(Treu"F)II'(~e~,) I''15/1" ~ 
VALUE {un#s_fO_T._2L - E V T $  _DOCUMENT ID TECN COMMENT 
3 . 3 = 2 . 0  10 PEACH 71 HLBC ~, KE .15 MeV  

I ' ( 1 T "  T r -  " y ) / r t o t a  I r ' 1 6 / ' ]  
VALUE_.(UgJt_S tO- 3) CL % E__V_ ~# -DOC.UMENT ID__ TECN C._H_G COMMENT 

0.0441 -- 0 .0032 `1062 27 CARROLL 80B SPEC -- 0 ~ KE -20 MeV  
• • • We do  not  use the  fo f fowlng d a t a  for o v e r a g e s  hls l imits e t c  • • • 

0 .01,52 - -0  001b 516 28CARROLL 80B SPEC --0 "~ KE .20 MeV  
0 0289  +_0 0028 546 29CARROLL 80B SPEC - -0  

< 3 2 90 BOBISUT 74 HLBC ~ KE -40 MeV 
0 062 - 0  021 24 30 DONALDSON 74C SPEC 

< 0 46  90 WOO 74 SPEC 
< 0 4 90 THATCHER 68 OSPK ",. KE 2 0 - 1 7 0  

MeV 
< 5 0 0 BELLOTTI 66 HLBC ~ KE 40-`130 

MeV  
< 3 0 1 NEFKENS 66 OSPK ";, KE 120 MeV  
< 1 5  0 ANIKINA 65 CC 

27BOth c o m p o n e n t s  Uses K~ ~ ~r + r -  7r 0 / (a l l  K~) d e c o y s  = 0 1239 
28 In te rna l  B remss t rah lung  c o m p o n e n t  on ly  
29Di rec t  ) emiss ion  c o m p o n e n t  on l y  
30Uses Ki~ ~ ~, +,-.r- ~0 / (a l l  /~)  d e c o y s  = 0 126 

l ' ( e # ) / l ' t o l a  I I `17/r 
VALUE ~untts 10"- 9) C L% _DOCUMENT ID [ECN 
< 6 . 7  90 GR~ENLEE 88 SPEC 
• • * We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmi ls  e t c  • • • 
< 1  57 90 3'I CLARK 71 ASPK 

3'1Possible ( bu t  u n k n o w n )  s y s t e m a t i c  errors See n o t e  a n  CLARK 71 
[ (k{ + ~ - )/I (~" * ;T, - )  entry 

I'(ep)l r(-x+~-~-o) + I'(~1"#v) + l ' ( rev )  r , :U( l '2+ l '3+r61 
Tes of l e p t o n  fami ly  n u m b e  c o n s e r v a  on  

VALUE.(u_n/!s ~0- 4) CL % -DOCUMENT ID T_E.CN 
0 08 90 FITCH 67 OSPK 

• • • We d o  not  use the  foIIow~ng d a t a  for a v e r a g e s  fits hmlt5 e t c  • • • 
< 0 1 90 BOTT 67 OSPK 
< 1 0 90 CARPENIER 66 OSPK 
< 1 0  0 ANIKINA 65 CC 

r ( # ~ - # - ) /  r(~''rr-~ "°) + i ' O r # x V )  + r(~reO l' '18/(['2+['3+1"61 
Tes Or 3.S = 1 w e a k  n e u t r a l  cu r  en t  A l l o w e d  by  h i g h e r  o r d e r  e l e c  

l r o w e a k  i n t e r a c t i o n  

VALU~unlts tq--~' 2 CL.% D_pCUM~NT ID T ECN 
• • • We d o  not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  tits l imits e t c  • • • 
< 2 0 90 BaIT 67 OSPK 
< 3`5 0 90 FITCH 67 OSPK 
< 2 5 0  0 90 ALFF 66B OSPK 
< 1 0 0  0 ANIKiNA 6`5 CC 

I ' 0 1  + ~ - ) / I ' ( ~  * ~ T - )  I ' t e / r 9  
Test for 3.5 = i w e a k  n e u t r o i  c u r r e n l  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
t r o w e a k  i n t e r a c t i o n  

VA~yE Cunits 10- 6) C.L% E_VTS _D_OCUMENr IO TEC_N 

+ 1 . 2  O U R  AVERAGE 4 .7  - 0 , 7  

+ 1 4 15 SHOCHET 79 SPEC 4 0  -09 

+ 5 ~) 3 32 FUKUSHIMA 76 SPEC 4 2  - 2  

5 8 + 2 3 9 33 CARITHERS 73 SPEC 
- ` 1 5  

• • • We d o  no t  use the  f o l l o w i n g  d a l a  for a v e r a g e s ,  fits l imits e tc  • * * 
< 1 53 90 0 34 CLARK 71 SPEC 
~, 18 90 0 DARRIULAT 70 SPEC 

140 90 0 FOETH 69 SPEC 
32FUKUSHIMA 76 errors a re  01 CL = 90% 
33CARITHERS 73 errors a re  at  CL = 68% W Cardhers ,  ( p r i v a t e  c o m m u m c a h o n  

79) 
34CLARK 71 l lml t  ra ised  f rom I 2 ( 10 - 6  by  FIELD 74 reano lys l s  Not in 

a g r e e m e n t  wi th  s u b s e q u e n t  e x p e r i m e n t s  So not a v e r a g e d  

1"(//_ */.,(- ~ f ) / l ' t o t a  I _  1 19 / " 
Test for ~S = I w e a k  n e u t r a l  cu r ren t  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
l r o w e a k  i n t e r a c t i o n  

VALUf (units 10 -6 )  CL%EVTS DOC_U_ME_N_r ID TECN CHG 
0 28_+0 .28  I 35CARROLL 80D SPEC _+0 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  hls l imits e t c  • • • 
< 7 81 90 3o DONALDSON 74 SPEC 

35Uses ~ -  ;": ~ ;T- .~0 / (a l l  ~ I  d e c a y s  = 0 1239 
36Uses ;,,r+ = - ~ , 0  / (Oil d e c o y s  = 0 126 

]'(71-o/L + # - ) / [ ' t o t a l  r 2 0 / I  
Test tar 3.5 = I w e a k  n e u t r a l  c u r r e n t  A l l o w e d  by  h l g h e r  o r d e r  e l e c  
t r o w e a k  i n t e r a c t i o n  

VALUE ~u_n1_ts TO- 5) CL%EVTS DOCUMENT ID 7ECN 
< 0 . 1 2  90 0 37 CARROLL 80D SPEC 

• • • We do  h a l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits hmlts e t c  • • • 
< 5  66  90 38 DONALDSON 74 SPEC 
37Uses K~ ~ ~ + 7r- To / (aft ~) decays = 0 1239 
38Uses K~ ~-, + : ; -  ,TO I (a l l  K~) d e c a y s  = 0 126 

] ' ( e *  e - ) / l ' l o t a l  1"21/'1 
Tesl for "~S : I w e a k  n e u l r a l  c u r r e n t  A l l o w e d  by  h i g h e r  o rde r  e l e c  
t r o w e a k  i n t e r a c t i o n  

VALUE (UndS tO- 9) CL % EVTS _DOCUMENT I_D .TECN 
< 4 .5  90 GREENLEE 88 SPEC 

• • • We do  not  use the  f o l l o w i n g  d a l a  for a v e r a g e s  fits l imits e t c  • • • 
< 1 57 90 39 CLARK 71 ASPK 
<150 0 90 0 FOETH 69 ASPK 

39possib le ( bu t  u n k n o w n )  sys tema t i c  errors See n o t e  on  CLARK 71 
I (~u + / ~ - ) / I  ( r  + r r - )  en t ry  

r(e+e-)/ l'(3y+ ? r - ~  O) + ] ' ( ~ p P )  + l'(~reu) r21 / ( r2+[ '3+ l6)  
Tes for 3.S = 1 w e a k  n e u  re c u r r e n  A o w e d  by  h i g h e r  o r d e r  e l e c  
l r o w e a k  i n t e r a c t i o n  

~'A_LUE (un,ts tO-6~) C_L_% _DOCUMENt ID _rEC__N 

• • • We d o  not  use the  f o l l ow ing  d a l a  for o v e r a g e s  fits hml ls  e t c  • • • 
< 2 3  0 90 BOTT 67 OSPK 
< 2 0 0  0 90 ALFF- 66B OSPK 
< 4 0 0 0  0 ANIKINA 65 CC 

l ( e  + e -  "y) / l ' to ta l  1 22/I 
Tesl for AS = I w e a k  n e u t r a l  c u r r e n l  A l l o w e d  by  h l g h e r - o r d e r  e l e c  
t t o w e a k  i n t e r a c h o n  

VALUE (uni(s_ ~O_-_ 5) CL % EVTS _D(~CUMENT ID TECN CHG 
1.74 -+ 0 .87  4 40 CARROLL 80D SPEC -- 0 

• • • We do  h a l  use  t he  f o l l ow ing  d a t a  for o v e r a g e s  fl ls l imits e t c  • • • 
< 2 7 90 0 4t  BARMIN 72 HLBC 

40USes K ~  ~ ~ + ~ -  ;T,0 / (o i l  K~) d e c o y s  = 0 1239 
41Uses K~ ~ 3~ -o / fa ta l  = 0 214 

l ' ( l r O e  + e-)/]'tota I [ 23/ ' l  
Test lo t  3.5 = 1 w e a k  n e u t r a l  cu r ren t  A l l o w e d  by  h i g h e r  o rde r  e l e c  
t r o w e a k  i n l e r a c t l o n  

VALUE [un#s rO -6 )  CL%EVTS DOCUMENT ID [EC_N 
< 2 . 3  90 0 42 CARROLL 80D SPEC 

42Uses K~ -o Tr+ ~'--,~ "0 / (a l l  K~) d e c o y s  = 0 1239 

l ' (Tr*  7r- e -  e-)/rtoto I 1"24/1 
Test for 3.5 : 1 w e a k  n e u l r a l  c u r r e n t  A l l o w e d  by  h i g h e r  o rde r  e l e c  
I r o w e a k  m l e r a c h a n  

V_A_LUE_ .(units tO- 6) _C_L_% EVTS _DOCUMENT ID [ECN 
< 2 . 5  90 0 8ALATS 83 SPEC 

• * • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  * • * 
< 8 81 90 43DONALDSON76  SPEC 
< 3 0  ANIKINA 73 STRC 

43Uses K ~  ~ , ' T+~ -  ~ "0 / (o11 /~)  d e c a y s  = 0 126 

[ ' ( #  + / x -  e *  e - ) / l ' t o t a  I 1"25/I" 
Test for 3.5 = 1 w e a k  n e u t r a l  cu r ren t  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
t r o w e a k  m f e r a c h o n  

y.~LUE (uqlts ~0 - 6 )  CL % DOCUMENT l O TECN 
< 4 . 9  90 BALATS 83 SPEC 

l ' ( e  + e -  e + e - ) / l ' t o t a  I I'26/[" 
Test for 3.S = t w e a k  n e u l r a ]  c u r r e n t  A l l o w e d  by  h i g h e r  o r d e r  e l e c  
t r o w e a k  m te racJ lon  

VALUE (un#_s fO~ 6) CL % _D.O_~UMENT ID TECN 
< 2 . 6  90 BALATS 83 SPEC 



See key on page 129 

/ ~  E N E R G Y  D E P E N D E N C E  O F  DAL ITZ  P L O t  

For discussion see no te  on Dalitz p lo t  pa ramete rs  in the  K ± 
sech(3n of the  Full Listings a b o v e  For def in i t ions of (3 v o t (3 u 
a n d  (3y, see the ear l ier  versl(3n of the same no te  in the  1982 
e d l h o n  ol  this Review p u b l i s h e d  in Physics Letters t l t 8  70 
(Apr i l  1982) 

lma l r i x  e l e m e n t l 2  = I ÷ gu + hu 2 + jv + kv 2 
where  u = (s 3 - SO) ..' m2(r,)  a n d  v = (s I - s2) . m2(~ ") 

L INEAR C O E F F I C I E N T  g FOR K~ ~ 7 r -  ~ ' -  ~-0 
VALUE Evr$ DOCUMENT ID TECN COMMENt 
().670 -+ 0 014 ()UR AVERAGE Error~ncludes sca le i (3~ to r  of 1 6 See t--~e 

i d e o g r a m  b e l o w  
0 681 ± 0 024 6499 CHO 77 HBC 
0 620 _+0 023 4709 PEACH 77 HBC 
0 677 -+_0 010 509k MESSNER 74 ASPK (sy=-  0 917 ± 0 . 0 1 3  
• • • We d o  n(3t use the  fo l l ow ing  d(3t(3 for overages  fits limits e l c  • • • 
0 69 - 0 07 192 44 BALDO 75 HLBC 
0.590_+0 022 56k 44BUCHANAN 75 S P E C  a u = - 0  277_ .0  010 
0 619_+0 027 20k 4445BISl 74 ASPK a p - O  282_+0 01t  
0 6 1 2 _ 0 . 0 3 2  44ALEXANDER 738 HBC 
0.73 _+ 0 04 3200 44 BRANDENB 73 HBC 
0 50 -+0 11 t80  44 jAMES 72 HBC 
0 608__.0 043 1486 44KRENZ 72 HLBC ( s p - 0  2 7 7 : 0 . 0 1 8  
0 688_+0 074 384 44METCALF 72 ASPK a t = - 0  31 _+0 03 
0 650-+0 012 29k 44ALBROW 70 ASPK o y = - 0  8 5 8 ± 0  015 
0 593 -+ 0 022 36k 44 46 BUCHANAN 70 S P E C  a u = -  0 278 ÷0_ 010 
0 664_+0 056 4400 44SMITH 70 OSPK a p - O  306_+0 024 
0 4 0 0 ± 0  045 2446 44BASlLE 688 OSPK (3 /= -0  1 8 8 z 0 . 0 2 0  
0 649_+0 044 1350 44HOPKINS 67 HBC a p - 0 . 2 9 4 _ + 0  018 
0 428_+0 055 1198 44NEFKENS 67 OSPK (3u= -0  204_+0 025 

+ 0 9  
0 .64  -+0 17 280 44ANIKINA 66 CC (3v=( -8  2 _ i  3 ) 

0 70 -+ 0 12 126 44 HAWKINS 66 HBC (sv = -  8 6 -+ 0 7 
0 32 -+ 0 13 66 44 ASTBURY 65 CC O r = -  5 5 -+ 1 5 

+ 0 6  
0 51 +_0 09 310 44ASTBURY 65B CC O r = ( - 7  3 _ 0  8 ) 

0 55 --. 0 23 79 44 ADAIR 64 HBC (3v=- 7 6 _+ 1 7 
0 51 _+ 0 20 77 44 LUERS 64 HBC O r : -  7 3 -+ 1 6 

44Quadra t i c  d e p e n d e n c e  requ i red  by  some exper imen ts  (See sect ions on 
QUADRATIC COEFFICIENT h a n d  'QUADRATIC COEFFICIENT k b e l o w  ) 

Corre lat ions p reven t  us from a v e r a g i n g  results of his n(3f i n c l u d i n g  g h 
a n d  k terms 

4581SI 74 va lue  comes from qu(3dral lC fit wi th qu(3d term consistent  w l l h  
zero g error is thus larger than  If l inear fit were  used 

46BUCHANAN 70 result revised by  BUCHANAN 75 to i nc l ude  rad ia t i ve  c(3rre 
lot ions a n d  to use more  re l iob le  K~ m o m e n t u m  spec t rum of second  
expe r imen t  ( h o d  same b e a m )  

WEIGHTED AVERAGE 
0 6 7 0  + 0 0 1 4  (Error scaled by  18) 

2 
~'- CH0 77 HBC 0 2 

. ~ ,  ~ PEACH 77 HBC 4 7 
MESSNER 74 ASPK 0 6 

5 4  
~ . _ ~  (Conf idence Level -- O OOO) 

i i i 

0 55 0 60  0 05 0 7 0  0 7 5  0 80  

Linear coef f  g for K~ ~ rr+ ~ -  ~.0 matr lx  e l e m e n t  squared  

Q U A D R A T I C  COEFF IC IENT  h FOR K~ ~ ~ ' "  71"-~-0 
VALUE EVT$ DOCUMENt IO rECN 

0 079 -+ 0 007 -OUR AVERAGE . . . . . .  
0 095 -+ 0 032 6499 CHO 77 HBC 
0 048 _+ 0 036 4709 PEACH 77 HBC 
0 079 -. 0 007 509k MESSNER 74 ASPK 

• * • We d o  not  use the fo l l ow lng  d(31(3 for averages,  flt$, hmlts e tc  * ° * 
- 0  011 -+0 018 29k 47 ALBROW 70 ASPK 

0 043 _+ 0 052 4400 47 SMITH 70 OSPK 

See notes ~n sect ion LINEAR COEFFICIENT g FOR K~ ~ Tr- , 'r- 7r0 ,MATRIX 
ELEMENT J 2 above 

4 7 Q u a d r a n t  coef f ic ients h a n d  k requ i red  by  some exper lmen ts  (See sac 
non on 'QUADRATIC COEFFICIENT k' b e l o w  ) Correl(stlons p reven t  us from 
a v e r a g i n g  results of his not  inclu(31ng g h a n d  k terms 
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Q U A D R A T I C  COEFF IC IENT  k FOR K~ -,. 7 r -  7 r -  ~-0 
VALUE EVT$ DOCUMENt ID TECN 

0.0~a±0.00t8 our XVERAGE 
0 024 -+ 0 010 6499 CHO 77 HBC 

--0 008 -+0 0 t2  4709 PEACH 77 HBC 
0 0097 :t 0 0018 509k MESSNER 74 ASPK 

L INEAR COEFFIC IENT J FOR K~ ~ / r  + ~I"-7r 0 ( C P - V I O L A T I N G  TERM) 
Listed in C P w o l o t l o n  sect ion b e l o w  

/ ~  F O R M  F A C T O R S  

For dlscusslon see n o l e  on form f(sclors In the K -+ sechon of 
the Full LlStlngs a b o v e  

In the form factor  comments ,  the fo l l ow lng  symbols  are used 
r+ a n d  r_ are form f(sct(3rs for lhe  vec tor  mofnx  e l e m e n t  
fs a n d  r r refer lo  lhe  scalar and  lensor term 
t 0 = r+ + r_t.. (m2(K) - m2(~-)) 
, \ .  X_. a n d  ~'0 are the hne(sr expons lon  coe lhc len ts  of f+ t_ 
a n d  r 0 
\ +  refers I(3 the K . ]  va lue  e x c e p l  m the  Ke3 sechons 
d~(O).cl~+ Is the cor re lahon  b e t w e e n  L(0) a n d  ~+ in Krz 3 
d~0,'d~ + is the cor re la t ion  b e t w e e n  ,\0 a n d  X+ in K~3 
t = m o m e n t u m  transfer to lhe  ,-r in unl/s of m2(~)  
DP = Dahtz p lo t  analysts 
PI = ;,r spec t rum (snalysls 
MU = .u spec l rum (snalysls 
PaL= /~ polariz(stton anaJysts 
BR = K.3.'Ke3 b r a n c h i n g  r(sho anolysis 
E = posi t ron or e lec t ron  spec t rum anolysls 
RC = rad ia t ive  correct ions 

~a = t - ~ f +  ( d e f e r m m d e d  f r o m  s p e c t r a )  
The p a r a m e t e r  ~ is r e d u n d a n t  w l l h  '\0 b e l o w  a n d  is no l  put  into the 
Slable Parhcle Summary Table 

VALUE . . . .  d_~(O~ ~:\ +EVTS ~)OCUMENT ID TECN COMI~fE_N_T_ . . . . .  
- 0 11 _+ 0.09 OUR EVALUATION Error inc ludes scale f(sctor of 2 3 From a fit 

d iscussed in no te  on Ki3 form factors In 
1982 ed i t i on  PL 1118 (Apr i l  1982) 

- 0 . 1 0 - + 0  09 - t 2  150k 48BIRULEV 81 SPEC DP 
+0 26_+0 16 -13 14k 49CHO 80 HBC DP 
+0 13 _+0 23 -20 16k 49HILL 79 SIRC DP 
- 0 25 _-+ 0.22 - 5 9 32k 50 BUCHANAN 75 SPEC DP 
-0 11 -.0 07 -17 16M 5tDONALDSON74B SPEC DP 
- I 00 z 0 .45  - 20 1385 52 PEACH 73 HLBC DP 
- I 5 - 0 7 - 28 9086 53 ALBROW 72 ASPK DP 
+ 1 2 -. 0 8 - 18 1341 54 CARPENTER 66 OSPK DP 
• • • We d o  not use the fo l low ing  d(3ta for averages  fits l imits e tc  * * • 
+ 0 50 _+ 0 61 unknown  16k 55 DALLY 72 ASPK DP 
- 3  9 ± 0  4 3140 56BASILE 70 OSPK DP i n d e p  of \ +  

- 0  68+~3- on12 - 6 16k 55CHIEN 70 ASPK DP 
48BIRULEV '~'I e r ro r2d~(0) .d ) ,+  calcu,(3ted by  us from .\0 \ -  d~0' ~ +  = 0 

used 
49HILL 79 a n d  CHO 80 c a l c u l a l e d  by  us from '\0 ' \ *  o n d  d~0,.oS, + 
50BUCHANAN 75 iS c a l c u l a t e d  by  us from '\0 . \+ a n d  dX0..dX+ bec(suse 

lhef f  a p p e n d i x  A vaJue - 0 . 2 0  +-22 assumes ~(t) cons tan t  l e .',_ = ,\ + 
51DONALDSON 748 gives ~ = - 0  11 - .0 02 ha l  i h c l u d l n g  system(shcs 

Above error and d~(0).,'dX+ were calculated by us from k 0 and ),+ errors 
(WhiCh i nc lude  system(sties) a n d  o3. 0 'a~+ 

52pEACH 73 gives E.(0) = - 0 95 _+ 0 45 tar .\ ~. = ~,_ = 0 025 The a b o v e  
va lue  is to,* , \ -  = 0 K Peach pr ivate c o m m u n i c a t i o n  (1974) 

53ALBROW 72 ht has .\_ free gets .\_ = - 0 030 -. 0 060 or \ = 

+ 0  15-+00 1t17 

54CARPENTER 66 ,~(0) is for .\.~ = 0 d~(0) 'dX+ is from f igure 9 
55CHIEN 70 errors are st(shsfic(si on ly  d~(0) o3,+ from t lgure 4 DALLY 72 is 

(3 reon(31ysls of CHIEN 70 The DALLY 72 result is ha l  c o m p a h b l e  w l l h  
assumpt ion  \ _  = 0 SO not  Fnc luded Ln OUr fit The nonzero \ _  va lue  a n d  
the rel(shvely la rge . \ .  va lue  found  by  DALLY 72 c o m e  ma ln l y  from a sin 
g le  low t bm (flgures 1 2) The (r+ .~) carrel(shah was ignored  We estt 
mo te  from hgure 2 that f ix ing ,k_ = 0 w o u l d  g~ve .~(0) = - 1 4 _ 0 3 a n d  
w o u l d  a d d  10 to X 2 C~(0), a~,+ is not  g l ven  

568ASILE 70 ts m c o m p a h b l e  wi th al l  o ther  results Authors suggest tha l  efh 
c l e n c y  est imates m~ght be  respons ib le  

~t~ = f - / f +  ( d e t e r m i n e d  f r o m  K~.3/'Ke3 ) 
The K,3.,'Ke3 br(snchmg fo l io  fixes (3 re la t ionship b e t w e e n  ~(0) a n d  '~+ 
We quo te  the author  s ~ 0 )  and  ossoc~(3ted \ ~. but  do  not ave rage  
because  the ~,+ va lues dtffer The ILl resull aPd scale factor  g i ven  
b e l o w  are not  o b t a i n e d  from these ~o values Instead lhey  are 
(3bLamed a~rectly from the authors K;~ 3. Ke3 branch ing  rat io v ia the f i t ted 
K;~3. Kes r(3ho ( l ( = , u l , ) / l ( ~ e l ' ) )  The por(3meler  : ~s r e d u n d a n t  wttn \0 
b e l o w  a n d  is not put  in lo  Ihe Stable P(3mcle Summary Table 

VALUE EVTS DOCUMENt ID [ECN COMMENT 
- -  0 11 _* 0.09 OUR EVALUATfON Error ~nclucles scale factor ol 2 3 From a fil 

d iscussed in no te  on K 13 form factors m 1982 
eddlOn PL t4t8 (Apr i l  1982) 
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• • * We d o  h a l  use l h e  f o l l ow ing  d a l a  for o v e r a g e s  hts 
0 5 _= 0 4 6700  BRANDENB 73 HBC 

- 0  0B=0 25 1309 57EVANS 73 HLBC 
- 0 5 z 0 5 3548 BASILE 70 OSPK 
+- 0 45 -+ 0 28 569 BEILLIERE 69 HLBC 
-- 0 22 ± 0 30 1309 57 EVANS 69 HLBC 
+ 0 2  + 0 8  - 1 2 KULYUKINA 68 CC BR .\+:0 

{ - I  1 _* 1 1 389 ADAIR 64 HBC BR .\+=0 
+ 0  66 + 0  9 -1  3 LUERS 64 HBC BR .\+:0 

57EVANS 73 r e p l a c e s  EVANS 69 

l imits e f t  • • • 
BR 

\ + : 0  0 1 9 ± 0  013 
BR \ + : 0  02 
8R , \+=0  02 
8R .\+=0 

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
0 041 -+0 008 14k 70CHO B0 HBC 8R .\+=0028 

- 0 0485 _+ 0 0076 47k DZHORD 77 SPEC Repl  by BIRU 
LEV 8 t  

0 024 _+ 0 011 82k ALBRECHT 74 WIRE Repl  by  BIRU- 
LEV 81 

+ 0  06 -+0 03 6700 71BRANDENB 73 HBC BR 
\+:0 019_+0 01 

- 0  067 _+0 227 u n k n o w n  16k 72DALLY 72 ASPK DP 
- 0  333 _+0 034 ~1 3140 T3BASILE 70 OSPK DP 
64BIRULEV 81 g ives  d.\. 0 aS.+ : - 1 5, g w i n g  an  u n r e a s o n a b l y  na r row  error  

e ihpse  w h i c h  d o m i n a t e s  al l  o the r  resul ls  We use dX0.o~X + = 0 
65>, 0 v a l u e  ,s for , \ .  : 0 03 c a l c u l a t e d  b y  us from ~.(0) a n d  d,¢(0), C/X + 
66BUCHANAN 75 voI . . . .  f rom ,h . . . .  p p e n d l X  A a n d  uses on ly  K , , ~ d a t a  

C[k0 , '~  + was o b t a i n e d  by  p r i va te  communlcahon C B u c h a n a n  1'-~'7 6 
67DONALDSON 748 O~o'd~, + obtained from figure 18 

60LONGO 69 t : 3 3 calculated from dE(0).dX+ : -6 0 ( t a b l e  I) divided 
by c = - 1 81 

61t v a l u e  not g i v e n  

I M A G I N A R Y  PART O F  ,~ 
Test of r reve rsa l  i n v a n a n c e  

VALUE E V r S  DOCUMENt ID TECN COMMENt 
- 0 . 007  _+ 0 .026  OUR AVERAGE 

0 009 _+ 0 030 12M MORSE 80 CNTR Po la r l zahon  
0 35 _+ 0 30 207k 62 CLARK 77 S P E C  PaL t : 0  

- 0 085 _+ 0 064 2 2M 63 SANDWEISS 73 CNTR PaL t=0 
- 0 02 _+ 0 08 LONGO 69 CNTR PaL t=3 3 
- 0 2 ± 0 6 ABRAMS 68B OSPK P o l a n z a h o n  

• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  tits l imits e t c  • • • 
0 012 +_ 0 026 SCHMIDT 79 CNTR Repl  by  MORSE 80 

62CLARK 77 v a l u e  has a d d m o n a l  ~(0) d e p e n d e n c e  + 0  21Re~(0) I  
63SANDWEISS 73 v a l u e  c o r r e c t e d  f rom v a l u e  q u o t e d  in the i r  p a p e r  d u e  to 

0 025 -+ 0 005 12k 74 ENGLER 788 
0 0348 -+ 0 0044 18k HILL 78 
0 0312 -+ 0 0025 500k  GJESDAL 76 
0 0270 -+ 0 0028 25k BLUMENTHAL 75 
0 044 _+ 0 006 24k BUCHANAN 75 
0 040 _+0 012 2171 WANG 74 
0 045 _+ 0 014 5600 ALBROW 73 
0 019 _+0 013 1871 BRANDENB 73 
0 022 _-z0 014 1910 NEUHOFER 72 
0 023 _+0 005 42k  BISI 71 
0 05 _+0 01 16k CHIEN 7 t  
0 02 _+ 0 013 1000 ARONSON 68 

+ 0  023 _+0 012 4800  BASILE 68 
- 0 01 _+ 0 02 762 FIRESTONE 67 
t -0  0 t  _+0 015 531 KADYK 67 

+ 0  08 + 0  10 240 LOWYS 67 
0 O8 

+ 0  15 _+0 08 577 FISHER 65 
+0 07 _+0 06 153 LUERS 64 

OSPK DP no  RC 
HBC DP no  RC 

new value of Re(E) See footnote 4 Of SCHMIDT 79 

L+ (LINEAR ENERGY DEPENDENCE OF f. IN K,, 3 DECAY) 
See a lso  t he  c o r r e s p o n d i n g  en t r i es  a n d  no tes  in s e c h o n  '~A  = t_, , r+ 
a b o v e  a n d  sechon \0 (LINEAR ENERGY DEPENDENCE OF f0 IN K.~ 3 
DECAY) b e l o w  For r a d i a t i v e  c o r r e c t i o n  of K~3 Dahtz p lo t  see  
GINSBERG 70 a n d  BECHERRAWY 70 

VALUE EVtS DOCUMENt ID tECN COMMENT 
0 034  _+ 0 .005  OUR EVALUATION Error i n c l u d e s  sca le  fac to r  of 2 3 From (3 

flt d i s c u s s e d  in n o t e  on  K/3 form fac tors  m 
1982 e d i t i o n  PL 1118 (Aprd  1982) 

0 0427 _+ 0 0044 150k BIRULEV 81 SPEC DP 
0 028 _+ 0 010 14k CHO 80 HBC DP 
0 028 _+.0 0 t l  16k HILL 79 STRC DP 
0.046 _+ 0 030 32k BUCHANAN 75 SPEC DP 
0 030 _+ 0 003 1 6M DONALDSON 74B SPEC DP 
0 085 _+ 0 015 9086  ALBROW 72 ASPK DP 
• * • We d o  not  use the  t a l l o w i n g  d a t a  for o v e r a g e s  hts hmds e t c  • • • 
0 0337 _+ 0 0033 129k DZHORD 77 SPEC Repl  by  BIRULEV 8 t  
0 046 _+0 008 82k ALBRECHT 74 W I R E  Repl  by  BIRULEV 81 
0 11 _+0 04 t 6k  DALLY 72 ASPK DP 
0 07 -+ 0 02 16k CHIEN 70 ASPK Rep~ by  DALLY 72 

' \0  ( L I N E A R  E N E R G Y  D E P E N D E N C E  O F  fo IN  K#s D E C A Y )  
W h e r e v e r  poss ib le  w e  h o v e  c o n v e r t e d  the  a b o v e  v a l u e s  of ~(0) in to  
v a l u e s  of \ 0  us ing  the  a s s o c i a t e d  ,\#+ a n d  d~(O} d ~ +  

VALUE ~,\n.'ci~ ÷ E . y T S  DOCUMENT ID .TECN COMMENT 
0 028  -+ 0 .006  OUR EVALUATION Error i n c l u d e s  s c a l e  fac to r  of 2 3 From 

a fit d i s c u s s e d  in n o t e  on  K/3 form fac  
tars m 1982 e d i t i o n  PL t t18 (Apr , I  
1982) 

0 0341 ± 0 0 0 6 7 u n k n o w n 1 5 0 \  64BIRULEV 81 SPEC DP 
+0 050 _+0 00B - 0  11 14k CHO 80 HBC DP 
+ 0 039 _+ 0 010 - 0 67 16k HILL 79 STRC DP 
+ 0  047 -+0 009 1 06 207k 65CLARK 77 SPEC PaL 
+ 0  025 _+0 019 + 0  5 32k 66BUCHANAN 75 SPEC DP 
+ 0  019 _+0 004 - 0  47 1 6 M  67 DONALDSON 748 SPEC DP 
- 0  060 :tO 038 - 0  71 1385 68pEACH 73 HLBC DP 
- 0 018 -+ 0.009 + 0 49 2 2M 65SANDWEISS 73 CNTR PaL 
- 0 043 -+ 0 052 - 1 39 9086 69ALBROW 72 ASPK DP 

-0 140 +0 043 0 49 65LONGO 69 CNTR PaL 
+0 08 ; 8  B~ 2 -+0 54 1371 65CARPENTER 66 OSPK DP 

• • ° We CIo not  use  t he  Io f low lng  d a t a  tar o v e r a g e s  his hmMs e l c  • • • 
0 029 _+ 0 005 19k 74 CHO B0 HBC DP 
0 0286 _+ 0 0049 26k BIRULEV 79 SPEC Repl  by  BIRULEV 81 
0 032 _+0 0042 4Bk BIRULEV 76 SPEC Repl  by  BIRULEV 81 

74ENGLER 788 uses an  u m q u e  Ke3 subse l  of CHO 80 even t s  a n d  is less sub 
l ec t  to s y s i e m a h c  ef fects 

Jf~,,f.~ FOR Ke3 DECAY 
Ratio of sca la r  to f+ COupl ings  

VALUE CL % E V T S  DOCUMENT JD rECN COMMENT 
< 0 , 0 4  68 25k 8LUMENTHAL 75 SPEC 
• • • We do  not  use Ihe  fo l l ow ing  d a t a  for a v e r a g e s  tits hmHs, e l c  • • ° 
< 0  095 95 18k HILL 78 STRC 
~-'0 07 68 4Bk BIRULEV 76 SPFC See a lso BIRULEV 8 t  
< 0  19 95 5600 ALBROW 73 ASPK 
< 0  15 68 KULYUKINA 67 CC 

f r / f + l  F O R  Ke3 D E C A Y  
Ral lo  o tensor  to f+ COUpl ings 

VALUE CL % E V T S  DOCUMENt ID TECN COMMENt 
<-0 23 68 25k BLUMENTHAL 75 SPEC 
• • ° We d o  ha l  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  fits hmlts e t c  • • • 
< 0  40 95  18k HILL 78 STRC 
< 0  34 68 48R BIRULEV 76 SPEC See a lso  BIRULEV 81 

1 0 95  5600 ALBROW 73 ASPK 
< ' I  0 68 KULYUKINA 67 CC 

I rT,,f+; FOR K.j DECAY 
Ratio of tensor  to f+ couplings 

VALUE DOCUMENT tO TECN 
0 12 _+0.12 BIRULEV 81 SPEC 

TECN COMMENT 

scale fac to r  of 1 2 
SPEC DP 
HBC DP 
STRC DP 
SPEC DP 
SPEC DP 
SPEC DP 
OSPK DP 
ASPK DP 
HBC PI l rensv  
ABPK PI 
ASPK DP 
ASPK DP no RC 
OSPK PI 
OSPK DP no  RC 
HBC DP no  RC 
HBC e PI no  RC 

FBC PI 

~c = f-,"f~ (determined from ,u polorlzahon in K.3 ) 
The ~ polarlzahon IS a measure of .~(0 NO assumphons on .~.÷_ 

necessary t (welghted by sensmwty to ~(0) should be specified In 
\. ~.(0) porometnzahon thlS IS .~(0) for .\+ = 0 d.~. o~ = c! FOr radio 
hve  c o r r e c h o n  to /~ p o l a r i z a t i o n  in K~3 see  GINSBERG 73 The p a r a m e -  
ter  ,~ is r e d u n d a n t  w i th  \ 0  b e l o w  a n d  is not  pu t  rata the  S tab le  Po rhc le  
S u m m a r y  Tab le  

VALUE EVTS DOCUMENT ID TECN COMMENT 

-- 0.11 _+ 0 .09  OUR EVALUATION Error i n c l u d e s  s c a l e  fac to r  of 2 3 From a 
fi l  dlSCUSSed in n o t e  on  K i 3 form fac tors  in 
1982 ed f f l on  PL 1118 ( A p n l  1982)  

~ 0  178_+0 105 207k  58CLARK 77 SPEC PaL 
d~(0), ce,+= + 0 68 

-0 385_+0 105 22M 59SANDWEISS 73 CNTR PaL d~(0),a'~+=-6 

-- 1 81 + 0  50 6DLONGO 69 CNTR PaL t=3 3 
- 0  26 

• • * We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  hts l imds e l c  • * • 
- 1 6 = 0 5 638 61 ABRAMS 688 OSPK P o l a n z o h o n  
- 1 2 = 0 . 5  2608 61 AUERBACH 668 OSPK Po lonzohon  

58CLARK 77 f = + 3  80, d,~(0), a'X+ = ,~(t)t = 0 178 < 3 80 = + 0  68 
59SANDWEISS 73 is for \ .  = 0 a n d  $ = 0 

68pEACH 73 assumes .\~ = 0 025 Calculated by us tram ~(0) and 
d~(O) 'd~+ 

69ALBROW 72 .\0 is caJculoted by us from "~A \+ and d~(0)..'dX+ They glve 
\0 = - 0 043 = 0 039 for .\_ = 0 We use our larger calculated error 

70CHO 80 BR result not independent of their Dalltz plot result 
71Fit tar ~'0 does not include thls value but Inslead includes the K,3Ke3 

result from thls experlmenl 
72DALLY 72 glves I 0 = I 20 -+ 0 35 '\0 = - 0 080 _+ 0 272 'k0 = 

- 0 006 _+ 0 045 bul wlth a dlfferent deflnlhon of '\0 Our quoted .\0 Is hls 
A0,.f 0 We cannol calculate true X 0 error Wlthout hls (\0 f0) correlahons 
See also note on DALLY 72 in sechon ~A 

73BASILE 70 '\0 Is for \+ = 0 Calculated by us from ~A wllh d~(0)'dX+ = 0 
BASILE 70 IS m c o m p a h b l e  Wllh a l l  o the r  resul ts Authors  sugges t  t h a l  effl 
c l e n c y  e s h m o l e s  m l g h t  b e  responsbble  

,\+ (LINEAR ENERGY DEPENDENCE OF f~ IN Kes DECAY) 
For r a d l a h v e  c o r r e c h o n  of Ke3 DP see G;NSBERG 67 a n d  BECHER 
RAWY 70 

VALUE EVTS DOCUMENT iD 
0°0300  _+ 0 .0016 OUR AVERAGE Error i n c l u d e s  
0 0306_+0 0034 74k BIRULEV 81 
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N O T E  ON C P  VIOI . -~TION IN K O DI':('.%Y 

V~,'e list the parameters  v,h)ch measure  ( 7 '  \ i o l a l l o n  In 

h 17 decays and cornparc  them v. ith supcrv.cak mt)dc l  prod- 
ICtlOnS 

P a r a m e t e r s  

There  are t,ao different  i t / .  ) dec , i ts  in \ \h lch  ( 1' ~lo la-  

l i on  has bccn obSel \ ed (l 'or deV.lllS sec K l e l n k n c c h t  I ) 

"ct7 I',IIH#HCDI I~l tht '[X' l . - -~re¥(  '1' (/{'~{/i'~ T h c q u a n -  

ht.~ illeas, ulcd and compi led  hcic is 

l '(Rl.--,,.rr I "e) - l '(Kl. ..... re+ l v) 
a =  - 

l ' ( K / _ . - - ~ r e  / ' v )  • I ' ( K  L ~ r e ~ - ¢  v)  

T h i s a s ~ m m c t r y \ m l a t e s ( 7 ' t n ~ a r m n c c  I f ( / ' 7  is good 

for a pure h ?  bean1 a Czln be \ \ r l l lcn as 

£ • 2[(I - Ix 12)/(I I - x 12)] Rc¢  

where ~, is def ined hel(i~ in the " 'Note on the .A.S = 'xQ 

Rule in K 0 [)cca~ " a n d  { ~s the parameler  (if the cxpansmn 

I A L > = [ I I  • + ) IA,  (i ~)IA>]"12fl • 1~12)1 l :  fl, ,) 

IA:S.>- [ I I - ~ ) I K > - ( I - + ) 1 ~ , > ] ' 1 2 ( I - 1 < 1 2 ) ]  ' z ( l b )  

We l ist at#a)for h/_ 0 --~ re#xu and ~((') foi h l? -~ re(', 

sepala lc l , ,  and  l ist fi foi h / 0  - *  re/~u and h/ . )  - .  reel, c \ p c r i -  

n,ielll.S Ct )Mb lncd  

(1~) I(  L --,,> ]re de( al  T h e  , ie le \an l  p a l a m c l c r s  a le  

)7. = I ( K  L - , - r e - r e - ) /  l l h . s - - ~ r e * r e - )  

= I)7. I c \ p ( ~ ,  ) 

~700 " I (KI .  -.,,. reO:a-°)." I{ A.S --,. ,'tOre °) 

- I%01 c \P( /~Oo)  

de f ined  in Eqs ( I ) a b c , \ c  arid 

. . . .  I ~ e \ p [ ~ ( 6 2  ~$0 )] Ira( I-~... I O) e ~ / k -  - -  ' 

t le re  the dcca} an]ph tudcs  to rere slates v. lth dcfirHtc isospH1 
/ are glxen b\  

<1 = h i  7 l  A", c\pf:b(i)  I<) 

<I-  2171K:> e\p(/~$->)l-, 

where the 6] are the rere scat tcrmg pllasc sllifls at the it, 

nlass Wu and Yang 2 d c i i \ e d  t l l c l e l a t lonsh lps  

r /+  ' ( "  (" ~(XI = ~ 2(-' 

assuming  ( ' P I  in\  ar lance using a phase conxenllOlq ii] 

v, hlch I 0 is real and neglecting small cor rcc tmns  (H order  
Rc I z / R e  lu 

Stable Particle 
195 

Full Listings 

Fitt inl~ p r o c e d u r e s  

We list measu remen ts  ot I n -  - I 1%o l  and 

] r?00.."r/ . ] ln(Jependclll lIHorMalu)n on ] r/ . ] anti 

I n(R) I Call be ()blal ned fl o111 nlcasui  CMcn I ~, ill" lhe R ~.i , lnd 

/x .0 hfc'llnlC~; ( r i  and b l a n c h i n g  l;. i l los {BR)  Io i-171-, tislnE lhc 

rclal lOnS [ , ] BRIA ;I -,. re a- ) rfA s ) I 2 
1 , 1 .  _ 1  " ~ - n - 

r ( k  .I) B R I K , >  - - , . r  re ) 

F BR(A ;)--- re0re()) d R  ~)) ] 1 2  

I % ° 1  - L- 0<,, 

We a p p r o x i r n a l e  a Sit)hal fit to these i ndependen t  

st)Ult.'t.'s [3\ f i lm p c l f o i n l i n g  I\~o i n d c p e n d e n l  I l ls 

} ) B R I : I I  a fit to the A L ) t) l+~ll}Cl' l l I l~ I~.tl1()~, Nilcs a i ld  

me, in hlL'. , ind 71 f T F - t I I T  cl fit to the I n ) I [ i70()[ Cil,id 

I )7 . ..'r#( I n leas t l ren lcn lk  The  leMi l ls  l l on l  l i t  I 

r (A/I)) .  -- (5 I,R • I l f l - l i ' < l f )  -X s 

B R ( h l i - * r e ' , ' r .  ) - ( 2 ( ) 3 . . { ) 0 4 ) × 1 ( )  "~ 

BR(fi,/r. ) +ret ire()) (S ( ) - ( )  6)'~ l(} " 4 

() 
a long  w i th  the h.$ \ a l ucs  f rom this ed i t i on  ale used Io 

c o n l p u t c  the \ a lucs 

• ( 2  ~ 4 v  . ( i 0 2 4 ) ×  I ( i  I In_ I BRFIT  . . . .  " 

• - (2l ' )95 " ( )07 ( ) )× i f )  1 I )#O(i [ B R t - I  1 

These \alLies d ie  inc luded  as, nlcaSUlCll lCnts ii,i Ihlc I % n l  

and I r 1 ; I sect ions ~i l I1 a doC't ln lcnl  11) el  B R H I  kS 

The  fit to I r#. I I )7001 sand I )7 . 17()01 IX Ihcn ied tu lc  to 

inc lude  the B R F I T  88 inlT.) l l l lat lon Thus  the I]1 x, l lucs 

g l \ c n  in this cd l l l t )n  

I q ,  I ( 2 2 6 6  ' ( ) ( 1 1 , " 4 ) × 1 ( )  3 

- _ 4 .  - f ) ( ) l g } x l ( I  - 

i nc lude  both  tt lc d i rect  n l casu tcmcn ts  ,li,icl the lcsul ts  t+~om 

the b i a n c h i l l g  l;.itlO fit 

l h e  process is i c \ c i s c d  il l o l dc i  I~+ ii 'Jcludc the d l i cc t  

Ir#l n leaSt l lCnlenls  l i l  lhic b l anch ln+  i~ltii/ t i t  Thlc ic~,uh,, 

fit,in1 fit 2 a b u \ c  (bct 'o ic li lt]Lichi,ig B R r l T  8~ \ , lh lck)  

I ~ _ _  I (2 2 c ) c ) . n f 1 2 9 ) x l n  - t 

I ~ 1 0 "  B . I ( ) 9 c ) 1 2  - ()()n~,l 

ii are used a long ~\ l l l l  the h / I  and ~ s MC,II,I ] l \C ' ,  , l l , id [hit '  
0 l H h.s --" ~re b ranch ing  I'lat'l lOllS Io c o n l p u l c  Ihc /x I~Idt,ich- 

ins Idtl t iS 
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BR(K].  I - + a - + r r  )ETa~FI T - (2 1 ( ' 1 5 - 0 0 5 6 ) × 1 0  - 3 _  

[- ;>_.+0+o, ] 
- 0 4 4 9 4 - 0  0 0 6 2  

LBR(IX o_Tr+~. ) ETAFIT 
[ r/00.;r / _ _ ] IS used because  it is prcclsel.', d e t e r m i n e d  and  

a lmos t  unco i l c l a l cd  v.llh I r l_  ._ I whereas  17/001 is highl.~ 

COl I eldled v. Ith ] ~7 a_ _ ] be ta  use o f  the  precise measu re -  

m c n t s  o f  I rt00."rt_ _ ] 

These  b r a n c h i n g  ratio x a lucs  arc inc luded  as measu re -  

m c n t s  in tile b r a n c h i n g  ratio sec t ions  

I'(IX ;) ---.- 7r + rr )..T(total) and  

I'( IX )? + 7r01r 0) 'T(IX ]] --+ 7r + rr--) v.lth a d o c u m e n t  It)  ot 

E T - \ F I T  88 T h u s  the IX L 0 b r a n c h i n g  r a t m  fit rcstllts in this  

edi t )on inc lude  tile lesul ts  o f  direct  m e a s u r e m e n t s  o f  

IT/. I Irt001 and  Irt00.,'rtt I 

-~ separa te  c o n s t l a l n c d  lit is done  lo c o m b i n e  measu re -  

m e n t s  o f  the  phases  0 + and  ¢00 and  their  ddt"erencc 

¢ 0 o -  ¢ -  - 

Supermeak model  predictinns fllr ~', I ~lll,/rJ+ _ I 

¢ _  _ .  and Re 

T h e  superv .eak  mode l  3 predicts  lhat  4 +' = 0 so that  

I r loo . "  + - .  I - -  I 

It also predic ts  tha t  

_. = lan l [ 2 k ~ h r S ;  / 
¢ +  ¢oo j " 

and  

[ [:,,:+, ]:]_, 2 
R e + =  I r t _ _ l  1 -  - - "" 

The  latter tv, o exp rc smons  and  the ``alues o f  the K~ 3 IX. 0 
- . i  S 

m a s s  dl f l~rcncc Am = (0 5349 - 0 0022)×  1010 t3 sec 

the  K. ° m e a n  hfe r s. = (0 8922 ± 0 0020)×  1 0 -  10 sec, and  

the m a g n i t u d e  o f  the ( I X l ?  ~ 7r + 7r - ) / ( K  0 ~ 7r = 7r - ) 

a m p l i t u d e  ratio I o + .  [ = ( 2 2 6 6  = 0 0 1 8 ) × 1 0  - 3  . all f rom 

the cu r ren t  ed i t ion  restllI in the  p red ic l lons  that  

¢ + _  = 4)00 = (43 67 + 0 13) ° . 

and  

Re+  =- (I 639 +_ 0 0 1 4 ) × 1 0  - 3  

T h e  above  p r e d l c u o n s  can be c o m p a r e d  with the  experi-  

men t a l  va lues  

I n o o / , + -  I = 0 9905 : 0 0029 

4).. . - - ( 4 4 6  : I 2 F .  

¢0o = <54 -- 5)", 

R e ~  = (1 630 ± 0 0 8 3 ) × 1 0  - 3 ,  

v .hcrc Re ~ has  been c o m p u t e d  us ing  the relat ion 

R e + -  5 1 - 1 \ 1  5 " 

and  our  cur ren t  va lues  o f  the charge a s s m m e t r )  pa r ame te r  

for leptonic  IXL 0 deca> 6 .~ (0 330 + 0 012)% and  the A3; 

- A Q  a m p l i t u d e ( R e x  I m x ) = ( 0 0 0 6  _- 0 0 1 8 .  0 0 0 3  +_ 

0 0261 

The  superweak  predic t ion  lot I r/00,,"r/+ _ ] is `̀  iolated by 

three s l a n d m d  de ' , l a l i ons  as a result  o f  the 

B t J R K I I A R I ) T  88 high-precis)on C E R N  m e a s u r e m e n t  

T h i s  is the lirst clear e \  ~dence R)r direct  C P  v m l a n o n  in 

tile t i ans i t ion  o f  the ( ' / ' - o d d  k-~ inlo Iv.() p lons  

In the S t anda rd  Model .  d u c c t  ( ' I '  viola t ion,  as v.ell as 

thai  induced  by slate mixing ,  arc a c c o m o d a l e d  m the 

K o b a ) a s h i - M a s k a w a  mode l  5 b~ t r ans i t ions  via heav.``-quark 

in t e rmed ia t e  s ta tes  The  ~ alue o f  +'/+ is a m e a s u r e  o f  the 

a m o u n t  o f d H c c t  ( t '  x t o l a tmn  R e c c n l e x a l u a l i o n s o f ( , / +  

in the S t anda id  Model  are in ag reemen t  v.tth the observed  

``alue o l ' ~ ' / (  ( s e e  below) for p lausible  va lues  o f  the t m a s s  

For example .  B m a s  and  Gera rd  6 lind falrl> good ag reemen t  

for 55 ( ieV .-<hi I -5 1 3 0 ( i e V  

T h e  m e a s u r e d  ``alue o f  ¢00 is two s t anda rd  dev i a t i ons  

a b o ` ` e t h e s u p c l ~ c a k  p led ic l ion  T h t s r c s u l l s p r t m a r f l >  

f rom the ( ' H R I S T E N S O N  79 m e a s u r e m e n t  ¢(X) = (55 7 --_ 

5 8 )  

Values  of  Icl  and I~'l 

O n e  can d e t e r m i n e  the va lues  o f  I+1 and  I ( I  us ing  

theoret ical  input  on t h e u  phases  T h e  phase  o f  + is deter-  

named f rom u m t a r u $  and  ( ' P T  m v a n a n c e  to be wi thin  a 

fev, degrees o f  the  " ' superweak va lue"  o f  44 ° (e g .  see 

V B a r n u n e t a l T )  The  phase  o f  +' ls g iven by 

6, - 60 + 7 r / 2  which  equa l s  48 ± 8 + f rom an analys is  o f  ~rr 

p h a s c s h i f t s 8  T h u s  + and  +' have  the s a m e  phase  wl thin  10 

to 15:: There fo re  to a good  a p p r o x t m a t m n  

= R e  = ~-  I .- I noo , , ' r l +  _ I = ( 3  2 _-. I 0 ) x  I 0  3 

, ,[, 
T h e  va lue  ot '¢l~ I - ¢ + _  is not  used in this  ana lys i s  s ince 

taken hterall.', it represents  a v iola t ion o f  C P T  m v a n a n c e  7 

Searches  for ('P violatmn in KL--,. ~ r + a ' - a  "0 

As was  d i scussed  in the  " 'Note on Dah tz  Plot Pa rame-  

ters tbr K --.- 3rr Decay"  in the  K + sect ion o f  the Full List- 

rags. the Dah tz  plot d i s t r ibu t ion  for K O -*. rr ÷ r r - r r  0 con-  

t a m s  a charge as .vmmct ry  te rm with coeff icmnt  ] the pres- 

ence o f  v.hlch would  indicate  ( / '  vmla t ion  Expe r imen te r s  

ha ' , c  used several  fo rms  for this  C P - v i o l a t l o n  te rm -~s 
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described m the "'Note on Sit)pc I)aramctcrs fi)r K ~ 3~ 

()eta}s" m the 1982 cdlllL)n of thins Rcxlc~ 9 ~c ha \c  con- 

',c~tcd all lcsult~ 1o cocffiocnt / fi~m flus conlpllat~on The 

COCJ'I~CIChl / IS cOnSlSlCIll ~ l l h  /e ra .  ) C, flbscncL" Of" ( ] '  ~ ~o- 

l o t ion  
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CP-VIOLATION PARAMETERS IN /~ DECAYS 

. . . .  CHARGE ASYMMETRY IN LEPTONIC DECAYS - -  

SUCh asymmet ry  v io la tes CP It ts re la ted  to Re(Q 

~(.) : 11"(~- - .+ .1  - ,  ( ~ . - . ) ) I , . ( . ~ - . * . )  + ,(~+.-.11 
(1" 4 - 1"5)/(1"4+1"5) 

On ly  the c o m b m e d  va lue  b e l o w  is pu t  into the Stable Pothole Summary  
Table 

V A_LUE (%) __ EVt5 DOCUMENT /D rECN 
0.32 z 0 .04  OUR AVERAGE Error i nc l udes  sca le  f a c t o r  of  1 5 See the 

i d e o g r a m  b e l o w  
0 313_+0 029 15M GEWENIGER 74 ASPK 
0 60 +_ 0 14 4 IM  MCCARTHY 73 CNTR 
0 278 _z 0 051 7 7M PICCIONI 72 ASPK 
0.57 -+ 0 17 1M 75 PACIOTTI 69 OSPK 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits hmds e tc  • • • 
0 403_+0 134 i M  75DORFAN 67 OSPK 

75pACIOTTI 69 IS a reanalysls of DORFAN 67 a n d  i$ co r rec ted  for ,u+u - 
range  d f f le rence m MCCARTHY 72 

WEIGHTED AVERAGE 
O 3 2  + O O 4  (Error scaled b y 1 5 )  

2 
X 

GEWENIGER 74 ASPK 0 0  
MCCARTHY 73 CNTR 4 0 
PICCIONI 72 ASPK 0 6 
PACIOTTI 69 OSPK 2 2 

6 9  
(Conf idence Level = 0 075) 

I I 

10  12 

I 

O 0 2  0 4  0 6  0 8  

Charge  asymmet ry  for K~ ~ ,u,'rl, 

2 0  2 5  3 0  3 5  
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Stable Particle Full Listings 
K °. 

,~(e) : )'(~-- e+v) - l(Tr*e-u)Vrl(~-e.v ) + l (~ - *e-v ) i  
(I 7-I e)/'(l 7+I 8) 

Only the c o m b , n e d  va lue  b e l o w  is put  ,nto the Stable Part ic le Summary 
Table 

VALUE (%) E VTS DOCUMENT ID r~ CN 
0 . 3 3 3  ! 0 .014  OUR AVERAGE 
0 341 _+O 016 34M GEWENIGER 74 ASPK 
0 318 _+ 0 038 40M FILCH 73 ASPK 
0 36 +-0 18 600k ASHFORD 72 ASPK 
0 346 -+ 0 033 10M MARX 70 CNTR 
0 245 _+ 0 059 i 0M 76 SAAL b9 CNTR 

• • • We do  not use the fOllOwing d a t a  for averages  hts h i l t s  e tc  • • • 
0 224 ± 0 036 10M 7b BENNETT 67 CNTR 
76SAAL 69 is o (eonalysts of BENNETT 67 

8 = welghted overage of ,;(p) and .(e) 
(Comb ina t i on  Of the a b o v e  tWO sections ) 

VALUE (%) EVt5 DOCUMENT /D tECN COMMENT 
0 330 _+ 0.012 OUR AVERAGE 
0 343_+0 029 15M GEWENtGER 74 ASPK K 
0 341 _+0 018 34M GEWENIGER 74 ASPK ~e~ 
0 318 _+ 0 038 40M FITCH 73 ASPK Ke3 
0 60 -+ 0 14 4 IM MCCARTHY 73 CNTR K. 3 
0 333 -+ 0 050 33M WILLIAMS 73 ASPK K~ 3 + Ke3 
O 36 ± 0 18 600k ASHFORD 72 ASPK K'o. ) 
O 278 +_ 0 051 7 7M PICCIONI 72 ASPK K 3 
0 346 +_ 0 033 10M MARX 70 CNIR ~e3 
0 57 _+ 0 17 IM  PACIOTTI 69 OSPK K 3 
0 246 _* 0 059 10M SAAL 09 CNTR ~e3 

- -  P A R A M E T E R S  FOR K~ , ,  2"tr DECAY 

,7-- = A(K~ . =÷=-)  ARK'} . "r+: ) 
'7oo = A ( ~  - =o=c) A(K~ . ,-rOt. c) 

/ he  f i t ted va lues of I i .  a n d  tl00 ' g i ven  b e l o w  are the 
results Of O flt to l ~ t . _  TOO 1/00 ) t*  a n d  Re0 ~) 
I n d e D e n d e n l  in format ion on iT÷ - a n d  :700 can  be  
O b l a m e d  from the fdted values of lhe  K~ ~ :rTr a n d  K~ 5 ~ ,-r= 
b r a n c h i n g  ratios and  lhe  K~ a n d  K~j hfehmes This mfo rmohon  
is i n c l u d e d  QS d a t a  in the fl + I a n d  tic 0 sechons wi th a 
Documen t  ID BRFII See the Nole on CP Vio lahor l  in K~ 
Decoy  a b o v e  for de tm ls  

jT/ooJ = i A ( ~  -- 2= : ) , ;  A ( ~  ~ 27rO)I 
,VA_LUE (units tO-3 )_  EVTS _DOCUMENT ID T_ECN COMMENT 
2.245 t 0.019 OUR FIT 
2 16 _+ 0,40 OUR AVERAGE Error mc ludes  scale factor of 1 4 See the 

i d e o g r a m  b e l o w  
2 095 _+ 0 079 77 BRFIT 88 I 
2 33 -+ 0 18 CHRISTENSON79 ASPK 
2 71 ±0 37 56 78WOLFF 74 OSPK Cu reg 4"~ S 
2 95 _+ 0 b3 78 CHOLLEI 70 OSPK Cu reg 4-~ s 

77Thls BRFIT va lue  is c o m p u t e d  from h l ted  values of the K~ and  K~ hfet lmes J 
a n d  b ranch ing  t rachons to ~."r See the discuss,on in the Note on CP I w o l a t l o n  in k~ d e c a y  

/BCHOLLET 70 g,ves ~700 = (1 23 z 0 24) . ( r e g e n e r o h o r  amphtuc le  2 
GeM c Cu). 10000rob WOLFF 71 g,ves ~0C = (1 13 ± 0 12) • ( regen 
erot ion a m p h t u d e  2 GeV C Cu) i 0 0 0 0 m b  We c o m p u l e  bOth n00 
values for ( regenerahon  a m p h t u o e  2 GeV c CL,) = 24 -+ 2rob "his regen 
era l ion  a m p l i t u d e  results from a v e r o g m g  Over FAISSNER 69 ex t raDo la led  
using oDhca l  m o d e l  ca l cu lohons  of Bohm e l  a l  Phys Left 27B 594 
(1968) a n d  the d a t a  of BALATS 71 (From H Fa~ssner pr iva te  c o m m u m c a  
t,on) 

WEIGHTED AVERAGE 
210  : O10  (Error scaled b y 1 4 )  

-,,,, 
-I'-- 

ValJeS above of welgh:ed average error 
and scale factor are based upon the data in 
tins ~deograrn only They are not neces- 
Se;fly the same es our "bos~" vatues, 
obtelned from a lesst-squeres cons:rained |it 
ut,hzmg measuremen{s o1 other (releted) 
Quantltces aS 8ddltlOt181 rnformshor 

l b  

2 
X 

8RFrT 88 0 8 
CHRISTENSON 79 ASPK 0 9 
WOLFF 71 0SPK 22 
CHOLLFT 70 0SPK 16 

53 
(Conf idence Level ~ 0 148) 

I ! 

4 0  4 5  

~/o0. = ,A(K~ ~ 2=0) ' A(K'~ ~ 27;,:) 
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Stable Particle Full Listings 

[ ~ _ :  = .A(K~ -- 7r+Tr-) / A(~ ~ rr+rr-) 
VALUE (un,ts_~q- 3) E. VTS _DOCUMENT /D T_E_CN CO_f~MENT 
2 2 6 6  ___ 0.018 OUR FIT 
2 .272  ± 0 . 0 1 9  O U R  AVERAGE 

2 2 5 7  ± 0 . 0 2 4  79 BRFIT 88 I 
2 2 8  ± 0 0 6  1687 80COUPAL 85 SPEC P(K)=70 G e V . ' c  
2 2 7  _ 0 12 CHRISTENSON79B ASPK 
2 30 -.+ 0 035  GEWENIGER 748 ASPK 

* • • w e  do  not  use t he  f o l l o w i n g  d a t a  tar a v e r a g e s  fits bruits e l c  * • • 
2 09 _±-0 02 81ARONSON 828 SPEC f = 3 0 - t l 0  G e V  

79This BRFIT v a l u e  is c o m p u t e d  from f i t ted  v a l u e s  of t he  K~ a n d  K~ h fehmes  l 
a n d  b r o n c h l n g  f rac t ions  to ,1-~r See t he  d i scuss ion  in the  Note  on  CP I w o l a h o n  m K~ d e c o y  

80COUPAL 85 c o n c l u d e s  no  e n e r g y  d e p e n d e n c e  of " r / + _  b e c a u s e  the i r  
v a l u e  ~s COnSistent With a b o v e  v a l u e s  w h i c h  O c c u r  aJ l owe r  e n e r g l e s  

81ARONSON 828 f lnd  tha t  ! ~ + _  m a y  d e p e n d  on  t he  k a o n  e n e r g y  

I~00"'~+- 
VALUE EVT$ DOCUMENT IO TECN 
0 . 9 9 0 5  ± 0 0 0 2 9  OUR FIT . . . . .  
0 . 9 9 0 8  _+ 0 0 0 3 0  O U R  AVERAGE 

0 9899±0 0020_+0 0025 82BURKHARDT 88 GALa I 
0 9904±0 0084±0.0036 83WOODS 88 SPEC I 1 0 1 4  - 0 0 1 6  - + 0 0 0 7  3152 BERNSTEIN 858 SPEC 
0 9 9 5  -+ 0 0 2 5  1122 BLACK 85 SPEC 
1 0 3  _+ 0 0 7  124 BANNER 72 OSPK 
1 0 0  : 0 0 6  167 HOLDER 72 ASPK 
• • • We d o  no l  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  hls hm~ts e t c  • • * 
1 0 0  ± 0 0 9  84CHRiSTENSON79 ASPK 

82Thls IS the  s q u a r e  root  of t he  ra t io  R g i v e n  by  BURKHARDT 88 I 
83We c a l c u l a t e  I~00 / r / + _  [ = 1 - 3  ( ,'( f rom WOODS 88 (.,'( v a l u e  I 84Not ~ n d e o e n d e n t  of I~+- a n d  r/00 : va  ues w h i c h  o re  n c l u d e d  in H 

R e ( E / ~ : )  = ( I - - i T / 0 0 / ~ + _ l ) / 3  
Approximately equal to (..'( See Note on CP violation In 
d e c a y  

.VA~UE (units I073) L)OCUMENT I D_ [ECN 
3.2  _+ 1.0 OUR FIT 

• • • We d o  not  use l h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits hmtts e t c  • • • 
3 3  _+ 1 1  85 BURKHARDT 88 CALO I 
3 . 2 z 2 8 ± 1 2  85WOODS 88 SPEC 

I 85These va lues  a re  d e r i v e d  f rom ! ~ 0 0 " ~ -  m e a s u r e m e n t s  a n d  e n t e r  t he  flt 
v ia  the  I~700 q + _  s e c t i o n  

¢+_. PHASE of 77+_ 
The d e p e n d e n c e  of t he  p h a s e  on  the  /~ - K~ mass d i f f e r e n c e  is g i v e n  
for e a c h  e x p e r i m e n t  ~n l h e  c o m m e n t s  b e l o w  w h e r e  DM ~s (mass di f fer 
e n c e / ' h )  ~n uni ts  1010 s e c - I  We h a v e  e v a l u a t e d  t hese  mass d e p e n -  
d e n c e s  us ing  ou r  ADr l 11982  v a l u e  DM = 0 5 3 4 9  ± 0 . 0 0 2 2  to o b t a i n  t he  
v a l u e s  a n d  a v e r a g e  q u o t e d  b e l o w  We a lso  g i ve  t he  r e g e n e r a t l o n  
p h a s e  ';~l in the  c o m m e n t s  b e l o w  

VALU~.(~_egreeS_) DOCUMENT ID TECN COMMENT 
4 4 . 6  +_. 1 . 2  O U R  FIT Error ~nc ludes s c a l e  fac to r  of 11  
4 4 , 6  -+ % 2  O U R  AVERAGE 
4 1 7  -+ 3 5  CHRISTENSON79B ASPK 
4 5 . 5  _+ 2 8  86 CARITHERS 75 SPEC C r e g e n e r a t o r  
46.5..+.+ 1 6  87GEWENIGER 748 ASPK V a c u u m  r e g e n  
3 6 . 2  -+ 6 1  88 CARNEGIE 72 ASPK Cu  r e g e n e r a t o r  
3 7 2  :t 1 2 0  89 BALATS 71 OSPK Cu  r e g e n e r a t o r  
4 0 6  ± 4 2  90 JENSEN 70 ASPK V a c u u m  r e g e n  
3 4 2  _+ 1 0 0  91 BENNETT 69 CNTR Cu  r e g e n e r a t o r  
4 5 3  _+ 12.0 92 BOHM 698 OSPK V a c u u m  r e g e n  
4 5 2  z 7 4  93 FAISSNER 69 ASPK Cu  r e g e n e r a t o r  
• • • We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  flts l imi ls  e t c  * • • 
3 5 3 ±  3 9  94ARONSON 828 SPEC E = 3 0 - I 1 0  G e V  
5 1 0 ± 1 1 . 0  95BENNETT 688 CNTR C u r e g  uses 
7 0 . 0 _ + . 2 1 0  968OTT 678 OSPK C r e g e n e r a t o r  
2 5 0  ± 3 5 0  96 MISCHKE 67 OSPK Cu r e g e n e r a l o r  
3 0 . 0  ± 4 5 0  96 FIRESTONE 66 HBC 
4 5 0  ± 5 0 0  96 FITCH 65 OSPK Be r e g e n e r a t o r  

86CARITHERS 75 , : ,÷_ ( 4 5 5  ± 2 8 ) +  2 2 4 [ A ( m ) -  0 5 3 4 8 i  • Of 
- 4 0 . 9 = 2 . 6 '  

87GEWENIGER 748 q ,+_  = ( 4 9 4 ±  I 0 ) - l - 5 6 5 A ( m ) - 0 5 4 0  ° 
88CARNEGIE 72 <.',+_ Is nsens  ve  o A ( m )  Ct = - 5 6 2  ± 5 2  • 

~ : - :  : - oO 

BENNETT 69 q , + _  = (34  9 ± 1 0 . 0 ) + 6 9 1 A ( m ) - 0  545 r ' ] ' t :  - 4 9  9 = 5  4" 
928OHM 698 ~',+_ = (41 0 ± t2  0 ) + 4 7 9 ( A ( m ) - 0  526)  ° 
93FAISSNER 69 er ror  e n l a r g e d  to I n c l u d e  er ror  in r e g e n e r a t o r  p h a s e  FAISS- 

NER69 r~+_ = (49  3 ± 7  4 ) + 2 0 5 A ( m ) - 0  5551" , i , f= - 4 2  7 ± 5  0" 
94ARONSON 82 f n d  t ha t  < ,+_ m a y  d e p e n d  o n  t he  k a o n  e n e r g y  
95BENNETT 69 is a r e - e v a l u a h o n  of BENNETT 688 
96Oid  e x p e r i m e n t s  w i th  l a r g e  errors not  i n c l u d e d  ~n a v e r a g e  

d~00. PHASE O F  7/oo 
VALUE (¢legrees) EV!S D_O_C_UMEN~_ID__ l [~CN COMMENT 
54 +- 5 O U R  FIT 
5 5  ± 6 O U R  AVERAGE 
5 5 7  ± 5 8  CHRISTENSON79 ASPK 
3 8 . 0  - 2 5 . 0  56 97 WOLFF 71 OSPK Cu  reg  . 4"~ s 
5 1 . 0 : 1 : 3 0 0  98CHOLLET 70 OSPK Cu r e g  4*ys 
first q u a d r a n t  p r e f e r r e d  GOBBI 698 OSPK 

9TWOLFF 71 uses r e g e n e r a t o r  p h a s e  ~f : - 4 8 2  ± 3 5 "  
98CHOLLET 70 uses r e g e n e r o l o r  p h a s e  ~.',f = - 4 6 5  ± 4 4  

PHASE DIFFERENCE rhoo - ,',+_ 
Test at CPT 

VA_LUE (degree_s_) DOCUMENT IO TECN 
10 ± 5 OUR FIT 

7 .6  _+ 1 8 . 0  99 BARBIELLINI 73 ASPK 
• * * We d o  not  use the  fo f low lng  d a t a  for a v e r a g e s  fl~s hmllS e t c  • • • 
1 2 6  z 6 2  100 CHRISTENSON79 ASPK 

9 9 1 n d e p e n c l e n l  of r e g e n e r a t o r  m e c h a m s m  A(m)  a n d  h fehmes  
100Nol i n d e p e n d e n t  of ,],+ .. a n d  ';'00 va lues  WhlCh a re  i n c l u d e d  in fit 

- - - -  CHARGE ASYMMETRY IN ~ -+~ -~ -0  DECAYS - -  

CP-VIOLATION COEFFICIENT j FOR K~ ~ 7r- 7r- 7r 0 
Def i ned  a t  b e g i n n i n g  of s e c l l o n  LINEAR COEFFICIENT g FOR K~ 
-r + ,"r-~-0 a b o v e  See a lso n o t e  on  Dalhtz  p lo t  p a r a m e t e r s  in K -+ sec  
ban  a n d  n o t e  on  CP v l o I o h o n  in K~ d e c a y  a b o v e  

VALU_E EVTS DOCUMENT ID TECN 
0.0011 ± 0 .0008 OUR AVERAGE 
0 .001  ± 0  011 6499 CHO 77 

- 0 0 0 1  ± 0 0 0 3  4709  PEACH 77 
0 0 0 1 3  ± 0 0 0 0 9  3M SCRIBANO 70 
0 0  _ + 0 0 1 7  4400  SMITH 70 OSPK 
0 0 0 1  _ + 0 0 0 4  238k  BLANPIED 68 

NO1E ON AS = AQ RUI.E IN K ° DECAYS 

The relative amount at 'AS =~ AQ component present t.~ 

measured b} the parameter v, defined as 

.~ = - I ( k : l ~  7 r - / "  v ) / j ( K O - .  7 r - E - v )  

We hst Rel~, ] and I m { . v ]  For K 3 and K 3 comb,ned 

X = ( A S  = - - A Q  A M P L I T U D E )  / ( A S  = + A Q  A M P L I T U D E )  

REAL PART O F  x 

VALUE EVT$ DOCUMENT ID TECN COMMENT 
0 . 0 0 6  ± 0.018 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 3  See t he  

i d e o g r a m  b e l o w  

0 1 0  + 0 1 8  - 0 1 9  79 SMITH 758 WIRE ~ ' . - p  -~ K 0 \  

0 0 4  -+=003 4724  NIEBERGALL 74 ASPK K+.O -o KOp~ + 
- 0 0 0 8  :t 0 0 4 4  1757 FACKLER 73 OSPK Ke3 f rom K 0 
- 0 0 3  ± 0 0 7  1367 HART 73 OSPK Ke3 f rom K c \ 
- 0 0 7 0  _ 0 0 3 6  1079 MALLARY 73 OSPK Ke3 f rom K ° ~, + 

0 0 3  _+ 0 0 6  410 101 BURGUN 72 HBC K+p ~ KOo~ + 
- 0 0 5  _+ 0 0 9  442  102 GRAHAM 72 OSPK 7r -  O ~ K ° \ 

0 2 6  + 0 1 0  - 0 1 4  126 MANN 72 HBC K - D  ~ nK  0 

+ 0 0 7  
0 25 _ 0 09 252 WEBBER 7 t HBC K -  p ~ nK o 

0 1 2  t O  09 215 103CHO 70 DBC K + d ~  KOpp 
-- 0 020 ± 0 025 104 BENNETT 69 CNTR C h a r g e  asym+ Cu 

r e g e n  
+ 0  14 

0 0 9  - 0 1 6  686  LITTENBERG 69 OSPK K + n ~ K0,o 

0 0 9  + 0 0 7  121 JAMES 68 HBC p p  
- 0 0 9  

+ 0 1 6  116 FELDMAN 67B OSPK ~ ' - p  o K o "~ 0 17 - 0 . 3 5  

0 0 3 5 + 0 -  1311 196 AUBERT 65 HLBC K + c h a r g e  
e x c h a n g e  

0 06 + 0  18 t 52  1058ALDO 65 HLBC K *  c h a r g e  " -0  44  
e x c h a n g e  

+ 0 1 6  109 106 FRANZINI 65 HBC PO - 0 0 8  - 0 . 2 8  

• • * We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  flts l imits e t c  * • • 

0 0 4  + 0 1 0  100 102GRAHAM 72 OSPK K#3 f rom /d 3 
- 0 1 3  

- 0 1 3  ± 0 1 1  342 r02MANTSCH 72 OSPK Ke3 f rom K~% 
0 0 4  + 0 0 7  101 - 0 0 8  222 BURGUN 71 HBC K + p  ~ KOpr, + 

0 0 3  ± 0 0 3  104 BENNETT 68 CNTR 
0 1 7  : t 0 1 0  335 103HILL 67 DBC K + d ~  K ° p p  

101BURGUN 72 is o f ina l  resuJt w h i c h  i n c l u d e s  BURGUN 71 
102First GRAHAM 72 v a l u e  is s e c o n d  GRAHAM 72 v a l u e  c o m b i n e d  wi th  

MANTSCH 72 
103CH070 Is ana lys l s  of u n a m b i g u o u s  even t s  In n e w  d a t a  a n d  HILL 67 
104BENNETT 69 is a reana l ys i s  of BENNETT 68 
I05BALDO-CEOLIN 65  g l ves  x a n d  /~ c o n v e r t e d  by  us to Re(x)  a n d  Ira(x) 
tO6FRANZIN165 g lves  x a n d  h for Re(x)  anc l  Ira(x) See SCHMIDT 67 



See key on page 129 

WEIGHTED AVERAGE 
0 0 0 6  ± 0 0 1 8  (Error scaled b y 1 3 ]  

X 

I SMITH 75B WIRE 0 3 
NIEBERGALL 74 ASPK 13 
FACKLER 73 OSPK O~ 
HART 73 OSPK 
MALLARY 73 OSPK 4 4 
BURGUN 72 HBC 0 2 
GRAHAM 72 0SPK 0 4 

i '~ MANN 72 HBC 3 3 
t WEBBER 71 HBC 74 

CHO 70 DBC 116 / 
BENNETT 09 CNTR 

| "-" ~: LITTENB£RG 69 OSPK 0 3  
I ~ ~AM~S ~ ,,BC 0~ 

~,r I ~ FELDMAN 678 0SPK C3 
I ' ~ ' - -  " AUBERT 85 HLBC c l  
I w i ~ BALDO- 65 HLBC 

/ I  ~ ~ . .  FRAN71NI 65 HBC 0 2  

2~'E 
J ~ ~ (Conf ,dence Level = 0 '107) 

-O - 0 2  O O  0 2  0 4  0 6  

Re(x) (~S = - A Q  o m D h t u d e )  

IMAGINARY PART OF x 
Assumes m(K~) - m(K~j) posmve See bst,ngs a b o v e  

VALUE EVT$ DOCUMEN[ /D 7ECN COMMENT 

- 0 . 0 0 3  _+ 0.026 OUR AVERAGE Error ~ncludes sca le  factor at 1 2 

79 SMITH 75B WIRE ~ - D ~ K0 % 

4724 NIEBERGALL 74 ASPK K+ p ~ KODF, + 

- 0  10 + 0  16 
- 0  19 

- 0  06 -+0 05 
- 0  017-+0 060 

0 09 ± 0 07 
0 107 +0 092 

- 0 074 
+ 0  06 

0 07 - 0  07 
0 05 ± 0 13 

0 21 +0 15 
- 0  12 

00 -+008 
- 0  08 ±0 07 
- 0  1'% + 0  10 

- -0  11 

+ 0  22 ~ 0  37 
- 0  29 

0 0  - + 0 2 5  
- 0  21 + 0  11 

- 0  15 

- 0  44 +0 32 
- 0  19 

1757 FACKLER 73 OSPK Ke] f rom K g 
1367 HART 73 OSPK Ke3 f rom K g \ 

1079 MALLARY 73 OSPK Ke3 from K g ~ + 

410 I07 BURGUN 72 HBC K + p  ~ KOp~, + 

442 108 GRAHAM 72 OSPK ~ -  D ~ K ~ \ 

126 MANN 72 HBC K - p  ~ nK ° 

252 WEBBER 71 HBC K - D  .~ nK ° 
2t5  I09 C l i o  70 DBC K + d  ~ K0pD 

+ 0  24 + 0  40 
- 0  30 

686 LITTENBERG 69 OSPK K + n  ~ K°D 

121 JAMES 68 HBC ~ p  

116 FELDMAN 67B OSPK ,"r -D ~ / (0\  

196 AUBERT 65 HLBC K + Charge 
e x c h a n g e  

t52 t10 BALDO 65 HLBC K + c h a r g e  
e x c h a n g e  

109 111 FRANZlNI 65 HBC p p  

• • • We do  not use the fo l low ing d a t a  for averages  fits l imits etc  • • • 

+ 0 17 100 108 GRAHAM 72 OSPK Ku3 h a m  ~ '. 0 12 - 0  16 

- 0 04 -+ 0 16 342 108 MANTSCH 72 O S P K  Ke3 f rom ~ \ 
0 12 + 0 08 - 0  09 222 107 BURGUN 71 HBC K + D  ~ Kaput + 

- 0  20 -+0.10 335 109HILL 67 DBC K + d  -o KOpp 

t07BURGUN 72 IS o f inal resul l  wh ich  inc ludes  BURGUN 71 
108F~rst GRAHAM 72 va lue  is second  GRAHAM 72 va lue  c o m b i n e d  Wlth 

MANTSCH 72 
t09Foolnote 10 of HILL 67 ShOUld read  + 0 58 not - 0  58 (pr ivate commun~ 

c a h o n )  CHO 70 is analysis of u n a m b i g u o u s  evenls  ~n new d a t a  a n d  
HfLL 67 

110BALDO CEOLIN 65 gwes x a n d  ,i conve r t ed  bY us to Re(x) a n d  Im(~') 
111FRANZINI 65 gwes x a n d  r~ for Re(~) a n d  Im(x)  See SCHMIDT 67 
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GREENLEE 88 PRL 60 893 
WOODS 08 PRL 60 1695 
BURKHARDT 07 PL 8199 139 
ARONSON 86 PR D33 3180 

AlSO 82 PRL 48 1078 
BERNBI~IN 858 PRL 54 1631 
BLACK 85 PRL 54 1628 
COUPAL 85 PRL 55 566 
8ALAIS 83 SJNP 38 556 

(CERN DaRT EDIN MANZ OPSA PISA SIEG) 

+Kasha Mannelh Mannelll* (YALE 8NL) 
~Nishlkowa+ (EEl CHIC FNAL P~IN SACL) 
+ (CERN DaRT EDIN MANZ ORSA PISA SlEG) 

• 8ernstein Back+ (8NL CHIC STAN WISC) 
Aronson 8ernsleln+ (BNL CHIC BEAN wise) 

+Back Carlsmltn CoupOl~ (CHIC SACL) 
• Blalt Campbel l  KOSHO Mannelll÷ (BNL YALE) 
~Bernsteln Back Carlsmlth~ (CHIC SACL) 
• Berezln Bogdanov VlshnevSkV* (ITEP) 

TransLated from YAP 38 927 
AI;~)NSON 82 PRL 48 1 0 7 8  +Bernstem+ (BNL CHIC STAN wlSC) 
Afi~)NSON 820 PRL 48 1306 +Back Cherlg FlSCi~boCH (BNL CHIC PURD) 

AlSO 828 PL 1168 73 Fischbach Cheng+ (PURD 8NL CHIC) 
AlSO 83 PR 028 476 Aronson Back Cneng+ (BNL CHIC PURD) 
AlSO 830 PR 028 495 Aronson Bock Cheng+ (8NL CHIC PURD) 

8:RULEV 81 
AlSO BC 

CARROLL 808 
CARROLL 80-", 
CARROLL 80{3 
( H a  80 
MORSE 80 
BIRULEV 79 

CH~ISTENSON 79 
C HRISIENSON 79fi 
HILL 79 
SCHMIDI 79 
SHOCHET 79 

AlSO 77 
ENGLER 781~ 
HILL 78 
( H a  77 
CLARK 77 

AlSO 75 
DE VOE 77 
DZHORD 77 

REACH 77 
BIRJLEV 76 

COOMBES 76 
DONALDSON 76 

AlSO 74 
FJKUSHIMA 76 
GJESDAL 76 
REY 76 

AlSO 69 
BALDO 75 
BLUMENTHAL 75 
BUCHANAN 75 
CARITHERS 75 
SMITH 758 
ALBRECHT 74 
BISI 74 
BO81SUT 74 
DONALDSON 74 

AISO 76 
DONA.DSON 748 

A;SO 73B 
DONALDSON 74C 

AlSO 74 
AlSO 76 

HELD 74 
GEWENIGE R 74 

AlSO 74 
GEWE NIGER 748 

AlSO 748 
GEWE NIGER 74C 
GJESDAL 74 
MESSNEI~ 74 
NIEBERGALL 74 
WANG 74 
WILLIAMS 74 
WOO 74 
ALBROW 73 
ALEXANDER 738 
AN.KINA 73 
BARBIELLINI 73 
8RANDEN8 73 
CARItHE~S 73 

AISO 73B 
EVANS 73 

Also 69 
FACKLER 73 
FI|CH 73 

AlSO 72 
GINSBERG 73 
HART 73 
MALLARY 73 

Also 70 
MCCARTHY 73 

AlSO 72 
AlSO 7 ' 

MESSNER 73 
PEACH 73 
SANDWEISS 73 
WILLIAMS 73 
ALBROW 72 
ASHEORD 72 
BANNER 72 
BANNER 728 
BARMEN 72 

BARM~N 728 

8URGUN 72 
CARNEGff 72 
DALLY 72 

AlSO 70 
AlSO 71 

GRAHAM 72 
HOLDER 72 
~AMES 72 
KRENZ 72 
MANN 72 
MANTSCH 72 
MCCAR'HY 72 
METCALF 72 
NEUHOCER 72 
PIE CIONI 72 

A.$O 74 
VOSBURGH 72 

AlSO 71 
BALATS 71 
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Stable Particle Full l,istings 

NP Bt82 1 .Ozro,dzhadze Genchev Gt,ga.cst'v;I,. (.INR) 
SJNP 3t 522 BHulev vesle,gomb, Genchev. (.INR) 
lranSldted t'om YAP 31 f204 
PRL 44 529 .OblOng KyCld LI Ld*enberg MOr~*(BN. ROC,4) 
Pt 96B 407 -Oblong KycIO LI Llttenoetg Morx.(BN~ ROCH) 
PRI. 44 525 -ChlQng Kyoo U Ldtenberg Morx.(BN. ROC") 
PR D22 2688 .Dert,cw M,Iler Schlereth Epgler, (ANL CMUI 
PR D21 t750 -Lelpur'er Eorsen Schm,dt Blatt. [BNL YA=E) 
SJNP 29 778 .VeslergoP~D, GvakhorlyO Ge~che¢- (JINX) 
Translated from YAP 29 1816 
P~L 43 t209 .GoldmaP Hummel RaiN. [NVb) 
PRL 43 t212 .GOldman Hummel RAIN. (NY.J) 
NP 8153 39 .Sow"l SnaRe Slevens. (BNI S.AC SBE~) 
PRL 43 556 ÷Blatt Campbell  GronnoP. (YALE BNL) 
PR D19 t965 +Ensay Grosso Pdche, FriscO+ (E:, ANL) 
PRL 39 59 ShOchet L psay GrossoP.lcher. ( [q ANL) 
PR D18 623 .Keyes Kroemer Tanaka Cho* (CMU ANt) 
PL 738 483 ~Sok,tt ShaDe S'evens. (BNL S. AC SBE~; 
PR D15 587 +Deft,ok LlSsaue, M,:,e: Erglet+ (ANL CVJ; 
PR 015 553 +Field Halley Johnsor, Ketlh San Sren [LB.) 
LBL 4275 lhes,$ Snen (IB.) 
PR Dt6 565 *Cron,n r,lSCn GrossoP,IChe'~ (EEl AN[) 
S.NP 26 478 DZhordzhadze Kekehdze KrlvOWqlZq,q~ (JINR) 
Translated *rOr~ yAh 26 910 
NP 8t27 399 *Cameron- (BGNA [D.N GLAS PISA RH[L) 
SJNP 24 '78 .VestetgOmbl vovenwo Yo':ubo* (jINR) 
Translated from YAE 24 340 
PRL 37 249 +Fexer HOI~ Kennell~ K,rkPv* (BRAN NYJ) 
PP D14 2839 +Hlthn Kenne.lv Klrkby Uu. (SLAC) 
SLAC t84 IheSlS 9oPaldsOP (SLAC) 
PRL 36 348 -Jensen Surko Thalet. [P~IN MASA) 
NP 8109 118 -Komae Ptesser Steffen. (CEPN 4BID) 
PR 013 1161 .Cence .ones Porker, (NDAM F, AWA tBL) 
PRL 22 t2t0 Cence ~ones Peterson Stenger. (HAWA LRL) 
N(  25A 688 Baldo Ceoh'l BOb,Sul Callmanl* (PADO WISC) 
PRL 34 !64 .Fronkel Nagv. (PENN CHIC TEMP) 
PR 011 457 +DrlCkey PepPer ~UdnlCk. (UCLA SLAC JHU) 
PRL 34 1244 ~Modls Nygren Pun~ (COLU NYL) 
LCSD Ihess unpub (UCSD) 
PE 488 393 (JINR BERt BUDA PRAG SER ~ SOF,) 
PL 50B 504 +Eerrero ('ORI) 
LNC 11 646 +Huz,tO Matt,el, PL,gherln (PAPa) 
SLAC t84 lhesls (SLAC) 
PR 014 2839 Donadson Hltlln Kennelly K r,by tlu~ (SLAC) 
PR DO 2960 *Fryberger Hdlin L,u~ {SLAC UCSC) 
PRL 31 337 Donaldson /-tyberger H,'hn l u. (SLAC LOSE) 
P~L 33 554 +HAhn Kennellv Klrkby* (SLAC) 
SLAC 184 ThesIs Donaldson (SLAC) 
PR D'4 2839 DOna ldSOn  Hlflln Kennelly Kffkby LIU+ (SLAC) 
SLAC ~UB 1498 UnDdb (SLAC) 
PL 488 483 +Glesdal Komoe Presse r. (CERN HELD) 
CERN Int 74 4 Thesis L,Jth (HELD) 

.GleSddl P'esser+ (CERN HELD) 
GleSdOl Presser Steffen+ (CE.~N HELD) 

+GjesdQI Presser+ (C£RN HELD) 
• Presser Kamae Steffen. (CERN HELD) 
• Frank =n Morse+ (COLd SLAC UCSC) 
• Regler Stlet* (CERN ORSA VIEN) 
• Smlth Whatley Zorn Hombo$1el (UMO BNt) 
+Larsen Lelpuner Sapp Sessor'ls, (BNL YA.E) 
+Buchanan Pepper (UCLA) 
+Astoq Barber B,(d El'lSOn+ (MCHS DARE) 
• Benarv Borcw,tz LOnde. CHELA HDD) 
• BOIOShOV Bonnlk • (JINR) 
4 DOrrlUl,qt Falnberg~ (CERN) 
Brandenburg Johnson Le,th Lads+ (SLAC) 

• Nvgren Gordor-  (COLU 8NL CERN) 
Carlthers MOdlS Nyglen. (COLU CERN NYU) 

• Muir Peach Buaagov. (EDIN CEQN) 
Evans Golden Mu.t Peach. (EDIN CERN) 

~FrlSCh MQrhn SmoQt SompovrOC (M.I) 
• Hepp ~ensen SI,OVlnk Webb (PRIN) 
Webb (~RIN) 

• Smith (MI" BraN) 
• HUI'OP ~lelC Shard Blackmore. (LAVE RHZL) 
• B,nne GOlhvOn Gomez Peck SClLJ;I- COLT) 
SClulh GOlllvon B,nnle Gomez, COLT) 

+Brewer Bbdnltz fnhs G.aven MI er. (LBL) 
McCarthy Brewe, Budn,tz Ent s Gra~er. (LBL) 
McCarthy (LBL) 

~MoIse NOueroerg H=t,=n. (COLa S~AC JCSC) 
• Ev(3"IS MuI~ HOGkln$ KrePz (EDN CERN AAC M) 
• Sunderond lL,'ne, Wllh~ KeUe~ CVA,E ANL) 
• La:sen ~e,pur,er Sapp Sessoms. (BN. YALE) 
• Asian BarD*: B,rd El ,son* (MCHS DARE) 
+Brown MoseK Moung Miller Ruderm3n4bCSD~ 
+C[onln Ho~fmon Kr, app Shoche' (PRN) 
+Cron,n HOItP"On KrlapD Shochel (~R:N) 
+Davlden~o D~m,dov DolgO,er-~o. ("EP) 
15 t149 
+BarvlOv Day,clerk* {;emldOV. (TEE) 
15 1152 
~LesQuoy ML.,let Pa..l- (SACL CE~N OSO~ 
,Cester ¢,'Ch ShovPk Sulok (PRIN) 
.Innocenh SenD,. {S.AC +,~,J JCIAt 
Chief C~x {~':lnge.. (JHU SLAC JCtA) 
Chlen Cox [ l ' l ,nge.. { JHU SLAC JCLA) 

~AbOShlOn Jor~es MQPISC h O" .  tILL N{AS) 
• ~Qdermoqner Stou.3e. (AA~H CEPN "ORI) 
• Monlonet Paul Sae',e. {CERN 5ACL OS[O) 
• HOpk'nS Evans Mu,r PeQE-(,~^L.H CFRN FDN; 
• KOPer MelSner Her'zbocr* ~MASA BNL YALE) 
~AbaS'llC'~ GrahQm Jane', O',- (ILL NEAS) 
• 8tewer BUdnltz Enhs Grove ~ , (LB.) 
• Neuho'er N,ebergQll. ~ZEUN IPN WlEN) 
÷Nlebergall Regler S*.er. (:'E~N O;4SA V~N) 
,Coombes Doroldscn I~orlc-, ~rvbergerKSLAC ) 
PlCClOn DonaldsOn. (SLAC JCSC COLd) 

.Devhn Estetllqg GOt Bry"qon. (:?JFG MASA) 
P~'L 26 866 Vosburgh Devhn Ls~e,hng GOZ. (~JIG MASA) 
SJNP ~3 53 +Berezln v sPqevsWv GalaPlr,~o (IEP) 
Translated tram YAf ~3 93 

PL 48B 487 
PL 520 Iq9 
PL 528 1138 
PL 52B I'3 
PRL 33 1488 
P. 498 103 
PR D9 540 
PP, 33 240 
tNC 10 38 
NR B58 22 
NP B65 301 
JINR Pl 7539 
PL 438 529 
PR 08 1978 
PRL 3t 1025 
PRL 30 1336 
PR D7 36 
PRL 23 427 
PRL 3' 847 
PRL 31 1524 
COO 3072 13 ihesls 
PR D8 3887 
NP B66 317 
PR D7 1953 
RRL 25 1214 
pI 07 687 
PL 420 291 
LBL 550 Thesis 
PRL 30 876 
PL 438 441 
PRL 30 1002 
PRL 31 1521 
NP B44 1 
PL 388 47 
PRL 28 1597 
P~L 29 237 
SJNP 15 636 
Trot'slated Ham YAE 
SJNP t5 638 
troPslated iron- YAE 
NP BSO 194 
PR D6 2335 
PL 418 647 
PL 338 627 
PL 35B 26' 
NC 9A 106 
PL 4CB 141 
NR 849 ! 
LNC 4 2~3 
PR D6 137 
NC 9A 160 
PL 42B 291 
PL 408 703 
PL 418 642 
PPL 29 1412 
P~ D9 2939 
P~ D6 t834 
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Stable Particle Full Listings 
Ko 

BARMIN ?1 
BISI 7 t 
BURGUN 71 
CARNEGIE 71 
CHAN 71 
CHLEN 7'{ 

AlSO 72 
CXO 71 
CLARK 71 

AlSO 70 
A~SO 7 t 
AlSO 74 

ENSTROM 71 PR 04 2029 
AlSO 70 SLAC ~25 TPeSlS 

JAMES 71 PL 35B 265 
MEISNER T1 PR 03 59 
PEACH 71 PL 358 35t 
REPELLIN 71 PL 368 603 
WEBBER 71 PR D3 64 

AlSO 68 PRL 21 498 
AlSO 69 UCRL 1922b lheSls 

WOLFF 71 PL 368 5~7 
ALBROW 70 PL 33B 516 
ARONSON 70 PRL 25 1057 
BARMIN 70 PL 338 377 
8AS)LE 70 PR D2 78 
8ECHEI~gAWY 70 PR DI 14,$2 
BUCHANAN 70 PL 338 623 

AlSO 71 Prlvale Carom 
BUDAGOV 70 PR D2 815 

AlSO 68B PL 288 2t5 
CHIEN 70 PL 338 627 

AlSO 71 Pr,vate Carom 
CHO 70 PR DI 303t 

AlSO 67 PRL 19 668 
CHOLLET 70 PL 318 658 
CULLEN 70 PL 328 523 
DARRIULAT 70 PL 338 249 
FAISSNER 70 NC 70A 57 
GINSBERG 70 PR DI 229 
JENSEN 70 Thes~s 

AlSO 69 PRL 23 615 
MARX 70 PL 328 219 

AlSO 708 NeVlS 179 Thesis 
SCRIBANO 70 PL 328 224 
SMITH 70 PL 328 133 
WEBBER 70 PR 01 1967 

Also 69 UCRL 19226 Thes~s 
BANNER 69 PD 188 2033 

Also 68 PRL 21 t103 
AlSO 68 PRL 21 1107 

BEILLIERE 69 PL 308 202 
BENNETT 69 PL 298 317 
BOHM 69g NP B9 60S 

AlSO 68 PL 278 321 
CENCE 69 PRL 22 1210 
EVANS 69 PRL 23 427 
FAISSNER 69 PL 308 204 
FOETH 69 PL 30B 282 
GAILLARD 69 NC 5RA 453 

AlSO 67 PRL 18 20 
GOBBI 69~ PRL 22 685 
LITTENBERG 69 PRL 22 654 
LONGO 69 PR 18t 180B 
PACtOTTt 69 UCE'L 19446 Thes~s 
SAAL 69 Ihes~s 
ABRAMS 688 PR 176 1603 
ARNOLD 688 PL 288 56 
ARONSON 68 PRI. 20 287 

A~SO 69 PR '~75 ~708 
BARTLETT 68 PRL 21 558 
BASILE 68 PL 26B .542 
BASILE 688 PL 286 58 
BENNETT 68 PL 27B 244 
BENNETT 68t* PL 278 248 
BLANPIED 68 PRL 21 1650 
8UDAGOV 68 NC 57A 182 

A~SO 68e PL 288 215 
JAMES 68 NP 88 365 

AlSO 68 PRL 2'~ 257 
KULYUKINA 68 JETP 26 20 

KUN7 68 
THATCHER 68 
BENNETT 67 
BOTT 67 
BOlT 678 

AlSO 608 
AlSO 66 

CRONtN 67 

PL 358 604 ÷8OWfOV vese~ovskv Dovldenko, (tTEP) 
PL 368 633 *DartlUIOl Ferrero Rubbla+ (AACH CERN TORI) 
LNC 2 t t69 +Lesquoy Multer PQulI+ (SACL CERN OSLO) 
PR D4 1 *Caster FilCh Strovink Sulok (PRIN) 
LBL 350 Thesls (LBL) 
PL 358 26t ~COX E~lhngeT- (JHU SLAC UCLA) 
PL 418 647 Daily Innocenh Seppi+ (SLAC JHU UCLA) 
PR D3 1557 +Droll÷ Cartier Engler Flsk* (CMU BNL CASE) 
PRL 26 1667 eEllOft Field Frlsch Johnson Kerth~ (LRL) 
UCRL 19709 Thesis Johnson (LRL) 
UCRL 20264 THesis FtlSCh (LRL) 
SLAC PUB 1498 unpub Field (SLAC) 

*AROvlO Coombes Doffan+ (SLAC STAN) 
Ensl;om (STAN) 

+Montanel Paul Pautl+ (CERN SACL OSLO) 
+Mann HerlZbach Kotler+ (MASA BNL YALe) 
+Evans Mul/ Budagov Hopklns+ (EDiN CERN) 
,WOlff Chollel Galliard Jane. (ORSA CERN) 
+SOlmllz Crowford Alslon Garnfosl (LRL) 

Webber SOImltz Crawfora Alston GornloSt(LRL ) 
Webber (LRL) 

+ChoIlet Repelhn Go;fiord* (ORSA CERN) 
÷Asian BorDer Bird EIIdOne (MCHS DARE) 
*[hrl ich Hater Jansen+ (EFI II.LC SLAC) 
.Barylov 8orlsov Bysheva+ (ITEP JINR) 
+CronJn Thevent turlay ZylDeralctl+ (SACL) 

(ROCH) 
+Dnckey Rudnlck Shepard* (SLAC JHU UCLA) 
Cox 

eCundy MyoH Neznck+ (CERN ORSA EPOL] 
Budagov Cundy Myatt+ (CERN ORSA EPOL) 

+Cox [tiling÷r+ (JHU SLAC UCLA) 
COX 

+Dralle Canter Engler FISk* (CMU BNL CASE) 
Hill Luers Robinson SOkltf+ (BNL CMU) 

~Godlord Jane Rafcllffe Repelhn+ (CERN) 
÷Datrlulat Deutsch Foeth+ (AACH CERN TORI) 
+Ferrero Grosso Holder+ (AACH CERN TORt) 
+Reffhlet lhome GOIHOro* (AACH CERN RHEL) 

(HALF) 
(EFO 

Jansen ArOnson EhrlJCh Fryberger* (EEl ILL) 
+Nygren PeOples+ (COLU HARV CERN) 

Marx (COLU) 
+Monnelli Pierozzlnl Marx+ (PISA COLU HARV) 
~Wong Whotlev Zorn Hombostel (UMD BNL) 
+SOlmltz Crawford AlStOn Garnlost (LRL) 

Webber (LRL) 
+Cronin Ltu Pllcher (PRIN) 
Bannel Cronln LIu hi:char (PRIN) 
Cronm DU Pdcher (PRIN) 

* Boutang bmon (EPOL) 
~Nygren SOOI Sle~nberger. (COLU BNL) 
+Oarrlulat Grosso Kohanov+ (CERN) 

Bohm Da÷riulal GrOSSO Ka(tanov (CERN) 
+Jones Pelerson St÷near* (HAWA LRL) 
+Golden Mulr Peach+ (EDIN CERN) 
+Foeth Slaude Tdlel+ (AACH CERN TORI) 
*Holder Radetmacher~ (AACH CERN TOR/) 
*G(]lbro~th HUSSrL J~3ne* (CERN RHEL AACH) 

Galliard Ktlenen Golbralth4(CERN RHEL AACH) 
,Green Hakel Motfetl Rosen Goz(ROCH RUIG) 
+Field PICCIORI Menlhop* (UCSD) 
+Young Helland (MICH UCLA) 

(L~) 
(COLU) 

+AbOShiOn Mischke Nefkens Smith+ (ILL) 
,Budagov Cundy Aubert+ (CERN ORSA) 
+Chen (PRIN) 

AIonson Chen (PRLN) 
+Carnegie Filch, (PRIN) 
,Cron~n Thevenel TurlOv* (SACL) 
+Cronln Thevenel Turldy Zylberaich+ (SACE) 
+Nygten Stelnberger+ (COLU CERN) 
÷Nvglen Steinberg÷t÷ ~COLU CERN) 
~Levil EngelS+ (CASE HARV MCGI) 
+Burmelsfer Cundy, (CERN ORSA IPNP) 

Budagov Cundy MyoII~ (CERN ORSA EPOL) 
+Bnand (IPNP CERN) 
Hellond Longo Young (UCLA MICH) 

+ Meslwrishvill Nyogu* (JINR) 
Translated from ZEIF 53 29 
PU 46 Thesis (PRIN) 
PR 174 1674 ~Aboshlan Abrams Corpenter~ (ILL) 
PRL t9 993 +Nvglen 8oa~ S1etnbelger+ (COLU) 
PL 248 194 BOil Bodennausen DeBouord CaSSel~ (CERN) 
PL 24B 438 BOll Bodennausen Debouord Dekkers+ (CERN) 
PL 20 212 BOIl Bodenhousen Debouord CoSSel+ (CERN) 
PL 23 277 Bolt 8odenhausen DeBouard Cassel+ (CERN) 
PRL 18 25 ,Kun2 R~SW Whee~el (PR~N) 

C~ONIN 678 
DEBOUARD 67 

Also 65 
DEVLIN 67 

AlSO 68 
DORfAN 67 
FELDMAN 678 
FIRESTONE 67 
FITCH 67 
GINSBERG 67 
HAWKINS 67 
HILL 67 
HOPKINS 67 
KADYK 67 
KULYUKINA 67 
LOWYS 67 
MISCHKE 67 
NEFKENS 67 
SCHMfDT 67 
TODOROFF 67 
ALFF 668 
ANIKINA 66 

AUERBACH 66B 
BASILE 66 
BEHR 66 
BELLOTII 66 
BOll 66 
CARPENTER 66 
CRIEGEE 66 
FIRESIONE 66 
hAWKINS 66 

AlSO 67 
NEFKENS 66 
ANDERSON 65 
ANIKINA 65 
ASTBURY 65 

AlSO 65 
ASIBURY 65B 
ASIBURY 65C 
AUBERT 65 

AlSO 67 
BALDO 65 
FISHER 65 
FITCH 65 
FRANZINI 65 
GALBRAITH 65 
GUIDONI 66 
HOPKINS 65 
ADAIR 64 
ALEKSANYAN 648 

AlSO 64 

ANIKINA 64 

CHRISTENSON 64 
EUJII 64 
LUERS 64 
bARMaN 62 
ASTIER 61 
FITCH 61 
GOOD 61 
NYAGU 61 

AlSO 616 

Pllncelon 11.67 *X~nz RISk wheeter (PRIN) 
NC S2A 662 ,Dekker$ Jordan Mermod* (CERN) 
PL 15 58 DeBouard Dekkers SChorft~CERN ORSA MPIM) 
PRL 18 54 +Solomon Shepard Beolh (PRIN UMD) 
PR 169 1045 Sayer Beoll Devlin Shephard~UMD PPA PRIN) 
PRL 19 987 +Enslrom Raymond Schwartz+ (SLAC LR~) 
PR 155 161t +Fronkel Highland SlOOn (PENN) 
PRL 18 176 +KJm Lacr' Sondwelss+ (YALE BNL) 
PR 164 1711 +Roth Russ Vernon (PRIN) 
PR 162 1570 (MASB) 
PR 156 1444 (YALE) 
PRL 19 668 ~Luers Robinson Sakltl, (BNL CMU) 
PRL 19 185 +Bacon Eisler (BNL) 
PRL t9 597 +Chart Drllard Oren Sheldon (LRL) 
Pteprlnl ~Mesfvltlshvlh Nyogu+ (JINR) 
PL 248 75 +Aubert Chounet Pa$caud* (EPOL ORSA) 
PRL 18 138 +Abashlan Abrams+ 0LL) 
PR t57 1 2 3 3  +AbOShlOn Abrams Carpenter FLsher+ (KL) 
News 160 Thesis (COLU) 
Thesis (ILL) 
PL 2t 595 Alff Stelnberger Heuer KleinkneCht+ (CERN) 
SJNP 2 339 +Vardengd ZhuravleVa+ (JINR) 
Translated from YAF 2 471 
PRL 17 980 *Mann McFarlone Sclulh (PENN) 
Baloton Conl *Ctonln They÷net+ (SACL) 
PL 22 540 +Bdsson Petlau~ (EPOL M~LA PADO ORSA) 
NC 45A 737 +Pullla BOIaO Ceolln~ (MILA PADO) 
PL 23 277 BOlt Boaenhousen DeBouord Cossel+ (CERN) 
PR 142 871 +Abashlan Abrams FiSher (iLL) 
~RL 17 150 +Fox Frouenfelder Hanson Mascot÷ (ILL) 
PRL 16 556 ~KIm Lach Sandwelss* (YALE BNL) 
PL 2t 238 (YALE) 
PR t56 t444 Hawkins (YALE) 
PL t9 706 +AbOShlan Abrams Carpenter+ (ILL) 
PRL t4 475 +Crawford Golden Stern BLnlord+ (LRL WISC) 
JINR P 2488 *Vardengo Zhuravleva KOtlya. (JINR) 
PL 16 80 ~inoCChlarO Beusctl+ (CERN ZURI) 
HPA 39 523 Pepln 
PL 18 176 +MlChehnl Bausch+ (CERN ZURI) 
PL 18 178 *MlChehnl Bausch+ (CERN ZURI) 
PL t7 59 +Behr Canavon Chounef* ([POL ORSA) 
PL 24B 75 LOWyS Aubert Chounet POSCOUd+(EPOL Oi~A) 
NC 38 684 Baldo Ceolln Collmanl CiampolJlio~ (PADO) 
ANL 7130 83 *Aboshlan Abrams Carpenler+ (ILL) 
PRL 15 73 .ROlh RUSS Vernon (PRIN) 
PR 140B 127 +Kirsch Piano+ (COLU RUTG) 
PRL 14 383 +Manning Jones÷ (AERE BRIS RHEL) 
Argonne Cant 49 +Barnes Foelsche Ferbel Fireslone+ (BNL YALE) 
Argonne Cant 67 +Bacon Eisler (rAND RUTG) 
PL 12 67 +Lelpunel (YALE BNL) 
Dubna Cant 2 102 +AIIkhanyon vartazaryan+ (YERE) 
JETP 19 1 0 1 9  Aleksanyon* (LEBO MPEi YERE) 
Translated from ZETF 46 1504 
JETP 19 42 +Zhulavleva, (GEAR JINR) 
T(Qnstaled ham ZETF 46 59 
PI~. 13 138 +Cronm Filch Turlav (PRIN) 
Dubna Cant 2 146 +Jovanovich lurkof~ (BNL UMD MIT) 
PR 1338 1276 +Miltro Wdlls Yomomoto (BNL) 
PL 3 57 +ROUSSet Six (EPOL) 
Atx Can~ I 227 +BI(SSkOvIC RBvet SiouCi+ (EPOL) 
NC 22 1160 +Prroue Perk=ns (PRIN LASL) 
PR 124 1223 +Motsen Mullet PiCClOnI+ (LRL) 
PRL 6 552 *Okonov Petrov Rosanovo Rusokov (JINR) 
JEIP 13 1438 Nyagu Okonov PeltOV Rozanovo* (JINR) 
Transloled ham ZETF 40 1618 

BARDON 58 ANP S 156 *Londe Lederman (COLU BNL) 

- -  OTHER RELATED PAPERS - -  

KLEINKNECHT 76 ARNS 26 1 (DART) 
GINSBERG 73 PR 08 3887 ÷Smith EMIT STON) 
GINSBERG 70 PR 01 229 (HAIF) 
HEUSSE 70 LNC 3 449 oAubert Poscoud Vialle (OR'SA) 
CRONIN 68C Vienna Cant 281 (PRIN) 
RUBBIA 67 PL 248 831 ÷Slelnberger (CERN COLU) 

Also 66C PL 23 167 Rubbla Slelnberger (CERN COLU) 
Also 66C PL 20 207 Alff-Steinberger Heuer KlernkneCht* (CERN) 
AlSO 668 PL 21 595 AlffSteinberger HeuOr KlelnkneCht+ (CERN) 

AUER'BACH 66 PR 149 1052 ÷Dobbs Ldnde Mann Sclulll+ (PENN) 
Alia 65 PRL 14 t92 Auerboch Lande Mann ScluIII UIo+ (PENN) 

RRESTONE 668 PRL 17 116 *Kim LOCh Sandwelss+ (YALE BNI.) 
BEHR 65 Argonne Conf 59 *Brisson Bellolll+ (EPOL MILA PAPa) 
MESTVIRISH 65 JINR P 2449 Mestvlrishvdl Nyagu Pefrov l~sakov* (JINR) 
TRILLING 656 UCRL 16473 (LRL) 

Updated from 1965 Argonne Conference page t15 
JOVANOV 63 BNL Cant 42 Jovanovich Fischer Bur,s* (BNL UMD) 
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Stable Particle Full Listings 
D -+ 

CHARMED MESONS 

r ~  ~(J,): ~(o-) 

D ±  MASS 

_V.ALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENr 
1 8 6 9 . 3  ± 0 . 6  o U R  A V E R A G E  ' 
1875 +_ 10 9 ADAMOVICH 87 EMUL Photo 

p r o d u c l l o n  
1863 : 4 DERRICK 84 HRS e + e  - Ecm= 29 

G e V  
1869 4 ±  0 6 1TRILLING 81 RVUE +_ e + e  - Ecru= 

3 77 G e v  
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits. l imits e t c  • • • 
1860 _+ 16 6 ADAMOVICH 84 EMUL Photo 

p r o d u c h o n  
1868 4 _+ 0 5 I SCHINDLER 81 MRK2 +_ e + e -  Ecru= 

3 77 GeV  
1874 _ 5 GOLDHASER 77 MRK1 ± D o D + reca l l  

s p e c t r a  
1868 3 +- 0 9 t PERUZZI 77 MRKI _ e + e -  Ecru= 

3 77 G e V  
1874 ± 11 PICCOLO 77 MRKI ± e ~ e -  Ecru= 

4 0 3  4 4 1  
GeV  

1876 _+ 15 50 PERUZZI 76 MRK1 _+ K ;  ~, +- ~'-- 
IPERUZZI 77 a n d  SCHINDLER 81 errors d o  no l  i n c l u d e  the  0 13% u n c e r t a i n t y  

in the  a b s o l u t e  SPEAR e n e r g y  c o l i b r a h o n  TRILLING 81 uses t he  h l g h  p re  
c l s lon  J / ~ ( I S )  a n d  ~(2S') m e a s u r e m e n t s  of ZHOLENTZ 80 to d e t e r m i n e  this 
u n c e r t a i n t y  a n d  c o m b i n e s  the  PERUZZI 77 a n d  SCHINDLER 81 resul ts to 
o b t a i n  t he  v a l u e  q u o t e d  

D ± M E A N  LIFE 

VAL_UE ( t 0 - - !  .1 sec t_L% EVL$ _DOCUM_fNT ID_ TEC_N. CHG COM_MENr 

+ 0 . 3 4  O U R  A V E R A G E  10.69 _ 0 . 3 2  

10 90 +_ 0 30 ± 0 25 3000 RAA8 88 SILl PhOtO- 
prOdUCtiOn ÷1~ 5 0 - I _+ 1 9 27 ADAMOVICH87 EMUL Photo 
prOdLIChOn 

2 _ + ~ 4 149 AGUILAR 87D HYBR ,~-  p a n d  ,C)O 1~1 

f 9 59 8ARLAG 878 SILl K -  a n d  ~',- 1 0 9  - 1 5  
200 G e V  

11 4 ± 1  6 ± 0  7 526 CSORNA 87 CLEO e + e  - Ecm=10 
GeV  

10 9 Z 1 4 74 2 PALKA 87B SILl ;TBe 200 GeV  

8 6 ± 1 3 -0 48 ABE 86 HYBR SLAC "~ D 20 
GeV 

3 8 1 3 23 GLADNEY 86 MRK2 e + e- [cm=29 8 9 -2.7 - 
GeV 

-44 
11 t - 2 9 28 USHIDA 86 EMUL l' w l d e b a n d  

+ 3 6 28 BAILEY 85 SILl + ;T-- Be 200 GeV  1 0 6  - 2 4  

+ 3  1 70 3ALBINI 82 SILl CERN "~S~ 9 5  - 1  9 

• • * We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  hts l imits e l c  , • • 

10 7 + 2  8 40  AGUILAR 87C HYBR Repl  by  AGUI 
- 1 8 LAR 87D 

10.6 _ 0 5 ± 03 969 ANJOS 87 SILl Repl by 
RAAB 88 

7 2  * 2 3  - 2  0 2 t  4ABE 84 HYBR ReDI by  ABE 86 

3 91 ~-~ - 35 12 5 A D A M O V I C H 8 4  EMUL Repl  by  
25 

ADAMO 
VICH 87 

8 4  + 3 5  - 2 2 15 AGUILAR 83 HYBR ReDI by  Agu l  
lar  87D 

+ 5  0 7 BAOERT 83 HYSR CERN ~ - N  6 3 - 2 . 7  

t l  5 + 7 . 5  11 USHIDA 83 EMUL Repl  by  
- 3 . 5  USHIOA 86 

+ 2 , 3  2 2 - 1 1 1 6 8ALLAGH 81 HYBR FNAL t5  ft l '  
He 2H 

~" 2 2 4 ALLASIA 80 EMUL ~' w ~ d e b o n d  2 5 - 1 , 1  

10 4 ~-3 ,9  7BACINO 80 DLCO + e - e -  
- 2 9 Ecru=3 77 GeV  

< 8 90 ARMENISE 79 HYBR r p  . . d ~ m u o n s  
+ 

2pALKA 87B o b s e r v e d  this in D ~ . K ~ ( 8 9 2 ) e l  ' 
3ALBINI 82 assumes D m o m e n t u m  is 1 2 b e a m  m o m e n t u m  
4Some even ts  m a y  b e  Dst a n d  S e v e n l s  Cou ld  b e  \ ~  

5Est imate s y s l e m o h c  error Jess t han  _ + 1 

6BALLAGH 81 v a l u e  q u o t e d  he re  assumes Iha t  oi l  d l l e p t o n  even ts  c o n t a i n  
D o or D +. e a c h  wdh  e q u a l  n u m b e r s  of s e m l l e D l o n l c  d e c o y s  

7Uses t h e o r e t i c a l  ro te D ~ ( K e l , )  = I 4 , 1011 s e c -  t 

] ' I  

[ '2 

I" 3 

] ' 4  

1" S 

1" 6 

] '7 

] '8  

19 

l '~0 

I ' ~  

J' t2 

I'~3 

] ' ~ 4  

I t5 

l ' ~  

I t 7  

['1~ 

1 t9 

[ 20 

]'21 

r22  

1'23 

| '24 

] '25 

1"26 

1"27 

1 28  

I 2 9  

I 30 

l ' ~ t  

1 32 

r 3 3  

]'34 
l '35 

I"36 

1 3 7  

D + DECAY MODES 

D -  m o d e s  o re  c h a r g e  c o n l u g a t e s  of the m o d e s  b e l o w  

Ergct,on ( r , / i )  
D + ~ / ~ T r "  2 8 ±  0 4 ) .  10 - 2  

D + ~ K ° K "  8 4 _  + ~ ~ ) "  1 0 - '  

D *  ~ K ~ ( 8 9 2 ) ° ~  + I 7 ± o 8) 

D + ~ K ~ r O ( n o n . r e s o n a n t )  1 2 _  + (~ 07) 

• 1 0 - 2  

• 1 0 - 2  

• 1 0 - 2  

• 1 0 - 2  

• t 0 - 3  

• 1 0 - 3  

~ 1 0 - 3  

D + ~ K-  :r+ 7:-, + ( n o n - r e s o n a n t )  6 7 _+ (~ ,~) 

1 1 )  
D + ~ , h l r -  5 7 0 

D *  ~ 1 ~ ( 8 9 2 ) ° K  + 4 4 + 1 09) 
- 0 

D + ~ ~ r - K * K -  ( n o n - r e s o n a n t )  3 9_+ (~ o) 

D+ ~ ~ * ~ + ~ -  3 3 +_ 11 ~ ) .1o -3  

D+ ~ ~ ' - ~ r + ~ ' -  7 o= 2 ~), 10-~ 

D+ ~ K - ~ - , ~ - ~ o  37-+ ~ ~ , 1 0 - ~  

D + ~ K O / r * / r * 7 r - 7 r  o 4 4 _  + 5 2 ) , 1 0 - 2  

D+ ~ K-~-+~-+TroTro 22-+ ~ ° ) . 1 0 - 2  

2 3 D + ~ e + a n y t h m g  ( f 9  2_+ ~ 6 ) - t o  - 2  

O + ~  (42 _+ 94 ) , t o - 2  

OII e x c e p |  t h e  a b o v e  m o d e s  

D+ ~ K - ~ - ~ -  C 7 8_+ ~ °8).1o-~ 

In the  fit as 2/31" 4 + ]'6 

D+ - -  ~ + ~ - o  ( s 3-+ ~ ~ ) . f o - ~  

In the  fit as t / 3 1  4 + 1"~ + I" 5 

D + ~ 7 r 'K+K  - ( 9  9_+ 4 o ) ,1o_~ 

In l h e  f i l  as 1/2]" 7 + 2-'31 8 + 1"9 
D + ~ K -  a n y t h i n g  (16 2 ± 3 5) • 10 - 2  

D + -,. ~ a n y t h i n g  + K ~ a n y t h m g ( 4 8  ±15 ) . I 0 - 2  

D + ~. K + a n y t h i n g  ( 6 6_ + ~ ~ ) . 1 0 - 2  

D *  ~ K - ~ ' - t r ° e ' v  ( 4 4 _  + 5 2 ) , t 0  - 2  

D +  - -  7 < ~ r +  ~ ' -  e -  u ( 2 2 "  5 07) • 1o.-2 

D + ~ ~ + ~ o  5 1 o - 3  

D + ~ / . ~ M #  7 10 - 4  

D + ~ K+7~'L~ ~ - 4 10 - 3  

D + ~ K - l r + e + u  6 to 2 

D + ~ 7 r + , - r - e - I  , 6 lO-2 

D + ~ K - T C - T r "  / r + / T  - 5 10 - 2  

D + ~ ~ 1 " - ~ - ~ * - / ~ - ~ - ~ o  

D + ~ e *  v e 

D + ~ r/ a n y t h t n g  

D *  ~ /.~+ a n y t h i n g  

D + ~ /.L+/J - a n y t h i n g  

D + ~ ( , ~ ' + ~ - ~ ' *  2 0 " 10 - 3  

D + ~ ~ 3 0 • 10 2 

K + K-  ~ -  7r - ~ *  ( n o n - r e s o n a n t )  

S c a l e  
C a n t  Lev 

S=1 7 

S=I 2 

S=1 1 

CL=90% 

CL=90% 

CL=90% 

CL=9O% 

CL=93% 

CL=9C°o 

C L : q 0 %  

CL=90% 
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CONSTRAINED FIT INFORMATION 

An o v e r a l l  fit to  9 p r o d u c t s  of  a cross s e c t i o n  a n d  a 
pa r t i a l  w i d t h  a cross sec t i on ,  a n d  13 b r a n c h i n g  
rahos uses 38 m e a s u r e m e n t s  and  one cons f ra l n i  to 
d e t e r m i n e  17 p a r a m e t e r s  The o v e r a l l  i=l has a ~2 = 
18 4 for 22 degrees of f reedom 

The f o l l ow ing  o f f - d t a g o n o I  a r ray  e l e m e n t s  a r e  i he  c 0 r r e l a i l o n  coe f f l  
c i en l s  ;,p, opl . (4p, r'Pl) in p e r c e n t  f rom the fit i o  p a r a m e t e r s  Pt 
i n c l ud ing  the  b r a n c h i n g  f rac t i ons  xf [ ~. 'r loia I The ill cons t ra ins  
lhe  x+ w h o s e  labe ls  a p p e a r  in this array'  i o  SL/TTI fo one 

x 2 45 
x 3 28 13 
x 4 14 6 2 
x 5 9 4 20 1 
xa 47 21 29 41 10 
x 7 38 17 21 13 6 52 
x 8 32 14 17 10 5 43 34 
x 9 30 13 16 10 5 41 31 25 
x~ 0 15 7 8 5 2 20 16 13 
x t i  2 t  10 12 6 4 20 16 13 
x~ 2 24 11 13 7 4 25 20 17 
xr s 0 0 0 0 0 0 O 0 
xv= 0 0 0 0 0 0 0 0 
xl 5 0 0 0 0 0 0 0 0 
x~ 6 45 24 44 15 17 42 36 30 
rr 71 32 39 20 12 66 54 45 

Xr X 2 X 3 X 4 X 5 X b X 7 X 8 

xr2 10 
x+3 0 0 
xt4 0 0 0 
x~ s 0 0 0 0 
x~ 6 55 35 44 29 32 
,~ 30 33 0 0 0 57 

X11 Xl 2 Xl 3 XM Xr 5 XI b 

12 
12 6 
16 8 

0 0 
0 0 
0 0 

28 16 
42 20 

x9 x m 

NOTE ON ('Ii..~,RMED .MESON BRANCHING FRAC- 

] I O N S  A N D  NEX% R E S U L T S  O N  C H A R M E D  .MESON 
I ) E ( ' A Y S  

In the prex lous  edition of  the Rc'+ie,a o r  Part~cle Proper- 

ties. 1) ° and I) " branching flactions '+'+ere modified to 

rellcct a consistent  à + crage of  the rest, Its t'rom BAt+- 

TRI.;S-XlTIS 86. PERt ;ZZI  77. S ("H, \RRE 78 and 

S ( H I N D L E R  81 The cross section for I) product ion (O-D) 

from B ALTRUS-~ITIS 86 was chosen as tile c o m m o n  +̀ alue 

V. llh x`+h~ch to normalize all measured product ion rates 

(al l  B) m these +, + u -  exper iments ,  here. B represents tile 

branching fraction of  the 1) into a particular mode -\s 

noted at that time ~stnle p roduc tmn  rates `+,+ere m good 

agrcement  a largc discrepancy existed among  the cross- 

secuon (erl)) m e a s u r e m e n t s  The possiblhl.,, lhat the 

~(3770) decayed significantly to noncha rmed  final slates 

~`+as ruled out by tile measu remen t  of  Feller I suggesting 

that the fraction o f~ (3770)  deca ls  to charm is I 09 +_-{) 23 

About one-half  of  the d~scrcpanc.,, yeas resolved in 

ADLER 8 8 (  In ADI.ER 88(" the results of  BAL- 

I-RI ;SAITIS 86 on the nlagnltude {>1"tile charm cross sec- 

non `+~ere re`+ ised up , la rd  about  20% tbr 1) = and 23% for 

1) ° Th~s change reflected an underes t imate  m the original 

at+lal~sls o f  feed-down from ( a b i b b o - s u p p r e s s e d  decals  and 

thc con ta tmna t lon  of  hlthcrto unmeasured  ('al+ubbo-allo'+'+.ed 

l) meson decal channels  that contained two or more  a-0"s 

.As an example ill ' the lattei ADLER 88(" finds 

B( I ) ° - - ,  . A - rr " rr0rr0) -. 14 9 =  3 7 + 3 0% tile first direct 

mcasu lemcn l  o r t h l s  deca> mode Tile /) meson produc- 

lion rates (al l  B ) i n  . \ I ) I .ER 88(" remained unchanged 

horn thosc measured m B. \ I .TRt  IS. \ ITIS 86 tile original 

,.+,ork Fui ther  discussion o r t h e  mlphcat lons  t\)r other 

hca`+ ~-mcson dcca.~ s is a`+allable in S ( H I N D I . E R  87 

In this edition of  tile Rc`+ Jc̀+̀+ of Particle Propctt~es v+c 

h,i`+c restructured the Listings to minimize  tile mlluence of  

ai+l ', future shd'ts m m)rmahza l lon  and I¢) corrcctlx pro- 

pagate em)rs  m the fits for branching ratios V+herevcr pos- 

sible +̀̀ +c ha' ,e entered onl.`+ tile int'ornaatlon actuall) meas- 

Ui+cd b.', a n  c \pcr in len t  Liild ha% e i l o i  u se  (/( , i / i  i ' d  quanti t ies 

Topological n o l n l a h / a t i o n s  (e g - \ ( ; t . i l I . . \R-BENITEZ 84.) 

ha\  c been retained but `+`+hetc expermlcnts  ha\ e measured 

onl`+ t elatl`+ c branching l'ractmns, only those ratios I1;.ì + e 

been included in the Ills ExpcrHllents that measure  pro- 

duct~on cross sections l imes branching fractions in t ' + c -  at 

the ~(377C)) have bccn separalcd off  Tl+lex are nov+ hstcd 

as al j  B at the ~,{3770) The} arc normahzcd  b.~ a' ,eraglng 

the cross section at tile '~(377()). d e m e d  cnhcr  b} resonance 

scans or b) tile duect  method or  B.ALTRI :S.AITIS 86 

updated in ADLER 88(" -% ncx`+ comrnlat ion oftl+le 

~(3770i cross scctlon is nò +`+ included (for this purpose 

on ly  ) 

..\ new technique introduced m S N Y D E R  87 (see 

O T H E R  REI.-~TED PAPERS) measures  tile K r t  " 

brancl+lmg ratio b.~ tagging I) ° li+l the cascade fronl 
a _  _ 

1) "(2010) t m +' <' at 29 GeV While these results are 

p rehmmat  $ m nature, tile B(/) ° -,. K '- rr - I = 

4 5 _+_ 0 8 - 0 6% reported is in excellent agreement with that 

of  +\DI.ER 88( + . ~here  a `+aluc of  4 2 , 0 4 :.<) 4% is 

obtained \Ve note that the RPP 8g titled `+alue is now 

3 77 - 0 37 ± 0 32% 

In 1987. a strict l inm on the pure leplonic decal of  the 

D + ~`+as obtained (see : \DLER 88B) The experiment  

obtained B(/) " --+,u + v ) -.r 7 2 x  10 - 4  at ( ' [ .=0 9{) rh~s  
tJ 

htmt measures  the strength of  the `+vcak axial-vector 

current,  v, hich is proport ional  to t1).  lhe I) meson decal 

constant  l h c  branching-fraction limit translates into the 

limit fD ~ 290 MeV,.'c it ts tile first measurement  o r t h e  

v+eak deca.~ constant  rot a hea'+ x meson t; 'nder simple 

theoretical a s sumpt ions  (see references of  .ADLER 88B). lhc 

pseudoscalar  deca.~ constants  for mesons  containing dif- 

ferent species of  heax.~ quarks  are ordered m magmtude  I1) 

-2. t B > I 7 The hmlt  on /Dean  thus be interpreted also 

as a phenomenological  bound  on l B 
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In 1987, the first series of measurements on rare D 

meson decays were made These provide tests of the Stan- 

dard Model and Its possible extensions (tcchntcolor. Icpto- 

quarks, supcrs~mmelr} e lc)  Weak flavor-changing neu- 

tral currents (FCN()  arc forbidden only in Io~est order b} 

the Standard Model, Ihe$ ma} appear to occur through a 

combination of eleclromagnenc and higher order weak 

processes Tests of FCNC include measurements of 

l)0---~ c t c and/x +/1 Lcpton-lhnlf l }-nunlbct-~ iolaling 

(LFNV) deed}s, a subset oral] FCN(', arc lbrb~dden to all 

orders in the Standard Model and are tested b} measure- 

rncnts  o r  D°-...~ ,u + ~, ¥ These  Ix\o-bed,, deca}s nox~ ha ;  e 

m e a s u r e d  cons t r a tn t s  on their  b r anch i ng  r rac tmns  as low as 

l0 - 4  In the absence  o r  knox~lcdge o f  the m a s s o r c o u -  

p lmgs  assoc ia ted  with a parHcular  e x t c n s m n  to the Stan-  

dard  Model .  these  m e a s u r e m e n t s  p rov tde  eHtlcr a m c a s u t e  

o f t h e c o u p l l n g a s s u m m g a  m a s s  o r a  m e a s u r e  or  the m a s s  

a s s u m m g a c o u p h n g  (')n t h e a s s u m p t t o n  that  e o u p h n g s a r e  

unit.',, the resul ts  t}picall} give h m i l s  on m a s s e s  o1" n o n s t a n -  

dard  objects  o f a  ['e\\ TeV The  mos t  recent  expe r imen ta l  

resul ts  arc su rnmar l7ed  m (~]RAB 87 and  S(. 'HI.JBERT 87 

Reference  

1 J M  F e l l e r e t a I , P h D  thesis. LBL-9017(1979) 

D + B R A N C H I N G  R A T I O S  

F(K- anythmg)ll'tolal 1"2o/I" 
VALUE E V T S  DOCUMENT ID rECN COMMENT 

0 . 1 6 2  ~: 0 . 0 3 5  O U R  A V E R A G E  
0 17_+0 07 AGUILAR 87E HYBR ~ p  p p 3 6 0  400 

G e V  
0 19 _+ 0 05 26 SCHINDLER 81 MRK2 e + e  - Ecm= 3 771 

G e V  
0 . 1 0  -+ 0 07 3 VUILU:MIN 78 MRKI e + e -  Ecm: 3 772 

G e v  
• * • We d o  not  use the  f o l l ow ing  d o t e  for o v e r a g e s  hls l imits e t c  • • • 

0 t 6  + 8 08 AGUILAR 868 HYBR Repl  by  AGUILAR 
- 07 BENITEZ 87{ 

I ' ( K *  a n y t h l n g ) / l t o t a  I 
VALUE EVr$ DOCUMENT ID 

+ 0 . 0 2 9  OUR A V E R A G E  0 . 0 6 6  _ 0 . 0 2 8  

0 08 _ + 80605 AGUILAR 87E 

0 0b ± 0 04 12 SCHINDLER 81 

0 06 +- 0 06 2 VUILLEMIN 78 

T'(/O a n y t h i n g )  + I'(/~ a n y t h l n g ) / l t o t a l  
VALUE_ . . . . . . . . . . . . .  E V T $  DOCUMENT ID 

0 . 4 8  ± 0 . t 5  O U R  A V E R A G E  
0 52 -+ 0 18 15 SCHINDLER 81 

0 39 -+ 0 29 3 VUILLEMIN 78 

1 2 2 / [  
FECN COMMENT 

HYBR ~p pp 360400 
GeV 

MRK2 e+e - Ecru= 3771 
GeV 

MRKI e + e- Ecm: 3772 
GeY 

121.1l 

FECN COMMENT 

MRK2 e + e  - Ecm= 3 7 7 1  
GeV  

MRKI e + e  - Ecm= 3 772 
GeV  

D + a n d  DO ~ ( r /  a n y t h i n g )  / ( t o t a l  D + a n d  D O ) 
if m e a s u r e d  a t  t he  ~ ( 3 7 7 0 )  this q u a n t i t y  is a w e i g h t e d  a v e r a g e  of D + 
( 4 4  p e r c e n t )  a n d  D ~ (5b p e r c e n t )  b r a n c h i n g  t rac t ions  On l y  t he  e x p e r l  
m e n t  at  Ecru = 3 77 G e V  is u s e d  

VALUE DOCUMENT ID rECN COMMENT 

< ' 0 . t 3  PARTRIDGE 81 C-B,~L e;-e ±" Ecru= 3 7";; 
GeV 

• • • We d o  no t  use the  f o l l ow ing  d a t a  tar  a v e r a g e s  fits hmllS e t c  • • * 
< 0  02  8BRANDELIK 79 DASP e + e  - Ecm= 4 0 3  

G e V  
8BRANDELIK 79 resul t  b a s e d  on  a b s e n c e  of ~ s igna l  at  Ecru = 4 03 GeV  

PARTRIDGE 81 o b s e r v e  subs tan t i a l l y  h igheT ~t Cross sec t i on  a t  Ecru = 4 03 
G e V  

l ' ( e "  a n y t h l n g ) / l  t o ta l  
VALUE E Vr$ DOCUMENT tD TECN 

-~ 0 . 0 2 3  0 . 1 9 2 . ,  0 . 0 1 6  OUR FIT Error i n c l u d e s  sca le  fac to r  of 1 2 

I 0 . 0 1 7  
0 . 1 9 2  _ 0 , 0 1 4  OUR A V E R A G E  

+ 0 0 9  AGUILAR 87E HYBR 0 20 _ 0 07 

0 170 _+0 0 t 9  ± 0  007158  BALTRUSAITIS 85B MRK3 

0 1 6 8  _* 0 0 6 4  23 SCHINDLER 81 MRK2 

0 2 2 0  _ + {~ 044022 BACINO 80 DLCO 

I1~ .1  

COMMEN; 

.Tp P P  360400 
GeV 

e - e -  Ecru: 377 
G e v  

e + e  - Ecru= 3 7 7 1  
G e v  

e + e  - Ecru = 3 7 7  
G e v  

l'(C,"C' ~ /.,{+ anyth lng) l l  (c,,,c ~ anylh,ng) 
VALUE DOCUMENT ID tECN COMMENT 

+ 0 . 0 1 7  OUR A V E R A G E  0 . 0 8 1  _ 0 . 0 1 3  

0 0 7 8 ± 0  0 1 5 _ - 0  02 °BARTEL 87 JADE e + e  - Ecm 3 4 6  GeV  

+ 0 0 2 3  9ALTHOFF 84G TABS e+e - Ecru= 345 
0 0 8 2 _  0 016 GeV  

• • • We d o  not  use the  fo l l ow ing  d o I o  for a v e r a g e s  fits l imits e tc  • • • 
0 089 _+ 0 018 ± 0 025 9 BARTEL 85J JADE Repl by  BARTEL 87 

9 A v e r a g e  BR tot c h a r m  o ,u + X The m ix tu re  of c h a r m e d  p o t h o l e s  is unk  
h e w n  a n d  m a y  a c l u a l l y  c o n t a i n  s la tes o the r  t han  D mesons  

I ' (  c,,' c ~ /~ + # -  a n y l h m g ) / l ' (  c,,' c ~ a n y l h m g )  

VALUE CL % DOCUMENT ID TECN COMMEN! 

• • • We d o  not  use the  fOl lOwing d a t a  far a v e r a g e s  hls l imits e t c  • • • 
< 0 0 0 7  95 10ALTHOFF 84G TASS e ~ e  - Ecru= 3 4 5  

G e v  
1 0 A v e r a g e  BR tar c h a r m  ~ p + , ~ -  X The mlX lu re  of c h a r m e d  p a r h c l e s  is 

u n k n o w n  a n d  m a y  ocluC] l ly  c o n t a i n  s la tes o ther  t han  O mesons  

D ° a n d  D O - , .  ( e  + a n y t h i n g )  /' ( t o t a l  D + a n d  D O ) 
if m e a s u r e d  at  the  " ( 3 7 7 0 )  this Q u a n h l y  is a w e i g h t e d  a v e r a g e  of D "  
(44  p e r c e n t )  a n d  D c (56  p e r c e n l )  b r a n c h i n g  f rac t ions  On l y  e x p e r l  
men ts  at  Ecru = 3 77 GeV  a re  i n c l u d e d  in the  a v e r a g e  

VALUE E V T S  DOCUMENT ID TECN COMMENT 

().110 - 0.011 OUR A V E R A G E  Error i n c l u d e s  sca le  fac to r  o l  1 1 
0 117 ± 0 01 t  295 BALTRUSAITIS 85B MRK3 e ~ e -  Ecru= 3 77 

0 10 _+ 0 032 11 SCHINDLER 81 MRK2 

0 072_+0 028 FELLER 78 MRK1 

• • • We d o  not  use the  fo l l ow ing  d a t a  tar a v e r a g e s  hts 

0 116 + 0  011 - 0 009 PAL 86 DLCO 

0 091 _*0 00Q_+0 013 42 AIHARA 85 TPC 
0 092 _* 0 046 12 ALIHOFF 84J TASS 

0 091 ± 0 013 r2 K e e P  84 DLCO 
008 ± 0015 13 BACINO 79 DLCO 

11Isolates D*  a n d  D C ~ e ~" X a n d  we igh ts  for r e l a h v e  p r o d u c t i o n  
{ 4 4 % - 5 6 % )  

12Ave rage  8R for c h a r m  ~ e *  X Unhke Ecru = 3 7 7  GeV the  a d m l x l u { e  of 
c h a r m e d  mesons  is u n k n o w n  

13Not ~ n d e p e n d e n t  of 8ACINO 80 I ( e  • a n y t h m g ) , ' l  I~ra ( D ' )  a n d  I ( e  + a n y  
t h m g ) / I  ,oto~ (D°) 

a ( e + e  - ~ ~(3770)) × I(T('D;T-)/Itom~ 
.VALUE (nonoDoms) E V T 5  DOCUMENT ID 

0 . 1 3 6  ± 0 013 OUR FIT 
0 . 1 3 6  Z 0 . 0 1 3  OUR A V E R A G E  
0 135 +_ 0 0 t 2  = 0 0 t 0  161 BALTRUSAITIS 86E 

014 +_0 03 36 SCHINDLER 81 

0 1 4  - + 0 0 5  17 PERUZZI 77 

;ECN 

MRK3 

MRK2 

M RK I 

I"(~ ~ +)/r(K- ~-- ~-)  
VALUE CL % DOCUMENT ID TEC~ 

• • • We do  not  use the  t a l l o w i n g  (::iota to{ a v e r a g e s  fits 
~- ' 045  g0 t4 PICCOLO 77 MRKI 

1 4 O b l a l n e d  from n , BR va lues  of t a b l e  i 

]'(~K-)/I (~-) 
VALUE E V T $  DOCUMENT ID TECN 

0 30 -* 0 08 O U R  FI |  
0 . 3 0  ~ 0 . 0 8  O U R  A V E R A G E  
0 317 _+ 0 086 _* 0 048 31 BALTRUSAITIS 85E 

0 2 5  _+ 0 t 5  0 SCHINDLER 81 

GeV  
e + e  Ecru= 3 771 

GeV  
e + e  " Ecru= 3 7 7 2  

GeV  
l imits e t c  • • • 

e + e  -- Ecru= 29 GeV  

e + e -  Ecru = 29 GoV 
e "  e Ecru= 3 4 6  
GaY 

Repl by PAL 8b 
e+e - Ecru= 3772 
GeV 

e - e -  Ecm= 3 77 
GoV 

e ' e -  Ecru= 3 7 7 1  
GeV  

e + e -  Ecrr,= 3 77 
G e V  

I 1:(231 4+1 ~) 
COMMENt 

~lmlts e t c  • • .  

e "  e -  Ecru- 4 0 3  
GaY  

I 2.."1 1 
COMMFNT 

MRK3 e "  e Ecru= 3 7 7  
GeV 

MRK2 e '  e Ecru = 3 7 7 1  
G e v  

a l  r I 
COMMENT 
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D--- 

o ( e + e - - - ,  • ¢ ( 3 7 7 0 ) )  x r(~p-)/llota I 0-] '3/r 
VALUE (nono_D_orns) DOCUMENT/O TECN COMMENT 
0 .32  ± 0 .07  OUR FIT 

0 29 ~" 0 .03  ,+ 0 .09  ADLER 87 MRK3 e + e  - Ecrn= 3 77 
G e V  

a ( e * e - ~  " ( 3 7 7 0 ) )  × r ( / ~ k ( 8 9 2 ) c = + ) / l ' t o t a l  a l '4 / I ,  
VALUE (nonoDorns) CL% E V T $  DOCUMENT ID TECN CHG COMMENT 

0 .08  _+ 0 04 OUR FIT 

0 .08+_0.01 -- .0.04 ADLER 87 MRK3 e ~ e  - Ecru= 
3 77 GeV  

• * • We do  h a l  use  t he  t o l l o w m g  cIa lo for a v e r a g e s  flts hmits e t c  * * * 
~0 27 90 SCHINDLER 81 MRK2 e+e - Ecru= 

3 771 Get 
92 DRIJARD 79 SFM + DP  Ecru= 53 

G e V  

, ' T ( e + e  - ~ ~ ( 3 7 7 0 ) )  × l ' ( K ~ ' r r * ~  "o (non-resonont))/]'tota I 

al's/l" 
VALUE (nonobams) DOCUMENT/D TECN COMMENT 
0 .06  -. 0 .0S OUR FIT 

0 0 5 _ - 0 . 0 3 _ + 0 . 0 4  ADLER 87 MRK3 e + e  - Ecru= 3 77 
G e v  

o ' ( e + e  - ~ ¢ ( 3 7 7 0 ) )  X l ' ( K - ~ - - ' t r  + ( n o n i r e s o n o n t ) ) / l ' t o l a  I 
q ] ' 6 , / l  

VALUE (n(?nob_a_rns) .__ DOCUMENT_I_D TECN COMMENT 

.~n + 0 .035  OUR FIT 
0 . 3 , ~  _ 0 .034  

0.31 _++0.03.+0.10 ADLER 87 MRK3 e + e  - Ecrn= 3 77 
G e V  

o - ( e + e - ~  4 / . ( 3 7 7 0 ) )  -,< l ' ( K - . a - + z - + ) / l . t o t a l  o - ( 2 l ' 4 + l ' o ) / r  
VALUE (nonoDoms) EVT5 D_O_CUMENT ID FECN COMMENT 
0.376,+ 0 .024  OUR FIT 
0.381 ± 0 . 0 2 4  OUR A V E R A G E  

0 388 -+ 0 013 -_ 0 029  1164 BALTRUSAITIS 86E MRK3 e ~" e -  Ecru= 3 77 
G e V  

0 38 ,+ 0 05 239 SCHINDLER 81 MRK2 e + e -  Ecrn= 3 771 
G e V  

0 . 3 6  ,+0 06 85 PERUZZI 77 MRK1 e + e  - Ecru= 3 77 
G e V  

r(K- ~" ~-)/rtota I (21"4+I'6)/]" 
VALU~ EVTS DOCUMENT ,D TECN COMMENT 

0 n ' / R  + 0.011 
. . . .  - 0 .008  OUR FIT 

+ 0 028 45 AGUILAR 0 . 0 6 3 _ 0 : 0 1 4  ,+ 0.011 8 87F HYBR 7rp p p  360 400 G e t  

4SAGUILAR BENITEZ 87F c o m p u l e d  the  b r a n c h m g  ro t lo  by  t o D o l o g l c a l  no r  
m a h z a h o n  

o ' ( e ÷ e - ~  ¢ ( 3 7 7 0 ) )  × l ' ( ~ / r + ' r r 0 ) / r t o t a  I 0"(131"4+]'3+1"5)/]" 
VALUE (nanoDorn$) EVTS DOCUMENT lO TECN COMMENT 
0 .40  ,+ 0 . 0 8  OUR FIT 
0 .44  ,+ 0.11 OUR A V E R A G E  

0 417 +_ 0 081 _+ 0 0 7 5 1 5 9  8ALTRUSAITIS 86[  MRK3 e + e -  Ecru= 3 77 
G e V  

0 78 ,+ 0 48 10 SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 
G e V  

I'(K0"tr - 7r0)Ir,ota I (~l ' , t+l '3+l 's)/ ]"  
VALUE DOCUMENT ID 

0 nA'~+0"0t8 OUR FIT 
. . . .  - 0 .047 

I"(,,~ ~'-)/] 'tota, 
VALUE EVTS 

+ 0.0014 
0 .0057  - 0 .0009  OUR FIT 

DOCUMENT ID TECN CHG COMMENT 
1"7/I" 

• • • We clo not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
SEEN 234  GEORGIa 85 SPEC + p N  400 G e t  

I ' ( ~ T "  K + K -  ( n o n - r e s o n a n t ) ) / ]  total 1",;/1' 
VALUE DOCUMENT ID 

0nn~o + o o 0 0 ~ 0  

m 

. . . . .  - 0 .0008 OUR FIT 

1"(¢) 71" " ) / I ' ( K -  II "+ Z " + )  ] ' 7 / ( 2 r 4 + 1 " 6 1  

VALUE EVTS DOCUMENT ID TECN CHG COMMENT 
0 .073  ,+ 0.010 OUR FI! 
0 .073  ,+ 0.010 O U R  A V E R A G E  

0 071 _+ 0 008 ,+ 0 007 84 ANJOS 88 SILl PhotO" 
p r o d u C t i o n  

0 084 +_ 0 021 ,+ 0 01 t  2'I BALTRUSAITIS 85[  MRK3 + e + e -  Ecru= 
3 77 GeV  

r (  Tc*( 892)O K + ) / ] ' (  K - 7r- 7r- ) i'8/¢~1-4+r6) 
VALUE E V T $  DOCUMENT ID TECN CHG COMMENT 
0 056 z 0.01()  OUR FIT . . . . . . .  
0 .056  _+ 0.010 OUR AVERAGE 
0 058 -+ 0 009 +_ 0 006 73 ANJOS 88 SILl Photo 

prOdUCtiOn 
0 048 _+ 0 021 _+ 0 011 14 8ALTRUSAITIS 85E MRK3 + e + e -  Ecru= 

3 77 G e V  

1 " ( ~ "  g + K -  ( n o n - r e s o n a n t ) ) / r ( g -  ~ +  = + )  r 9 / ( 2 3 r 4  +1 6) 
~/ALUE EVTS DOCUMENT ID TECN CHG COMMENT 

+ 0 010 
0 . 0 5 0 _ 0 : 0 0 9  OUR FIT 

0 050 _+ 0 009 OUR AVERAGE 

0 049 _+ 0 008 _+ 0 006 95 ANJOS 88 SILl PhoIo 
productlon 

0 059 _+ 0 026 z 0 009 37 '16 BALTRUSAITIS 85E MRK3 + e + e- Ecru = 
3 77 Get 

16This m e o s u r e m e n l  e x c l u d e s  coRl r lbUt lor ls  to K + K -  7r + f rom ,;,; 'r- a n d  
K~(892)OK+ 

1 , 2 ,  , i 
l ' ( z r *  K + K - ) / l ' t o t a  I (21 7+3 [ 8 +1 9), [ 
VALUE EVTS DOCUMENT IO TECN COMMENT 

0 nnoA~-0  0018 
. . . . .  -- 0.0013 OUR FIT 

+ 0  017 17 AGUILAR 0 .008  - 0 .002  _+ 0.001 I 87F HYBR E p  p p  360 400  G e t  

17AGUILARBENIIEZ 87F c o m p u t e d  the  b r a n c h m g  ra t io  by  t o p o I O g l c a l  no r  
rea l i za t ion  

I . ( l r + K + K _ ) / I ( K _ l r .  IT..~ 1, 2 ,  , , 2 ,  , (21 7+ 3] 8 +1 9 ) / ' ( ~  I 4 + 1 6 )  % f e  % J 

These m e a s u r e m e n t  d o  not  chst lnguish poss ib le  Tesonon t  subs t ruc tu re  

VALUE CL % E V T S  DOCUMENT ID TECN COMMENT 

0.124 ~ 0.014 
- -  0 012 OUR f i t  

• • • We do  not  use t he  t a l l o w i n g  d a t a  for a v e r a g e s  tits l imits e l c  • • • 
0 25 _+ 0 20 S ~8 BAILEY 84 SILl H a d r o p r o d u c l l o n  

< 0  14 90 SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 

< 0  15 90 19 PICCOLO 

t a O n e  e v e n t  consls le i3 t  wi tr l  D-+ ~ ,,'~/r + 
1 9 O b t a i n e d  from a \ BR v a l u e s  of t a b l e  I 

](~÷ ~* ~-)/rCK- ~+ ~+) 
V_ALUE CL% E V T S  DOC{JI~ENr IO 

0 .042  _+ 0.019 OUR FIT 

77 
GeV  

MRKI e + e  - Ecru= 4 03 
G e t  

1",i0/(~r4+]'6) 
TECN CHG COMMENT 

0 .042  _ 0 .016 _+ 0.010 57 BALTRUSAITIS 85E MRK3 ~- e + e -  Ecru= 
3 77 G e V  

• * * We Oo not  use the  f o l l ow ing  d a t a  for a v e r a g e s  flts l imits e t c  * * • 

• - 0 084 90 SCHINDLER 81 MRK2 e + e -  Ecru= 
3 771 GeV  

0 08 90 20p iCCOLO 77 MRKI -+ e + e  - Ecru= 
4 03 G e V  

2 0 O b t a i n e d  t ram a v BR v a l u e s  of t aD le  I 

o r ( e ' e - ~  ~ ( 3 7 7 0 ) )  × l ' ( / C ° ' / T + / T + ~ - ) / l ' t o t a l  CTI'~I/I" 
VALUE EVT5  DOCUMENT /O TECN COMMENT 
0 .34  _+ 0.10 OUR FIT Error i n c l u d e s  sca le  f a c l o r  of 2 0 
0 31 _+ 0 .06  OUR AVERAGE Error I n c l u d e s  sca le  fac to r  of 1 2 
0 291 _+ 0 047 _+ 0 029168  ADLER 88C MRK3 e + e  - Ecru= 3 77 

G e V  
0 51 -+ 0 18 21 $CHINDLER 81 MRK2 e + e -  Ecm= 3 771 

G e t  

] ' ( ~  7r + 7r + 7 1 " - ) / [ ' t o l a l  I"11/1" 
VALUE EVTS DOCUMENT ID TECN COMMENT 

+ 0 .023 
0 0 7 0 _  0.021 OUR FIT Error i n c l u d e s  s c a l e  fac to r  o! 1 7 

0 .243  _ + 0.0410"064 _ . . . . .  n n44 11 21 AGUJLAR 87F HYBR ."rp p p  360 400 GeV  

21AGUILAR 8ENITEZ 87F c o m p u l e d  t he  b r a n c h l n g  ra t io  by  t o p o l o g l c o l  no r  
mo i l±a l iGn 

o - ( e + e -  ~ 4 ( 3 7 7 0 ) )  x l ' ( K - ~ - ~ - " t r 0 ) / l ' t o t a  I o-1"12/1 
VALUE (nanobo[ns) fVT$ DC)CUMENT ID TECN COMME__NT 

+ 0 . 0 7  OUR FIT 0 . 1 8  _ 0 . 0 4  

0.18 -+ 0 .04  _+ 0 .04  175 BALTRUSAITIS 86[  MRK3 e + e -  Ecru= 3 77 
G e V  

r ( K - / 1  -÷  z - -  ~ 0 ) / l ' t o t a  I r .12 , / [  
VALUE EVTS DOCUMENT ID TECN COMMENT 

+(]~015 OUR FIT 0 .037  _ 0 .008  

n + 0 . 0 4 7  0 .004  I 22AGUILAR 87F HYBR ~rp p p  3 6 0 4 0 0  G e V  0 . v 2 2  _ 0 .006  - 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits, bruits e t c  • • • 
SEEN 7 AGUILAR 868 HYBR ~ ' - D  360 GeV  

22AGUILAR BENITEZ 87F c o m p u t e d  the  b r a n c h i n g  ra t io  by  topo log Ica~  nor  
rea l i za t ion  
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D -+ 

rCK- ~-+/r-  ~ro)/l"CK-/r ~/r +) 1"12/(]I",,.r~) 
VALUE EVTS DOCUMENT ID TECN COMMENt 

;, ~-, + o.~o our ~, 
. . . .  - 0 .10 

= , ) + 0 . 6 S  I AGUILAR- 83B HYBR T,- -p 360 GeV  
" ~ ' -  0.17 

I ' ( ~ " o  7r+ 11 - + / r -  ~ 0 ) I i ' l o t a  I 1"1311" 
VALUE EVTS DOCUMENE ID TECN COMMENT 
- .  + o.os-~ . . . . . . . .  
0 . ~ 4 4 _  0.015 OUR FIT 

n + 0 .052  
0 . ~ 4 4 . _  0.013 ~ 0 .007  2 23 AGUILAR 87E HYfiR ~'p. p p  360 400 G e V  J 

• • • We Clo h a l  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  '11is, hmlts e t c  • • • 
SEEN 3 AGUILAR 86B HYBR , - r -D  360 G e V  J 

23AGUILAR-0ENITEZ 87F c o m p u t e d  the  b r a n c h l n g  ro t lo  by  t o p o l o g i c a l  nor* I mahza f i on  

I ' ( K -  / r "  / r *  "x° ~° ) l l ' f o to  I 1"14/1" 
VALUE EVt5 DOCUMENT tO TECN COMMENT 

o o -~ + o.~so . . . .  . 2 . _ 0  00 ~ OUR F,T 
0 n , ~  + 0 .047  . . . .  -- 0 .008  -+ 0 .004  1 24 AGUILAR- 87F HYBR ~ p  p p  360 400  G e V  J 

• • • We do  not  use the  t a l l o w i n g  d a t a  for a v e r a g e s ,  fits l imits e t c  • • • 
SEEN 1 AGUILAR- 86B HYBR ~ - p  360 G e V  J 

24AGUILAR-BENITEZ 87F c o m D u t e a  the  b r a n c h i n g  ra t io  by  toDolog=ca l  nor- I maJJ2otton 

I ' ( K -  ~ +  71,°O + P ) / I ' I o I o  I ] ' 2 3 / I "  
VALUE EVES DOCUMENt ID TECN COMMENT 

o n . .~o  as2 . . . . .  . . . .  - 0 .013 ± 0 .007  2 25 AGUILAR 87F HYBR ~'p  p p  360,400  G e V  l 

25AGUILAR-BENITEZ 87F c o m p u t e d  the  b r a n c h i n g  ra t io  by  t o p o l o g l c a l  nor  J 
rea l i za t ion  

r ( ~  '~  7t- + T r -  e + P ) / r t o i a  I 1"24/ I" 
VALUE EVtS DOCUMENT /D TECN COMMENT 

0 ~,~,~+0 047 0 .004  I 26AGUILAR 87F HYBR ~'p  p p  3 6 0 4 0 0  G e V  I . . . .  - 0 . 006  
26AGUILAR-BENITEZ 87E c o m p u t e d  t he  b r a n c h i n g  ra t io  by  t o p o l o g i c a l  no r  J 

m o l l z o t l o n  

I ' (  7i" + 11"o)II'tolo I l'2s I I" 
VALUE CL% E V T $  DOCUMENT ID TECN COMMENt 

~ 0 . 0 0 5 3  -- 90 -  1 BALTRUSAITIS 8BE MRK3 e + e  - Ecru= 3-77 
G e V  

1"Or+/ro)/r(~/r+) I"2~/r, 
VALUE CL% DOCUMENT ID TECN COMMENT 

• * • We dO not  use t he  f o l l ow ing  d a t a  for o v e r a g e s ,  fits l imits e l c  * • • 

< 0  30 00 SCHINDLER 8 t  MRK2 e + e  - Ecm= 3 771 
GeV  

[ ' ( / . t  + P . ~ ) / l ' l o t a  I I '26/1" 
VALUE CL % E V T S  DOCUMENt TO TECN COMMENT 

< 0 . 0 0 0 7 2  90 27ADLER 88B MRK3 e + e Z - E c m = - 3 7 7  J 
G e V  

• • • We do  not  use t he  f o l l o w i n g  d a l a  for o v e r a g e s  fits l imits e t c  • • • 
< 0  02 90  0 28 AUBERT 83 SPEC ~ + F e .  250  GeV 

27Using 10 9 ps fat  t he  D + l i fe t ime a n d  I VcCll2 = 0 0493 ADLER 88B h n d  the  I 
w e a k  h a a r o n i c  a x i a l  v e c t o r  d e c o y  c o n s t a n l  of t he  D + to b e  fD < 290 I M e V / c  af  90% CL 

28AUBERT 83 o D l a l n  u p p e r  l imit  0 014 a s s u m i n g  t ha t  f ina l  s to le  c o n t a i n s  
e q u a l  m ix tu re  of (D  + D - ) .  (D  + ~0) ( D - . D  0) a n d  (D o ~0) We q u o t e  the  
l lmd w h i c h  t h e y  g e t  u n d e r  m o r e  g e n e r a l  a s s u m p l i o n s  

r ( K " / r "  = -  ) l r (  K -  ~+ ~- ) 1"2~/(~1",,+1"~>) 
VALUE CL % DOCUMENT ID fECN COMMENT 
-<0 .05-  - 90 29PIC'C-C)LO " - -77  M~RKI e -+e  - E~m= 4 0 3  

G e V  
2 9 O b l a l n e ~  from ~ ~ BR v a l u e s  of f a b l e  I 

r ( K - / r -  e + P ) / l ' l o t a  I 1"2B/1' 
VA~UE CL% OOCUMENT IO EECN COMMENt 

<~0.057 ...... 90- 30~,GuILAR- 87F HYBR 7rD ~-360400C.~eV I 
30AGUILAR-BENITEZ 87E c o m p u t e d  t he  b r a n c h i n g  rof lo  by  t o p o l o g i c a l  nor-  

m a , z o h o n  

r ( / r *  7r- e+ V)II '1otal I'~9/l" 
VALUE CL % DOCUMENt/D tECN COMMENT 
< 0 . 0 5 7  90 31 AGUlLAR 87E HYBR ~Tp, p~o 360 ,400  G e V  J 

3'1AGUILAR-BENITEZ 87E c o m p u t e d  t he  b r o n c h l n g  rat lO b y  t o p o l o g l c a l  no r  I m a l l z o l l o n  

o ( e + e  - ~ ¢(3770)) × 
VAL_UE (nanobOms) CL % 

< 0 . 2 3  90 
GeV  

I ' (  K -  / r  + 7r + ~ * = -  ) l l ' i o l o  I 30/'I 
VALUE EVTS DOCUMENT /D 7ECN COMMENt 

• • • We d o  not  use the  fOl lowing d a t a  for a v e r a g e s  flts l imits e tc  • • • 
SEEN 2 AGUILAR 86B HYBR ~ -  p 360 GeV 

l ' ( / r * / r ~ / r ~ / r - / r - / r ° ) l l ' t o l o l  1 31,"I 
VALUE EVES DOCUMENT ID TECN COMMENT 

SEEN 2 AGUILAR 86B HYBR r:-p 360 GeV 

r ( o / r  + / r - / r  + ) I r l o t a  I I 36/ ' l  
VALUE CL % E V T 5  DOCUMENT tD TECN COMMENT 
< 0  002 90 0 ANJOS 88 SILl P h o t o p r o d u c t l o n  

I ' (K  + K - / r  + ~ -  7r + ( n o n - r e s o n Q n l ) ) / l t o t a l  137/"1 
VALUE CL % E V T 5  DOCUMENt ID TECN COMMENT 

< 0 . 0 3  90 12 AN JOB 88 SILl Pholoproauchon 

I ' ( K - / r * / r  + / r ÷  ~T-)/l total o'130/I 
DOCUMENT ID TECN COMMENT 

SCHINDLER 8.1 MRK2 e + e -  Ecru= 3 771 

D =  PRODUCTION CROSS SECTION AT ~ ( 3 7 7 0 )  

A c o m p i l a t i o n  of the  Cross sec t ions  for the  chrect  p r o d u c h o n  
of D -+ mesons  of or n e a r  Ihe  ~ [ 3 7 7 0 )  p e a k  in e + e -  p r o d u c  
tlOR These Dross sec t ions  a re  used  for no rma l i za t i on  of pro- 
d u c t  b r a n c h i n g  f rac t ions  

V__ALUE (nanoboms) DOCUMENE /D TECN COMMENT 

+ 0 .5  OUR FIT Error i n c l u d e s  s c a l e  too tor  of 1 1 4 .8  - 0 . 6  

4.8  --_0.5 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 'I I 
4 2 +_ 0 6 -+ 0 3 32 ADLER 88C MRK3 e + e -  Ecru= 3 768 

G e v  
5 S -+ .1.0 33 PARTRIDGE 84 CBAL e + e- Ecru= 3 771 

Gev 
6 00+_0,72-+I 02 34SCHINDLER B0 MRK2 e+e - Ecru= 3771 

GeV 
• * • We CIO not  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  hls. hmllS e l c  • • * 
9 I ~ 2 0 35 PERUZZI 77 MRKI e + e- Ecru= 3 774 

GeV 
32ThlS m e a s u r e m e n t  c o m p a r e s  even t s  wdh  o n e  d e t e c t e d  D to those  Wllh 

two  d e l e c f e d  D mesons,  to d e t e r m i n e  the  t he  a b s o l u l e  Cross sec t i on  
ADLER 88c  m e a s u r e  t he  roho  of cross sechons  ( n e u t r a l  to c h a r g e d )  to b e  
t 36 :J: 0 23 :I: 0 14 This m e a s u r e m e n t  does  no1 i n c l u d e  the  d e c o y s  of 
t he  ~ (3770)  not  a s s o c i a t e d  w i th  c h a r m e c l  p a r t i c l e  p r o d u c t i o n  

33This m e a s u r e m e n t  c o m e s  from o s c a n  of the  ~ (3770 )  r e s o n a n c e  a n d  o fit 
to  t he  cross s e c l l o n  PARTRIDGE 84 measu res  6 4 z ¢ 15 nb  for the  cross 
sec t i on  We l a k e  t he  p h a s e  s p a c e  arwsqon of n e u l r a l  a n a  C h a r g e d  D 
mesons  in ~,(3770) d e c a y  to b e  '~ 33 a n d  we  a s s u m e  l ho t  the  ~ (3770 )  is 
on  Isos ing le l  to e v a l u a t e d  t he  Cross sechons  The n o n c h a r m  d e c a y s  
( e g  r a d l a h v e )  of the  ~ (3770 )  a re  i n c l u d e d  in lh ls  m e a s u r e m e n t  a n d  
m a y  a m o u n t  to a few p e r c e n t  c o r r e c t i o n  

341his m e a s u r e m e n t  c o m e s  from a scan  of the  ,~(3770) r e s o n a n c e  a n d  o ht 
IO the  cross sec t i on  SCHINDLER 80 assume the  p h a s e  s p a c e  dlWSlOn of 
n e u t r a l  a n d  c h a r g e d  D mesons  [n : ; (3770)  d e c a y  Io b e  '1 33. a n d  I ho l  
the  ~.(3770) IS on  iSOslnglel  The n o n c h a r m  d e c a y s  (e  g r O d l a h v e )  of t he  
~ (3770 )  o re  i n c l u d e d  in this m e a s u r e m e n l  a n d  m a y  a m o u n t  to a few p e r  
c e n t  c o r r e c t i o n  

35This m e a s u r e m e n t  c o m e s  from a s c a n  of the  ~ (3770 )  r e s o n a n c e  a n d  o tit 
Io the  cross s e c h o n  The p h a s e  s p a c e  d iv is ion at n e u t r a l  a n d  c h a r g e d  D 
mesons  in ~.(3770) d e c a y  is t o k e n  to b e  1 33. a n d  ~;(3770) is a s s u m e d  
1o b e  on  isos lngiet  The n o n c h o r m  d e c a y s  (e  g rOd lOhve)  of l h e  ~ ( 3 7 7 0 )  
o re  I n c l u d e d  in this m e a s u r e m e n t  a n d  m a y  a m o u n l  to o few p e r c e n t  
c o r r e c t i o n  We e x c l u d e  Ibis m e a s u r e m e n t  t ram the  a v e r a g e  b e c a u s e  of 
unce r l aLn t l es  in the  c o n l a m i n a t l o n  from r l e p t o n  pai rs  AlSO see 
RAPtDIS 77 

REFERENCES FOR D ±  

ADLER 8BS PRL 60 1375 
ADLER BBC PRL 60 89 
AN JOB 88 PRL b0 897 
RAAB 8B PR D37 2391 
ADAMOVICH 87 EPL 4 887 
ADLER 87 PL B196 107 
AGUILAR 87C ZPHY C34 143 
AGUILAR 87D PL B193 140 
AGUILAR 87E ZPHY C36 551 
AGUILAR 87r ZPHY C36 559 
ANJOS 87 PRL 58 341 
BARI.AG 878 ZPHY C37 '17 
BARTEL 87 ZPHY C33 330 
CSORNA 87 PL B191 318 
PALKA B7B ZPHY C35 15t 
ABE 86 PR D33 '1 
AGUlLAR 86e ZPHY C31 49t  
BALTRUSAITIS 86E PRL 56 2'140 
GLADNEY 86 PR D34 260t 
PAL 86 PR D33 2708 
USHIDA 86 PRL 56 '1767 
AIHARA 85 ZPHY C27 39 
BAILEY 85 ZPHY C28 357 

+Becket Bloylock, (MARK Ill Cal led 
+Becket BIQyloCR+ (MARK III Col lob 
*ApDe[* (Togged Photon SDectromeler Col lab 
*AnlOS ADDel Brocke'+ (FNAL 1PS CollaC 
+AlexoncffOv BairD+ (Photon Emulsron COllOP 
+Becker BIQylock Bolfon÷ (IVAn1( III COllOp 

Agullot Benltez AIIl$Oq* (.EBC EHS Col lab 
AguHar Benltez Al:lson* (LEBC EHS CoIIab 
Agutlaf 8en:*ez All.Son+ (LEBC EHS Col lab ' 
Agullar Benltez AllisOn* (LEBC El-IS CollOP 

+ADDel Bracket Bvowder* (FNAL IPS COllOb 
+Becket Bonrlnger BosmQn* (ACCMOR Collob 
*Becker FelSt hClldt+ (JADE Collob 
+Mestaye~ Panvl"ll Ward* (CLEO CoIICIb 
+Bailey Becker* (ACCMOR CO(lab 
+ (SLAC HyD~IC~ ~OCjllly Photon COllOP 
Agullar Benltez Allison* (LEBC EhS Col lab 

+Becker BlovloCk Brown* (MARK :EL Col lab 
+Jotos One Bork[ow* (MA~K II COllab ) 
*Alwood Barlsh Bonneoud+ (:~ELCO CoEcIb 
+Konclo* (AICH FNAL GIFU eYED KOBE BEAU+) 
+AIston Gclr,~lOSl Boalke Bokken* (TPC Collob 
+Belau Boehtlr.cler Bosman* (ABCCMR CollOb 
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D + D O 

8AL TRUSAIIIS 
BA=TRUSA=TIS 
8ARTI:L 
GI: ORGIO 
ABE 
ADAMOVICH 
ALIHOF~ 
ALTHO~F 
BAILEY 
DERRICK 
KOOP 
PARTRI~GL 
AGULAR 83 PL 122B 3t2 
AGJILAR 83R I:'L t238 98 
AUBERT 83 NP 8213 3t 
8ADI:RI 83 PL 1238 471 
USH,L~A 83 PRL 51 2362 
ALBINI 82 PL f10B 339 
BALLAGH 81 PR D24 7 

AlSO 80 PL 89B 423 
PARTRIDGE 8'  PRL 47 760 
SCH~NDLI:R 8f PR ~24 78 
TRILLING 81 PRPL 75 57 
ALLASIA 80 NP 8t76 13 
BACINO 80 PRL 45 329 
SCHINDLI:R 80 PR 021 2716 
ZHO.I:NTZ 80 P. 96B 214 

Alsn 8t SJNP 34 814 
translcl led tram VA r 

ARMI:NJSI: 79 PL 868 115 
BACINO 79 PRL 43 t073 
BRANDEDK 79 PL 808 412 
DRIJARD 79 PL 81B 250 
FI:.LI:R 78 PRL 40 274 
VUILLEMIN 78 PRL 41 1149 
GO~DHABI:R 77 PL 698503 
PERUZZI 77 PRL 39 1301 
PICCOLO 77 PL 708 260 
RAP(DIS 77 PRL 39 526 
PI:RUZZI 76 PRL 37 569 

..... OTHER 

GRAB 87 SLAC PUB 4372 

858 PRL 54 1970 *Becker 8faytOCk Brown* (MARK Jii Col lab ) 
B5F PRL 55 t50 *Becket 81OVIOCK Brown* (MARK Ih Col lob ) 
8SJ PL 1638 277 *8eckel  COldS Felst* (JADE Col lab ) 
85 PL 1528 428 Georg~opOulO$~ (tUFf AR'Z FNAL FSU NDAM+) 
84 PR 030 1 (SLAC Hybrid FOCIIIIy PPoton ColIob ) 
84 PL 1408 t19 *Alexandrov Bollo Bravo* (WA58 CoI Iob)  
B4G ZPHY C22219 *Brclur, schwelg KJrsc~hnk* (TASSO Collob ) 
B4J PL 146B 443 ~Brclnscnwelg Klrschtlnk* (TASSO Collclb ) 
84 PL 1398 320 *BelOu 8ohrlnger Bosman* (ACCMOR Col lab ) 
84 PRL 53 t971 *Fernandez Files HymoP. (HRS CollCib ) 
84 PRL 52 97C *SaWuGCI AtwOOd Bo, Ion* (DI:LCO Codab ) 
84 CCII tech 1984 TheSIS (CrvsloI 8oll COllQb ) 

Agultat Ben,fez AI.ISOn* (LEBC I:HS CoIIOb ) 
Agullar Benltez AIIison~ (LI:BC EHS Col lab ) 

*Bassomplerre Becks Best. (EMC Col lab ) 
Badertsche~ Hahn hugentobler*  (BERN MPIM~ 

(ACH FNAL KOBI: 51:OU MCG' NAGO*) 
• (FRAS MILA PISA ROMA TORI tRST) 

~81nghom÷ (LBL bCB FNAL HAWA WASH WISC) 
Bollagh+ (LBL uC8 I:NAL HAWA WASH WISC) 

+Peck Porter Gu* (C,y$lOI 8Oil CoIIob ) 
*Alam Boyarskl Bre,denbOCh+ (MARK ii CoIIob ) 

(LBL UCB) J 
* (ANKA .18H CERN DUUC LOUC KEYN-) 

+Fergu$on÷ (UCLA SLAC SIAN UCI STON) 
*Slegnst AICIm 8oyar$kl. (MARK II CoIIOb ) 
.KurdaOze Lelchuw Mlshqev+ (NOVa) 
Zt-olentz Kbrdodze Le Chuk. (NOVa) 

34 1471 
~l:rnQuez~ (8ARI CI:RN I:POL MILA ORSA~ 
,Fefguson NOaulman* (DI:LCO CoIlab ) 
*Btounschwe~g Martyn Sander* (DASP CoIlab ) 
*Fnscher Gensf. (CI:RN CDI:F Hl:lD KARL) 
*Dike Madclras Ronon~(LBL SLAC NWI:S HAWA) 
+Fe~dmon Feller. (LBL SLAC NWI:S IfAWA) 
*wlss Abrams Alam~ (LBL SLAC) 
-P~ccoIo Feldman.  (SLAC LBL NWES HAWA) 
+Peruzzl Lutr" Nguyen W15$ Abrom$+(SLAC LBL) 
*GObbl Luke Barbara GOltler~+ (MARK i CoIIOb ) 
ePlCCOIO Feldman Nguyeq WlSS+ (SLAC LBL) 

RELATED PAPERS --,  

(SLAC) 
EPS Conlerence uppsola 

SCHINDLER 87 SLAC PUB 4417 (SLAC) 
EP5 Conference UOpSala Proc Vol I p 341 

SCHUBERT 87 IH[P HO 87 7 (Hl:ID) 
EPS Conference UppsolO Proc VOl 2 p 791 

SNYOI:R 87 IUHEEI: 87 ~t (IND) 
Syrup on PrOd Grid Decoy of Heavy Flavors Stanford 

SCHINDLI:R 86 SLAC PUB 4136 (SLAC) 
WO~ld Press Internahonol 

SCHINDLER 86B SLAC PUB 4248 (SLAC) 
SLAC Summer Inshtute 

KIRKBY 79 SLAC PUB 2419 (SLAC) 
Batav,a Leplon PhOtOn Conference 

BARBARa 78 .BL 8537 l:nce t978 8arboro Galheh [LBL) 
WOJCICKI 78 SLAC PUB 2232 (SLAC) 

SI.AC Summer Institute 
GOLDHABI:R 76 PRL 37 255 *P~erre Aoroms Aldm* (LBL SLAC) 
W'SS 76 PRL 37 t531 +Go~dhabet Abrams AIQm 8Oycirsk~+(LBL SLAC) 

r~1 l(JP) = 12 (0 _) 

D ° M A S S  

VA~UE (Mev) EVI5 DOCUMENT ID 7ECN COMMENT 
1 8 6 4 . 5  ~ 0 6 OUR A V E R A G E  
1852 ~ 7 16 ADAMOVICH87  EMUL P h a t o p r o d u c t l o n  
1861 : 4 0 DERRICK 84 HRS e ~ e -  Ecru= 29 G e v  
1864 7 ~ 0 6 I TRILLING 81 RVUE e + e -  Ecru= 3 77 

G e V  
• • • We do  not  use l h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
t 8 5 6  ~- 36 22 ADAMOVICH848  EMUL Pho lOpLOduchon  
1847 ± 7 t FIORINO 81 EMUL 3 N ~ DO + 
1863 8 ~- 0 5 f SCHINDLER 81 MRK2 e + e  - Ecru= 3 77 

G e V  
1863 0 -* 2 5 238 ASTON 801: OMEG 3 P ~ 
1860 -+ 2 143 2AVERY 80 SPEC "~N ~ /~It+ 
1869 _+ 4 35 2AVERY 80 SPEC "rN ~ ~+ 
1854 -+ 6 94 2 ATIYA 79 SPEC ~ N ~ D°D ° 
1850 Z 15 64 BALTAY 78C HBC f 'N  ~ K ~ r ~  ", 
1863 _+ 3 GOLDHABER 77 MRKI E70 D + reco i l  s p e c  

t ra 
1863 3 -+ 0 9 I PERUZZI 77 MRK1 e + e -  Ecm= 3 77 

G e V  
1868 -+ 11 PICCOLO 77 MRK1 e ~" e -  Ecm = 4 03 

4 41 G e V  
1865 -+ 15 234 GOLDHABER 76 MRK1 Ktr a n d  K3~ 

IpERUZZI 77 a n d  SCHINDLER 81 errors do  not  i n c l u d e  t he  0 13% u n c e r t a i n l y  
m the  a b s o l u t e  SPEAR e n e r g y  c a l i b r o l l o n  TRILLING 81 uses t he  h i gh  pre-  
O s l o n  J, '~( IS) a n d  ~ (25 )  m e a s u r e m e n t s  of ZHOLENTZ 80 1o d e l e r m i n e  tins 
u n c e r t a i n l y  a n d  c o m b J n e s  the  PERUZZI 77 and SCHINDLER 81 results tO 
o b t a i n  the  v a l u e  q u o t e d  

2Error d o e s  not  i n c l u d e  poss ib le  s y s l e m a t l c  mass s c a l e  shift es t lma lec I  to 
b e  less t h a n  5 MeV  

JmD~ - mo~l, MASS DIFFERENCE 

/ ~  a n d  D~ o re  the  mass e l g e n s t a t e s  of the  DO m e s o n  

VA{qE { fO - 4 eV) CL % DOCUMENT ID TECN COM_MENr 
• t . 3  90 3 4 ANJOS 88C SILl Photoproducllon 

• • • We d o  no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  his l imi ls  e t c  • • .  
• 2.6 90 3 ALBRECHT 87K ARG e+e - Ecru = 10 Gev 
- I 6 90 5 LOUIS 86 SPEC ~ -  W 225 G e V  
• 7 90 3 6 YAMAMOTO 85 DLCO e + e -  Ecru= 29 G e v  
• 6 5 90 5 8ODEK 82 SPEC ;T- pFe  ~ D O 

3L,md infer, 'ed f rom DO-D 0 m,xJng ra t io  ] (K "~ ~ -  ( v la  ~ ) ) / I  ( K -  ,'r + )  b e l o w  
4 C a l c u l a t e d  by  us us ing A m  = (2r . ' ( I  - 0 )  1 2h 4 3 • 1 0 - 1 3 s  w h e r e  r is the  

DO-/~ m i x i n g  raho  
5Limd in fe r red  f rom D O DO m i x i n g  raho  l ( / ~ -  a n y t h i n g  (v ia  D0) ) / I  (/~+ a n y  

t h i n g )  b e l o w  
6yAMAMOTO 85 g i ves  Am. I -- 0 44 We use I = h 4 3 ~ 10 13s 

D ± - D ° M A S S  D IFFERENCE 

VALUE (Mev) DOCUMENT ID TECN COMMENT 
4 .74  T 0 .28  OUR AVERAGE 
4 7 -~0 3 7SCHINDLER 81 MRK2 e ' e -  Ecru= 3 77 

G e V  
5 0 * 0 8 7 PERUZZI 77 MRKI e + e -  Ecru= 3 77 

GeV  
7Not i n d e p e n d e n t  of D ± a n d  D O mass m e a s u r e m e n t s  

O ° M E A N  LIFE 

VALUE (10- 13 SeD)CL%EVTS DOCUMENt ID rECN _C.QMMENT 

4 28 ± 0.11 OUR AVERAGE 
4 22 ± 0 08 - 0 10 4200 RAAB 88 SILl 

+I 2:0 7 44 ADAMOVICH87 EMUL 3 6 u o 

+0 6 145 AGUILAR 87D HYBR 4 6  - 0 5  

4 3  _12,  ; 0 8  15 ALTHOFF 87 TASS 
m 

4 2 -_ 0 5 90 BARLAG 878 SILl 
5 0  ± 0 7  -+ 0 4  345 CSORNA 87 CLEO 

+ !  2 - -0  6 53 WAGNER 87 MRK2 4 4 1 ] 
6 1 -+ 0 9 -+ 0 3 50 ABE 86 HYBR 

+ n  o 9 R _ + 0 5  74 GLADNEY 86 MRK2 4 7  
v 

4 3  58 USH'DA 86. E UL 

I 0 26 BAILEY 85 SILl 37 +07 
4 6 * 1 5 ~ 8 56 269 8 YAMAMOTO 858 DLCO 

• • • We do  not  use l h e  t a l l o w i n g  d a t a  for a v e r a g e s  fits 

4 1 + 0 7 60 AGUILAR 87C HYBR 
. - 0 6  

4 3 5  _+ 0 15 : 0 10 1360 ANJOS 87 SILl 

6 8 + 2 3 22 ABE 84 HYBR 
- 1 8  

2 11 + 1 21 -F0 8 22 ADAMOVICH848 EMUL 
- 0 6 3 - 0  7 

1 4 11 AGUILAR 848 HYBR 3 5  _ ÷ 0 9  

6 27 YELTON 84 MRK2 4 2  ~ 1 1 4  

~- 1 3 16 AGUILAR 83 HYBR 4 1  - 0 9  

4 1 - I  + 2 46 9 BADERT 83 HYBR 

23 + 00 85 16 9 USHIDA 82 EMUL 

2 1 I 10 ADEVA 81 HYBR 
5.9 1 10 ADEVA 81 HYBR 

+ 2 32 2 11 BALLAGH 81 HYBR 2 8  - 1  

3 1  -1+20 5 FUCHI 81 EMUL 

0 5 3 + 0 -  2557 3 f 2 ALLASIA 80 EMUL 

• ~2 1 95 13 8ACINO 80 DLCO 

ARMENISE 79 HYBR 

P h o t o p r o d u c h o n  

P h o t o p f o d u c t l o n  

- D  a n d  p p  

e ÷ e -  42 2 GeV  

K -  a n d  ,": 200 GeV  
e A e  - Ecru = 10 G e V  

e + e  - Ecru= 29 G e V  

SLAC ~ p 20 GeV 

e + e  - Ecm = 29 GeV  

r w l d e b a n d  

n,- Be 200 G e v  

e+e - Ecru= 29 GeV 

hmlls elc * • • 

Repl by AGUILAR 
BENITEZ 870 

Repl by  RAA8 88 

Repl  by  ABE 86 

Repl  by  ADAMO 
V~CH 87 

Repl  by  AGUiLAR 
BENITEZ 870 

e + e -  Ecru = 29 G e V  

Rept by  AGUJLAR 
8ENITEZ 87D 

CERN = -  N 

RepJ by  USHIDA 868 

LEBC CERN SPS ~1"- D 
LEBC CERN-SPS ~ - D  

FNAL 15 ft ~' Ne 2H 

CERN SPS Tr- N 

~' w l d e b a n a  

e + e -  Ecru = 3 77 
GeV  

p p  . d l n n u o n s  + <8 0 90 
8Uses t m p a c t  p a r a m e l e r  t e c h n i q u e  
9USHIDA 82 h o v e  3 s e m l - l e p t o n i c  d e c a y s  not  i n c l u d e d  in this n u m b e r  bu t  

b e l i e v e d  to h a v e  m u c h  l o n g e r  l i feHmes 
10ADEVA 81 fITS1 a n d  s e c o n d  v a l u e s  a re  p r o p e r  h fehmes  of O c a n d  ~o f rom 

s i ng le  e v e n t  D e t e c t i o n  e t h c l e n c y  low for l i fe t imes 1 0 - 1 3  sec  or less 
t t8ALLAGH 81 v a l u e  q u o t e d  h e r e  assumes t h a l  a l l  d i l e p l o n  e v e n t s  c o n t a i n  

D ° or D + e a c h  w i t h  e q u a l  n u m b e r s  of sem~tep tomc  d e c a y s  
t2ALLASIA 80 assumes  no  l o n g . l e n g t h  losses VIs lbdi ly  p r o b l e m s  in the  

e m u l s i o n  
13Uses t h e o r e t i c a l  ro te D ~ ( K e r )  = 1 4 ~ 10 f I  s e c -  t 
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D O 

Iro~ - r o ~ l / r D o ,  M E A N  LIFE DIFFERENCE/AVERAGE 

D~ and L~ ore the moss eigenstates of the D O meson 

VALUE Ct % DOCUMENt IO TECN COMMENt 
<0.17 90 14 15 h.NJOS 88C SILl  Photoproclucflon . . . .  J 
• • • We do not use the following 0olo for overages fits limits etc • • • 
<0.21 90 16 LOUIS 86 SPEC r -  W 225 GeV J 
<0 8 90 14 YAMAMOTO 85 DLCO e + e -  Ecru= 29 GeV I <0.55 90 16 BODEK 82 SPEC T -  pFe ~ DO 

14Limit Inferred from DO ~o mixing ratio I'(K + Jr- (VlO D°)) / I ' (K-~ '+)  below 
15Calculated by us uslng "q" = (8r/(1+Y))1.'2h/'4.3×10-13s where r Is the J 

DO-DO mixing ratio I 16Limit inferred from DO~0 mixing ratio I ' (# -  anylhlng (vla 130))/t'(/~ + any- 
thing) below 

DO DECAY M O D E S  

~0 mocles are charge conjugates of above modes 

]'i DO "-~ 

I" 2 DO 

I" 3 DO 
1"4 DO -*" 

F 5 DO 
I" 6 DO 

I'7 Do --~ 

1"8 DO -., 

r9 DO 

l'io DO 
[ ' ~  D o _,. 

['12 DO --~ 

['13 Do 

1t4  DO 

I"15 Do 

[ 't6 DO 

1"17 DO --* 

1'i~ DO --,. 

I'19 D o 

K - 7 r  + 

"/r 0 

/ r *  ~T- 

K + K -  

/C~(892)-/r + 

/C*(892)o-x~ 

K-p- 

1"20 DO -.b 

In 

12t DO - ,  

In 

I"22 DO 

In 

l'23 DO 

I"24 DO 

I"25 DO .-~ 

1"26 DO --~ 

I"27 DO --~ 

1'28 DO ---*. 

r29 DO 

1"30 DO 
1"31 DO 

1'32 DO 
1"33 D O -.e 

F34 ~ 
1"35 DO --~ 

1"36 DO --*. 

1"37 DO --~ 

Frac!.!o__n ( r / r )  

S c a l e /  

C a n t  Lev  

_ 0.37 . . . .  2 
3 77 + 0 32 ) ~ l u  

2 8  4- 1 2 3 ) × 1 0  -2  

1 3 +- 0 4 × I 0  -3  

4 5 ± 0.8 ×10 -3  

4 8 -.+. 0 7 ~<10 -2  

2.1 ¢ 0.6 "<10 -2  

1 2 × 10-  2 8 2  - + 1.1 

~po ( , 7  _+ ~o ×io-3 

K - T r + T r  o ( n o n - r e s o n o n l )  ( i 3 ± 0 5 ×10 - 2  

K 'OT:+~-  ( n o n - r e s o n a n t )  ( i 9 ± 0 5 .<10 -2  

K ~ ( 8 9 2 ) - K  + + / ~ ( 8 9 2 ) + K - (  s ± 4 × 1 0 - 3  

~,,, ( s 3 4- 11" ~ :<to-3  

I ~ K + K  - ( n o n - r e s o n a n t )  ( 7.4 4- 2 83 ) × 1 0 - 3  

/ r - T r + l T  0 ( 1 1 ± 0 4 );<10 -2  

K- ' / [ '+Tt '+Tr  - ( 7.9 _+ ~ 0 )~10_  2 S=t 1 

K -  "/r + 7T° ~ 0 (15 ± 5 )'<10 - 2  

7r-71-- 1T-1T + ( t . 0 t  _+ O0 7 ~ ) x t 0  - 2  

e *  a n y t h i n g  ( 7 7 ± i 1 ) × t 0 - 2  

(39 ± 6 )×10 -2 

all except the above modes 

~*~- ( 5 ~ 4- o ° ~ )×IO-2 
the fit as 2/3]" S + F 8 + I"1o 

K-~T+Tr  ° ( t2 .5  + ~ 5 )×10_  2 

t h e  fit as  1 / 3 r  5 + 2 / 3 r  6 + F 7 + 1" 9 

k ' °K+K - ( 1  16 4- 0 '25)×10 -2  

t h e  fit as  1 / 2 r t 2  + F13 
K -  anythlng {43 ± 5 ) × I 0  -2  

K + a n y t h i n g  ( 6 4 _+ 2 76 )×10_  2 

a n y t h i n g  + /@ a n y t h i n g  (33 :t:10 )×10 -2  

~1c (892 ) °p °  ( 1 2 _+ ~ 3 ) × i 0 _  2 

K - l r * p  ° ( 6 7 4- tt:92 )×10 -2  

K~ 7r + ? r -  1[-o 

K -  e+  ~"xo(~ "°) 
=-  e+ v(Tro) 

/~e(892)07r+~1 " -  < 2 1 ×10 - 2  
K - a z ( 1 3 2 0 )  + < 1 3 × I 0 - 2  

~°K° < 4 X l0  - 3  CL=90% 

K ° K - T r  + ( n o n - m s )  + c c < 1 2 ×10 - 2  CL=90% 

T~k(892)°KD + K ~ ( 8 9 2 ) 0 ~  < 6 × I 0  - s  CL=90% 

K-e+v < 5 "<10 -2 CL=90% 

71--e+v < 5 ×1o -2 CL=90% 

I'38 D° - "  7"/ a n y t h i n g  

S e e  s e c t i o n  D +- fo r  D -+ a n d  D O ~ 7/ 

C39 DO --~ K - T r * - t r + a - - . t r o  

I"4o DO ~ K+K-TrOTr o 

]'4s DO ~ / ~ K - / r *  n'o 

r42 DO ~ # +  a n y t h i n g  

1"43 DO --*. K + 7r-  < I 5 
( d o u b l y  C a b i b b o  s u p p r e s s e d )  

['44 DO ~ K + T r - l r + T r  - < 1.8 
( d o u b l y  C a b l b b o  s u p p r e s s e d )  

FORBIDDEN BY CONSERVATION LAWS 

"< 10 -2  CL:90% 

~:10 -2  CL:90% 

I'45 D O ~ K+' ; r  - ( v i a  ~)0) < 1 4 ×10 -4  

F46 DO -.-,. /~-  a n y l h m g  ( v l a  ~0) 

1"47 DO ~ /~+/.4- < 1 I ":10 -5  CL=90% 

1"48 D O ~ e + e  - < 1 3 ×10 -4  CL=90% 

1"49 DO .-e ~: l :e: l :  < I 2 "<10 -4  CL=90% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An overa l l  fit 1o 14 p roduc ts  of a cross sechon  a n d  a 
par t ia l  wldth, a cross sect ion, and  20 b r a n c h i n g  
rahos uses 62 measurements  and  one  constrain!  to 
de te rm ine  20 pa ramete rs  The overa l l  flt has a X 2 = 
26 5 for 43 deg rees  of f r eedom 

The fo l lowlng o f f .d iagona l  ar ray  e lements  a re  the co r re l ahon  coeffz- 
c lents  ~ P l  6PI.'/('~P, /~Pl), m percen t ,  f rom the flt to pa rame te rs  P l ,  
incluchng the b ranch lng  f ract ions,  x~ = 1"11['Toto~ The ht constrains 
the  xl  whose labels  a p p e a r  in thls a r ray  to sum to one  

x 2 15 
x 3 31 5 
x 4 52 8 16 
x 5 47 10 14 24 
x 6 22 4 7 11 12 
x 7 49 t0 15 25 26 1 
x 8 12 2 4 6 6 4 9 
x 9 13 3 4 7 6 2 14 2 
Xto 27 6 8 14 - 17 8 20 20 6 
x11 13 3 4 7 9 4 9 2 2 
Xr2 33 7 10 17 32 10 21 13 5 
x13 26 5 8 13 21 7 17 7 4 
x14 0 0 0 0 0 0 0 0 0 
x15 61 11 19 32 34 16 35 9 9 
x16 0 0 0 0 0 0 0 0 0 
x17 0 0 0 0 0 0 0 0 0 
x18 0 0 O 0 0 0 0 0 0 
x19 43 29 -.14 23 -29 18 .-36 8 -10 
a 85 18 26 44 55 25 -- 57 14 -. 15 

Xl x 2 X3 X4 X5 x 6 X7 x 8 X9 

5 
31 
17 

0 
19 

0 
0 
0 

18 
31 

Xlo 

X12 6 
xls 5 I 
x14 0 0 0 
x15 10 24 19 0 
x16 0 0 0 0 0 
x17 0 0 0 0 0 0 
x18 0 O 0 0 0 0 
x19 - 14 23 18 7 39 - 80 
n -16 39 - 3 0  0 -62 0 

X11 X12 X13 X14 X15 X16 

0 
-8 18 
0 0 46 

X17 Xt8 Xt9 
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Stable Particle Full Listings 
D O 

D o B R A N C H I N G  R A T I O S  

See n o t e  in D ~ sec t .on  c o n c e m l n g  revis ions to h o d r o n l c  
b r a n c h i n g  f rac t ions  a n d  n e w  m e a s u r e m e n t s  of D + a n d  D O 
d e c a y s  

I (K- a n y t h l n g ) / I  l o t a l  123/1 
VALUE E V T $  DOCUMENT iD TECN COMMENT 
( ] .43 _+ 0 0 5  O U R  A V E R A G E  

0 42 -+ 0 08 AGUILAR 87E HYBR ~.D P P  360 400 
G e V  

0 55 -+ 0 11 121 SCHINDLER 81 MRK2 e + e -  Ecru= 3 771 
G e V  

0 35 +_ 0 10 19 VUILLEMIN 78 MRKt e + e -  Ecm= 3 772 
G e V  

• • • We clo no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 

0 4 4  + 0  1t 17AGUILAR 86 HYBR / r - D  360 GeV  - 0  10 
171ncludes K + a n y t h i n g  

I ' ( K  + a n y l h l n g ) / l f o l a  I 1"24/"1" 
VALUE EVTS DOCUMENT ID TECN COMMENT 

+ 0 .026  
0 . 0 6 4 _  0.017 O U R  A V E R A G E  

0 0 3  +00502 AGUILAR 87[  HYBR ; r p  p p 3 6 0 4 0 0  
G e V  

0 0 8  -+ 0 0 3  25 SCHINDLER 81 MRK2 e + e -  Ecru: 3 7 7 1  
G e V  

1"25/I" 
TECN COMMENT 

SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 
G e V  

VUILLEMIN 78 MRKI e + e  - Ecru= 3 772 
G e V  

I t s / ' r  
CL % EVTS DOCUMENT /D TECN COMMENT 

1"(~ a n y t h i n g )  + I'(K ° a n y i h . n g ) / l f o f a  , 
VALUE EVTS DOCUMENT /D 

{]-.-33 ~- 0 . I 0  O U R  A V E R A G E  
0 29_+0 11 13 

0 5 7 + . 0  26 6 

1 (e + a n y t h l n g ) / l ' f o t o  I 
VALUE 

0 . 0 7 7  -+ 0.011 OUR FIT 
0 . 0 7 7  -+ 0.012 O U R  A V E R A G E  Error i n c l u d e s  s c a l e  fac to r  of I 1 
015 -+ 005 AGUILAR 87E HYBR ~ P  P D  

3 6 0 4 0 0  
GeV  

0 0 7 5  _+ 0 0 1 1  +. 0 0 0 4  137 BALTRUSAITIS 85B MRK3 e + e -  Ecru= 
3 7 7  G e V  

0 055_+0 037 42 SCHINDLER 81 MRK2 e+e - Ecru= 
3 7 7 1  G e V  

• • • We d o  not  use  l h e  f o l l ow ing  d a l o  for a v e r a g e s  fits hml ls  e l c  • • • 

+ 0  08 7 18AGUILAR 86 HYBR : r - p  360 0 17 - 0  06 
G e V  

0 048 3 AGUILAR 83 HYBR ,Tp p p  0 0 5 1 - 0  0 t 4  
< 0  04 95 0 BACINO B0 DLCO e ÷ e -  Ecm= 

3 77 G e V  
18 Inc ludes  ( e -  a n y t h i n g )  w h i c h  is e x p e c l e d  to b e  smal l  

rrCe+e-~ ~ , ( 3 7 7 0 ) )  × l ' ( K - r r - ) / l ' l o , o  , 
V,~tUf (n_on~)Oa~n_s) EVTS DOCUMENT 10 

0 .244  ± 0.012 OUR FIT 
0 . 2 4 5  _+ 0.012 O U R  A V E R A G E  
0 2 4 8 _ * 0 0 0 9 _ + 0 . 0 1 4  930 

0 24 -+ 0 02 263 

0 2 5  -+ 0 0 5  130 

n'l',i/" I" 
TECN COMMENT 

BALTRUSAITIS 86E MRK3 e + e -  Ecru= 
3 7 7  G e V  

SCHINDLER 81 MRK2 e + e  - Ecru= 
3 7 7 1  GeV  

PERUZZI 77 MRK1 e + e  - Ecm:  
3 77 G e V  

i ' ( K -  r r  + ) / r i o t a l  1 ' i /1"  
VALUE EVTS DOCUMENT ID TECN COMMENT 

+ 0 . 0 0 3 7  
0 . 0 3 7 7 _  0 . 0 0 3 2  O U R  FIT 

+ 0 .009  O U R  A V E R A G E  0 .044  _ 0 . 0 0 7  

0 0 4 5  _ + 0 0 0 8  _ + 0 0 0 5  56 19ABACHI 88 HRS e + e  - Ecru= 29 I 
G e V  

021 0 0 4 0  _ + 010 -+ 0 0 0 2  7 20 AGUILAR- 87F HYBR ~ p  p p  3 6 0 4 0 0  i 
G e V  

19ABACHI 88 P r a n c n l n g  ra t io  c o m p u t e d  by  l a g g i n g  D ~ ( 2 0 1 0 )  + ~ D°/r  + I 
t h r o u g h  excess  low m o m e n l u m  / r+  ove r  b a c k g r o u n d  I 20AGUILAR-BENITEZ 87F c o m p u t e d  t he  b r a n c h i n g  ra t io  by  t o p o l o g i c a l  nor-  
m o l l z a l i o n  

o'(e+e-~ ~ ( 3 7 7 0 ) )  × l'(/~Tr°)/l'tola i o"I"2/I" 
VALUE (nanoba{ns) CL% E V T S  DOCUMENT ID TECN COMMENT 

0.18 - + 0 . 0 8  O U R  FIT 
0.18 -+ 0 .08  8 SCHINDLER 81 MRK2 e + e -  Ecm= 

3 7 7 1  G e V  

* • • We d o  h a l  use t he  f o i l ow lng  c la ta  for o v e r a g e s  fits l lmits, e l c  • • • 
0 1 1  _ - + 0 0 2 _ + 0 0 1  70 21SCHINDLER 86B MRK3 e + e  - Ecm= 

3 7 7  G e V  
< 0 7  90 SCHARRE 78 MRKI e + e  - Ecru= 

3 7 7  G e V  
21The v a l u e  has not  b e e n  p u b h s h e d  as of lh ls  p r i n t i ng  

l ' ( ~ -  7r-)/l'fota I 1"3/1" 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0 . 0 0 1 3  _+ 0 .0004 OUR FIT 

0 n n t , +  0.012 . . . .  _ 0 . 0 0 2 + . 0 . 0 0 4  I 22AGUILAR 87F HYBR T,',D D D 3 6 0 4 0 0 G e V  

22AGUILAR BENITEZ 87F c o m p u t e d  the  b r a n c h i n g  ra t io  by  I o p o l o g l c a l  nor- 
mahzo f l on  

r(~-+ ~-)/r(K- ~--) r~/1'~ 
VALUE CL % E V T $  DOCUMENT lO TECN COMMENT 

0 .034  = 0 .009  OUR FIT 
0 . 0 3 3  ± 0 .009  O U R  A V E R A G E  

0 0 3 3  _+ 0 0 1 0  ± 0 0 0 6  39 BALTRUSAITIS 85E MRK3 e + e -  Ecru= 
3 7 7  G e V  

0 0 3 3 + . 0 0 1 5  ABRAMS 79D MRK2 e + e  - Ecru= 
3 7 7  G e v  

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fils l imits e t c  • • • 

<:0 07 90 PICCOLO 77 MRKt e + e  - Ecru= 
4 03 G e V  

]'(K+ K-) / I"(K- r +) r , / l ' ,  
VALUE CL % E V T S  DOCUMENT ID TECN COMMENT 

0 1 1 9  _+ 0 . 0 1 8  OUR FIT 
0.119 _+ 0 . 0 1 8  O U R  A V E R A G E  

0 1 2 2 = 0 0 1 8 ± 0 0 4 2  118 BALTRUSAITIS 85E MRK3 e ~ e  - Ecru= 
3 7 7  G e V  

0 1 1 3  = 0 0 3 0  ABRAMS 79D MRK2 e + e  - Ecru= 
3 7 7  GeV  

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his hmlts e l c  • • • 

< 0  07 90 PICCOLO 77 MRKt e + e  - Ecm= 
4 0 3  G e V  

r ~ ( e + e  - ~ ~ ( 3 7 7 0 ) )  X I ' ( / C # : ( 8 9 2 ) - T r + ) / l ' l o f o l  o l ' s / [  
~/A_LUE (nonoDams) EVT$  DOC_UM.ENT ID TECN COMMENT 
0.31 -+ 0 . 0 4  O U R  FIT 
0 . 3 0  ± 0 . 0 4  O U R  A V E R A G E  
0 2 8  _+ 0 0 4  ± 0 0 8  ADLER 87 MRK3 Using K ~ -  ~ K -  ,-r0 
0 3 1  ± 0 0 2  _+ 0 0 5  ADLER 87 MRK3 Using K ~ -  ~ KO/r - 
0 31_+0 11 42 25 SCHINDLER 8t MRK2 e + e  - Ecru= 3 7 7 1  

GeV  

:r(e+e- ~ ~[3770)) × l'(K'~l<(892)o/ro)/rtofol ,ql'6/r 
VALUE (nano~_ ms) EVTS L3 .0C_.UMENT IO TECN COMMENT 

0 1 4  -+ 0 . 0 4  O U R  FIT 
0 1 5  ± 0 .04  O U R  A V E R A G E  

0 1 5  _ 0 0 2  - 0 0 4  ADLER 87 MRK3 e + e -  Ecru= 3 7 7  
GeV  

0 1 1  + 0 1 8  4 SCHINDLER 81 MRK2 e + e  - Ecru= 3 7 7 1  
- 0 1 4  GeV  

a ( e + e - ~  ~ , ( 3 7 7 0 ) )  × r ( K - p + ) l l ' t o l a ~  ~ 1 ' , / r  
~'A_L_UE__.(nanoOarns) EVTS DOCUMENT IP TECN COMMENT 
0 5 3  +. 0 .06  OUR FIT 
0.61 _+ 0 . 0 9  O U R  A V E R A G E  

0 6 2  +. 0 0 2  z 0 0 9  ADLER 87 MRK3 e + e -  Ecru= 3 7 7  
G e V  

== + 0 . 2 2  
0 ~ u _  0 2 3  31 SCHINDLER 81 MRK2 e + e  - Ecru= 3 7 7 1  

G e V  

,~(e+e-~ ~.(3770)) × r(~p0)Irfo,o, oI'~!I" 
yAL(J.E_ (n.onoOofns) E V T $  DOCUMENT IO TECN C O_M__MENT 

0 n'~n- i -0"019 OUR FIT 
. . . .  - 0 . 0 1 4  

0 n')'2 + 0 .020  . . . .  - 0 .008  OUR A V E R A G E  

0 0 4  ± 0 0 1  _+ 0 0 2  ADLER 87 MRK3 e + e  - Ecm= 3 7 7  
GeV  

0 0 0 6 + u ) -  040 I SCHINDLER 81 MRK2 e + e  - Ecm= 3 7 7 1  - 009 
G e V  

rr(e+e---.. ~ , ( 3 7 7 0 ) )  × r ( K - r r * r r  ° ( n o n - r e s o n a n t ) ) / r t o t a l r r r o / l "  
_V_A/:U_E (naqot)ams) CL % DOCUMENT ID TECN COMMENT 

0 . 0 8 3  -+ 0 . 0 3 4  O U R  FIT 
0 . 0 7  -+0.02 + .0 .03 ADLER 87 MRK3 e + e  - Ecru= 3 7 7  

GeV  
• • • We d o  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  il ls, l imi ls ,  e t c  • • • 
< 0 1 9  90 SCHINDLtR 81 MRK2 e + e  - Ecru= 3 7 7 1  

G e V  
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Full Listings 
D O 

(~ (e+e - ~ ¢ ' (3770))  × 

VAL~ (nonoDoms,] Evrs 

0 . t 2 3  ¢ 0 , 0 3 0  OUR FIT 
0 . t4  ¢ 0 . 0 4  OUR AVERAGE 
0 12 ± 0  02 ¢ 0 . 0 4  

non + 0 075 10 
0 . - v  - O. 069 

l'(k'~ ~'+ ~r - (non-resonant))/Ftoto~ 
or,o/l" 

DOCUMENT IO TECN COMMENT 

o ' (e+e  - ~ ~/(3770))  × 
VALUE (nano~_ m~) _. EVTS 

0.84 ¢ 0 . 0 6  OUR FIT 
0.75 ¢ 0.09 OUR AVERAGE 
0 759 ¢ 0 .044  ¢ 0 083931 BALTRUSAITIS 868 MRK3 

0 68 ¢ 0  23 37 SCHINDLER 81 MRK2 

• • • We d o  not  use the  fo l l ow ing  d a t a  for overages  fits. 
I 4 ¢ 0 . 6  7 SCHARRE 78 MRKI 

ADLER 87 MRK3 e + e -  Ecm= 3 77 
GeT  

SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 
GeV 

l , ( K _ T r ÷ T r o ) / i t o t a  I "  , -  ' I ,  2 ,  (T(~I s+~jl ~+r7+l 9)/I 
DOCUMENT ID rECN COMMENt 

rCK- =+  ~°) /Ftota I 
VALUE EVT$ DOCUMENT ,D TECN 

+ 0 . 0 t 5  OUR FIT 0 . t 2 5  _ 0.013 

+ 0 . 0 6 t  . - . 0.106 -- 0.020 "+ u.UUO 5 23 AGUILAR- 87F HYER 

e + e  - Ecru= 3 77 
GeV 

e + e  - Ecru= 3 771 
GeV 

l imlts e tc  • * • 
e + e  - Ecru= 3 77 

GeV 

I ,  2 , • 
(31 5+~T'6 +1 7+ I  9 ) / I  
COMMENT 

= o  p p  360 400 GeT J 

23AGUILAR-BENITEZ 87F c o m p u t e d  the  b r a n c h i n g  rat io 
ma l l za f lon  

~ r ( e + e - ~  ~ (3770 ) )  × l ' (~ '~r+Tr-) / l ' lo to~ 
V_A_L_!IE (nanobams) Evrs DOCUMENT ID 

+ 0 . 0 2 9  OUR FIT 0.361 - 0 .027  

0 . 3 6  ,+ 0 .04 OUR AVERAGE 
0 . 3 7 ¢ 0 . 0 3 + 0 . 0 3  

0 . 3 0 ¢ 0  08 32 

0 46¢_.0. t2  28 

F ( ~  71" + 11"- )I Z'tota I 
VALUE EVTS 

+ 0 007 
0 . 0 5 6 _  0~006 OUR FIT 

+ 0 059 
0 .D45_ 0~014 ± 0.003 2 

by  t o p o l o g i c a l  nor- J 

~(2F~+I '8+1"~0) /1"  
TECN COMMENT 

ADLER 87 MRK3 • + e -  Ecru= 3 77 
GeT  

SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 
GeV 

PERUZZI 77 MRKI e + e  - Ecru= 3 77 
GeT 

(~l 's+l '~+l '~o)/l '  
DOCUMENT tO TECN COMMENT 

24 AGUILAR- 87F HYBR ~rp p O 360 400 GeT J 

24AGUILAR-BENITEZ 87F c o m p u l e d  the  b r a n c h i n g  rat io by  t o b o l o g l c o l  nor J 
mo l l za f lon  

1"(~ 7r + 7 r - ) / l ' ( K - / r  +) 
VALU~ EVT~ OOCUMENT 'D 

4R +0 .14  OUR FIT 
" - "  - 0 . 1 3  

2.1 ¢ 0 . 6  OUR AVERAGE 
1.7 ,+0 8 35 AVERY 80 
2 8 ¢ 1.0 116 PICCOLO 77 

i '(K- ~'" 7rO)/l '(K - ~r +) 
VALUE EVTS DOCUMENT ID TECN 

3.31 + 0 . 3 0  - -0 .29  OUR FIT 

4.2 ~ 1.4 41 SUMMERS 84 TPS 

I ( K -  p+) l r (K-  =+ 7TO) 
VALUE EVTS DOCUMENT ID TECN 

0.66 ,+ 0.0S OUR FIT 

0 . 3 t  + 0 . 2 0  - - 0 . t 4  13 SUMMERS 84 TPS 

r(~-~(892)o ~rn)/ l , (K- ~+  =o) 
VALUE EVTS DOCUMENr ID TECN 
0 . t 7  ¢ O.OS OUR FIT 

n o + 0 . 1 4  " ' "  - 0 . 0 9  2 SUMMERS 84 TPS 

r C / ~ ( 8 9 2 ) -  = + ) I F ( K -  ~+  ~-o) 
VALUE EVT$ ~CUMENr  IO TECN 

0 . 3 3  + 0 . 3 6  - 0 .24 5 SUMMERS 84 TPS 

(~T's+I'8+I'I0)/I" I 
TECN COMMENT 

SPEC ~,N ~ D ~ +  
MRKI e + e  - Ecru= 

4 03 4 41 GeV 

I ,  2 ,  
(31 5+51 6 + r 7 + r 9 ) / |  I 

COMMENT 

Photoproductlon I 

I',l(13 r,+§r6+r,+r,D 
COMMENT 

Photoproduction I 

rdc'3rs+~I'~+r,+r~) 
COMMENT 

Photoprocluctlon I 

rdc~rs+~i'6+r,+r~) 
COMMENT 

P l l o l o p r o d u c t i o n  J 

• I ,  2 , +  I'(K-Ir+Tr°(nonresonant))/P(K -~+Trc) |9/(315+316+]7 i9) 
VALUE EVTS DOCUMENT IO TECN COMMENT 

0.40 ¢ 0 . 0 4  ~ R  FIT - 
0 .5 t  -+ 0.22 21 SUMMERS 84 TPS Pho toDroduchon  

(T(e+e - ~ '~(3770))  × 1"(/C~(892)-K +) + l ( k ~ ( S 9 2 ) + K - ) /  
l ' t o to l  

17[ 11/1 
VALUE (nanoborns) DOCUMENT IO TECN COMMENT 

0.050 ¢ 0.025 OUR FIT 
0 ,050 ,+0 .023 ,+0 .010  BALTRUSAITIS86C MRK3 e + e  - Ecru = 377  

GeT 

l ' ( ~ ' ° 4 ) ) / l ' i o l a l  a l  12/I  
DOCUMENT ID TECN COMMENT 

a C e + e -  ~ ¢ (3770 ) )  × 
VALU_E (nanooa,ns) 

0.054 ¢ 0.010 OUR FIT 
+ 0 . 0 3  + 0 . 0 2  

0.08 _ 0.02 - 0.01 

i ' (~) / r (~=+ 7r-) 
VALUE EVTS 

, ,  + 0.026 
,14o - 0 . 0 2 5  OUR FIT 

0 . t50  -+ 0.028 OUR AVERAGE 
0 155 _+ 0 033 
0 14 ¢1:0.05 29 

BALTRUSAITIS 86C MRK3 e + e -  Ecru = 3 77 
GeT  

I'12/(~I'5+1"8+110) 
DOCUMENT ID TECN COMMENT 

25 ALBRECHt 87E ARG e + e -  Ecru= 10 GeT J 
BEBEK 86 CLEO e + e -  near  T(4S) 

• • • We d o  not use the fo l l ow ing  (:Iota for averages  flts limits e tc  • • • 
0 . 1 8 6 , + 0  052 26 AL8RECHI B5B ARG Repl b y  

ALBRECHT 878 
25ALBRECHT 878 also repo• ] ( I ( ° K + K  - non-,:,) = 0 0 0 6 4 = 0  0015-+0 0009 

where  they  used BR(D O ~ K°~'+ ~'. - )  = 0 .076 -+0  007 _+0 008 I 
~ ' (e+e  - ~ ~ (3770) )  x I'(KOK + g -  ( n o n - r e s o n a n t ) ) / I f o t o  I 

0"I'13/|" 
VALUE (nanoborn~) OOCUMENr ID TECN COMMENr 

+0.014  
0 . 0 4 8 _  0.011 OUR FIT 

+ 0 . 0 2  0.08 - 0 . 0 1  _+0.01 26BALTRUSAITIS 86C MRK3 e + e  - Ecru= 3 77 
GeV 

26Excludes cont r ibut ions from D O ~ ~0@ 

l ' ( T r -  ~'+ ~ ' ° ) / F t o t a  I 114/ I "  
VALUE EVT$ DOCUMENT IO TECN COMMENT 

o.011 ,+ o.o~i  OUR F,T . . . . . . . . .  
0.011 ¢ 0.004 _Z 0.002 10 27 BALIRUSAITIS 85E MRK3 e + e -  Ecru= 3 77 

GeV 
27AII events consistent  wdn p0~r0 

o ' ( e + e - ~  ~,(3770)) × r (K -~ r - ' n ' * ' n ' - ) / l ' t o fa  t o1"15/1 
VALUE.(nonobarns) . . . .  EVTS DOCUMEN T ID TECN COMMENT 

0.51 ¢ 0 . 0 5  OUR FIT Error inc ludes  scale factor of 1 2 
0.52 ¢ 0.07 OUR AVERAGE Error inc ludes  scale fac lor  of 1 5 See lhe  

IdeOgram b e l o w  
0 525 ,+ 0 026 _+ 0 054 992 BALTRUSAITtS 868 MRK3 e + e -  Ecru= 

3 77 GeV 
0 68 _ 0  11 185 SCHINDLER 81 MRK2 e ' e -  Ecru= 

3 771 GeV 
0 36 _+0 10 44 PERUZZI 77 MRKI e ÷ e  - Ecru= 

3 77 GeV 

WEIGHTED AVERAGE 
0 5 2  + 0 0 7  (Error s c , , l e d b y  15) 

Values above of we,ghted average arror 
and scala fec*,or are baaed upon the data ,'~ 

, ~  fhts ideogram only They ere not neces- 
Sarily the same as our "i)est" values, 

~tV'/ l~ obtained flora a least-squares constrame(:l fit 
ut i l iz ing meaaurements of other (related) 
quantlTilla S$ addltlOflal Information 

BALTRUSAITIS 88E MRK3 
~ V ~ / / / ~ t " ~ = -  SCHINDLER 81 MRK2 22 

, on,.t0onco 
0 0 2  0 4  0 8  0 8  10  12 

a(e+e - ~ ¢(3770)) ".. I(K-~'+~r+T" )lllola i (nonoOorns) 
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Stable Particle 
D O 

Full Listings 

I (K -  ~ "  71"" zr-)/l'fota I r t s / r  
VALUE E V T S  DOCUMENT /D TECN COMMENT 

0 -,c~ ÷ 0 . 0 t 0  
0 - - _ 0 . 0 0 9  OUR FIT Error i n c l u d e s  sca le  fac to r  of 1 1 

+ 0.017 n 
0 . 0 6 5  _ 0 . 0 t t  -+ ~ 019 13 28 AGUILAR 87F HYBR ~,P PP  360 400 GeV  J 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  tits hmllS e fc  * • • 

0 10 ± 0  04 6 AGUILAR 84 HYBR ~ - D  P D  360 GeV  
0 071 -+ 0 025 8 AGUILAR 848 HYBR ~ ' - p  360 G e V  

28AGUILAR BENITEZ 87F c o m p u t e d  the  b r a n c h i n g  ra t io  by  t o p o l o g i c a l  no r  I 
m o h z a h o n  

~(K ~+~-~ )/r(K-Tr-) rt~,rt 
VALUE E V E S  DOCUMENT ID TECN COMMENT 
2.10 -+ 0 .20  OUR FIT ErrOr InC ludes  s c a l e  f ac l o r  of 11  
2.14 = 0 .30  OUR AVERAGE 

2 0 -+ 0 9 BAILEY 86 SPEC ~ -  f ie f i xed  t a r g e t  
2 1 7  -+ 0 2 8  +_ 0 2 3  29 ALBRECHT 85F ARG e + e -  Ecru= 10 G e V  
2 0 -+ I 0 10 BAILEY 838 SPEC ~ - B e  ~ DO 
2 2 -+0 8 214 30pICCOLO 77 MRKI e+e - Ecru= 

4 03 4 41 Gev 
29Not mciependent of (K-3~') / lolal 
30This c h a n n e l  d o m i n a t e d  by  K -  ~ + p o  (85  _-" 15%) K~=, + ~',- a n d  

K - 0 2 ( 1 3 2 0 ) +  cons i s ten t  w i th  zero K~:)o t r ac t i on  is 0 t -+[3 1 

r ( K -  ~'" ~° TrO)/rtoto I l,,e,/,, I- 
VALUE E V P 3  DOCUMENT ID TECN COMMENT 
c).15 _+0.05 OUR E~T 
0.149 _+ 0 .037  -+ 0 0 3 0  24 31 ADLER 88C MRK3 e + e -  Ecru=  3 7 7  J 

G e V  
• * • We d o  na t  use the  f o l l a w m g  d a t a  far a v e r a g e s  his l imits e fc  • • • 

0 2 0 9  + 0 0 7 4  - - 043 -+U 012 9 32AGUILAR 87F HYBR = p  p p  3 6 0 4 0 0  G e V  J 

SEEN 6 AGUILAR 868 HYBR ~ p 360 G e v  J 
SEEN 1 ADEVA 8 t  HYBR ~ r - p  ~ DaD o 

31ADLER 88C uses a n  a b s o l u l e  n o r m a h z a t l o n  m e t h o d  f i nd ing  thls d e c o y  
c h a n n e l  oppos~te  o d e t e c t e d  DO ~ K -  ;r + in p u r e  DD e v e n t s  

32AGUILAR-BENITEZ 87F c o m p u t e d  t he  b r a n c h i n g  raho  by  t o p o l o g i c a l  no r  
m a l l z a t i o n  Does not  CIiStlngulsi~ p r e s e n c e  of o th i rd  ~0 a n d  thus IS not  
i n c l u d e d  in t he  a v e r a g e  

l ' ( T r -  T r -  ~ ~ ' ) / l ' l o t o  I r r T , / r  
VALUE E V T S  DOCUMENT ID TECN COMMENT 

-;0.oo7t 
0.0101 _ 0 .0026  OUR FIT 

0.0101 + 0•0061 O U R  A V E R A G E  Error i n c l u d e s  s c a l e  fac to r  af 11  
- 0.0015 
+0 011 

[ 3 0 0 5  - - 0 . 0 0 1  - + 0 0 0 1  I 33AGUILAR 87F HYBR ;Tp p p 3 6 0 4 0 0  l 
G e V  

0 015 -4" 0 006 -+ 0 002 9 BALTRUSAITIS 85{ MRK3 e+e - Ecru= 
3 77 GeV 

33AGUiLAR-BENITEZ 87F computed the branching raho by topological nor J 
mahzatlon 

]'(~- ~- Tr + ~')/I'(K- ~+ 7r + 7r-) r~T./Tf5 
VALUE CL % DOCUMENT /D TECN COMMENt 

• • • We do  na t  use  Ihe  foIIow~ng d a t a  for a v e r a g e s  hls hmlts e t c  * • • 

< 0 2 1  90 SCHINDLER 81 MRK2 e + e  - Ecru= 3 771 
GeV  

I (~K+ K-)I]'(K~ =- ~r-) 
VALUE E V T S  DOCUMENT ID 

-)hA + 0 .037  
0 = ~ _  0 .032  OUR FIT 

0 .20  -+ 0 . 0 5  O U R  A V E R A G E  

0 2 4  _+ 0 . 0 8  34 BEBEK 
0 185 _+ 0 055  52 34 ALBRECHT 

34Resonant  c o n t r l b u t l o n s  to K O K + K  - 
i n c l u d e d )  

1 .  . , 2 .  . . 
(21 t2+1 ~3 ) / ( 31  5+1 8+1 t 0 )  

TECN COMMENT 

86 CLEO e + e  - n e a r  T(4S) 
85B ARG e+e - Ecrn= 10 GeV 

a r e  not  d l s h n g u l s h e d  (1~,;~ is 

r(K~(892)°/:)/r(K - 7r + ~- ~- ) 126/[15 
Followed by decay K*(892) 0 ~ K-T: + (BR : 0 67) 

VALUE CL% E V T $  DOCUMENT ID TECN COMMENT 

+ 0 • 1 6  20 35p ICCOLO 77 MRKI e + e  - Ecru= 
0 " t5  - 0 " t 5  4 0 3 4 4 1  GeV  

• • • We d o  no l  use the  f o l l ow ing  d a t a  for o v e r a g e s  his hmlts e t c  • • • 
0 75_+0 3 90 5 36BAILEY 83B SPEC ~'Be - -  DO 

11 35We hove corrected the reported number (0 10+0 10) to account tar J 

BR(K~(892) ° -- K-,'r ") : 0 67 
36We hove corrected the reported number (0 5 +_0 2) to account tar I 

BR(K~(892) 0 -- K-~*) = 0 67 

r(K- ~T+pO)/l'(K ~+ "fl'- ~-) 1 27/I'~5 

VALUE CL % E V T $  DOCUMENT ID TECN COMMENT 

0 m " ~ 0 " 1 1  180 PICCOLO 77 MRKI e + e  - Ecru= "~  - 0 . 2 2  
4 0 3 4 4 1  G e V  

• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  flts l imits e t c  • • • 
0 2  -:, 0 . 2  90 2 BAILEY 838 SPEC ~rBe ~ DO 

l'(K~Tr - 7r- ,-r0)ll fatal ! 2s/'i" 
VALUE E V T $  DOCUMENT /D TECN COMMENT 

• * • We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  hls hinds e t c  • • * 

0 106+00 073 - 029 -+ 0 0 0 6  4 37 AGIjILAR BTF HYBR ,"rp p p  3 6 0 4 0 0  GeV  J 

SEEN 7 AGUILAR 860 HYBR ~ - p  360 G e v  
37AGUILAR BENITEZ B7F c a m p u l e d  the  b r a n c h l n g  ra t lo  by  l a p o l o g l c a l  no r  

ma l i za t lo r l  Does not  d i s t l ngu l sh  p r e s e n c e  of a s e c o n d  =0 a n d  thus is na t  
i n c l u d e d  in the  a v e r a g e  

r ( K -  e + v~To (T { ' o ) ) / | ' t o t a  I l 2 9 / I  
VALUE E V T 5  DOCUMENT ID TECN COMMENT 

• • • We do  not  use l h e  f o l l a w l n g  c lara  for a v e r a g e s  tltS hmlt$ e l c  • • • 

0 2 3 + 0 -  - 050-+0006001 I 38AGUILAR 87F HYBR ,~'p p p  3 6 0 4 0 0  G e v  J 0 

38AGUILAR-BENITEZ 87F c o m p u t e d  t he  b r a n c h i n g  raho  by  t o p o l a g l c a l  no r  
m a h z a f l o n  Does not  d l shngu lSh  p r e s e n c e  of a s e c o n d  ,'r ° a n d  thus is not  I i n c l u d e d  in t he  o v e r a g e  

I'(K~ 7r- e '  ~,(rr0))/l total 130/'I 
VALUE E V T $  DOCUMENT IO TECN COMMENT 

• • • We do  h a l  use t he  f o l l ow ing  d o l a  for o v e r a g e s  fits hmlts e l c  • • . 

0 079 +0 069 
- 023 -+ 0 005 3 39 AGU&AR 87F HYBR ~p pp 360 400 GeY 

39AGUILAR BENffEZ 87F compuled ti~e branching ratio by topological nor 
m a h z a h o n  Does not  d is t ingu ish  p r e s e n c e  of o poss ib le  ~0 a n d  lhus  IS 
not  i n c l u d e d  in the  a v e r a g e  

]'(K + ~'- (vla LD°))II'(K - ~'-) l'4s/l i 
This IS O D ~  m i x i n g  I lmd 

VALUE CL % E V T S  DOCUMENT ID TECN COMMENT 

• , 0 . 0 0 3 7  90 I 40 ANJOS 88C SILl P h o t o p r o c l u c h o n  
• • • We d o  not  use the  f o l l ow ing  d a t a  far a v e r a g e s  t,fs l imits e t c  • * * 

< 0 0 1 4  90 ALBRECHT 87K ARG e + e  - Ecru= 10 GeV  
< 0 0 4  90 ABACHI 86D HRS e + e -  Ecru= 29 GeV  
< 0 07 90 0 40 BAILEY 86 SPEC ; r -  Be h x e d  t a r g e t  
- : 0 1 1  90 2 ALBRECHT 85F ARG e + e  - Ecm= 10 GeV  
< - 0 0 8 1  90 41 YAMAMOTO 85 DLCO e + e -  Ecru= 29 G e V  
<0 23 90 4'I ALTHOFF 848 TASS e+e - Ecru= 34 4 

GeV 
< 0  11 90 4~ AVERY 80 S P E C  ~ N ~  D ~ +  
'-'0 16 90 4~ FELDMAN 77B MRKI ~+ ~ D0£ + 
< 0  18 90 41 GOLDHABER 77 MRKI 

40This m e a s u r e m e n t  a lso uses K- ; ' ;  + 7r- ;T, -  as we l l  as K - r ,  + 
41Results g i v e n  as I ( K + ~ - ) J l  ( K - E + ) + ]  (K + 7r-)J bu t  d o  not  c h a n g e  s lgnlh-  J 

c a n l l y  for ou r  d e n a m m o f o r  

I (K'#:(892)07r ÷ Tr - ) / I ' (K -  ~' '  =+ 7r-) 1'3,/1 ~5 
F o l l o w e d  by  d e c a y  K~(892)  0 ~ K -  ~+  (BR = 0 67)  

VALUE CL % E V T 5  DOCUMENT /O TECN COMMENT 

< 0 . 2 7  90 0 42 BAILEY 838 SPEC T, Be ~ DO 
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his l imits e l c  * • • 

0 0 + 0  3 0 43p ICCOLO 77 MRKI e + e  - Ecru= 
- 0 0  4 03 4 41 GeV  

42We h a v e  c o r r e c t e d  the  r e p o r t e d  n u m b e r  < 0  t8  to a c c o u n t  for I 
BR(K~(892)  ° -o K -  ,"r +)  : 0 67 

4 3 C o r r e s p o n d s  1o <-0 5 at  90% CL We h o v e  c o r r e c l e d  the  r e p o r l e d  I 
n u m b e r s  to a c c o u n t  tar BR(K~(892) 0 ~ K - = + )  = 0 67 I 

1 (K-  a2(1320)  +) /1 (K-  ~ "  ~ -  ~ - )  132/115 
F o l l o w e d  by  d e c a y  o211320) *  ~ :'r ~ ,'r + = -  (BR = 0 35)  

VALUE DOCUMENT IO TECN COMMENT 

- -0  17 44p ICCOLO 77 MRKI e + e  - Ecru= 
4 034 41 GeV 

44We h a v e  c o r r e c t e d  the  r e p o r t e d  n u m b e r  < 0 0 6  to a c c o u n t  for I 
BR(02(1320) ~ ~ ;r+Tr+,'T - )  = 0 35 

1 ( # -  ony lh lng  (vla E)°))/l (/~ - any th ing)  1'46/ ] '42 
This is a D O ~o m i x i n g  hml t  See the  s o m e w h a l  b e l i e r  l lmd in m e  s e c  
har t  a b o v e  on  O c ~ K + • (v ia  DO) 

VALUE CL % DOCUMENT /O TECN COMMENT 

5.6  ~ I 0  - 3  90 LOUIS 86 SPEC , - r -W 225 GeV  J 
• • • We Oo not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  i l ls l imits e l c  • * • 
< 0 012 90 BENVENUTI 85 CNTR /~C 200 GeV  J 
< 0 044 90 BODEK 82 SPEC ~.-  pFe  ~ DO 

1"(/~ ~ ~ - ) / [ ' t o l a l  1 4 7 / r  
Tesl for A C  = 1 w e a k  n e u t r a l  c u r r e n l  A l l o w e d  by first o rde r  w e a k  
I n l e r a c t l o n  c o m b i n e d  wi th  e l e c t r o m a g n e t i c  i n t e r a c t i o n  

VALUE CL% DOCUMENT IO fECN COMMENt 

< I I ~ t 0 - 5  90 LOUIS 86 SPEC = - W  225 GeV  J 
v 

• • • We d o  not  use l h e  fo l l ow ing  d a t a  for a v e r a g e s  fits hmlfs e t c  • - • 
< 3 4  -, 1 0 - 4  90 AUBERT 85 EMC D e e p  m e l o s l  # -  N 

o-(e+e - ~ ~(3770)) X I'(k'DK~)/l'totol r~r33,/r 
VALUE (nonobarns) CL % DOCLI_MENr. I~) TECN COMMENT 

"-,0•025 90 BALTRUSAITIS 80C MRK3 e + e -  Ecru= 3 7 7  
GeV  
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Particle Full Listings 
D o 

a ( e + e  - ~ ~ . ( 3 7 7 0 ) )  × r(KOK-=+ ( n o n - r e s ) ) / I ' t o t a  ~ ar34/ I  
VALUE (nanoDams) CL % DOCUMENT ID TECN COMMENT 

<0 .079  90 45 BALTRUSAITIS 86C MRK3 e + e -  Ecru = 3 77 
GeV 

45Excludes con t r lbu t lons  f rom DO ~ K * ( 8 9 2 ) K  

I ' ( K ~ K  - 7r + (non- res ) ) / l ' t o to l  I 34/1 
VALUE E V E S  DOCUMENT ID TECN COMMENT 

• * • We do  nat use the fo l low ing d a t a  far averages  flts l imits etc  • • • 

SEEN 1 AGUILAR 868 HYBR T r - D  360 GeV 

o ( e + e  - ~ ~ (3770 ) )  × 1'(~1~(892)°K ~) + l '(/C~(892)°K'B)/l ' tofal 
~I'3~/1" 

VALUE (_~_O.tlO_D(~tQS) C L . %  DOCUMENT ID TECN c__OMM~.N_~_ . . . . . .  

<0 .036  90 BALTRUSAITIS 86C MRK3 e + e -  Ecm= 3 77 
GeV 

r ( e  + e -  ) / I ' tota I I'4B/1 
Test for A C  = 1 weak  neut ra l  current  A l l o w e d  by first-order weak  
In teract ion c o m b i n e d  with e l e c t r o m a g n e t i c  in terac t ion 

VALUE CL % DOCUMENT ID ~ECN COMMENT 

<0.00013 90 ADLER 88 MRK3 e + e ± - E c - m = - 3 - 7 7  - - -  
GeV 

1"(~ _+ e ~- ) / l ' f o t a  I r49/I 
TeSt of l ep ton  famdy n u m b e r  conservat ion 

VALUE CL % E V e S  DOCUMENT ID TECN COMMENT 

<0.00012 90 DECKER 87C MRK3 e + e  - Ecru= 3 77 
GeV 

• • • We d o  not use the fo l low ing d a t a  for overages  fits hmlts etc  • • • 

< 0 . 0 0 0 9  90 PALKA 87 SILl 200 GeV ~rp J 
< 0  002t  90 0 46RILES 8 7  MRK2 e + e  - Ecru= 29 GeV I 46RILES 87 assumes BR(D ~ K:'r) = 3 0% a n d  has p roduc t i on  m o d e l  d e p e n  

d e n c y  

r ( K -  e +/ ) ) / r to ta  I [ '36/r 
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 0 5  90 47 AGUILAR 87~ HYBR ~ p  p p  360 400 GeV 

47AGUILAR-BENITEZ 87F c o m p u t e d  the b r o n c h i n g  rat io by topo log~co l  nor 
m o h z o h o n  

I ' ( ~ -  e + P) / r `1o la l  1"37/1 
VALUE CL % DOCUMENT ID TECN COMMENT 

<0 .054  90 48 AGUILAR 871' HYBR t r p  D P  360 400 GeV 

48AGUILAR-BENITEZ 87F c o m p u t e d  the b r a n c h i n g  roho by t o p o l o g l c a l  nor 
m a l l z a h o n  

F(K-  ~r* 71-+ ~r-/rO)/l ' tatal r39/1 
VALUE E V T S  DOCUMENT ID TECN COMMENT 

SEEN 6 AGUILAR 868 NYBR ~ - O  36"0 Ge~/- . . . . .  

I ' (K + K -  7r ° ~ ° ) / I ' t a l a  I 1"4o/] 
VALUE E V T S  DOCUMENT tD TECN COMMENT 

SEEN 1 AGUILAR- 868 HYBR ~ ' , -p  360 GeV 

l ' (KO K - ..tr+ ~T0 ) / l ' t o l a  I 1"4`1/I' 

VALUE E V E S  DOCUMENT ID ~ECN COMMENT 

SEEN I AGUILAR 868 HYBR r r - p  360 GeV 

[ ' ( K *  ~ r -  ( d o u b l y  C a b l b b o  suppressed))/l'tota I I "43/ I  

VALUE CL % E V E S  DOCUMENT ID TECN COMMENT 

<0.015 90 2 ANJOS 88C S I L l  P h o I o p r o d u c h a n  

r (K_+ 7i"- ~÷ ~-- ( d o u b l y  C a b l b b o  supp ressed ) ) / l ' l a ta  I r44/I 
_VALUE CL% E V E S  DOCUMENT I0 [EC_N.. CO MM.E_Nr_ _ 

< 0 . 0 t 8  90 5 AN JOB 88C S IL l  Pho top roduchon  I 

D 0 PRODUCTION CROSS SECTION AT ~ , ( 3 7 7 0 )  

A c o m p i l a t i o n  of the CROSS sect ions for the d l r ec l  p roduc t i on  
of D o mesons at or near  the ¢(3770) p e a k  in e ÷ e -  p r o d u c  
t lon These cross sect ions ore used for no rma l l zahon  of pro 
d u c l  DranchJng fract ions 

VALUE (nanoDorns) DOCUMENT tO TECN COMMENT 

+ 0.5 OUR FIT 6.5 - 0 . 6  

6.5 _+ 0.6 OUR AVERAGE 
5 8 ~: 0 5 -. 0 6 49 ADLER 88C MRK3 e + e -  Ecm = 3 7 6 8  l 

GeV 
7 3 _+'1 3 SO pARTRIDGE 84 CBAL e + e  - Ecrn= 3771 J 

GeV 
8 00_+0 95_+I  21 SISCHINDLER 80 MRK2 e + e  "- Ecru= 3771 J 

GeV 

• • • We d o  not use the fo l low ing  d a t a  for overages tUB hmlts etc  • • • 
11 5 I 2 5 52 PERUZZI 77 MRKI e *  e -  Ecru= 3 774 

G e v  

49Ibis measu remen t  c o m p o t e s  events with one d e t e c t e d  D to 1hose with 
two d e t e c t e d  D mesons ta de te rm ine  the the abso lu te  cross sechon 
ADLER 88C f ind the ratio Of cross sechons (neut ra l  to c h a r g e d )  to be  
t 36_+0 23_+0 14 

BOTh[s measu remen t  comes  from a scan ol the .:(3770) resonance a n d  a fit 
Io the cross sect ion PARTRIDGE 84 measures 6 4 ± '1 '15 nb  for m e  cross 
sect ion We fake the phase  space  division of neut ra l  and  c h a r g e d  D 
mesons =n ¢(3770) d e c o y  to be  1 33 a n d  we assume that the " (3770)  =S 
on  iSOslnglel to e v o l u a l e d  the cross sections The n a n c h o r m  decoys  
( e g  rad lohve)  of the ~(3770) ore i n c l u d e d  in thts measu remen t  a n d  
m a y  a m o u n t  to a few p e r c e n l  co r rechon 

5tThlS measu remen t  comes  tram a scan af the ~(3770) resonance  a n d  a fH 
to the cross seCllan SCHINDLER 80 assume lhe  phase space  dw~sion Of 
neul roI  a n d  c h a r g e d  D mesons in " (3770)  d e c o y  to be  1 33 a n d  mot  
lhe  ~(3770) is on iSOslnglel The n o n c h a r m  decoys  (e g rod lohve)  Of the 
~(3770) are i n c l u d e d  in this measu remen t  a n d  may  a m o u n t  to a lew per  
cent  cor rec t ion  

S2ThlS measu remen t  comes  from a scan at the ,:'(3770) resonance  a n d  a fit 
la  the Cross sechon The phase space  division of neut ra l  a n d  c h a r g e d  D 
mesons in " (3770)  d e c a y  is taken Io be  1 33 a n d  ~.(3770) is assumed 
to be  an isasmglel  The n a n c h a r m  decays  (e g rad [ahve)  af Ine " (3770)  
are i n c l u d e d  in Ibis measu remen t  and  may  a m o u n t  to o few pe rcen t  
cor rec t ion  We e x c l u d e  this measuremen t  from the ove rage  because  of 
unce t ta lnhes  in the c a n l o m l n a h a n  from : l ep ton  DOltS AlSO see 
RAPIDtS 77 

ABACHI 88 
ADLER 88 
ADLER 88C 
AN JOB 88C 
RAA8 88 
ADAMOVICH 87 
ADLER 87 
AGUILAR 87C 
AGUILAR 870 
AGUILAR 87~ 
AGUILAR 87f 
ALBRECHt 871 
ALBRECHT 87K 
ALTHOEF 87 
AN JOB 87 
BARLAG 87S 
DECKER 87C 

Also BTD 
Etrolum 

CSORNA 87 
PALKA 87 
RILES 87 
WAGNER 87 
ABACHI 86D 
ABE 86 
AGUlLAR 86 
AGU[LAR 868 
BAILEY 86 
BALTRUSAITIS B6C 
BAL TRUSAITIS 86E 
BEBEK 86 
GLADNEY 86 
LOUIS 86 
SCHINDLER ebb 

SLAC Summer 
USH~DA 8bS 
ALBRECHT 85S 
ALBRECHT 85F 
AUBERT 85 
BAILEY 85 
8AL TRUSAITIS 856 
8ALIRUSAIIIS 8BE 
BENVENUTI 85 
YAMAMOTO 85 
YAMAMOTO 858 
ABE 84 
ADAMOVICH 84S 
AGUILAR 84 
AGUILAR 848 
ALTHOFF 848 
DERRICK 84 
PARTRIDGE 84 
SUMMERS 84 
Y{LTON 84 
AGUILAR 83 
BADERt 83 
BAILEY 83S 
BODEK 82 
USHIDA 82 
ADEVA 84 
8ALLAGH 84 

AlSO 80 
FIORFNO 8 '  
FUCHI 8t 
SCHINDLER 8t 
TRILLING 81 
ALLASIA 80 
ASIAN 8BE 
AVERY 80 
8ACINO 80 
SCHINDLE R 80 
ZHOLENEZ 80 

AlSO 8t 

ABRAMS 790 
AR'ME NISE T9 
ATIYA 79 
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GOLDHABER 77 PL 698 503 *WISS Abrams Afore+ (IBL SLAC) 
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SCHINDLER 87 SLAC PUB 4417 
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SNYDER 87 IUHEEE 87 '1'1 
Syrup on Prod and  Decoy c~ Heavy F~ovors Stanford 

SCHINDLER 86 SLAC PUB 4136 
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SCHINDLER Sbl SLAC PUB 4248 
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KIRKBY 79 SLAC PUB 2419 
8a lawa Leplon Pholon Conference 

BARBARa 78 LBL 8537 Etice 1978 8aebaro Gal l ler l  
WOJCICKI 78 SLAC PUB 2232 

SLAC Summel Instltute 
NGUYEN 77 PRk 39 262 ~WlSS Abrams Alam Boyarskl÷ 

(SLAC) 

(stac) 
(HELD) 

(IND) 

(StAC) 

(StAC) 

(~AC) 

(LBL) 
(SLAC) 

(LBL SLAC) J 

CHARMED STRANGE MESONS 

D I(J P) = 0(0-) 

Q u a n t u m  n u m b e r s  n o t  m e a s u r e d  V a l u e s  a r e  

a s s i g n e d  h e r e  a s s u m i n g  c h a r m e d - s t r a n g e  g r o u n d  s t a t e  

D s m e s o n  CHEN 83B o b s e r v a t i o n s  a r e  c o n s i s t e n t  w d h  
J = 0 B L A Y L O C K  87 o b s e r v a h o n s  a r e  c o n s i s t e n t  w i t h  

J P = O -  

N O I E  O N  T I l E  D s M E S O N  

(by W Tokt,  SLAC) 

Results  on the D s ( c ~  meson  (formerly called the 1") 

have substanttall3 ~mpro~.ed since the last Review o f  Paru-  

cle Propcrucs  New results smcc  that  Rcvtew are s u m m a r -  

tzcd m this note Prc~musly  on13 lhe D s ~ q~rr and ~b3r 

decays were repor ted  m the 1970 MeV mass  regmn Now 

D s decays are well e s t abhshed  m the q~Tr. ~37r. and 

K ' (892 )K  modes  The  repor ts  o f  obse rvauons  and searches 

o f  new modes  are s u m m a r i z e d  m the following table 

The  K ' (892)0K m o d e s  are m agreement  and provide  

ev idence  tbr decays vm the nonspec ta to r  (exchange and 

a n m h f l a t m n )  dmgrams  9 The new o b s e r v a u o n s  o f  the 03rr 

m o d e  are about  a factor o f  two smal ler  than the p revmus  

m e a s u r e m e n t  10 The  r l r  and r f r  m o d e s  are p r e h m m a r y  

and they have a much  larger rate than ~bTr If the r/ ' r  and 

rtTr have the c o n v e n t m n a l  m m n g  angle (0 ~ 10 °) and the 

D s decays vm the specta lor  dmgram,  the rpr and rt'rr 

b ranching  ra tms arc predicted to be roughly the same 11 

The obse rva tmn  o f  mult~pmn m o d e s  would mdtca te  poss~- 

ble ev idence  for weak-anmhf la tmn  dtagrams 12 The m o d e  

Or appears  to be suppressed,  whereas  there  ~s ev idence  for 

nonrcsonan t  3-pmn decay It ts unexpected  to see three- 

Mode  l ' (Mode) / l ' (D x:  --" q~rr -+ ) 

K ' (892)0K -+ 144 _+ 0 3 7  

K' (892)0K : 1 0 t 0 6 

K ' (892)0h  "- 0 8 7 : 0  13 + 0 05 

K ~ A  + 1 1 + 0 6 

K " K - r ' -  ( n r )  0 2 5 ± 0 0 7 = 0 0 5  

~br+rr rr + 042*_0  1 3 : 0 0 7  

~ b r r ÷ r - r -  0 4 1 ± 0  1 3 : 0  11 

Or -+ 2 5_ '0  8 ± 0  8 

rta "-+ 3 + 1 3 

r / ' ~  + s e e n  

rr* r -  rr "- ( n r )  0 2 9 _ + 0 0 7 - : 0 0 5  

p 0 r :  < 0 0 8  (90% ( 'L )  

p0rr -  < 0 2 2  (90% CL) 

• Aslensked  references are not yet 
s u b n m l e d  for p u b h c a u o n  

Group  

ARGI,:S I 

MARK-I I I  2" 

TPS 3 

MARK_III  2 - 

TPS 3 

TPS 3 

AR ( ; US  4 • 

M A R K . I l l  5 • 

M.~RK_II 6 • 

MARK_II 6 • 

q-I)S 7- 

TpS 7" 

.~R(;US 8 

pubhshed  or 

body decays and not  the quas i - two-body mode  

Recent  h f e u m e  measu remen t s  are shown m the tbllow- 

mg table The  results are m agreement ,  and the I) s appears  

to have a shghtl)  longer h f e h m e  than that o f  the D ) 

Mode Lifet ime ( 1 0 -  12 s) Group  

~bTr~-,K'(892)Oh "+ 0 4 7 ~ 0 0 4 - 0 0 2  TPS 13 

K - K  " 7r " 033+g-  0610 A C C M O R I 4  

q~lr- 0 5 7  ~ 036 0 2 6 ~ 0 0 9  T-~SSO 15 

The  recent mass  measu remen t s  have become r e d  pre- 

cise and are hsted m the following table 

Mode Mass  (MeV) Group  

K " h - T r  + 1 9 6 8 1 . - 0 8 - 0 6  TPS 3 

K - h "  re + 1972 1 ~. I 5 : 1 0 AC'( 'M()R 14 

~bTr + 1 9 6 8 8 - I  4 - 3 0  &RGI.TS 16 

~ - '  1 9 7 2 4 : 3  7"-3 7 M A R K - I l l  17 

Usually the groups  compare  thmr measu remen t s  wnh ,  and 

cahbra te  against, the mass  o f  the D *  meson  The recent 

TPS and .ARGUS m e a s u r e m e n t s  have a lower t rend 

(approximate ly  5 MeV lower) than prevtous  measu remen t s  

wtth the excep tmn o f  the HRS measu remen t  

New m e a s u r e m e n t s  o f  the D s" (2110) ..- 1)s mass  differ- 

ence arc summar i zed  m the following table 

Mode  Mass Dlflkrence Group  
(MeV) 

Ds*(2110)-.~3,DcD,c-~qbrr 1 4 2 5 = 0 8 _ + 1  4 A R G U S  16 

Ds'g2110).-.~yl),~D.-...~dpTr 1 3 7 9 ± 2  1 ~:43 MAR K-I l l  17 



213 

See key on page 129 Stable Particle Full Listings 
D ± 

The results are m agreement The)' follow the emptncal 

rule that the vector mass squared minus lhe pseudoscalar 

mass squared, M2( 1 - - ) - M2(0 - + ), is approximately 

constant 18 
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D~:  M A S S  

V A.LUE (MeV) . . . .  EVeS £)ocUMENr ID rE C.N CHG C_.OI!4M_ENT 
1969.3 :t 1.1 OUR Flr Error i n c l u d e s  s c a l e  fac to r  of 1 3 
1969.4 ± 1.0 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 3 See t he  

i d e o g r a m  b e l o w  
1968 3 ± 0 .7  - 0 7 290 ANJOS 88 SILl Photo 

1972 7 ± 1 5-+ I 0 21 BECKER 878 SILl 

1972 4 _+. 3 7-+ 3 7 27 8LAYLOCK 87 MRK3 

1980 0 +- 15 0 6 USHIDA 86 EMUL 
1973 6 ± 2 6 ± 3 0 163 ALBRECHT 85D ARG 

1963 _+ 3 :t 3 30 DERRICK 858 HRS + 

1948 ± 28 3:10 65  AIHARA 84D TPC + 

1975 +- 9 ± 10 49  ALTHOFF 84 TASS 

1970 _+ 5 _+ 5 104 CHEN 83C CLEO ± 

• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  
1975 0 ± 4 0 3 BAILEY 84 

t 9 7 0  -+ t0  ARGUS 83 ARG 
2 0 t 7  ± 13 17 t ATKINSON 83 OMEG - 
2020  :t 10 ± 20 460 2 ASTON 81 OMEG ± 
2049 :t 15 30 ASTON 818 OMEG ± 
2017 :t 25 I AMMAn 80 HYBR + 
2026 ± 56 I USHIDA 808 EMUL - 

2089 :t: 121 1 USHIDA 808 EMUL + 

production 
200 GeV 
7rKp 

e + e -  Ecru= 
4 14 GeV  

t' w l d e b a n d  
e + e -  Ecru = 

10 G e V  
e + e -  Ecm= 

29 GeV  
e + e  - Ecru= 

29 GeV  
e + e -  E(; m 

1 4 - 2 5  G e V  
e + e -  Ecru= 

10 5 G e V  
fits l lmits e t c  * . *  
SILl h a d r o n  + 

Be 
Otr+X 

Pre l im inary  
~ P  
~ P  
"~p 
i, w i d e b o n d  
FNAL ~' 

w i d e b o n d  
FNAL v 

w l d e b o n d  

1950  1960  1970 1980  

2030 +_ 60 6 BRANDEUK 79 DASP ± e "  e -  Ecru = 
4 42 GeV 

2030 +_ 60 4 BRANDEUK 77B DASP _+ In BRAN 
DELIK 79 

1ATKINSON 83 mass error  i n c l u d e s  sys tema t i c  u n c e r f o l n h e s  
2Error Q u o t e d  by  ASTON 81 is t 0  MeV s tohshca l  a n d  - 20 MeV s y s l e m o h c  

a v e r a g e  of t h r e e  m o d e s  l is ted in sechons  [(~7,T+)/I,o~o, I ( q ~ ' : r + . ' r - ) /  
I iotol a n d  I (~?'(958) ~" + • + ~" - ) / I  1oral b e l o w  

WEIGHTED AVERAGE 
1 9 8 9  4. :1:1 O (Error sca led  by  1 3) 

' ~ ' * ' ~ ' ~  "#" Values above of weighted average, error, 
v and scale factor are based upon the :late =n 

this ~deogram only They ere not neces- 
sar i ly the same as our "bes t "  values,  
obts,nad from a least-squares conatrsr~ad frt 
utd lz lng measurements  of other (related) 
quanti t ies as additional information 

2 
X 

ANJOS 88 SILl 12 
BECKER B7B SILl 3 4 
BLAYLOCK 87 MRK3 0 3 

' ~ USHIDA 86 EMUL 
ALBRECHT B5D ARG t 1 
DERRICK B5B HRS 2 3 
AIHARA B4D TPC 
ALTHOFF 84 TASS 
CHEN B3C CLEO O0 

8 3  
( C o n h d e n c e  Leve l  - -  0 140) 

! ! 

1990  2 0 0 0  

D~ moss (MeV) 

O j ~  M E A N  UFE 

VALUE ~fO- 13 sect) EVTS DOCUMENt ID T_ECN CHG COMMENT 
+ 0.38 

4 . 3 6 _  0 .32  OUR AVERAGE 

4 7 :t 0 4 ± 0 2 230 RAA8 88 SILl Photo- 
p r o d u c t i o n  

1 0 21 3 BECKER 878 SILl 200 GeV  ~'.KD 3 3  - +06 
+3 6 ±0 9 BRAUNSCH 87 TASS e+e - Ecru= 5 7 
- z o 3 5 - 4 4  GaY 

4 7 - 2  2 _+ 0 5 141 CSORNA 87 CLEO e + e -  Ecru= 10 
G e V  

2 4 _+0 9 17 JUNG 86 HRS + e + e  - ~ ,.',TT+X 3 5  _ + 1 . 8  

2 6 + I 6 6 USHIDA 86 EMUL I' w l d e b a n d  
- 0 9  

• * * We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  * * * 

+0 6 -0 2 99 ANJOS 878 SILl Repl by 4.8 
~ U 

;) 
RAAB 88 

+ 3  9 3 BAILEY 84 SILl h a d r o n  + Be 3 2 
- 1 J ,..,T, + X  

+ I 3 4 USHIDA 83 EMUL Repl  by  
t 9 _ 0 7 USHIDA 86 

1 4 I AMMAn 80 HYBR + r w l d e b a n d  

2 24 + 12 78 2 USHIDA B0B EMUL ~' w ~ d e b a n d  
- 05 

3BECKER 87B SOy sys temat i c  error  was  n e g l i g i b l e  

['i D;  
I" 2 D + 

r3 D; 
l" 4 D ;  ~ 

F 5 D~ + 

I" 6 Ds + 

1' 7 D + 

[ 'e D ;  ~ 

F9 Ds + 

1"~0 Ds + 

1"1~ D~" 

1"12 D +  

D ,  + D E C A Y  M O D E S  

O~" m o d e s  a re  c h a r g e  c o n } u g a l e s  of the  m o d e s  b e l o w  

F r g c t , o 9  ( 1 / 1 )  . . . . . . . .  

(~,~ "~T + (8 ± 5  ) . 1 0  - 2  

{j)gT+gT+TT - (3 9 ± 2  9 ) "  10 - 2  

DOlT " < I B , 10"  2 

~ 4 = ( 8 9 2 ) O K  + (8 _*5 ) 10 - 2  

K-K +~ (non-resonant) (2 0±I 4)-10-2 

< 2 6 10 - 2  

K + K -  7r + 7 r -  ~ '+  ( n o n - r e s o n a n t )  

jL/,+ V ~ 3 0 " 10 -2 

T/?r + 

- "  }7 a n y t h i n g  

.-~ T/~1"~ 7r ÷ 7r - 

T/'(958)~+ 7r + Tr - 



214 

Stable Particle Full Listings 
D + - D  * 

S * S 

Ds + B R A N C H I N G  RATIOS 

I (,;', ~" " ) / I  )olaJ I ~/1" 
VALUE E V E S  DOCUMENT ID TECN COMMENT 

0 .08  Z 0.0S a PDG 88 RVUE Our  e s l l m a t e  J 
• • • We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 

100 ALBRECHT 850  ARG e + e -  Ecru = 10 G e V  
0 . 0 3 3 z 0  0 t l  30 5DERRICK 85B HRS e + e  - Ecm= 2 9 G e V  

0 1 3  ± 0 0 3  - 0  + 00704 49  5 ALTHOFF 84 TASS e +Gave- Ecm 1 4 - 2 5  

SEEN ARGUS 83 ARG Pre l lmmary  
0 0 4 4  104 5 CHEN 83c  CLEO e + e -  Ecru = 10 S 

G e V  
4Thls v a l u e  is our  e s t i m a t e  b a s e d  on  the  m e a s u r e m e n t s  of DERRICK 85B J 

a n d  ALTHOFF 84 
5Va lues  b a s e d  on  s a m e  c r u d e  e s t i m a l e  of Ds~ p r o d u c t i o n  leveJ ALTH- 

OFF 84 errors h o v e  adc lH iona l  n e g a t i v e  error  for Ds ~ f rom p r i m a r y  B- 
m e s o n  For DERRICK 85B the  errors a r e  s tohshca l  on l y  l 

] '(,, ', 7£"  ~ +  " E - ) / ] ' l o t a  I r 2 / l  
VALUE E V E S  DOCUMENT I0 TECN COMMENT 

Seen OUR EVALUATION . . . . .  

• • • We d o  not  use the  fo l l ow ing  d a t a  tot o v e r a g e s  fits l imits e l c  • • • 

62 ALBRECHT 8SD ARG e + e  - Ecm = t 0  GeV  

I ' ( , / ,  71"" r + i t -  ) I  r (<: ,  r + ) r 2 / r ,  
VALUE E V T S  DOCUMENT ID TECN COMMENT 

0 .48  ± 0 .2 ( ) -OUR AVERAGE Error Include~s s c a l e  f ac to r -o f  1 4  
0 42 ± 0 13 ± 0 07 19 ANJOS 88 SILl P h o t o p r o d u c h o n  
1 t l  ± 0 37 ± 0 28 ALBRECHT 85D ARG e + e -  Ecru = 10 G e V  

rO)~r +)/I'(,:, ~ - )  l'3,'rr 
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 2 2  90 ALBRECHT 87G A--RG e + e  - Ecru---10 G e V  

I'(k'~(892) ° K + I l l ' ( , ; )  7r " ) r 4 / 1 ,  
VALUE E V E S  DOCUMENT ID TECN COMMENT 

0 9 4  ± 0.19 OUR AVERAGE Error inc luc les  s c a l e  f ac to r  of 1 4  
0 8 7  +_ 0 1 3  ± 0 0 5  117 AN JOB 88 SILl P h o l o p r o d u c h o n  
i 44 ± 0 3 7  87 ALBRECHT 87E ARG e + e  - Ecru = 10 G e V  

r ( K -  K + lr + (non-resonont) ) / l ' (o= ~) ['s/l'1 
VALUE E V T S  DOCUMENT ID TECN COMMENT 

0 25 +- 0 . 0 7  ~ 0 .05  48 ANJOS 88 SILl P h o t o p r o d u c t i o n  

I ' ( K +  K - 7r + 7 r -  7r + ( n o n - r e s o n a n l ) ) / l ' ( d ) / r  + )  1 6 , / [ ' r  

VALUE CL % E V E S  DOCUMENT ID TECN COMMENT 

- - ' 0 3 2  90 0 ANJOS 88 SILl P h o t o p r o c l u c h o n  

I'(p ÷ ' ~ , ) / ] ' t o ta l  1"7/ [ "  
VALUE E V E S  DOCUMENT ID TECN COMMENT 

< 0 . 0 3  0 6AUBERT 83 SPEC , + F e  250 G e v  
6AUBERT 83 o b t a i n  th~s l imit  a s s u m i n g  tha t  D~  p r o d u c t i o n  ra te  is 20% of 

to ta l  c h a r m  p r o d u c h o n  ra te  

l '(r/7T-)/l'(r/ a n y t h i n g )  l 'B /1 '~  
VALUE E V E S  DOCUMENT Io TECN COMMENT 

Possib ly  seen  OUR EVALUATION 

• * * We d o  no l  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  hls, hmlrs e t c  * • • 
0 0 9  ± 0 0 b  6 7 BRANDELIK 79 DASP e + e -  Ecru = 4 4 2  

G e V  

7 D e n o m m a l o r  is m c o n s l s r e n t  w i th  PARTRIDGE 81 (Crys ta l  Bal l )  

]'()7 ~ ' ) / r t o t a l  ]'8/1" 
VALUE E V T S  DOCUMENT ID TECN COMMENT 

Possib ly  seen  OUR EVALUATION 

• • • We do  not  use t he  f o l l o w i n g  d a t a  fo~ a v e r a g e s  fllS l imits e t c  • • • 
17 ATKINSON 83 OMEG ~ p  
40  ASTON 81 OMEG "IP 

I ' ( T / ' n " -  "tr- ~ - ) / [ ' t o t a l  I ' I0/I"  
VALUE E V T S  DOCUMENT ID TECN COMMENT 

Posslb ly  seen  OUR EVALUATION 

• • • We do  nor  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fllS hmits e t c  ° * • 
360 ASTON 81 OMEG "~p 

I ( r ' / ' ( 9 5 8 )  7 r -  7r + / r  - ) / ] ' t o t a  t [ ' , r J  l" 
VALUE E V E S  DOCUMENT ID TECN COyM_ ENT . . . . . . . .  

Possib ly  seen  OUR EVALUAI lON 

• • • We do  not  use t he  f o l l o w i n g  c lara  for a v e r a g e s  tits l imits e t c  • • • 
60 ASTON 81 OMEG ~yp 

r(,,~p*)/rtoto~ 
VALUE E V E S  DOCUMENT ID TECN COMMENT 

Possibly seen  OUR EVALUAIION 

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fds, l imits e t c  • * • 
83 ASTON 8tB OMEG 3"D 

I '12/I" 

REFERENCES FOR O~: 

AN JOB 88 PRL 60897 
POG 88 RPP 
RAAB 88 PR 0372391 
ALBRECHT B7F PL 8179398 
ALBRECHT 87G PL 8195102 
AN JOB 878 PR'L 581818 
BECKER 87g PL 8184277 
BLAYLOCK 87 PRL 582171 
BRAUNSCH 87 ZPHY C35317 
CSORNA 87 PL 8191 318 
JUNG 86 PRL 561775 
USHIDA 80 PRL 561767 
ALBRECHT 850 PL 1538343 
DERRICK 858 PRL 542568 
AIHARA 840 PRL 532465 
ALIHOFF 84 PL 1368130 
BAILEY 84 PL 1398320 
ARGUS 83 CERN C O u 1 2 3 4 2 3  

Prellrnlnotv 
ATKINSON 83 ZPHY C17 t 
AUBERT 83 NP 821331 
CHEN 838 PR 0282304  
CHEN 83C PRL 51634 
USHIDA 83 PRL 512362 
ASIAN 81 PL 100891 
ASIAN 8tB NP B189 205 
PARTRIDGE 8t PRL 47760 
AMMAR 80 PL 948 118 
USHIDA 80g PIlL 45 I053 
8RANDELIK 79 PL 808412 
BRANDELIK 778 PL T0B 132 

.... OTHER RELATED PAPERS - -  

GRAB 87 SLAC PUB 4372 
EPS Conference uppsalo 

SCH~NDLER 87 SLAC PU8 44'17 
EPS Conference Uppsa~a Proc Vol I p 341 

SCHUBERT 87 JHEP HD.'87 7 
EPS Conference UppsalO Proc Vol 2 p 791 

SNYDER 87 IUHEEE 87 t l  
Symp on Prod and Decoy of Heavy Flavols Stanford 

SCH~NDLER 80 SLAC PUB 4136 
World Press Intemallonot 

SCHINDLER 868 SLAC PUB 4248 
SLAC Summer InstUute 

TRILLING 81 PRPL 7557 

)/i.l~pel+ cragged Photon Spectrometer Collop ) 
YOSt Bametl+ (PortlCle Dalo Group) 

+Anlos ApPel 8tocker÷ (FNAL rPS COllOp ) 
+Blnder 8oeckmann Gloeser+ (ARGUS Collop ) 
+Andam Binder Boeckmannl  (ARGUS Coilab ) 
+Appel Bracket 8rowder+ (FNAL TPS CoIIdb ) 
+Bom~nger Bosman+ (NAl r  & NA32 Collob ) 
*8alton Brown Bunnell+ (MARK Ill Col lab ) 

Brounschwelg Gemords l  (TASSO Col lop ) 
+Mesroyer Ponwni Word+ (CLEO COlloP ) 
)Abochi+ (HRS Collop ) 
+Kondo+ (AICH FNAL GIFU GYEO KOBE SEOU+) 
+Orescher Bincler Draws+ (ARGUS Collop ) 
*Fernandez Fries Hyman+ (HRS Coflab ) 
+AlstonGamposl Badlke 8Okken+ (TPC Col loP)  
+Btaunsct~weig Klrschflnk+ (TASSO Collop ) 
+Belau 8oh0nger Bosman+ (ACCMOR COlloP ) 

(ARGUS Collop ) 

+ (BONN CERN GLAS LANC MCHS LPNP RL+) 
+BassornDlerre Becks Best) (EMC Col lab ) 
+Fenker+ (ARIZ FNAL FLOR NDAM TUFT+) 
+Alom Gdes Kogon+ (CLEO COJlab ) 

(AICH FNAL KOBE BEau MCGI NAGO+) 
(BONN CERN EPOL GLAS LANC MCHS)) 
(BONN CERN EPOL GLAS LANC MCHS)) 

+Peck Porter GU+ (cn/stdl Boll COIIQP ) 
+ (KANS FNAL SERP ITEP CRAC JINR WASH)) 
+ CATCH FNAL KOBE SEOU MCGf NAGO OSU+) 

+Brounschwelg Martyn Sonclet~ (DASP COllOP ) 
*Braunscnwelg Marlyn Sandal4 (DASP Collop ) 

(SLAC) 

(SLAC) 

(HEID) 

(IND) 

(SLAC) 

(SLAC) 

(LBL UC8) 

I ( J  P) = ~(9" )  

D ~  MASS 

VALUE (MeV) DOCUMLNr ID TECN CHG COMMENT 

2'111.2 ± 1.8 OUR FIT Error i n c l u d e s  s c a l e  fac to r  of 11  
2108.9 ± 2.1 ± 3 .0  I BLAYLOCK 87 MRK3 - e + e -  ~ D s X 

I A s s u m l n g  D s mass = ' 1 9 7 1 8  ¢ I 5 MeV 

O'~ WIDTH 

V_A_L.LJE (.M_e.V) CL% DOCUMENT ID TECN CHG COMMENT 

< 2 2  90 BLAYLOCK 82 MRK3 - e + e -  ~ D s X 

D'~+ - as + MASS DIFFERENCE 

V_AL_U_E (MeV~ E V T S  DOCUMENT ID 

141.9 ± 1.5 OUR FIT 
1 4 2 . 4  ± 1.7 O U R  A V E R A G E  

1 4 2 5  ± 0 8  ± 1 5  2 ALBRECHT 
143 .0  ± 18 .0  8 ASRATYAN 
1 3 9 5  ± 8 3  ± 9 7  60 AIHARA 

110 ± 46 BRANDELIK 
2Result  I n c l u d e s  d a t a  of ALBRECHT 84B 

TECN CHG COMMENT 

88 ARG e + e -  ~ Ds~ 
85 HLBC FNAL 15-tt v 2H 
84D TPC ± e + e -  

h a d r o n s  
79 DASP ± e + e -  ~ Ds') 
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D s , B O T T O M  M E S O N S  

D~ DECAY MODES 

O~ BRANCHING RATIOS 

l ' (D.y)/ l ' lo ioi  
VALUE DOCUMEN~ ID fECN C O M M E N t  

D o m i n a n t  OUR EVALUATION 

• • • We d o  h a l  use  t h e  f o l l o w i n g  C~OIO for o v e r a g e s  his l im i ts  e t c  • • • 

SEEN ALBRECHT 88 ARG e + e -  ~ Ds*s 
SEEN ASRATYAN 85 
SEEN A IHARA B4D 
SEEN ALBRECHT 84B 
SEEN BRANDELIK 79 

" i / '  

ALBRICHT B8 DESY 87 156 
BLAYLOCK 87 PRL 58 2171 
ASRATYAN 85 PL 156B 441 
AIHARA 84D PRL 53 2465 
ALBRECHT 84s PL '146B 144 
BRANDELIK 79 PL 80B 442 

. . . .  OTHER 
BRANDELIK 78C PL 7bB 361 
BRANDELIK 77S PL 70B 132 

REFERENCES 
~Blncler Boeckmann+ (ARGUS Co l lab  ) 
+Bolton Brown Bunnell÷ (MARK III COllaD ) 
+Fedotov Ammosov  Burlovoy+ (ITEP SERP) 
+Alston Gamlost  BacJtke Bakken~ (IPC CollOP ) 
+Drescher Hiiller+ (ARGUS Col l ( ib  ) 
+B~aunschweig Moityn Sonclel .  (DASP Col l ( Ib ) 

RELATED PAPERS 

+Corcls* (AACH DESY HAMS MPIM TOKY) 
÷Braunschwelg Martyn Sonaer+ (DASP Co l lob  ) 

BOTTOM MESONS 

N O T E  ( )N t t l G I I I . I G I I T S  O F  B M E S O N  D E C A Y S  

(by R H Schmdle r ,  SLA( ' )  

The  past  two >ears ha`.e seen a large m~provemen t  in 

our  knowledge  o f B  m e s o n  decays  T h e  h a d r o m c  deca ' , s  

appear  to proceed pnmar l l~  th rough  lhe/~ --,, ~ t rans i t ion ,  

yielding final s ta tes  con t a i n i ng  D*. D,  D.~ and  ~ inesons  

E x p e N m e n t s  generall.', m e a s u r e  onl} p roduc t  b r anch ing  

l ' racnons,  (e g ,  BF(B ~ 1) X) BF(I) --,- I ). where  / is a 

had ron lc  or  s emHep ton ic  final state) B m e s o n  b ranch ing  

r a n o s  are thus  no rma l i zed  b.~ 1)*, D.  l )  and  ¢, b ranch ing  

rat ios  thus  requlru)g one  or more  independent] . \  deter-  

m i n e d  quan t i t i e s  In this  issue `.~e ha`.'e a t t en lp ted  to br ing 

the  oldest  m e a s u r e m e n t s  up to da te  v, he rexer  possible,  and  

to exphc~tl.~ state the inpu t  a s s u m p t m n s  that  the au thor(s )  

haxe  m a d e  Our  o ~ n  best fits to the 1) b r anch ing  f r ac tmns  

now dift;er s o m e w h a t  f rom the ones  that  have  been used to 

calculate  the B b r a n c h i n g  f ract ions  W h c n c x e r p o s s i b l e .  the 

product  b r anc lnng  f ract ions  (the m e a s u r e d  q u a n t m e s )  ha \  e 

been gp, en 

T h e  m e a s u r e m e n t s  o f  had ron lc  b ranch ing  f ract ions  o f  B 

m e s o n s  (B --* I) at D* + n~r) have  i m p r o v e d  slgmficantl.x 

th rough  higher  s ta t is t ics  and  a better  u n d e r s t a n d i n g  o f  back- 

g r o u n d s  The  or igmal  ( ' L E O  m e a s u r e m e n t s  (GILES 84 and  

( ' H E N  85). which  pro~ ided the first e`. Mence for these  

channe l s ,  are sys temat ica l ly  h igher  than  recent  -XRGUS and  

CI .EO m e a s u r e m e n t s  (see Rir e x a m p l e  S C I t U B E R T  87) 

exen  when  the recent  correc t ion (20-25%)  o f  D m e s o n  

b r anch ing  r a u o s  ( A D L E R  88) is taken into accoun t  \V~ih 

the except ion  ofB0----,-D * p" ( ( H E N  85) t h e t ~ o - b o d ` .  

deca.~ s appear  to ha~ e b ranch ing  f r acnons  less than  - 1% 

while the m u h l b o d x  deca}s  are a fe~ percent  (scc v,( 'H[ '- 

BERT 87) 1he deca~s to b o u n d  cha rn lon l t lm  Mates 

(11--~ ~/, ~- X ~'~-  X) are no',,. ~ell es tabl ished.  ~ l i l l  branch- 

Ing f r a c t i o n s o f a b o u l  I l " . a n d  05%,  respect ixel \  

Whi le inclusive senl i leplonlc branching fractions tirE)Lind 

11% ha`. e been well esiabhshed an e\clusl~ e sCnllJeptonic 

1.7 deca b channel has ilO~t been ob~oixed b\ - \ R E d %  The\  

m e a s u r e d  B F ( B ° - . . D  * l ' v ) =  7 0 _ ' 1  2_'1 9 % ( N ( 1 1 {  

BERT 87) Th i s  is not u n h k c  I) d e c a } . ~ h e l c a  slgnH'iL'ant 

part o f  the scn) f lep tomc x~ Mth appears  m one  or tx~o 

exclus~`, e channe l s  

The  i n c l u s B e  m c a s u r c m e n l s  o f  11 deca~ plt) ~, i d g a  

coarse  n leasure  o[" the rclat~ \ e magn  ~tude o f  the ( 'KIM 

mat r ix  e l emen t s  I ub and  I t~ -Xt present  hox~e~er the 

va r ious  inclusl~ c m e a s u r e m e n t s  o f  B decay appear  some-  

what  incons i s ten t  ~ h e n  e \ a m i n e d  m detad The  p u b h s h c d  

produc t  b r anch ing  fract ions to c h a r m e d  m e s o n s  

[BF(B --,-I) ° or 1) " • X)',<BF(I) -,.  I )] f rom -XR(;trS and  

( ' L E O  ma.`. be s~stematicalI} shif ted from each o ther  (see 

S ( 'HINI ) I . t !R  87) New and h i g h e r s t a t l s h c s d a t a a x a H a b l e  

f rom ( ' [ .EO later this  year ',,,ill pmbab l}  r e s o h e  this  

d~screpanc.~ XVhde the I )  is obse rved  in B decays,  the  

absoh i te  b r anch ing  f racnon  ~s i nde t e rminab le  at present  

( h a r m e d  ba r}ons  appear  to accoun t  for - 7  5% o f  the t'/ 

b r anch ing  f iac t lons  W h e n  open and  closed c h a r m  are 

s u m m e d ,  abou t  I I 1 + (I 13 c h a r m e d  particles per B deca.~ 

are obse rxed  ( S t ' H i ' B E R T  87) b~ . \ R G I ' S  and  

1 0 0 + 0  I 0 -  0 II are o b s e r \ e d  b\  ( ' I .EO I One  expects  

abou t  I 15 c h a r m e d  particles p c r / I  decay based on the sin)- 

pie a s s u m p t i o n s  o f  the Specta tor  picture 

Man$ a t tc rnpls  haxe  been m a d e  it) nlcasu le  ] 141~ 

directl.~ L imi t s  on exclus i \  e c h a n n e l s  (e g ,  £' --,, 7rTr pro. 

pp. etc ) are in the range o f ' ( 2 - 5 ) \  I() - 4  at 90% ("L 

correspoi)ding It) J 1 uhII"l (t~ I :: 0 40 -rh,s in terprc lahon 

requires a n lodel -dependent  calculat ion o f a  hadronic  t~o-  

bad' ,  deca.~ The  lepton spee t rum can also (mlb pro~ icte a 

model-dependenT ] inl i t  as ~el l  Pubhshed resuhs from 

( 'L 'SB and ( L E O  b icld hn l i ls  o f  I I ./, ' l  ,t, I :~ o 13 tirad- 

e', or these usc an t)ptlnliStlL." ~ p e e l d l o I "  l l l O d L q  t',) i n t e r p r e t  

the ]eplon spec t rum -% more  r igorous  and  ~.onserxat l \e  

tipper l im i t  using tile ( } r lnMeln Isgur and \% isc model 

would  lit." closer to 0 20 0 25 for tilt." lat lo 

O n e  o f  the mos t  in t r iguing lesul ts  o f  the past bear ~ a s  

tile obsei~ a l lan  Ib - \R( i [  'S of the cx.clusl\ c tha i  nllc~,s II 

decays  into p l i~  ± and I~lt~r+r The b lanching t i , ict lons 
o f ( 3 7 : 1  c J l x l O - 4 a i ) d ( 6 0  - 30) '~1( i  4 icspctti,.c] ' ,  alc 

close in magni tude to the upper hnl l ts  obser\ ed lol 

It ~ 7r~r p~r pp, etc 

Nal`.e estimates (sec for example Fhg~ 2) f rom these 

deca,,s place I I u h / I  t>1 - (0 I -0  4) hov, e',er the hnHt,, - ( 

f rom the seml lep ton lc  spectra  probabl~ lule out  tile uppe~ 

end  o f  this  range for the ( ' K M  pa rame te r s  
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Ftnallx. e ' ,Mcncc for nonzero B~)/~ O and B.s°B-~O m m n g  

ha.,, bccn presented this year ARGI.rS (ALBRECHT 87E) 

looks tbr hke-s~gn dfleplon parrs m Bff deca~ at the T(4S). 

v, hdc U A I  (ALBAJAR 87) looks for hke-s]gn d]muon 

excnts rrom adrmxturcs of B d and B s m jets m pp  colh- 

stons The ARGUS r e s u l t ~ s × o = 0 1 8 ~ 0 0 6 ,  w h e r e x 0 =  

t'racuon of all B 0 m~xmg into B 0 mtegraled oxer hme  The 

LIAI resuh ~s on × = 0 1 2 - 0  05. where X = t's.eX 0 - /s:,Xs. 
(a wetghled admixture  of B s and B d) These ";'alues may be 

used to refer a lower hmtt  on the top-quark mass of about 

50 GeV These esumates  depend strongl.., on the 

kno~vledgc of  hadrontc quanltt tes such as B (bag parameter) 

and fB (decay constants),  and assume box-dtagram conlrt- 

buttons exclusp,.el~, 

References 

I S Stone. report CLNS 87/103 (1987) 

2 I Blgl. SLAC-PUB-4455. ,n P~o('cc&ng~ olt/le lntc~- 
n a t m n a l  SrlllpO.~llllll Oil {lie Prr)dtlct/r)n and l)e{ av r)/" 
ll¢'aD I"lavo~s, .Stanfi.d, ('-I (1987) 

J ~  ~(J~) = ~(o-) 

Q u a n t u m  n u m b e r s  n o t  m e o s u r e d  V a l u e s  s h o w n  a r e  
q u a r k - m o d e l  p r e c h c h o n s  S e e  a l s o  l h e  D s h n g s  for t h e  
B ( f o l l o w i n g  t h e  e n t r y  for  t h e  B °)  for m e a s u r e m e n t s  
w h i c h  d o  h a l  i d e n t i f y  t h e  c h a r g e  s t a t e  

B ± MASS 

The fit uses the  B ± a n d  B ¢ mass a n d  moss d i f fe rence meas- 
u rements  These exper imenfs  ac tuo} ly  measure  the  differ- 
e n c e  b e t w e e n  half  of Ecm a n d  the  B mass 

yALUE ~Me_ V) EVeS DOCUMENT IO TECN COMMENT 
5277.6 ± 1.4 OUR FIT 
5277.8 ± 1.6 OUR AVERAGE 
5 2 7 5 . 8 z l . 3 : 1 : 3 0  32 ALBRECHt 87C ARG e + e  - ~ "I"(45") 
5 2 7 8 2 ± 1 8 ± 3 0  12 IALBRECH1. 87D ARG e + e  - ~ T(4S') 
5 2 7 8 . 6 : = 0 8 ± 2 0  2BEBEK 87 CLEO e + e  - ~ "[(4.9) 
• • • We clo no l  use the fo l l ow lng  d a t a  for averages,  fits l imits e t c  * • • 
5280.1 ± 1 . 6 ± 3 0  3 3ALAM 86 CLEO e + e  - ~ "[(4.9) 
5 2 7 1 2 - + 2 2 ± 2 . 0  23GILES 84 CLEO e + e  - ~ "[(4.9) 
5 2 7 0 . 8 : 1 : 2 . 3 ± 2 0  6 BEHRENDS 83 CLEO D~x-',~'+~'r + + c c  

IFound  using fu l ly  r econs l ruc l ed  d e c a y s  w l th  J/~ ALBRECHT 87D assume 
2m(T(4S')) = 10577 MeV 

Previous moss va lues m GILES 84 re t rac ted  In 8EBEK 87 d u e  to shifts in 
moss f rom t e e d d o w n  of o ther  B-meson channe ls  a n d  an error in the  CESR 
e n e r g y  sca le  BEBEK 87 assume rn~T(4S)) = 10580 MeV 

3ALAM 86 suDercedes GILES 84 wh i ch  Is a b o u t  3 s tandard  dev ia t ions  
lower  These clara are i n d e p e n d e n t  from those repo r ted  In BEBEK 87. bu t  
the  authors feel  that  the  BEBEK 87 d a t a  ref lect  o g rea t l y  i m p r o v e d  d e t e c  
tot. a n d  sugges ted  that  w e  d o  not  use ALAM 86 for a v e r a g i n g  

B ÷ DECAY MODES 

B-  modes  are cha rge  con luga les  of the  modes  b e l o w  

Fract fon ( ! ~ r )  

r, e+ --. >~-+ ~, 7_+~'~)~io-~ 

I" 2 B + ~ D~(2010)-~+rr + (2 5_+~ 35)×I0 -3 

ra B + ~ J I ' ~ ( I S ) K  + ( 8 . 0 ± 2 . 8 ) × ~ 0  - 4  
[ '4  B + ~ p ° T r "  < 2 . 0  ) ( 1 0  - 4  

I"5 B + ~ K°~T + < 7 × I 0  - 4  

r~ B + ~ K*(892)o~ + < 2 6 ×IO -'= 

r 7 B + ~ K + p  ° < 2 6 ×10 . 4  

] '8 B + ~ K+<,5 < 2.1 ×10 - 4  

I 'd B + ~ K ~ ( 8 9 2 ) + " (  < t 8 " < I 0 - 3  

I ' to  B + ~ D * ( 2 0 1 0 ) - ~ + ~ - + ~ r  o (4 3 ± 2  9 ) × 1 0 - 2  

,. s+ - o-~+=+ (2 5_+~'~)×io-~ 
['12 B + ~ £)~I~(2010)°~ "+ (3 ± 4  ) × I 0 - 3  
['13 ~+  ~ 7r+?t  "° < 2 3 × I 0  - 3  

I"14 B + --* pod , (1260)+  < 3.2 ×tO - 3  

l'~s B + ~ p0a~(1320)+ < 2  3 × I 0 - 3  
l ' ~  B + ~ J / ~ ( 1 5 ) K + ~ r - ~ r  ÷ (1 I ± 0  7)× I0-3  
l't~ B + ~ ~(2S)K + (2 2 ± I  7 )×10  - 3  

C o n f  Lev 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

FORBIDDEN BY C O N S E R V A T I O N  LAWS 

['18 B + ~ K+p.+ /~  - < 3 2 XI0 -4 90% 
1'19 8 + ~ K + e + e -  < 2 t × 10 - 4  90% 

B + B R A N C H I N G  RATIOS 

l'(~:~'*)Irtotal I'I/I" 
VALUE EVTS DOCUMENT ID TECN COMMENT 

nn 7 +0"0016 + 0 o 0 0 t t  O .vv4 ._O.O013_O.O008  t4  4BEBEK 87 CLEO e + e  - ~ T(4S) J 

• * * We clo not  use the  fo l l ow ing  d a t a  for overages,  fits. l imits e l c  • * • 

0 0 1 4  = 0 . 0 0 6  ± 0 0 0 4  56GILES 84 CLEO Repl b y  BEBEK 87 
0 0 3 0  ± 0 0 2 9  2 5 7  BEHRENDS 83 CLEO e + e -  ~ T(4S) 

~BEBEK 87 assume the T(4~ decays 43~. ,o ~ B R ( ~  ~ K-,~+> = I 
(4 .2  ± 0 4  ± 0 4 ) %  a n d  BR(D 0 ~ K -  7r + w + ~ ' - )  = ( 9  I ± 0 8  ± 0 .8 )% were  I 
used 

5Cor rec ted  by  us using assumpt ions BR(D ° ~ K - ~ ' + )  = (4 2 ± 0 .6)% a n d  J 
BR(T(4S') ~ B+B - )  = 6 0 ± 2 %  May  be  c o n t a m i n a t e d  by  O'~- '~ "+ a n d  I O~0~r + ~r- 

6The BR(~)~ '+ )BR(~  ~ K + ~ r  - )  = ( 6 0  ± 2 4  ± 1 3 )  × 10  . 4  l 
7The B R ( ~ + ) B R ( ~  K + ~  " - )  ( 1 2 6  ± 12.3)  × 10 - 4  I 

I'(O'~(20 10)- rr- 7r-)/l'toto I l'2/r 
VALUE EVT$ DOCUMENT ID rECN COMMENT 

+0.0015  OUR AVERAGE 0 . 0 0 2 5 0 . 0 0 1 3  

0 0 0 5  +..+.0.002 _~0003 7 8ALBRECHt, 87C ARG e + e  - ~ T(4S) l 

0 0 0 2 0 + 0 -  00130014+0"0008-0.00053 9 BEBEK 87 CLEO e + e  - ~ T(4S') I 
• • * We d o  not  use the  fo l l ow ing  d a t a  for ave rages  fits l imits, e t c  * • • 

+ 0.021 6 10 BEHRENDS 83 CLEO Repl by  BEBEK 87 0 0 3 4  - 0 0 2 0  

SALBRECHI' 87C use PDG 86 b r a n c h i n g  ratios for D a n d  D~(20~0) a n d  J 
assume BR(T(4S) ~ B+B - )  = 55% a n d  BR(T(4~ ~ B°B°) = 45% I 9BEBEK 87 assume lhe  T(4S) d e c a y s  43% to B~80 BR(D~(2010) ÷ ~ ~r+O °) 

= (60_+158)% BR(D o ~ K - ~  "+)  = ( 4 2 ± 0 4 - - . 0 4 ) %  a n d  BR(D ° 

K - ~ + ~ + ~  - )  = ( 9 1  ± 0 . 8  ± 0 8 ) %  were  usecl 
10Corrected by  us using assumpt lons BR(D o ~ K - x  +)  = ( 0 0 4 2 ± 0 . 0 0 6 ) ,  J 

+ 0 0 8  B+B - )  = 0 6 0 ± 0 0 2  The I BR(D* ~ D°~r - )  = 0 6 _ 0 . i  5 a n d  BR(T(4S) 

roduc l  brancl '~lng rat io measu red  its0 B4R(B-- O ~ - , + T + ) B R ( D  ~ - ~  I 
~r-)BR(D 0 ~ K + ~  " - )  = ( 8 6 ± 4 6 )  × 

l'( J/ '~( 1 S) K + ) / r t o t a  I I "3 / r  
VA_LUE Lun!rs I 0 - 4 )  CL.%_ EVTS p_O~UMEN_T ID T E C N  ~OMMENT 

8.0  ± 2.8 OUR AVERAGE 
7 ± 4  3 11 ALBRECHt' 87D ARG e + e  - ~ T(4S) l 
9__ .6±2  3 128EBEK 87 CLEO e + e  - ~ T(4S') I 9 ± 5 3 13 ALAM 86 CLEO e + e -  ~ T(4S) 

• • * We d o  no t  use the  fo l l ow ing  d a t a  for overages  fits l lmlts, e t c  • ° • 
< 2 6  90 I GILES 84 CLEO Repl b y  BEBEK 87 

I~ALBRECHT 87D assume B+B- /B°B  0 rat io Is 55 /45  l 
12BEBEK 87 assume the  .[(4S) d e c a y s  43% to BOB ° I 13ALAM 86 assumes B - + / ~  rot lo  is 60/40 
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Stable Particle Full Listings 
B+-,B o 

I ' ( p 0 ~ + ) / l ' t o t a l  I ' 4 / [ "  
VALUE CL% EVTS DOCUMEN7 ,D TECN COMMENT 
<0 .0002  90 14 BEBEK 87 CLEO e + e -  ~ T(45) J 
• • • We do  not  use the  fo l l ow ing  d a t a  for ave rages  tits l imits e tc  • ° • 
<0 0006 90 0 GILES 84 CLEO Repl Dy BEBEK 87 

14BEBEK 87 assume the T(45) d e c a y s  43% to BoBo l 

I ' (K~  "a" + ) / l ' t o t a  I r s / r  
VALUE CL % DOCUMENT ID 7ECN COMMENT 
< 6.8 × I 0  - a  90 AVERY 87 CLEO e + e  - ~ T(45) 

I ' (  K'4(( 8 9 2  )0 -x + ) / I ' t o t a l  1'6/1" 
VALUE CL% DOCUMENT'O 7ECN COMMENT 
< 2.6 "<10 - 4  90 AVERY 87 CLEO e + e  - ~ 1'(45) 

I ' ( K +  p O ) / l ' l o t a l  17/1" 
VALUE CL % DOCUMENT ID fECN COMMENT 
< 2.6 <10 - 4  90 AVERY 87 CLEO e + e  - ~ T(45) 

I ' (  K + ( h ) / l ' t o l a l  l ' 8 / I "  
VALUE CL% DOCUMENT IO TECN COMMENT 
< 2.`1 ×`10 - 4  90 AVERY 87 CLEO e + e  - ~ 1'(45) 

1 ' ( K ~ ( 8 9 2 )  + " y ) / F t o t a  I I "9/ I "  
VALUE Ct % DOCUMENT ID TECN COMMENT 
< 1.8 ":`10 - 3  90 AVERY - 8 7  CLEO e + e  - ~ T(4S) 

I ' ( K  + # * :z-)/l'lota I I 'L8 / I "  
Test tar ~8 = I w e a k  neut ra l  current  A l l o w e d  by  h lgher -order  e lec  
I roweak in teract ions 

VALUE CL% DOCUMENT ID 7ECN COMMENT 
< 3.2 i - I0  - 4  90 AVERY 87 CLEO e + e  - ~ T(45) 

[ ' ( K  + e + e - ) / l ' t o t a  I T '19 / r  
Test for 38 = 1̀ w e a k  neutra l  current  A l l o w e d  by  h igher  order  e l e c  
t roweak  in teract ions 

VALUE CL % DOCUMENt ID rECN COMMEN7 
< 2.1 >,10 - 4  90 AVERY 87 CLEO e + e  - ~ T(4S) 

rED*(2010)- "rr* "rr* 7rO)Irto,a I ]'i011' 
VALUE EVTS DOCUMENT ID 7ECN COMMENT 
0.043_+0.0`13 -+0 026 24 15~,LBRECHT 87C ARG e + e  - ~ T(45) l 

15ALBRECHT 87C use PDG 86 b r a n c h l n g  ratios for D a n d  D~(20`10) a n d  I assume BR(T(45) ~ B+B - )  = 55% a n d  BR(T(45) ~ BoBO) = 45% 

I'(D- ~'" ~*)/['total r11/'I" 
VALUE EVFS OOCUMEN7 ID TECN COMMENT 

+ 0 . 0 0 4 1  + 0 . 0 0 2 4  1 16 BEBEK 87 CLEO e + e -  ~ T ( 4 5 )  J 
0 . 0 0 2 5  - 0.0023 - 0.0008 

16BEBEK 87 assume tt'le "[(45) decays  43% to BoBo BRED- ~ K+,-r-,-r - )  = J 
(9 'I _+ ̀ 1 3 ± 0 4)% is assumed 

I'(~Ic(2010) ° ~ ")/['totol r r 2 / r  
VALUE DOCUMENT ID TECN COMMENT 
0.0027_+0.0044 17BEBEK 87 C LEO e + e  - ~ Y(45) I 

tTThls IS a de r i ved  b r a n c h i n g  rat io using the  inc lus ive ;:)ion spec t rum a n d  I other  t w o - b o d y  B d e c a y s  BEBEK 87 assume the T(4S) d e c o y s  43% Io 
BoBo 

l'(Tr + ~°)ll'tota I 1"13/1" 
VALUE CL % DOCUMENT ID TECN COMMENT 
< 0 . 0 0 2 3  90 18 BEBEK 87 CLEO e + e -  ~ T(45) l 

18BEBEK 87 assume the T(45) d e c a y s  43% to Bo~,0 I 
I ' ( { ) °  O 1 ( 1 2 6 0 )  t" ) / l ' t o t a l  [ 14/1' 
~/ALUE CL % DOCUMENT ID TECN COMMENt 
<0 .0032  90 19 8EBEK 87 CLEO e + e -  - -  ' I : (4~ l 

198EBEK 87 assume the  T(4S) d e c o y s  43% to BoB c I 
l ' ( p °  0 2 ( t  3 2 0 )  + ) / l ' l o t a l  115/'I 
VALUE CL % DOCUMENT ID rECN COMMENT 
<0.0023  90 20 BEBEK 87 CLEO e + e -  -~ T(45) l 

20BEBEK 87 assume the I'(45-) d e c a y s  43% to BOB 0 I 
I'(J/~(IS) K + ~'- ~'-)/I'tota I 1"16/I' 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.001`1 ~: 0.0007 6 21 ALBRECHT 87D ARG e + e -  - -  1'(45) l 

21ALBRECHT 87D assume 8+8- , ' 8c80  roho is 55:45 Analysis exphc l t l y  I removes 8 + ~ T(25)K ÷ 

I (¢(25)K*)/I total I .7..'I 
VALUE EVT$ DOCUMENT ID TECN COMMENt 
0.0022 ± 0.0017 3 22 ALBRECHT 87D ARG e + e'-  ~ "I(45) l 

I 22ALBRECHT 87D assume 8 " 8 -  BOB c roho iS 55 45 

REFERENCES FOR B ±  

ALBRECHT 87C PL 8185 218 +BmoeI 8oeckmonn Glaser+ (ARGUS CollOrJ ) 
ALBRECHt 87C PL 8199 451 *Andam Binder Boeckmonn* (ARGUS CollOb ) 
AVERY 87 PL 8183 429 *Besson Bowcock Gdes* (CLEO COlIOD ) 
BEBEK 87 PR D36 t289 *Berkelmon SluCI3et CGsseI* (CLEO CollOb ) 
ALAM 86 PR D34 3279 ~Koloyomo Kim Surl- (CLEO Collab ) 
PDG 86 PL 1708 Agullar 8endez Porter+ (Particle Data GrouP) 
GILES 84 PR D30 2279 +HGssoId Hempsteod KlnOShlta+ (CLEO COlIOD ) 
BEHRIENDS 83 PRL 50 881 *CP.adw,ck Chouveau Ganc,+ (CLEO COllOb ) 

- -  OTHER RELATED PAPERS 

SCHINDLER 87 SLAC PUB 4417 (SLAC; 
EPS Conference uppsala Proc Vol I P 341 

SCHUBERT 87 IHEP HD 87 7 (HEID: 
[PS Conlerence Uppsolo Proc Vol 2 p 791 

r ~  i ( J P )  = `12(0_) 

Q u a n t u m  N u m b e r s  n o t  m e a s u r e d  V a l u e s  s h o w n  o r e  
q u a T k - m o d e l  p r e d i c t i o n s  See  a l s o  t h e  List ings for t h e  
B ( f o l l o w i n g  th is  e n l r y )  for m e a s u r e m e n t s  w h i c h  d o  n o t  
i d e n h f y  t h e  c h a r g e  s t a l e  

In th is  issue w e  h a v e  o t l e m p l e d  to  b r i n g  t h e  o l d e s t  
m e a s u r e m e n t s  of b r a n c h i n g  ra t ios  u p  to  d a t e  w h e r -  
e v e r  p o s s i b l e ,  a n d  1o e x p l i c i t l y  s t a te  t h e  i n p u t  a s s u m p -  
h a n s  t h a t  t h e  a u t h o r ( s )  h o v e  m a d e  O u r  o w n  b e s t  fits 
1o l h e  D b r a n c h i n g  t r a c h o n s  n o w  d i f f e r  s o m e w h a t  f r o m  
t h e  o n e s  t h a t  h a v e  b e e n  u s e d  to  c a l c u l a t e  l h e  B 
b r a n c h i n g  t r a c t i o n s  W h e n e v e r  p o s s i b l e ,  t h e  p r o d u c l  
b r a n c h i n g  f r a c t i o n s  { t h e  m e a s u r e d  q u a n t l l l e S )  h a v e  
b e e n  g i v e n  

S e e  t h e  N o t e  a t  t h e  b e g i n n i n g  of t h e  B-+ s e c h o n  

B 0 M A S S  

The t l l  uses the 8_+ a n d  8 c moss a n d  moss d i f fe rence meas 
uremenls  These exper iments  ac tua l l y  measure Ihe differ 
e n c e  b e t w e e n  half of Ecm a n d  the B mass 

~'AL!JE (MeV) EVTS DOCUMEN T, IO TECN COMMENt 
5279.4 _+ 1.5 OUR FIT 
5278.8 _+ 2.3 O U R  A V E R A G E  

5278 2 _+ 1 0 ± 3 0 40 ALBRECHT 87C ARG e" e- ~ ][45) 
5279 5_+1 6_+3 0 7 r ALBRECHT 87D ARG e ~ e  ~ T(4S') 
• • • We d o  not  use Ihe fo l low ing  d a l o  for overages  il ls hm.ls e tc  • * • 
5280 6±0 8_+2 0 23BEBEK 87 CLEO e+e - -. T(4S) 
5281 2 ± I  3-_+3 0 5 24ALAM 86 CLEO e + e  - - .  T(45) 
5275 2 ± 1  9 ± 2  0 34GILES 84 CLEO e + e  ~ "((4S) 
5274 2 ± t 9 -+ 2 0 5 BEHRENDS 83 CLEO D * -  = + + c c 

1Found using ful ly recons l ruc led  decoys  w l l h  J " ALBRECHT 87D assume 
m(T(4S)) = 10577 MeV 

2Redundan t  wi th d a t a  in the mass d i f ference I lshng b e l o w  Enters fit via 
the mQSS d i f ference 

3Previous mass values in GILES 84 re l r ac led  in BEBEK 67 d u e  to shifts in 
mass from t e e d d o w n  of other B meson channe ls  and  an error in tr 'e CESR 
energy  scale BEBEK 87 assume rn(T(45)) = 10580 MeV 

4ALAM 86 supercedes  GILES 84 wh ich  is abou t  3 s landard  dev lohons  
lower  

JmB~ - m ~ l ,  M A S S  DIFFERENCE 

_VALUE (10- ro MeV) DOCUMENT ID TECN COMMENT 
3.7_+I 0 5ALBRECHT 871 ARG e~'e ~ T(45) I 

5Ca l cu la ted  by  us using ~.m : (2, ( I - r ) ) I  2~ r~ wt',ere TBC : I (13 1 ± 1 4) • 10-13s a n d  r ~s tr 'e Bc-8 c mlx~ng rat io I (BO o B O - p - 
a n y l h l n g )  I (B ° ~ ~ "  any th ing )  
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Stable Particle Full 
B o 

Listings 

B ~ - B + M A S S  DIFFERENCE 

The flt uses the B± a n d  B 0 moss a n d  mass d i f fe rence meos 
urements  

VALUE ~MeV) .D~UMENT /D TECN COMME_NT _ 

1.9 ± 1.1 OUR FIT 
2 . 0 ± I . 1  ± 0 . 3  6BEBEK 87 CLEO e + e  - ~ T(4S) l 
• • • We d o  not  use the  fo l l ow lng  dora  for averages,  fits, l imits e l c  • * * 
1.1 ¢ 2  1 7ALAM 86 CLEO e + e  - ~ I"(4,9) J 
4.0:1:2 7 ± 2 . 0  GILES 84 CLEO e + e  - ~ "[(4,, °) 
3 . 4  ± 3 0 :I: 2 0 BEHRENDS 83 CLEO e + e -  ~ T(4S) 

6BEBEK 87 a c t u a l l y  measure  the d i f ference b e t w e e n  hal f  of Ecm a n d  the l 
8±  or BO mass. SO the B ° - B ±  mass d i f fe rence Is more  a c c u r a t e  

I 7ALAM 86 SOy the  systemat lc  error cance ls  in the  moss d i f fe rence These 
d o l a  are I n d e p e n d e n t  from those repo r ted  In BEBEK 87, bu t  the authors 
feet that  the  BEBEK 87 d o l o  ref lect  O gteotJy I m p r o v e d  de tec to r  a n d  sug- 
ges ted  that  we  d o  no t  use ALAM 86 for ave rag ing  

M E A N  UFE R A T I O  7 ( B = ) / ~ ' ( B  + )  

VALUE CL % DOCUMENT ID TECN COMMENT 
0.44 l o  2.05 00 8 BEAN 875 CLEO e + e -  ~ T(4S) l 

8BEAN 87B assume the  f ract ion at BOB 0 events at  the  T(4b~ Is 0 41 I 

B ° D E C A Y  M O D E S  

B ° modes  ore cha rge  con juga tes  of the modes  b e l o w  

F r a c t i o n  ( 1 ' ~ I ' )  C a n t  L e v  

] 'I  B 0 --.) D ° ' / 1 " + ~ -  < 4 ×10  - 2  90% 

r 2 B o - ~  D ~ ( 2 0 1 0 ) -  ~r+ ( 3 . 3 + ~ 2 ) × I 0  - 3  

1" 3 8~ - , .  D ~ ( 2 0 ' 1 0 ) - p  + (B + ~  ) × t 0 - 2  

1" 4 B ~ - , .  J l ~ ( l . 9 ) K + ~ r  - < ~ 3 × t o - 3  00% 

r s ~ --~ 71"+/I" - < 3 0 × t 0  - 4  90% 

] '6 B o ~ p .+  a n y t h i n g  

F 7 B o --=. K + I T  - < 3 2 ×10 - 4  90% 

r e B o ~ / ~ ( 8 9 2 ) + ~  - < 7 x 1 0  - 4  90% 

r 9 ~ ~ t( l~p 0 < 8 ~K10 -4 90%. 

I',~0 B o --.) K~-b < 1 3 × t 0  - 3  90% 

I ' t~  Bo -=*, /~(892)o~ < 5 ×I0 -4 90%" 

]"12 Bo ~ K~(892)OpO < 1 2 <10 -3 90% 

1"~3 B o - - .  K ~ ( 8 9 2 ) o ' y  < 2 1 × 1 o - 3  90% 

r~4 B ~ -,. D * ( 2 0 1 0 ) - - ; r + ' ~  "o ( t  5 ± 1  1)×10 - 2  

I ' i s  B ~ .....) D ~ ( 2 0 1 0 ) - ' ~ ' + ~ ' + 7 r  - (3 3 ± 1  8 )×10  - 2  

I ' t<  > B o ..~ D ~ ( 2 0 1 0 ) - e + ~  

]'17 Bo--* J/~(1S)K*(892)0 ( 3 . 7 ± 1  3 )×10  - 3  

] '18 Bo - ~  J / ~ ( 4 . ~ K  ° < 5 ×10 - 3  90% 

]'19 B 0 --~ /3 ± 71" -T- < 6 × 10 " 3 90%" 

J'20 B o ~ p o o p  < S X 10 - 4  90%" 

I"21 B~ ~ ~ r+ - -a1 (1260 )  :r < 1 2 ,~I0 - 3  90% 

1'22 Bo .- .  ~ -±  0 ~ ( 1 3 2 0 ) : ~  < 1 6 × 1 0 - 3  9o% 

I"23 ~ -~- ~Op < 2 0 "< 10 - 4  90% 

1"~4 Bo --. D - z r +  (5 9~_~ ~)×1o-3 
r2s  ~) ~ D ~ ( 2 0 1 0 ) - # + ~  ' 

F O R B f D D E N  BY C O N S E R V A T I O N  L A W S  

I"2< > Bo ~ e + e  - < 8 × I 0  - 5  90% 

i'27 B o ~ p , + p , -  < S ×10 - 5  90% 

1-28 Bo ~ e + / j -  + e - / . ~  + < 5 × I 0  - s  90% 

1,29 Bo ~ K 0 / . 4 + / j -  < 5 <10 - 4  90% 

['30 B o ~  ~ e + e  - < 7 ~ I O - 4  90% 

1,31 ~o ~ # -  a n y t h i n g  ( v i a  ~ )  

B ° B R A N C H I N G  RAT IOS 

I ' ( D °  7 f "  7 1 - - ) / r l o t o  I I"i/I" 

VALUE CL % EVTS DOCUMENT I0 rECN COMMENt 
<-0.--039" 90 - 9BEBEK- 87 C'LEO e+e - ~ T(4S) l 

• • • We do not use the following data for averages flts limlfs, etc • • • 

0 09 -.0.06 5 10BEHRENDS 83 CLEO e+e - -- T(4S) 

9BEBEK 87 assume the T(4S') decays 43% to BOB ~ BR(D ° ~ K-~'+) = 
(4 2±0 4+0 4)% and BR(DO ~ K-Tr+'w+~ "-) = (9 1 ±0 8±0 8)% were I used 

t0Cor rec ted  by  us using assumpt ions BR(DO ~ K - ~  "+)  = (0 042+_.0 006) I 
a n d  BR('[ '~4S)~ 8oBoJ = 0 4 0 ~ 0  02 The p r o d u c t  b r a n c h i n g  rat io ~s I BR(8 ° ~ DO'~'+'~-)BR(D 0 ~ K~'~ " - )  = (0 3 9 ± 0  26) × 10 - 2  

r ( D * ( 2 0 1 0 ) - / r  + ) / l ' t o t a l  I '2 /1 '  
VALUE EVTS DOCUMENt ID TECN COMMENT 

- -  + 0  0 0 1 i  
0 .0033_  0~00~0 OUR AVERAGE 

0 0027 ± 0 0014 = 0 0010 5 11 ALBRECHT 87C AI~G e + e  - ~ T(4S') l 
0 0 0 3 1 ~  00 '~7+0  00'~'~ 5 12BEBEK 87 CLEO e + e  - ~ T(4S) I 0013 - 0 0007 
0 0035-+0 .002  ± 0  002 13ALBRECHT 86F ARG e + e  - ~ T(4S) l 
0 017 ± 0  005 ± 0  005 41 t4GILES 84 CLEO e + e  - ~ T(4S) 
• • • We do  not  use the fo l low ing  d a t a  tar averages  fits l imits e tc  • • • 
0 019 - .0 .013  5 15BEHRENDS 83 CLEO e + e  - ~ T(4S) 

rIALBRECHT 87C use PDG 86 b ranch ing  rotlos for D a n d  0~(2010)  a n d  I 
assume BR(I"(4S) ~ 5+B  - )  = 55% a n d  BR(T(45~ ~ B°8o) = 45% I 128EBEK 87 assume the  T(4S) decoys  43% to BOB 0 BR(D~(2010)~ " ~ ;r+DO) 

= (60_+,18)% BR(DO~ K-Tr +)  = ( 4 2 ± 0 4 _ . 0 4 ) %  a n d  BR(DO~ 

K - s + : ¢ + : ~  - )  = (9 1 ± 0  8_+0 8)% were used 
13ALBRECHT 86F uses pseudomass that  is i n d e p e n d e n t  of D ° a n d  D + I 

b r a n c h i n g  ratios 

1'Assumes 5RC~*C2010~÷ ~ DO~+) = 0 ~ 0 : o  ° o~ Assumes BRC~C,~- I 
= 

B°B O) = 0 40 ± 0 02 Does not d e p e n d  on D b ranch ing  ratios 
rSCorrected by  us using assumpt ions BR(D ° ~ K - r ,  +)  = (0 0 4 2 ± 0  006) 

+0 08 BR(D ~ "  ~ D°~ "+) = 0 6 _ 0  15 o n d  BR('E(4S) ~ BoB O) = 0 40__0 02 The 

[ ) roduct  b ranch ing  raho measured  is BR(B o ~ C ~ -  ,-r +)8R(C ~ -  
DO~-)BR(E)o ~ K+Tr - )  = (4 7 ± 3  1) ",~ 10 - 4  

I ' ( D . ~ ( 2 0 1 0 ) -  p + ) / l ' t o t o  I I s / r  
VALUE EVrS DOCUMENT ID TECN COMMENT 

n~o +0•059  19 16 CHEN 85 CLEO e + e -  ~ T(4S') 0.081 ± 0 , . .  _ 0•024 

tbUses BR(D ~ ~ DO~ "+)  = 0 6 = 0  15 and  BR(T(4S) ~ BOB °) = 0 4  Does not 
d e p e n d  on D b ranch ing  ratios 

] ' ( J / ~ ( I S ' ) K  + ~ T - ) / l ' t o l o  I r z / r  
VALUE CL % E V T 5  DOCUMENT ID T[CN COMMENT 
<0.0013 90- t7 ALBRE-CH~ B7D ARCv e + e - ~  T ( 4 ~  " 

• • • We do  not  use the fo l low ing  OoIo for overages  fits l imds e tc  • • • 
< 0  0063 90 2 GILES 84 CLEO e + e -  ~ "r(4S) 

17ALBRECHT 87D assume 8+B- , 'BoB 0 rat io Is 55/45 K~r system is spec i f i ca l l y  
se lec ted  as nonresonont  

] (w  ÷ ~ - ) / i  toto~ ] 5 / ]  
VALUE CL % EVTS DOCUMENT/O rECN COMMENt 
<~0.--0005 90 18 BE%Ek 87 CLEO e ;  e -  ~--T(4S) I 
• * • We d o  not  use the  fo l low ing  d a t a  for averages,  fits l imits e f c *  • * 
<0 0005 90 4 GILES 84 CLEO e÷e - ~ T(4S) 

rBBEBEK 87 assume the T(4S) decays  43% to 8o8 o I 

r ( e  + e - ) I  r tota)  I'~oI r 
Test for .3.8 = t w e a k  neutra l  current  A l l o w e d  by  hlgt~er order  e lec-  
t roweok interact ions 

VALUE CL % DOCUMENt ID TECN COMMENT 
<% ×I0 --,~ ....... 90 AVERY ...... 87 CL-EO e~;e ± ~ T(4S) 

• • • We do  not  use the  fo l low ing  d a t a  for averages  fits l imits, e f t  • • • 
< 8 5 '<10 - 5  90 ALBRECHT 87D ARG e + e  - -o Y(4S) 
< 3 × 1 0 - 4  90 GILES 84 CLEO Repl by  AVERY 87 

I'(/.z + / .~ - ) / I ' t o ta l  I'2T/I" 
Test for 2.8 : I w e a k  neutra l  current  A l l o w e d  by  hngher order  e lec  
t roweak Interact ions 

VALUE CL % DOCUMEN~ tO rECN COMMENt 

< 5.0 ×10 - ~ -  90 ALBI~CHT 870 A--I~G e + e  - :  ~ T(4--~ 
• * • We do  not  use the fo l low ing  d a t a  for averages  fits l imits e tc  * * • 
< 9 .~I0 - 5  90 AVERY 87 CLEO e + e  - ~ T(4S') 
< 2 ~ 0  - 4  90 GILES 84 CLEO Repl by  AVERY 57 

1"(e+.-) + l " ( O - . + ) / l " , o t o ,  ~~./1" 
Test of l ep ton  tota l ly  number  consen/a t lon  

VALUE CL % DOCUMENT ID TECN COMMENT 
< 5.0 ×10 - -s  90 ALBR~ECH'[ 870 ARG e + e - ~ - ~  T (4S)  
• * ° We dO not use the fo l low ing  d a t a  for averages  fits limits e tc  • • • 
< 9 ~ I 0  - 5  90 AVERY 87 CLEO e + e  - ~ T(4S) J 
< 3 <10 - 4  90 GILES 84 CLEO ROpl by  AVERY 87 
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Listings 
B o 

1 " ( # -  a n y t h i n g  ( w a  B ° ) ) / I ' ( #  z a n y t h i n g )  l ' 3 T / ( l ' 3 s + l ' 6 )  
This Is a ~ B ° m i x i n g  m e a s u r e m e n t  V io la tes  ' ,B=2 ru le  Two d l f f e ren l  
v a r i a b l e s  X a n d  r o re  used  We h a v e  c o n v e r t e d  abl resul ts to X 

X : I'(B ~ ~ -  X).'I'(B -- ~± X) 
= I ' ( B  -- ~ +  X)., ' I ' (B ~ ,u~ X)  

or r = X . . ' ( 1 -X )  
No te  t ha t  the  e x p e r i m e n t s  o the r  t h a n  those  at  the  "I"(4.9) h o v e  h a l  
s e p a r a t e d  ,~o' f rom ;~s w h e r e  the  subscr ip ts  i n d i c a t e  Bo(bd) or B~(bs) so 
t hey  o re  not  i n c l u d e d  m the  a v e r a g e  

VALUE CL % DOCUMENT ID TECN COMMENT 

0.17 ± 0 .05  19 ALBRECHT 071 ARG e + e -  ~ T(45)  J 
• • • We do  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits timers e t c  • • • 

0 21 + 0  29 20BAND 88 MAC e + e  - Ecru 29 GeV  J -0.15 
> 0  02 90 20BAND 88 MAC e + e  - Ecm = 29 GeV  | 

0 121 ± 0 047 20 21 ALBAJAR 87C UAI DD 5 4 6 - 6 3 0  G e V  I < 0  19 90 22BEAN 878 CLEO e + e  - ~ T(45) 
< 0  12 90 2023SCHAAD 85 MRK2 e + e  - Ecru=29 G e v  
< 0  27 90 24AVERY 84 CLEO e + e  - ~ T(45)  

1 9 M e a s u r e d  i nc l us i ve l y  With l i ke-s ign  d f l e p t o n s  w i th  t a g g e d  B d e c o y s  p lus  J 
l ep tons ,  a n d  o n e  fu l ly  r e c o n s t r u c l e d  e v e n t  ALBRECHr 871 m e a s u r e d  
r=0 21 ± 0 08 We c o n v e r t e d  to X for c o m p a r i s o n  

20These e x p e r i m e n t s  see  a c o m b i n a h o n  of 8 s a n d  B 0 mesons  
21ALBAJAR 87C m e a s u r e d  × = (B ° ~ ~ ~ rU + X) d w l d e d  by  the  a v e r a g e  

p r o d u c h o n  w e i g h t e d  s e m l l e D l o n i c  b r a n c h i n g  f rac t i on  for 8 h a d r o n s  at  
546 a n d  630 G e V  

~ A l ?  18s7aBvmeaa;Urp?o;~bO, t24oW~acgnve~enCl(t°n, '(ng B quark IO p r o d u c e  a J 

pos i t i ve  l e p t o n  
24Same slgn d l t e p l o n  even ts  Omfl assumes semf lep ton~c  BR tar  B *  a n d  ~o 

ec luo l  If B°,'B :i: ra t io  - 0 58 no  l lml t  exists The hmd was c o r r e c l e d  in l 
BEAN 87B from, r < 0 30 to r < 0 37 We c o n v e r l e d  this llm~l to I( I 

I'(K + 7 r - ) / l ' t o t a  r l 7 / T  
VALUE CL % DOCUMENT ID TECN COMMENT 

<0~00032 -- 90 AV-E-RY 87 CLEO e + e- ~ T(45) 

1 " ( K ~ ( 8 9 2 )  + - / r - ) / l ' t o t a  I I ' 8 / F  
VALUE CL% DOCUMENT ID 7ECN COMMENT 

< 0 . 0 0 0 7  90 AVERY 87 CLEO e + e  - ~ T(45)  

l'(~pa)/l total I '9 /1"  
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . ~ 0 8  90 AVERY- 87 CLEO e~-e - ~ T(4~)- 

l ' ( K ~ , h ) / l ' t o t a l  1"io/1" 
VALUE CL % DOCUMENT ID TECN COMMENT 
<0.00-13 - 90 AVERY 87 CLEO e + e  -- . T(45) 

I ' ( K ~ ( 8 9 2 ) ° ¢ ' ) / 1  t o t a l  l ' i v ' l "  
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 0 0 0 4 7  90 AVERY 87 CLEO e + e  - ~ T(45) 

l ' (  I C * ( 8 9 2 ) O  p O ) / l ' t o t a  I l't2/l" 
VALUE CL % DOCUMENT IO TECN COMMENT 
< 0  0012 90 AVERY 87 CLEO e + e  - ~ I " (4~  

I ' ( K * ( 8 9 2 ) °  T ) / l ' t o t a l  1 ' t3/1" 
VALUE CL % DOCUMENT ID TECN COMMENT 

< 0 . 0 0 2 1  -- 90 ~,VEI~Y 87 CLEO e + e--- ~ T(45) 

1 ' (  K ~ ~ + / . 4 -  ) 7  l ' t o t a  I I '29 / [" 
fast  t a r  ~fl  = 1 w e a k  n e u t r a l  c u r r e n t  A l l o w e d  PV h ighe r  order e l e c -  
troweok Interactions 

VALUE CL % DOCUMENT ID ~ECN COMMENT 

<0.00(]~,5 90 A~/ERY 87 CLEO e + e -  ~ I ( 4 5 )  

I ' ( / ~  e + e - ) / l ' t o t a  I l '~0/1"  
Test tar AB = 1 w e a k  n e u t r a l  c u r r e n t  AI Iowecl  b y  h i g h e r - o r d e r  e l e c  
tTaweak  i n te rac t i ons  

VALUE . . . .  CL % DOCUMENT I D_ TECN COMMENT 
< 0 . 0 0 0 6 5  90 AVERY 87 CLEO e + e -  ~ T(45)  

I ' ( D * ( 2 0  I 0 ) -  :,r + ~ ' o ) / ] ' t o t o  I I ra,/l" 
VALUE EVTS DOCUMENT /O TECN COMMENT 
0.015 ± 0 . 0 0 8 ± 0 . 0 0 8  8 25ALBRECHT 87C ARG e + e  - ~ I"(45) J 

25ALBRECHT 87C use PDG 86 b r a n c h i n g  rat ios for O a n d  D ~ ( 2 0 1 0 )  a n d  I assume  BR(T(45) ~ B + 8  - )  = 55% a n d  BR(T(4S) ~ 8o~ o) = 45% 

I ' ( D * ( 2 0  I 0 )  - ~ '+  ~ '+  7 r - ) / l ' t o t a  I l ' i s , '  1" 
VALUE CL % E V T S  DOCUMEN~ ID TECN COMMENT 

0 . 0 3 3 ± 0 . 0 0 9 ± 0  016 27 26ALBRECHT " 87C ARG e + e  - ~ T(45) J 

• * • We d o  no t  use the  t a l l o w i n g  d a t a  for o v e r a g e s  his hmJfs e t c  • • • 
<0 046 90 27 BEBEK 87 CLEO e* e- ~ i(45) J 
29ALBRECHT 87C use PDG 86 branching rohos tar D and D~(2010) and 

I a s s u m e  BR(T(45) - -  B ~ B - )  : 55% a n d  BR(T(4S) * 8cB °)  : 45% 
278EBEK 87 a s s u m e  the  T(45) d e c a y s  43% to B0B ° BR(D:~(2010) + - -  Tr, * D C) 

( b 0 + 1 8 ) %  B R ( ~  * K =4,) _ (4 2 - + 0  4:~ 0 4)% a n d  8R(D 0 

K -  vr*  ;r + ,"r- ) = (9  t ± 0 8 _+ 0 8 ) %  w e r e  used  

[1 (D*(20101- e+z,) + I (D*(20't0)-,, v)~Itoto , <I t6+1251:I 
VALUE EVTS DOCUMENT ZD TECN COMMENT 

(3.140±0 024-+0.038 47 28ALBRECHT B7J ARG e'e- ~ l(4b~ J 
28ALBRECHT 87J assume  ,u e umversoh ty  the  BR(1.(4S) , BcB°) : 0 45 t he  f BR(DO ~ K-T :  + )  = (0 0 4 2 - . 0  0 0 4 ~ 0  004)  and the B R ( D ~ ( 2 0 1 0 ) -  -- 

DO,T - )  = 0 49_+0 08 

l ' ( J / ~ ' ( 1 5 " )  K ' * ( 8 9 2 ) ° ) / 1  Total I ~7.,' l 
VALUE EVTS DOCUMENT /D TECN COMMENT 

0.0037 _. 0.0013 OUR AVERAGE 
0 0 0 3 3 : 0  0018 5 29ALBRECHT 87D ARG e + e  - . L(45) | 
0 0041 = 0 00~9 ± 0 0003 5 30 8EBEK 87 CLEO e + e -  ° T(45) I 
• • • We do  not  use the  f o l l ow ing  c lara  for o v e r a g e s  tits l imits e tc  • • • 
0 0041 _ 0 0018 5 31 ALAM 86 CLEO Rept by BEBEK 87 
29ALBRECHT 87D assume B ~ B-. B°8 c ratio is 55 45 
30BEBEK 87 assume the T ( 4 ~  d e c a y s  43% to 8 0 ~  
31ALAM 86 assumes 8 -+ B c ra t io  IS 60 40 The o b s e r v o h o n  of the  d e c o y  

B + - -  J. ~' K * ( 8 9 2 )  + (HAAS 85) has b e e n  r e t r a c t e d  in this p a p e r  

I ' ( J , " ~ ( I S ) K ° ) / !  to ta l  I IB,"1 
VALUE CL % DOCUMENT ID TECN COMMENT 

<0.005 90 ALAM 86 CLEO e + e- ~ 1.(45) 

l ( p  ~ 71" T. ) / l , t o t a  I l T9/"I 
VALUE CL % DOCUMENT ID TECN COMMENT 
<0.0061 90 32 BEBEK 87 CLEO e + e- . I'(45") J 
32BEBEK 87 assume the I"(45") decoys 43% to BOB ° I 

l (pO pO)ll'totol 120,'I 
VALUE CL% DOCUMENT /D TECN COMMENT 

< 0 . 0 0 0 5  90 33 BEBEK 87 CLEO e + e- -- T(45) 
33BEBEK 87 a s s u m e  the  "f(45) d e c o y s  43% to ~ 8 0  

I(~ ~- 0,(1260) ~r )/J taro I I ~i,"[" 
VALUE CL % DOCUMENT ID TECN COMMENT 

<.0.0012 90 34BEBEK 87 CLEO e ~ e  - ~ T(45)  
34BEBEK 87 assume  the  I"(45) d e c a y s  43% to BCB 0 

1"(7r ± 0 2 ( 1 3 2 0  ) :r ) / l ' t o t o  I 122/1"  
VALUE CL % DOCUMENT IO TECN COMMENT 
<0.0016 90 35 BEBEK 87 CLEO e ~ e- ~ T(45) 
35BEBEK 87 assume  the  "f(4S) decoys 43% to BoB 0 

l'(pp)ll'iotol I'23./I 
VALUE Ci % DOCUMENT ID TECN COMMENT 
<:0.0002 90 36 BEBEK 87 CLEO e + e- o T(45) 

368EBEK 87 assume  the  i ( 4 ~  d e c a y s  43% to BOB c 

I'(D- 7 r * ) / l ' t o t o l  I 24/I 
VALUE EVTS DOCUMENT ID TECN ~OMMENT 

nnr, o + 0 .0033 + 0.0015 
0 . . . . .  _ 0 . 0 0 2 9 _ 0 . 0 0 1 4  4 378EBEK 87 CLEO e + e  - - -  T(45)  

37BEBEK 87 assume the  I"(45") d e c o y s  43% to BOB ° a n d  BR(D- , K ~ , ' r -  = - )  
= (9 1+1 3-+0 4)% 

REFERENCES F O R  B ° 

I 
8AND 88 PL 8200 221 *Comporesl Cnadw=ck+ (MAC Corrob } 
ALBAJAR 87c PL St86 247 .Albrow Allkoter Arnlson+ (UAI COlIQD 
ALBRECHT 87C PL B'L85 218 +81nder Boeckmann* (ARGUS COllQb 
ALBRECHT 87D PL 8 t ~  4:$I +Andom Binder 8oeckmonn* (ARGUS CoIIOb 
ALBRECHT 871 PL 8t92 245 ,Andom BlncJer Boeckmonn, (ARGUS Callao 
ALBRECHT 87J PL 8497 452 4AndOm B,naer 8oeckmonn* (ARGUS Colrab 
AVERY 87 PL 0183 429 *Besson Bowcock Giles* (CLEO Callao 

J +BObblnK BroCk Engler, (CLEO Collob BEAN 878 PRL 58 t83 
BEBEK 87 PR D36 1289 *Berkelman Blucher Cossel* (CLEO Cal lao 
ALAM 86 PR 034 3279 *Kalayomo Klm SLJn* (CLEO Col lab 
ALBRECHt BBF PL 8182 95 *Binder 8oeckrnonn G(oset- (ARGUS Corrob 
PDG 8b PL 1708 Agullor 8enlteZ Porter+ (Port.c~e Data Grodp) 
CHEN 85 PR D31 238b *Goldberg HOfWltZ Jowor'etv, (C.EO COllOb ) 
HAAS 85 PRL 55 1248 +Hempsteod Jensen Kagan+ (C,FO CollOb ) 
SCHAAD 85 PL 1608 188 +Nelson Abrams AmlClel+ (MARK Ii Collob ) 
AVERY 84 PRL 53 T309 +Bebek Berkelman Casse., (CLEO CoIlab ) 
GILES 84 PR D30 2279 +HOssorO Hempsteod KInoshltO, :CLEO COIIQb ) 
8EHRENDS 83 PRL 50 88t *ChaOw=ck Chauveou Gonc • ~LEO CO lob ) 

OTHER RELATED PAPERS 

SCHINDLER 87 SLAC PUB 44t7 (SLAC) 
EPS Conference Uppsola P~oc VOl I p 341 

SCHUBERT 87 IHEP HO 87 7 (H[ID) 
EPS Conference UppSOlO PIOC VOl 2 p 791 
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r i ~  i ( J P )  = 1 2 ( 0 - )  

Q u a n t u m  n u m b e r s  n o t  m e a s u r e d  V a l u e s  s h o w n  o r e  
q u a r k - m o d e l  p r e d i c h o n s  This e n t r y  l ists m e a s u r e m e n t s  
of  8 m e s o n  p a r a m e t e r s  for w h i c h  t h e  c h a r g e  s ta tes  
o r e  n o t  s e p a r a t e d  M e a s u r e m e n t s  in WhlCh t h e  
c h a r g e  s t a t e  ~s c l e a r l y  ~ d e n h f l e d  o r e  h s t e d  m t h e  
p r e c e d i n g  B -+ a n d  B 0 e n m e s  

In th is  ~ssue w e  h a v e  a t t e m p t e d  to  b r i n g  t h e  o l d e s t  
m e a s u r e m e n t s  of b r a n c h i n g  ra t i os  u p  to  d a t e  w h e r -  
e v e r  p o s s i b l e ,  a n d  to  e x p h c m y  s t a t e  t h e  i n p u t  a s s u m p  
h a n s  t h a t  t h e  a u t h o r ( s )  h a v e  m a d e  O u r  o w n  b e s t  fits 
t o  t h e  D b r a n c h i n g  f r a c h o n s  n o w  d i f fe r  s o m e w h a t  f r o m  
t h e  o n e s  t h a t  h a v e  b e e n  u s e d  to  c a l c u l a t e  t h e  B 
b r a n c h i n g  f r a c h o n s  W h e n e v e r  p o s s i b l e  t h e  p r o d u c t  
b r a n c h i n g  f r o c h o n s  ( t h e  m e a s u r e d  Q u o n t i h e s )  h a v e  
b e e n  g i v e n  

See  t h e  N o t e  a t  t h e  b e g i n n i n g  of  t h e  B -+ s e c t i o n  

B MEAN LIFE 

_DOCUMENT !D__ T_EC'N VALUE(tO- f3  sec)CL%EVTS_ 

+ 1 .4  OUR AVERAGE 13 .1  - -  1 . 3  

+ 2 . 7 + 1  b7 11 7_2 2-1 KLEM 88 DELC 

12 9_+2 0_+2 6 1ASH 87 MAC 

10 2 + ~  92 301 2BROM 87 HRS 

13 9_+1.0+-2 5 WU 87 RVUE 
14 6_+I  9+-_3 5 3WU 87 RVUE 

18 + 5  +-4 25 BARTEL 86B JADE 

~20+~ ~ .3  0 '~OCKYER 83 ~R~2 
• * • We dO not  use the  fo l l ow ing  d a t a  for overages  fits, 

2 5 ALBANESE 85 HYBR 

1 8 3 + ~ -  7-38+37 ALTHOFF 84 .  TASS 

+ 3 7  1 1 , 6 _ 3 . 4 + - 2  3 46 KLEM 84 DLCO 

18 _+ 6 _+ 4 FERNANDEZ 838 MAC 
<:14 95 BARTEL 82C JADE 

COMME_NT . . . . .  

e + e -  Ecru=29 GeV 

e + e -  Ecru=29 GeV 

e + e  - Ecru=29 GeV 

TASSO result 
JADE result 

e + e -  Ecm=35 GeV 

e + e -  Ecru=29 GeV 

limits e tc  • * * 
350 GeV , 'r- D e m u l  

slon 

e + e  - Ecru=30-46 8 
GeV 

ReDI by  KLEM 88 

e + e -  Ecru=29 GeV 
e + e -  a v e r a g e  

Ecru=34 GeV 
1We hove  a d d e d  on overa l l  sca le  error of 15% hnear ly  to the sys temahc 

error of z 0 7 to ob ta i n  +- 2 6 sys temal ic  error 
2StaflStlCal a n d  sys tema l l c  errors were  c o m b i n e d  by  BROM 87 
3The systemat ic  error q u o t e d  here c a m e  t ram o p r w a l e  c o m m u n i c a t i o n  

from the  authors 
4The I f fet lme is an a v e r a g e  over  b o t t o m  porhc les  p r o d u c e d  
SThe m e a n  f l ight  t ime for the  one  B 0 was 5:<10 -13  sec wh i le  the  one  B-  

was 0 8~ 10 -13  sec Possible e v i d e n c e  for d i f fe rence  in B 0 a n d  B+- life- 
t ime 

B D E C A Y  M O D E S  

F r a c h o n  ( r j r )  C a n t  L e v  

1"i B ~ e~' ha(Irons (t2 3 _+ 0 8 )"<10 - 2  

r 2 B ~ #v hadrons (11 0 _+ 0 9 ),10 -2 

I" 3 B ~ K- anything (85 +_11 )×10-2 

] '4 B ~ J / ~ ( 1 5 )  a n y t h i n g  ( 1 t2  +_ 0 18 )x10  - 2  

]'~ B ~ D°/D ° anything (39 +_ 6 ) < 10 -2 

T" 6 B ~ p anything > 2 1 ,'i0 -2 

r T B ~ ~, anything > 1 1 ×10-2 

r s B ~ (v hadrons (noncharm) 

|9 B ~ D~(2010) = anything (22 -.- 8 );<10_ 2 

l~o B~ DOTr+. D-Tr ", ~(2010)o7r +, or D~(2010)-Tr + 

]11 B--~ Ds-+ anything (t4 0 +- 3 0 );~10-2 

['12 B --~ ~5 anythlng ( 2 3 +_ 0 8 )>' 10 -2 

]'13 B ~ Charmed baryon anythlng< tl ×I0-2 9o% 

]'14 B --,. D = anylhlng (17 _-- 6 )×10-2 

I'15 B ~ K+C + anything 

I'16 B ~ K-( + anything 

r r 7  B ~ K ~ I k ' ° t  + a n y t h i n g  

l ' l e  B ~ K + a n y t h l n g  

['19 B ~ K- anythlng 

I'2o B ~ K0//~ anythlng 

l'21 B ~ ~+ anything 

122 B ~ ~(2S) anythlng 

['23 B ~ t 'Z '  h a d r o n s  

(63 = 8 ) × t O  - 2  

( 4.6 _+ 2 .0  ) × 1 0  - 3  

F O R B I D D E N  BY C O N S E R V A T I O N  L A W S  

1"24 B ~ e + e -  a n y t h i n g  < 2 4 ~: 10 -  3 90% 

I"25 B ~ # + ~ z -  a n y t h i n g  < 2 4 " 1 0  - 3  90% 

B B R A N C H I N G  RAT IOS 

l ' ( e v  h a d r o n s ) / r t o t a  I 1 I / I  
On ly  the  exper imen ts  at the T(4,9) are used in the  a v e r a g e  

VALUE DOCUMENT ID rECN COMMENT 
0.123 +- 0.008 OUR AVERAGE 

0 120+_0.007+_.0 005 CHEN 84 CLEO Direct e a t  T(4S) 
0 132+_0 008+_0.014 6KLOPFEN 83B CUSB Direct e a t  T(4S) 
• * • We do  not  use the  fo l l ow ing  cIata for averages  fits l lmlts e l c  * * • 

+ 0 . 0 2 2  
0 149 _ 0 019 PAL 86 DLCO e + e -  Ecru=29 GeV 

0 110 _+0 018 _+0.010 AIHARA 85 TPC e + e  - Ecm=29 GeV 
0 111 ¢ 0  034-+0 040 ALTHOFF 84J TASS e + e  - Ecru=346 GeV 
0 146 +- 0 ,028 KOOP 84 DLCO Repl by  PAL 86 
0 116 +_ 0 021 _+ 0.017 NELSON 83 MRK2 e + e -  Ecru=29 GeV 

6Roho ~ ( b  ~ ev  up)  / a ( b  ~ ez, cha rm)  - 0 055 of CL = 90% 

I ' ( #  .U h a d r o n s ) / l ' l o t a  i 1"2/1" 
The a v e r a g e  of l he  tour h lgh -energy  results is 0 117 +-0 013 These 
exper imen ts  Droduce  other  bo t t om par t ic les  in o d d d l o n  to the B 
meson 

VALUE DOCUMENT ID TECN COMMENT 
0 .110  + -0 .009  OUR AVERAGE 

0 108 +- 0 006 +_ 0 01 CHEN 84 CLEO Direct ~ at  T(4E) 
0 1t2 +_ 0 009 +_ 0 01 LEVMAN 84 CUSB Direct p at T ( 4 ~  
• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits, hmlts, e tc  • • • 
0 117 +-0 016+_0 015 BARTEL 87 JADE e + e  - Ecm=346 GeV I 
0 114 +_ 0 018 _+ 0 025 BARTEL 85J JADE Repi by  BARTEL 87 
0 117+_0 .028-+0 .010  ALTHOFF 84G TASS e + e  - Ecru=345 GeV 
0 105+-0 015_+0 013 ADEVA 83B MRKJ e + e  - Ecm=33-385  

GeV + 
- ~ 054 FERNANDEZ 83D MAC e + e -  Ecru=29 GeV 0 155 029 

r ( e  ÷ e -  a n y t h m g ) / r t o t a  I [24/ r  
Test for AB = t w e a k  neutra l  current  

VALUE CL % DOCUMENT ID TECN COMMENr 
<0~60--2~, OUR LIM-IT Our 90% Cl~ h m l t  using I ( e "  e -  a n y t h i n g )  + I (u + , u -  

h n g ) ] / l  total be  ow a n y  

• • • We do  not  use the  fo l l ow lng  d a t a  for averages,  fits l imits, e tc  • • • 
<0  05 90 BEBEK 81 CLEO e + e  - ~ "[(45") 

[ ( # + / J -  a n y t h l n g ) / r t o t a  I 1"25/1" 
Test for AB = I w e a k  neut ra l  current  

VAL UE CL % DOCUMENT ID TECN COMMENr 
<0 .0024  OUR LIMIT O u r 9 0 %  CI~ l imi l  us ing- I t  (e  ~" e : o r w - t ~ g ) - ~ . - l - ( / ~ ~ - - ~ -  

a n y t h l n g ) I / l  total b e l o w  

• • • We d o  not  use the fo l l ow lng  d a t a  for averages  fits l lmlts e l c  • * • 
< 0  02 95 ALTHOFF 84G TASS e + e  - Ecru=34 5 GeV 
< 0  007 95 ADEVA 83 MRKJ e + e  - Ecru = 30-38 

GeV 
< 0  007 95 BARTEL 838 JADE e + e  - Ecru = 33-37 

GeV 
< 0  017 90 CHADWICK 81 CLEO e + e  - . T(4S) 

[ ] ( e  + e -  a n y t h i n g )  + t ' ( / l " / ~ -  a n y t h , n g ) } / r t o t a  I ( r 2 4 + ] ' 2 s l / r  
Test for ~,B = 1 w e a k  neutra l  cur ren l  

VALUE CL % DOCUMENT ID TECN COMMENr 
<0 .0024  90 7BEAN 87 CLEO e + e  - ~ T(4S) I 
• * * We d o  not  use the  fo l l ow ing  d a t a  for averages  fits hmlts e t c  * • • 
< 0  0062 90 8 AVERY 84 CLEO Repl by  BEAN 87 
<0 008 90 MATTEUZZI 83 MRK2 e + e- Ecru=29 GeV 

7BEAN 87 reports (~+/.~-)+(e+e-)~/2 and we converted It I 
8De erm n e r a  o of B + to B ° semdep ton l c  d e c a y s  to be  In the  range ' 

0 25-2  9 
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Full Listings 
B 

I ' (K_+ o n y t h l n g ) / l ' t o t a  I ] ' 3 / F  
VALUE DOCUMENT ID TECN COMMENT 

0 .85  _+ 0 .07  _+ 0 , 0 9  ALAM 87B CLEO e + e -  ~ T(45)  I 
• • • We CiO not  use the  f o i l o w l n g  d a t a  for o v e r a g e s ,  fits l lml ts  e t c  • • • 
SEEN 9BRADY 82 CLEO e + e  - ~ T(4S) 
SEEN 10 GIANNINI 82 CUSB e + e -  ~ T(4S) 

9Assuming  T(4S) ~ BB a to ta l  at  3 38--_0 34 _+0 68 kaons  p e r  T(4S) 
d e c a y  LS f o u n d  ( t h e  s e c o n d  error  is sys tema t i c )  In the  c o n t e x t  of t he  
s t a n d a r d  8 - d e c a y  m o d e l  this l e a d s  to a v a l u e  for (D -qua rk  - -  c - q u a r k )  / 
( b - q u a r k  , a l l )  of 1 09 z 0 33 _+0 13 

10GIANNINI 82 o1 CESR CUSB o b s e r v e d  f 58 _+ 0 35 K 0 p e r  h o d r o n l c  e v e n t  
m u c h  h i g h e r  t h a n  0 82 ± 0 10 b e l o w  l h r e s h o l d  Cons is ten t  w l th  p r e d o m  
inonl /3 ~ c X decoy 

r(J/~ (IS) anythlng)/l'fota I ['4;' [" 
VALUE (un_ITS 1 0 _ - .  2) CL % EVT5 OOCUMENT ID r E i N  COI~MENT _ _  

1 . 1 2  _ + 0 . 1 8  O U R  A V E R A G E  

f 07_+0 1 6 ± 0  22 120 11ALBRECHT 87D ARG e + e  - ~ T(4S') J 
1.09_+0.16_+0 21 52 ALAM 86 CLEO e+e - -- T(4S) I 

+ 0  6 12 1 4 - 0  5 7 ALBRECHT 85H ARG e + e -  n e a r  T(4S) 

• • • We do  not  use  t he  t o l l o w l n g  d a t a  for o v e r a g e s  fits l iml ls  e t c  • * • 
1 I -+ 0 21 _+ 0 23 46 13 HAAS 85 CLEO Repl  by  ALAM 86 

< 4  9 90 MATTEUZZI 83 MRK2 e + e -  Ecru=29 G e V  
ItALBRECHT 87D f lnd  t he  b r a n c h i n g  ra t io  for J.,~ not  f rom ~(25)  to b e  J 

0 . 0 0 8 1  _+ 0 . 0 0 2 3  
12Stat ist ical  a n d  s y s t e m a h c  errors w e r e  a d d e d  in q u a d r a t u r e  

ALBRECHT 85H a lso  repo r t  o CL = 90% I lmd of 0 007 tot B ~ J,,',~(IS) + X 
w h e r e  m(X)  - I G e V  

t 3 D i m u o n  a n d  d l e l e c l r o n  even t s  u s e d  

I ' ( D ° / ~  a n y t h m g ) / l ' t o t a  I 1"5/1" 
VALUE E V T $  OOCUMENT ID rECN COMMENT 
0 .39  _+ 0.0S ± 0 .04  : ; t k  14 BO--R-TO--L-E-tT--087 cLEO e + e -  ~ T(4S) J 
• * • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
0 5 7 - + 0  1 4 _ + 0 . f 2  15GREEN 83 CLEO Repl  D y B O R  

TOLETTO 87 
T4BORTOLETTO 87 uses old MARK Ill (BALTRUSAITI$ 86E) branching ratio for I 

K-~"+ = 0 056 _+ 0 004 _+ 0 003 The producl branching raho for BR(B 

i D O X) BR(DO - -  K -  ~r + )  is 0 0210 _+ 0 . 0 0 1 5  _+ 0 0021 
1 $ C o r r e c t e d  by  us us ing  a s s u m p h o n s  BR(DO ~ K - ~ + )  = ~ 0  042 ::1:0 006)  

The p r o d u c t  b r a n c h i n g  raho  is BR(B ° ~ D O X)BR(DO ~ K - ~  +)  = 
0 . 0 2 4 ± 0  0 0 6 + _ 0 . 0 0 4  

r(p anythlng)/l'tota I r6/F 
VALUE DOCUMENT ID TECN COMMENT 
> 0 . 0 2 1  16ALAM 83B CLEO e + e  - ~ T(4S) 

16ALAM 83B repo rJed  the l r  resul t  as > 0  036  z 0 006 z 0 009 V a l u e s  a r e  for 
(BR(B ~ p X)+BR(B ~ p X ) / 2  D a l a  a r e  cons is ten t  w l t h  e q u a l  y ie lds  at p 
a n d  ~ Using a s s u m e d  y ie lds  b e l o w  cu t  BR(B ~ p + X) = 0 03 not  
i n c l u d i n g  p ro tons  f rom \ d e c a y s  

1"( ~ a n y t h l n g ) / l ' t o t a  I I '7/ '1" 
VALUE DOCUMENT lO TECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
>0 .011  17ALAM 83B CLEO e + e  - ~ T(4S) 

S7ALAM 83B reD_orfed the l r  resul t  as > 0  022 _+ 0 007 -+ 0 004 Va lues  o re  for 
(BR('t X)+BR(*, X ) /2  Da ta  o re  cons i s ten t  w i th  e q u a l  y ie lds  of p a n d  
Using a s s u m e d  y ie lds  b e l o w  c u l  BR(B ~ *, X) = 0 03 

l ' ( ~ ' V  h a d r o n s  ( n o n c h a r m ) ) / l ' ( ~ v  h a d r o n s )  i ' 8 / r 2 3  
/ d e n o t e s  e or /~ bu t  not  t he  sum 

VALUE CL % DOCUMENT 10 TECN COMMENT 

< 0 . 0 4  90 18BEHRENDS 87 CLEO e + e  - ~ T(4S) J 
• • • We d o  not  use t he  fo l low~ng d a t a  for o v e r a g e s  fits hinds e t c  • • • 
< 0  04 90 CHEN 84 CLEO O~recf e at  T(4S) 
< 0  055 90 KLOPFEN 83~ CUS8 Di rec t  e a t  T(4S) 

18The q u o t e d  poss ib le  l imits r a n g e  from 0 018 to 0 04 for the  roho  d e p e n d  l 
ing on  w h l c h  m o d e l  or m o m e n t u m  r a n g e  is c h o s e n  We se lec t  the  most  

I c o n s e r v a h v e  l imit  t h e y  h o v e  c a l c u l a t e d  This c o r r e s p o n d s  to a l imi t  on  
Vou / Vt) c < 0 20 Whi le  t he  e n d p o l n l  l e c h m c i u e  e m p l o y e d  Is mo re  

roPus t h a n  the i r  p rev ious  resul ts ~n CHEN 84 t hese  resul  s d o  no  p r a y  d e  
a n u m e r i c a l  t m p r o v e m e n t  in the  hml t  

1 " ( D ~ ( 2 0 1 0 )  -+ a n y t h l n g ) / l ' t o t o  I 1"9/|" 
V_AL_UE EVTS DOCUMENT ID ;ECN COMMENT . . . . . .  

0 04 + 0 . 0 7  5200 19BORTOLETTO 87 CLEO e + e  - - -  T(4S) I 0 .22  _+ • - 0 .04  

• • • We d o  h a l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

0 27_+0 06 + 0  08 - 06 510 20CSORNA 85 CLEO Repl  by  BOR- 
TOLETTO 87 

19BORTOLETTO 87 uses o l d  MARK III (BALTRUSAITIS 86E) b r a n c h i n g  rohos J 
BR(DO ~ K - ~  "+ )  = 0 056:1:0  004__.0 003 a n d  a lso assumes  I + 0 08 tl B R ( D ~ ( 2 0 t 0 ) ÷  ~ DO.r+)  = 0 . 6 0 _ 0  t5 The p r o d u c t  b r a n c h i n g  ra o for 

BR(B ~ D ~ ( 2 0 1 0 ) ÷ )  BR(D~(2010)  ~ ~ DO~r + )  ~s 0 . 1 3 _ + 0  0 2 - + 0  012 I 
2 0 V - A  m o m e n t u m  s p e c t r u m  u s e d  to e x t r o p o l o l e  b e l o w  P = 1 G e V  We 

c o r r e c t  t he  v a l u e  a s s u m i n g  BR(DO ~ K -  ~r+) = 0 042 -+ 0 . 0 0 6  oncl  
+ 0 08 BR(D ~ ~ DO,'r ~)  = 0 6_~0 15 The p r o d u c t  b r a n c h i n g  I r ac t l on  is BR(B 

D ~ +  X)BR(D ~ +  -- ~'+DO)BR(D ° ~ K -~ r  + )  = (68 -+ 15 _+ 9) . I 0  - 4  J 

r(Do-/r °, D- ~i"-. ~Ic(2010)07r+, or D*(2010)-Tr-)/l tara, lI0/'l 

VALUE DOCUMENT tO TECN COMMENT 

• • • We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e f t  • • • 
0 0162 -.z 0 . 0 0 3 2  21 BEBEK 87 CLEO e + e -  . T(4,$') 
0 020 -+0 006 z0 005 22GILES 84 CLEO Repl by BEBEK 87 
21BEBEK 87 assume the T(4S) decays 43% Io B°B ° Th,S measurement is 

i n d e o e n d e n t  of O a n d  D~ (2010 )  m e s o n  b r o n c h l n g  t rac t ions  
22No d e p e n d e n c e  on  D used  fast ;1 m o m e n t u m  

I ' ( D ~  a n y t h m g ) / l ' t o t a  I I ' T t / i  
VALUE QOCUMENT ID TECN COMMENT 
0.14 -+0.03 23ALBRECHT 87H ARG e + e  - o T(4S) 
• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits hmllS e fc  • • • 
0 1t 24 HAAS 86 CLEO e + e -  - T(4S) 

23ALBRECHT 87H o b t a i n e d  this resul l  by  m e a s u r i n g  BR(B .~ Ds + X) BR(D~ 
,p'~'+) = 0 0042-+-0 0 0 0 9 - + 0 . 0 0 6  a n d  c a l c u l o l i n g  BR(D~ - -  ,.',,'r + )  = 
0 . 0 3 0 _ + 0 0 0 8  46  .+ f6% of B - -  Ds X d e c o y s  a re  2 b o d y  

24HAAS 86 o b t a l n e d  thls resul t  by  m e a s u r i n g  SR(B ~ D~ X)BR(D~ ~ ,,~,~'+) = 
0 0 0 3 8 _ + 0 . 0 0 1  a n d  assume  BR(Ds + ~ ,;',it +)  = 0 0 3 5  6 4 - + 2 2 %  d e c a y s  
a re  2 b o d y  

l ' ( ~  a n y t h l n g ) / l  t o ta l  i ' 1 2 / i "  
VALUE DOCUMENT ID TECN COMMENT 

0.023 ± 0.006 : 0.005 Bo-RTOLETTO 86 CLEO e + e- -- '['-(4.9) J 

l(Charmed baryon anythmg)/l'tota~ I'13./'1 
VALUE CL % DOCUMENr ID TECN COMMENT 
<0.112  90 25ALAM 87 CLEO e + e  - ~ T(4S) l 

25Assuming a l l  b a r y o n s  resul t  f rom c h a r m e d  ba ryons  ALAM 86 c o n c l u d e  I the  b r a n c h i n g  f r a c h o n  is 7 4 _+ 2 9% The l imit  g i v e n  a b o v e  Is m o d e l  
i n d e p e n d e n l  

I ' ( D  ± a n y t h m g ) / l ' t o t a  I 1"14/1 
VALUE EVT$ DOCUMENT I0 TECN COMMENT 

[).17 _+0 0 4 = 0 . 0 4  20k 26BORTOLETTO 87 CLEO e + e ~ ~ , .  T(4S) l 
26BORTOLETTO 87 uses o ld  MARK Ill (BALTRUSAITIS 86E) b r a n c h i n g  t o l l o  for I K-T r+ ; ' r  + = 0 116_+0 0 1 4 ± 0  007 The p r o d u c t  b r o n c h l n g  r a h o  for 

BR(B ~ D + X )  BR(D + ~ K - ~ + ~  "+ )  is 0 0 f 9  _+0 004 __0 002 

r ( K  ~ ' +  anythmg)/l '(t ~* anything) 1'15/1"21 
VALUE DOCUMENT IO TECN COMMENT 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his hn31ts e t c  • • * 
0 54_+0 0 7 z 0  06 27ALAM 878 CLEO e + e  - ~ T(4S) J 

27ALAM 87B m e a s u r e m e n t  re l ies on  l e p t o n - k o o n  co r re la t i ons  11 does  not  I c o n s i q e r  the poss tb l l l t y  of BB mix ing  We hove thus r e m o v e d  It f rom the  
a v e r a g e  

I ' ( K - [ "  + a n y t h m g ) / r ( t  " +  a n y t h l n g )  1"16/1"2t 
VALUE DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his hmlts e t c  • • • 
0 10 _+ 0 05 -. 0 02 28 ALAM 87B CLEO e ÷ e -  ~ T(4S) J 

28ALAM 87B m e a s u r e m e n t  rehes on  l e p t o n  k o o n  co r re la t i ons  I1 does  not  I c o n s l d e r  the  poss lbf l i ty  of 8B mJxlng We h o v e  thus r e m o v e d  it from the  
o v e r a g e  

l ' ( K ° / l @ (  "+ a n y t h l n g ) / l ( ( *  a n y t h i n g )  I ' fT / ' l  2T 
VALUE DOCUMENT ID TECN COMMENt 

• • * We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  his hmlts e t c  • • • 
0 39_+0 06 -+0  04 29ALAM 87B CLEO e * e  ~ T(4S') J 

29ALAM 878 m e a s u r e m e n t  rehes on l e p t o n  k o o n  co r re la t i ons  It does  not  I c o n s i d e r  the poss lb lh ty  of 8B mix ing  We h a v e  thus r e m o v e d  it f rom the  
a v e r a g e  

I ' ( K  + anythlng)/l'tota i l ,8,,'1 
VALUE dOCUMENT IO TECN COMMENT 

• • • We do  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  hts hmlts e fc  • • • 
0 66-+0 0 5 - + 0  07 30ALAM 87B CLEO e + e  - - -  T(4S) 

30ALAM 87B m e a s u r e m e n t  rehes On l e p t o n - k o o n  c o r t e l a h o n s  It does  not  
c o n s i d e r  the  poss ib i l i ty  of B9 m ix i ng  We h a v e  thus r e m o v e d  it f rom the  
a v e r a g e  

I ' ( K -  a n y t h l n g ) / l ' t o t a  I I t g " ]  
VALUE DOCUMENT IO TECN COMMENt 

• • * We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hmltS e t c  * * * 
0 19_+0 05_+0 02 3 t A L A M  87B CLEO e ~ e  - . "f(4S) 

31ALAM B7B m e a s u r e m e n t  re l ies on  l e p l o n  k o o n  co r re la t i ons  It does  not  
c o n s i d e r  t he  poss ib i l i ty  of B8 m ix i ng  We h o v e  thus r e m o v e d  tt f rom the 
a v e r a g e  

I'(K°I'~ anythlng)/l total l 20.' I 
V A.LU_E_ . . . . . . . . . . . . . . . .  DOCUMENT /O TECt~ COMMENT 

0.63_+0 06_+0.06  ALAM 87B CLEO e + e  - -- T(4E) 
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l (c,,' c)lho)al 
VALUE DOCUMENt IO TECN COMMENT 

• • • We d o  not  use l h e  f o l l ow ing  (::Iota for a v e r a g e s  fits l imits e t c  • • * 
0 98 ~" 0 16 _+ 0 12 32 ALAM 878 CLEO e + e- - ~(4s) I 
32From ti~e dllference between K- and K + wldlhs ALAM 878 measurement 

I rehes on leplon koon correlohons If does nol COnSlder lhe poss)bHlty of 
BB m i x i n g  We h a v e  thus r e m o v e d  it f rom the  a v e r a g e  

I ( , ~ ( 2 S )  o n y J h ) n g ) / l m m  I [ ' 2 2 / [ "  

VALUE E V F S  DOCUMENF ID FECN COMMENT 

0 . 0 0 4 6 = 0  00t7  _+0.00t i  8 ALBRECHT 870  ARG e + e  - ~ T(4.9) J 

KLEM 88 PR D37 4t  
ALAM 87 PRL 59 22 
ALAM 878 PRL 58 t814 
ALBRECHT 873 PL 8199 451 
ALBRECHT 87'~ Pt 8187 425 
ASH 87 PRL 58 640 
BARTEL 87 ZI)HY C33 339 
BEAN 87 PR D35 3533 
BEBEK 87 PR D3b 1280 
BEHRENDS 87 PRL 59 407 
BORTOLETIO 87 PR D35 IO 
BROM 87 PL 8195 301 
WU 87 Leplon Photon Cone 

DESY 87 164 oncl CERN EP 87 235 
ALAM 86 PR D34 3279 
BALIRUSAJTIS 85( PRL 56 2t40 
BARTEL 858 ZPHY C31 349 
BORTOLETIO 86 PRL 56 800 
HAAS 86 PRL 56 2781 
PAL 86 PR D33 2708 
AIHARA 85 ZPHY C27 39 
ALBANESE 85 PL 1588 186 

WA75 experiment 
ALBRECHT 85H PL 1628 395 
BARTEL 85J PL 1638 277 
CSOR'NA 85 PRL 54 1894 
HAAS 85 PRE 55 1248 
ALIHOFF 84G ZPHY C22 219 
ALIHOEF 84H PL 1498 524 
ALTHOFF 84J PL 1468 443 
AVERY 84 PRL 53 1309 
CHEN 84 PRL 82 1084 
GILES 84 PR D30 2279 
KLFM 84 PRL 53 1873 
KOOP 84 PRL 52 970 
LEVMAN 84 PL 14tB 27t 
AOEYA 83 PRL 50 799 
ADEVA 83B PRL 51 443 
ALAM 838 PRL 51 1143 
BARTEL 838 PL 1328 241 
FERNANDEZ 838 PRL 51 1022 
FERNANDEZ B3D PRL 50 2054 
GREEN 83 PRL 51 347 
KLOPFEN 83S PL 1308 444 
LOCKYER 83 PRL 51 1316 
MATTEUZZI 83 PL 1298 14t 
NELSON 83 PRL 50 1542 
BARTEL B2C PL 1148 71 
BRADY 82 PRL 48 1070 
GIANNINI 82 NP 8206 1 
BEBEK 81 PRL 46 84 
CHADWICK 81 PRL 46 88 

...... OIHER 
SCHINDLER 87 SLAC PUB 4417 

EPS Conference Uppso[o Pmc Vol t p 341 
SCHUBERF 87 IHEP HD,'87 7 

EPS Conference Uppsola Proc VOl 2 p 791 
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RELATED PAPERS - -  

(SLAC) 

(HERD] 

~ l(Jp) = 9(9 ~) 

OMITTED FROM SUMMARY TABLE 

B • M A S S  

VALUE (MeV) OOCUMENr ID 
5331.3 -+ 4 .7  OUR EVALUATION From moss d i f f e r e n c e  b e l o w  a n d  B :I: a n d  B ° 

masses  5279 3 _+ 1 4 MeV  

5330 -+- 5 OUR FIT 

yALUE (Me.V) 
52 -+ 4 OUR FIT 
5 2 . 0 - - 2  _+4. 

B ~  - B MASS DIFFERENCE 

fVrS DOCUMENt IO_ FECN COMMENT 

1400 HAN 85 CUSB e + e -  ~ 3 e X 

HAN 85 PRL 55 36 

REFERENCES 

• Klopfenstoln MGgeros+(COLU LSU MPIM SION) 

NUCLEONS 

r ~  1 1+ / ( J P )  = 2 ( 2 )  

p MASS 

The mass is k n o w n  m u c h  m o r e  p r e c l s e l y  in u ( o t o m l c  mass 
uni ts)  t h a n  in MeV (see  the  f o o t n o t e )  The conve rs )on  from u 
to MeV.  I u : 93 t  4 9 4 3 2 ~ - 0  00028 MeV invo lves  the  re id  
l i ve l y  p o o r l y  k n o w n  e l e c t r o n i c  c h a r g e  

VALUE (_M__e_v) DOCUMENT ID TECN COMMENt 

938.27231 -+ 0 .00028  I CC)H~'N 87 R V U E  1986~CODATA vaiu-e J 
• • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits l imits e t c  * • • 
938 2796  -+ 0 0027 COHEN 73 R V U E  1973 CODATA v a l u e  

i The mass is k n o w n  m u c h  more  p r e c i s e l y  in u m = l 
1 0 0 7 2 7 6 4 7 0  -+ 0 000000012  u 

MASS 

VALUE (Mel t )  DOCUMENT ID 7ECN COMMENt 

9--38.22 _" 0 04 -OUR AVERAGE " - -  
938 30 -+. 0 13 ROBERTS 78 CNTR 
938 229 -_ 0 049 ROBERSON 77 CNTR 
938 179 -.t. 0 058 HU 75 CNTR Exotic a toms  
938 3 - -0  5 BAMBERGER 70 CNTR 

NOTE ON P R O T O N  MEAN LIFE L I M I T S  

(by M Goldhaber,  Brookhaven National Laboratory', and 

F Rc,nes, Umvcrsl ty  ofCahfornfa ,  Irvmc) 

Current  fdeas on the unfficat]on of the weak. elec- 

tromagnetic, and strong forces suggest that baryon number  

might not be stnctl.,, conserved, so that the proton could 

decay In the Parncle Properlms Summary Tables there are 

nea th  th)rt} pamcles I,sted w]th a mass smaller than thal 

of the proton 0 f  we count both particles and annpart~cles 

and different members  of multlplets separately) Ten of 

these part , t ies are ferm)ons and lhe remainder  bosons 

There are then a great man',  poss~ble two-body decay 

modes of the proton and an even larger number  of three- 

bod.~, e tc .  decay modes which saris6 charge, energy. 

momentum,  and angular momen tum conservation Each 

decay mode has to contain at least one fermmn to s a n s 6  

angular m o m e n t u m  conservat ,on F,g 1 shows masses of 

possible decay producls of  the proton 

The "'decay s~gnature" d~stnbuuons as well as the back- 

grounds depend on detector characteristics (the materml 
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1000 

=5oo 

too ~- 

<5o (u.) 
0511 e 
<0 ~ 5  v .  
< l S x 1 0  -6 v,  
o ;,.(O) 

K ° p 

F~g 1 Masses o f  particles (in MeV) rata which a proton 
m~ght decay The h,vpotheucal grav~ton (G))s  included 

from which the detector ts made. the method of detecnon. 

timing reformation, nine resolunon, etc ) The background. 

due chiefly, to a tmosphenc neutrinos, depends also on the 

geomagnenc lautude and on the phase of the solar cycle 

with w'hlch the magneuc field of the sun is assocmted The 

depth-dependent cosmic ray background ~s due to cosmic 

ra.~ muons and their progeny For each poss~ble proton 

decay s~gnature there ~s a fimte probabd=ty of  a background 

event with a s~mflar stgnaturc, where the probability 

depends on the detector charactenstfcs 

The s~mplest grand umfied theor,~, minimal SU(5). 

predicts e + a -0 to be the predominant proton deca~ mode, 

see Table I The IMB lower hmlt on the pamal mean hfe 

for thts mode. 3 1 × 1032 years. ~s a factor of  40 h~gher than 

predicted b,~ minimal SU(5) theor,~ 

See also the reviews m Refs 1-5 

See also the neutron-antmeutron oscfllattons sectmn m 

the neutron Full L~stmgs below for another test of bar.~on 

conservauon 
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Table 1 Approxmaate ranges at" the branching tal=os 

1"(\  - , - /  - ~1) 
B R ( . V  - , .  ( ~- ~,/) = - - -  

I'(.\ -,- 2 - b o d ~  ) 

for the two-body proton deca'. 1 ) -.. ( - '~1 m the nTmlma] 
conventional SU(5) model Th~s table ~as taken from 
Ref 4 

l ) e c a y  Mode B r a n c h i n g  Ratfo 1% ] 

p --,- c " ~r "0 3 1 - 4 6  

p - , .  c ) ~ 0 - 8  

p . - ~ c " p  0 "~ 18 

p - - ~ e - w  1 5  29  

p .-~ VeCr 7 11- -17  

p --~ % p  1 - ? 

p - - ~  " k ° l -  20  

p . - , . v  K + 0 - - I  
# 

p MEAN LIFE 

Test of b a r y o n  c o n s e r v a h o n  See p ro ton  p o r h a l  m e a n  hves $ec f lon  for 
JlmllS w h i c h  d e p e n d  on  d e c a y  mocle$ p = p r o t o n  n = b o u n d  n e u t r o n  

LIMIT 
(years) PARDCLE DOCUMENT ID TEeN 

> 1.6 "<-1025 p n 2 3 EVANS 77 
• • • We d o  not  use l h e  f o l l o w l n g  d a t a  for o v e r a g e s  fits hml l$ e fc  • • • 
> 3 , 1023  p 3 DIX 70 CNTR 
> 3 • 1023 p n 3 4 FLEROV 58 

2 M e a n  l l f e t lme  of n u c l e o n s  m 130Te n u c l e l  
3 C o n v e r t e d  Io m e a n  hie by  d l v l d i n g  ha l f  hie by  In(2)  = 0 693 
4Mean hfe t lme of n u c l e o n s  in 232Th nuclel 

MEAN UFE 

LIMIT 
(_yearS) PARTICLE eL% E V T S  DOCUMENT ID TEeN COMMENT 
> 1.1 ~I[~ 7 5GOLDEN 79 SPEC p ~ X 

• • • We do  not  use the t o l l o w l n g  d a t a  for o v e r a g e s  Il ls hmds e t c  • • • 
> 0 08 90 1 6BELL 79 CNTR p. ~ e - ~ r 0  
> 3 7 \ 1 0  . 3  7BREGMAN 78 CNTR p o X 

5GOLDEN 79 v a l u e  in te r red  f rom p . :p  roho ~n cosm=c toys 
6BELL 79 $ lo ied  a n h p r o t o n s  in ICE s to rage  r ing for 10 days  
7BREGMAN 78 s lo red  anhp~*otons in ICE sto~'age r lng  at  CERN 85 hours  

p DECAY MODES 
Partial M e a n  Life 
(_10.3.0 years_) .... C o n f  Lev  

r~ N ~ e ÷ a n y t h i n g  -o 6 [n ~] 9O% 

r 2 N ~ /.~+ a n y t h i n g  ~12 (n p) 90% 

r 3 p ~ e +-~ -400 90% 

T 4 p ~ / . l+ ~y : ' J 0 0  g0% 

T 5 /3 ~ /J~ >9 90% 

7" 6 N ~ e + 71" ) 3 1  (n )  . -250  (p )  90% 

7"1 N ~ ~ + ? r  ; -23  (n )  > 7 6  (p )  90% 

T 8 N ~ e+K .1 3 (n) :-80 (p) 90% 

7-9 N ~ # + K  >0 4 (n) - 4 0  (D) 90% 

T to  N ~ |P'~'L >40 (n )  ~S 8 (p) 90% 

T41 N ~ p K  : -32  (n )  . -28  (p )  90% 

T12 p ~ e + ~  -40 90% 

T t 3  p ~ # + u :  .>23 90% 

T t 4  N ~ e + p  . . 14  (n )  :~17 (p )  90% 

Tr5 N ~ # + p  >7 (n) >16 (p) 90% 

Trb p ~ e +  e +  e - -5oo 9c% 

T17 p ~ /J .+/J.+/ .~-  ~190 90% 

T18 N --) ~'/OIc(892) .-6 (n) -10 (p) 90% 

1"to N ~ e +Tr~ anything >0 6 (n p) 90% 

7-2o N ~ ~' anythlng 
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T2t  

T22 

T23 

T24 

T25 

T26 

T27 

T28 

T29 

T30 

T3 t  

T32 

T33 

n ~ 3P >0 0005 90% 
p ~ e + ~ >200 90% 
p ~ / . z+~  > 5 0  90% 

n ~ AI'}'/ > 3 0  90% 

N ~ Up > 4  (n)  >11  ( p )  90% 

n -.. P~' > 1 8  90% 

n ~ e + e -  v >50 90% 
n ,, p ~ / J - ~ '  > 1 6  9 0 %  

n ~ e - T r  ~ > 1 6  9 0 %  

n ~ I J - ~ "  > 2 5  9 0 %  

n ~ e - p  ~ >12 90% 
n ~ / / - , O  ~ ~ 9  90% 

p ~ e + K'~(892) >f0  90% 

p PARTIAL MEAN LIVES 

M e a n  hfe d l w d e d  by  b r a n c h i n g  f r o c h o n  

D e c a y i n g  p a r t i c l e  p = p r o t o n  or n = b o u n d  n e u t r o n  
Some e v e n t  m a y  a p p e a r  u n d e r  m o r e  t h a n  o n e  p o r h o l  d e c o y  
m o d e  B a c k g r o u n d  e s h m o t e s  m a y  b e  a c c u r a t e  to o fac to r  
of 2 Q u o t e d  l imits o re  w i t h o u t  b a c k g r o u n d  s u P t r o c h o n  

T(N ~ e + a n y t h i n g )  ~I 
LIMIT BACKGROUND 
(_1030 V~_.rs)PARTICLE ESTIM.ATE CL% DOCUMENT ID TECN 
> 0 , 6  p n 90  8 LEARNED ;;9 RVUE 

8The e l e c t r o n  m a y  b e  p n m a r y  or s e c o n c l o r y  

T ( N ~  I ~+ a n y t h i n g )  T 2 
LIMIt BACKGROUND 
(1030. yeots)PARTI_C.LE ESTIMATE CL% ~V_T.5 !?OCUMEN[.!D_ TEC_N_ 
>12 p n 90 2 910CHERRY 81 HOME 

• • • We d o  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s  fits. hmlts e t c  * • • 
> 1 8 D n 90 t0COWSIK 80 CNTR 
> 6 p n 90 10LEARNED 79 RVUE 

9We h o v e  c o n v e r t e d  2 poss ib le  e v e n t s  to 90% CL l imit  
f0The m u o n  m a y  b e  p r l m a r y  or s e c o n d a r y  

T(p ~ e +'y) T3 
LIMIT BACKGROUND 
(tO 30 yeats)PARTICLE. ESTIMATE CL % EVT$ DOCUM~IT IO TECN 
> 3 6 0  p 0*3 90  0 HAINES 86 IMB 
• • • We d o  not  use t he  f o l l ow ing  d a l o  for a v e r a g e s  hts Fimlfs e t c  • • * 
> 87 p ( f ree)  0 2 90 0 BLEWlTT 85 IMB 
> 3 6 0  p 0 2 90 0 8LEWITT 85 IMB 
> 0 1 p 90 11GURR 67 CNTR 

t f w e  h a v e  conve r fec l  hoff-hfe to 90% CL m e a n  life 

T ( R  ~ /1 ~ " y )  T4 
LIMIT BACKGROUND 
(.'lOJl) yeo,s)pAR!]C. LE ESnM:4TE C!% EVTS DOCUMENT.LD TECN_._ 
> 97 p 2 90 3 HAINES 86 IMB 

• • • We dO no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
> 61 D ( f ree)  0 2 90 0 8LEWIIT 85 IMB 
>280  p 0 6 90 0 BLEW[TT 85 IMB 
> 0 3 p 90 t2 GURR 67 CNTR 

f 2 w e  h a v e  c o n v e r t e d  ha l l - l i fe  Io 90% CL m e a n  life 

T(n ~ Uy) Ts 
L IMI r BA CKGROUND 
(I030_YeOrS)PARTICLE ._ ESTIMATE . . . .  CL% EVTS DOCUIvfEN~ ID TECN. 
> 9 n 60 90 73 HAINES 86 IMB 
• • • We dO not use  t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imffs e t c  • • • 
>11  n 19 90 28 PARK 85 IMB 

T ( N  ~ e + ~ )  % 
LIMIT BACKGROUND 
(tO30 years)PARTICLE ESTIMATE CL% EVeS DOCU~fEN_t IO TEC.N__ 
> 2 5 0  p 0 ,3  90 0 HAINES 86 IMB 
> 31 n 9 90 8 HAINES 8b IMB 

• • • We d o  not  use the  fo l lOWing d a l a  for o v e r a g e s  fits, l imits e l c  • • • 
> 64 p < 0  4 90  0 ARISAKA 85 KAMI 
> 26 n < 0  7 90 0 ARISAKA 85 KAMI 
> 82 p ( f ree )  0 2 90 0 BLEWITT 85 IMB 
> 2 5 0  p 0 2 90 0 BLEWITT 85 IMB 
> 25 n 4 90 4 PARK 85 IMB 
> 15 p, n 90 0 BATTISTONI 04 NUSX 
> 0 5 p 0 3 90 I f3BARTELT 83 BaUD 
> 0 5 n 0 3 90 I 13 BARTELT 83 SOUD 
> 5 8 p 90 2 J4 KRISHNA 82 KOLR 
> 5 8 n 90 2 14 KRISHNA 82 KOLR 
> 0 1 n 90  15 GURR 67 CNTR 

13Limit b a s e d  on  zero  e v e n t s  
14We h a v e  c a l c u l a t e d  90% CL l imit  f rom 1 c o n f i n e d  e v e n t  
r S w e  h a v e  c o n v e r t e d  haf t  hfe to 90% CL m e a n  life 

> 46 p 
> 20 n 
> 59 p ( f ree)  
>100  p 
> 38 n 
> 1 0  p n 
-) t 3  p n  

T ( N ~  e + l O  
LIMIT 

T(N  ~ p. ~ : r )  
LIMIT BACKGROUND 
(fO30_y.eofs)PARTICLE EStiMATE CL% EVTS DOCUMENT tO TECN 
> 76 p I -  90-" 2 HAINES 86 iMB 
~" 23 n 7 90 8 HAINES 86 IMB 
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hmltS e t c  * • • 

<:0 7 90 0 ARISAKA 85 KAMI 
< 0  4 90 0 ARISAKA B5 KAMI 
0 2 90 0 8LEWITT 85 IMB 
0 4 90 t BLEWITT 85 IMB 
4 90 1 PARK 85 IMB 

90 0 BATTISTONI 84 NUSX 
90 0 ALEKSEEV 81 BAKS 

BACKGROUND 
(TO 30 yeats)PARTICLE ESTI_M.ATE CL% Errs £)OCUMENT ID T_ECN 
> 7 7  p 4,5  90 5 HAINES 86 IMB 
> I , 3  n 90 0 ALEKSEEV 81 BAKS 

• • • We d o  not  use the  t a l l o w i n g  d a t a  for o v e r a g e s ,  fits I im#s e fc  • • • 

>38 p <0 8 
>24 p (free) 8 5 
>77 p 4 
>13 p 

T(N ~ # "  K) 
LIMIT BACKGROUND 
(1030 y_eOf~)PARTICL[" . ESTIMATE 
> 4 0  p 6 
> 0 ,4  n 

90 0 ARISAKA 85 KAMI 
90 7 BLEWtTT 85 IMB 
90 5 BLEWITT 85 IMB 
90 0 ALEKSEEV 81 BAKS 

CL% EVFB DOCUMENT ID TECN 
90 7 HAINES 86 IMB 
90 0 16 BARTELT 83 SOUD 

T7 

T 8 

23We h o v e  c a l c u l a t e d  90% CL l imit  f rom 1 c o n f i n e d  e v e n t  
24We h a v e  c o n v e r t e d  2 poss ib le  e v e n t s  to 90% CL l lmif  

T ( p  ~ e + u : )  T12 

LIMIT BACKGROUND 
(tO30 yeo;s)PARTICLE ESTIMATE CL% EVTS D_OCUM_EN_T_.I_D [E_C. N_ 
> 3 7  p 5 3 90 6 HAINES 86 tMB 

• • • We d o  no l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e l c  • • • 

> 2 5  p <: I  4 90 I ARiSAKA 85 KAMP 
> 1 2  p (h 'ee)  7 5 90 6 BLEWITT 85 IMB 
> 3 7  D 5 7 90 6 BLEWITT 85 IMB 
> 0 6 p 0 3 90 t 25BARTELT 83 SOUD 
"> 9 8 p 90 i 26KRISHNA 82 KOLR 
> 2 8 p 90 2 27CHERRY 81 HOME 

25Limit b a s e d  on  zero even t s  
26We h a v e  c a l c u l a t e d  90% CL Jlmlt f rom 0 c o n h n e d  even ts  
27We h o v e  c o n v e r t e d  2 poss ib le  even t s  to 90% CL l imit  

>28 O 3 90 3 KAJITA 86 KAMI 
>32 n 1.4 90 0 KAJITA 86 KAMI 

• • • We d o  not  use l h e  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
:>10 p 5 90 6 HAINES 86 IMB 
> 1 5  n 5 90 3 HAINES 86 IMB 
> t 8 p (free) 11 90 6 BLEWITT 05 IMB 
> 9 6 p 5 90 6 BLEWITT 85 IMB 
> 1 0  n 2 90 2 PARK 85 IMB 
"> 5 n 90 0 8ATTISTONI 84 NUSX 
> 2 p 90 0 BATTISTONI 84 NUSX 
> 0 3 n 90 0 22BARTELT 83 SOUD 
> 0 1 p 90 0 22BARTELT 83 SOUD 
> 5 8 p 90 I 23 KRISHNA 82 KOLR 
> 0 3 n 90 2 24CHERRY 81 HOME 

22Limit Dosed  on  zero even t s  

• • • We do  h a l  use t he  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmllS e t c  • • • 
> 1 9  p <1  1 90 I ARISAKA 85 KAMI 
> 6 7 p ( f ree)  13 90 11 BLEWITT 85 IMB 
> 4 0  p 8 90 7 BLEWITT 85 IMB 
> 6 p 90 I BATIISTONI 84 NUSX 
> 0 6 /3 90 0 16BARTELT 83 SOUP 
> 5 8 p 00 2 17KRISHNA 82 KOLR 
> 2 0 p 90 0 CHERRY 81 HOME 
> 0 . 2  n 90 18 GURR 67 CNTR 

16Llmlf Dosed  on zero events 
17We h o v e  c a l c u l a t e d  90% CL hml t  f rom I c o n f i n e d  e v e n t  
t e w e  h a v e  c o n v e d e d  hal f - l i fe  to 90% CL m e a n  l l fe 

T ( N ~  V IF )  T f0  
LIMIT BACKGROUND 
(1030 yeo;s)P_ARTICLE EST_!~fA..TE CL% EVTS DOCUMENT ID rECN 
> 4 0  n I 90 0 KAJITA 86 KAMI 
"> 5°8 p 90 I 19 KRISHNA 82 KOLR 

• • • We d o  not  use the  f o l l ow ing  d o t o  for o v e r a g e s  fits l imits e t c  • • • 
> 6 n 60 90 73 HAINES 86 IMB 
> 2 p 13 90 16 KAJtTA 86 KAMI 
> 7 n 19 90 28 PARK 85 IMB 
> 7 n 90 0 BAI l ISIONI  84 NUSX 
> 2 p 90 < 3  BATTISTONI 84 NUSX 
> 0 3 p 00 2 20CHERRY 81 HOME 
> 0 1 p 90 21 GURR 67 CNTR 

19We h a v e  c a l c u l a t e d  90% CL l imit  f rom 1 c o n f i n e d  e v e n t  
20We h o v e  c o n v e r t e d  2 poss ib le  even t s  to 90% CL l imit 
2 t W e  h o v e  c o n v e r t e d  hal f - l i fe to 90% CL m e a n  llfe 

T ( N  ~ vK)  Tt,  
LIMIT BACKGROUND 
(tO 30 yeOF$)PARTICLE ES_TIMATE CL% EVTS DOCUMENT IO TECN 

T 9 
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P 

1 " ( p  ~ / . Z + u : )  7"t3 
LIMIT BACKGROUND 
(1030 yeors)PARTICLE ESTIMATE CL% EVTS DOCUMENT ID TECN 
> 2 3  p I 90 2 HAINES 86 IMB I 
• • • We d o  n o t  use t h e  f o l l o w i n g  d a l a  for o v e r a g e s  flfs l im i ts  e t c  • • • 
> 6 5 p ( f r ee )  8 7 90  9 BLEWITT 85 IMB 
> 2 3  p 7 90 8 BLEWlTT 85 IMB 

T ( N - " ~  e + p )  T14 
LIMIT BACKGROUND 
(fO30._ye_o_rs)[)ARTICLE ESTIMATE CL % EVTS DOCUMENT ID TECN_ 
>17  p 7 90 7 HAINES 86 IMB I 
> 1 4  n 4 90 9 HAINES 86 IMB I 
• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  I l ls hml lS  e t c  • * • 

> '12 p < I  2 90 0 ARISAKA 85 KAMI  l 
> 6 n < I  90 2 ARISAKA 85 KAMI  I > 6 7 p ( f r ee )  6 90 6 BLEWITT 85 IMB 
> 'I 7 p 7 90 7 BLEWITT 85 IMB 
>12 n 2 90 4 PARK 85 IMB 
> 0 6 n 0 3 90 I 28BARTELT 83 B a U D  
> 0 5 p 0 3 90 '1 28BARTELT 83 SOUP 
> 9 8 p 90 I 29KRISHNA 82 KOLR 
> 0 8 p 90 2 30CHERRY 81 HOME 

28L lml t  b a s e d  o n  z e r o  e v e n t s  
29We h o v e  c a l c u l a t e d  9 0 %  CL h m l f  f r o m  0 c o n h n e d  e v e n l s  
30We h a v e  c o n v e r t e d  2 p o s s i b l e  e v e n t s  to  90% CL h m l t  

T(N ~ ,u+p) 1"t5 
LIMIT BACKGROUND 
(tO 30 yeOrs)PARTICLE ESTIMATE Ct% EVTS DOCUMENT ID rECN 
> 1 6  p 4 . 5  90 4 HAINES 86 IMB l 
> 7 n 5 90 6 HAINES 86 IMB I 
• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fl'1S l imi ts  e t c  • • • 

> 12 p < 0 . 7  90 0 ARISAKA 85 KAMI  J 
> 5 n < 1  2 90 1 ARISAKA 85 KAMI  I 
> 5 5 p ( f r e e )  $ 9 0  4 BLEWITT 85 IMB 
> 16 p 5 90 4 BLEWITT 85 IMB 
> 9 n 2 90 1 PARK 85 IMB 

r ( p  ~ e+ e+ e -) rt6 
LIMIT BACKGROUND 
(tO 30 years)PARTICLE ESTIMATE CL% EVTS DOCUM~NT.ID_ . TECN 
> 5 1 0  p 0 . 3  90 0 HAINES 86 IMB l 

• • * We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  I l ls l im i ts  e l c  • • • 
v 

> 89 p (free) 0 5 90 0 BLEWITT 85 IMB 
> 5 1 0  p 0 7 90 0 BLEWITT 85 IMB 

r ( p  ~ # + p + p - )  r~T 
LIMIT BACKGROUND 
(tO 30 years)PA.R__TI_CL_E.~ ESTIMATE CL% EVTS DOCUMENT IO rECN 
> t 9 0  p 0 , t  90  t HAINES 86 IM8 I 

@ 

• • • We d o  n o l  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fits h inds  e l c  * * • 
> 44  p (free) 0 7 90 1 BLEWITT 85 IMB 
> 1 9 0  P 0 9 90 'I BLEWITT 8.5 IMB 
> 2 'I p 90 I 3f  BATTISTONI 82 NUSX 

31We h a v e  c o n v e r t e d  I p o s s i b l e  e v e n t  to  9 0 %  CL l lm i !  

T ( N ~  ~(892)) r ts 
LIMIT BACKGROUND 
(TO 30 yeOrs)PARDCLE ESTIMATE CL% E V T $  DOCUMENT ID_._ TEC._N_ 
> 1 0  p 6 90 7 HAINES 86 IMB J 
> 6 n 1.6 90  2 KAJITA 86 KAMI  I 
• • * We d o  h a l  use  t h e  f o l l o w i n g  d a t a  for  a v e r a g e s  hts hml ts  e l c  * * • 

> 5 n 7 90 8 HAINES 86 IMB I 
> 8 p 2 90 3 KAJITA 86 KAMI  I > 5 8 p (free) 16 90 10 BLEWITT 8,$ IM8 
> 9 6 p 6 90 7 BLEWITT 85 IM8 
> 7 n 4 90 1 PARK 85 IMB 
> 2 1 p 90 I 32BATTISTONI 82 NUSX 

32We h a v e  c o n v e r t e d  1 p o s s i b l e  e v e n l  Io  9 0 %  CL l imi t  

T ( N  ~ e + ~o  anything) i-.19 

LIMIT BACKGROUND 
(_TO3.0_VO_a. fs)P_ARTICLE ESTIMATE CL% E V T 5  DOCUMENT ID TECN 
> 0  6 p n 90 0 LEARNED 79 RVUE 

1-(N ~ V any th ing)  r20 
A n y ' t h i n g  = ~'., p. K e t c  

LIMIT BACKGROUND 
(tO 30 years)PARTICLE ESTIMATE CL % fVr5 DOCUMENT ID TECN 

• * • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s ,  tits, l imi ts  e t c  * ° ° 

> 0  0002  p n 90  0 LEARNED 79 RVUE 

1-(n ~ 3 . )  T2, 
LIMIT BACKGROUND 
(fO 30 y~f$)PARTICLE ESTIMATE CL% EVTS DOCUMENT ID TECN 
> 0 . 0 0 0 5  n 90 0 LEARNED 79 RVUE 

1"(p ~ e+ T/) T22 
LIM. BACKGROUND 
(tO 30 yeors)PARTICLE ESTIMATE CL% E V r S  DOCUMENT ID TECN 
> 2 0 0  {3 3.3 90 5 HAINES 86 IMB I 
• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits h inds  e t c  • * • 

> 64 p < 0  8 90 0 ARISAKA 85 KAMI I 
> 64 p (free) 6 5 90 5 BLEWITT 85 IMB 
>200 p 4 7 90 5 8LEWITT 85 IMB 
> t 2 p 90 2 33 CHERRY 81 HOME 

33We h a v e  c o n v e r t e d  2 p o s s i b l e  e v e n l s  to 90% CL I tmd 

T ( D  ~ # "  7 )  r 2 3  
LIMIT BACKGROUND 
(tO 30 yeof$)PARTICLf ESTIMATE CL % [VTS DOCUMENT ID TECN 
>46 p 6 90 7 HAINES 86 IMB J 
• • • We d o  no t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imi ts  e t c  • • • 

> 2 6  p < 0  8 90 1 ARISAKA 85 KAMI I 
> 17 p ( f ree )  6 90 6 SLEWITT 85 IMB 
>46 p 8 90 7 BLEWITT 85 IMB 

T ( n - - i -  VT~) T24 
LIMIT BACKGROUND 
(tO 30 years)PARTICLE ESTIMATE CL% EVTS DOCUMENT ID TECN 
> 3 0  n 0 •4  90 0 KAJITA 86 KAMI  J 

i 

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  toq" o v e r a g e s  fits l imi ts  e t c  • • • 

>25 n 6 90 7 HAINES 86 IMB i 
>18 n 3 90 4 PARK 85 IMB 

I 

> 0 6 n 90 2 34CHERRY 81 HOME 

34We h o v e  c o n v e r l e d  2 p o s s i b l e  e v e n l s  to 90% CL l l m l l  

" r ( N  ~ v p )  r 2 5  
LIMIT BACKGROUND 
(J.~_ O..y_e_O_fS)PA_~.T/.CLE . ESTIMATE CL % EVTS DOCUMENT ID TECN 
>11 p I 90 2 KAJITA 86 KAMI I 
> 4 n 2 90 2 KAJITA 86 KAMI  I 
• • • We d o  nor  use t h e  l o l l o w l n g  d a t a  for a v e r a g e s  i l ls l lm l ts  e t c  • • • 

> 8 p 5 90 6 HAINES 86 IM8 I 
> 2 n 10 90 15 HAINES 86 IMB I > 4 'I p (free) 7 90 6 BLEWITT 85 IMB 
> 8 4 p 5 90 6 BLEWITT 85 IMB 
> 2 n 3 90 7 PARK 85 IMB 
> 0 9 p 90 2 35CHERRY 81 HOME 
> 0 6 n 90 2 35CHERRY 81 HOME 

35We h a v e  c o n v e r t e d  2 p o s s i b l e  even t s  to 90% CL hmi t  

T ( n  ~ . ~ )  T2b 
LIMIT BACKGROUND 
(fO3Q .yeors)P__A.~TIC_L.E ESTIP~fAfE CL% EVTS DOCUMENT ID TECN 
> 1 8  n 2 90 2 KAJITA 86 KAMI I 

l 

• • • We clo n o l  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  hls l imi ts  e l c  • • • 
> 1 2  n 6 90 6 HAINES 86 IMB J 
> 16 n 2 90 1 PARK 85 IMB 
> 2 0 n 90 2 36CHERRY 81 HOME 

36We h o v e  c o n v e r l e d  2 p o s s i b l e  e v e n t s  to 90% CL h m d  

T ( n  ~ e + e -  P )  T27 
LIMIT BACKGROUND 
(tO 30 years)PARTICLE ESTIMATE C[% EVTS DOCUMENT ID TECN 
> 4 5  n 5 g0 5 HAINES 86 IMB I 

e 

• • • We d o  no t  use  t h e  f o l l o w i n g  d a l o  for a v e r a g e s  hts l imi ts  e t c  • • • 

> 2 6  n 3 90 4 PARK 85 IMB 

LIMIT BACKGROUND 
(TO 30 yeats)PARTICLE ESTIMATE CL% EVTS DOCUMENt ID TECN 
> 1 6  n 7 90 14 HAINES 86 IM8 J 

i 

• * • We d o  no t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  tlts h inds e t c  • • • 

> 19 n 7 00 4 PARK 85 IM8 

T ( n  ~ e - T r ' )  T29 
LIMIT BACKGROUND 
('~030 yeOF$)P_A_R_.TICLE ESTIMATE C[% EVTB DOCUMENT t~ TECN 
>'16 n 7 90 9 HAINES 86 IMB J 

i 

• * • We d o  no t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  his Jlr~lts e t c  • • * 

> 2 5  n 4 90 2 PARK 85 IMB 

r(n ~ u- 7r') r3o 
LIMIT BACKGROUND 
(1030 yeor$)PARTI.CLE ESTIMATE CL% EVTS DOCUMENT IO TECN 
> 2 5  n 6 90 7 HAINES 86 IMB I 

e 

• • ° We d o  n o l  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  I l ls hmltS e l c  • • * 

> 2 7  n 3 90 2 PARK 85 IMB 

1"(n ~ e -  p ' )  r.~, 
LIMIT BACKGROUND 
(tO 30 yeo[sJPARTICLE. E_ST!MATE CL% EVT5  DOCUMENT ;D rECN 
> 1 2  n 6 90 '13 HAINES 86 IMB l 
• • • We d o  h a l  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  his hmds  e t c  • • • 
> 1 2  n 3 90 5 PARK 85 IMB 
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T(n- IJ-/F ~) T32 
L IMi T BA CKGROUND 
(1030 years)PARTICLE ESTIMATE CL% EVTS DOCUMENF ID TECN 
.-9 n 5 90 7 HAINES 86 IMB 

• • • We do  no l  use the fo l low ing  d a t a  for overages  fits I lmds etc • • • 

-9 n 2 90 2 PARK 85 IMB 

T(N ~ 2 bod ies ,  p- f ree)  ( T 6 + T T + T 8 + T 9 )  
LIMIT BACKGROUND 
(1030 years)PARFICLE EST/MArE CL% EVTS DOCUMENT ID TECN 

• • • We do  not use the ta l low ing  d a t a  for averages  fits hmlts eJc • • • 

-1 3 p n 90 0 ALEKSEEV 81 BAKS 

r ( p  ~ e+K~(892)) r33  
LIMIt BACKGROUND 
(1030 years)PARTICLE ESF/MATE CL % EVTS DOCUMENT /D TECN 
>10 p " . I  90 I ARISAKA 85 KAMI 

p MAGNETIC MOMENT 

See the Note  on Baryon M a g n e h c  Moments  m the \ Dshngs 

V_ALU_E ~ N )  _D.C)C_.UMENT ID TECN COMMENT 
2 . 7 9 2 8 4 7 3 8 6  _+ 0.000000063 COHEN 87 R V U E  1986 CODATA va lue  
• • • We do  not use the fo f fowmg d a t a  for averages  fits hmds e l c  • • • 

2 7928456 -+0 0000011 COHEN 73 RVUE 1973 CODATA va lue  

MAGNETIC MOMENT 

A few ear ly ~esulls have  b e e n  o m l t t e d  

V_A_L_U_E ( . ~  DOCUMENT ID T_ECN COMMENT 
- 2 . 7 9 5  _. 0.019 OUR AVERAGE 

- 2  817 ± 0  048 ROBERTS 78 CNTR 
-2 791 _+0 02t  HU 75 CNTR Exotic a toms 

p ELECTRIC DIPOLE MOMENT 

A nonzero  va lue  Js f o r b i d d e n  by bo th  T tnvar lonce  a n d  P 
inva f lance  

VALUE (TO-2r e-cm) EVT$ DOCUMENT IO TECN C O__MMEN_r_. 
9 _+ 14 37 WILKENING 84 

• • • We d o  not use the fo l low ing d a t a  for overages  flis l imits etc  * • • 

< 4 DZUBA 85 THEO Uses 129Xe m o m e n t  
1 3 _+ 2 0 38 WILKENING 84 

<:550 KHRfPLOVICH 76 
7 +_ 9 I G  HARRISON 69 MBR Mo lecu la r  b e a m  

37Thls WILKENING 84 va lue  is more  COuhous l hon  l he  other  a n d  exc ludes  
the f ln l le-s lze e f fec l  wh ich  relies on uncer ta in  nuc lea r  in tegrals 

38Thls WILKENING 84 va lue  inc ludes  a h m l e  slze ef fect  a n d  a m a g n e t l c  
ef fect  

l q~+qel CHARGE MAGNITUDE DIFFERENCE 

See DYLLA 73 for o summary  of e x p e n m e n t s  on the neutrohty  
of mo l t e r  See OISO n CHARGE in the neut ron Listings 

VALUE ~f_o- 2re)  DOCUMENT ID COMMENT 
~1 .0  39 DYLLA 73 Neutrohty of SE 6 

• • • We d o  not use the fo l low ing d o t o  toe overages  fits hmlts e tc  * • • 
< 0  8 MARINELLI 84 M a g n e t i c  l ew ta t l on  

S9Assumes that Qn = QD+Qe 

REFERENCES FOR p 

COHEN 87 RMP 59 1121 +Taylor (RISC NBS) 
HAINES 86 PRL 57 1986 +8ionta Blewltt 8ratton Casper Claus+ (IMB C ) 
KAJITA 86 JPSJ 55 711 +Artsaka Koshlbo Nakohoto. (Kamlokonae C ) 
ARISAKA 85 JPSJ 54 3213 +KOlltO KOShibO NOkOhOIO+ (KomlokonOe C ) 
BLEWITT 85 PRL 55 2 t t4  +LoSecco 81onlo Brofton+ (iM8 ColIoD ) 
DZUBA 85 PL 1548 93 +Flambaum Siivesrrov (NOVa) 
PARK 85 PRL 54 22 +81ewltt Cortez Foster÷ (LM8 COlIQD ) 
BAIIIStONI 84 PL 1338 454 +BelLottl 8oIogna Campano* (NUSEX ColIoD ) 
MARINELL[ 84 PL 1378 439 +MOrDurgo (GENO) 
WILKENING 84 PR A29 425 +Ramsey Larson (HARV VIRG) 
8ARIELI 83 PRL 50 65t ÷Couranl Hellof Joyce Molshoke (MINN ANL) 
8ATTISTONI 82 Pl 1188 461 +Bellotll BolOgna ComDano+ (NUSEX CoIIob ) 
KRISHNA 82 PL 1158 349 Kriihnosworny Menon+ (TAIA OSKC TOKY) 
ALEKSEEV 81 JEIPL 33 651 *Bakofanov Butkevlch VoevOdSkll÷ (LENq) 

Trans~alecl from ZETFP 33 664 
CHERRY 81 PRL 47 1 5 0 7  +Deakyne Lonoe Lee Steinberg* (PENN BNL) 
COWSIK 80 PR D22 2204 +Naroslmhon (TATA) 
BELL 79 PL 868 215 ÷Colvelrl Co,ran Chaney Clllolln+ (CERN) 
GOLDEN 79 PRL 43 t t96 +Horan Mouger 8oclhwor Lacy+ (NASA PS4.L) 
LEARNED 79 PRL 43 907 +Relnes Sonl (UCI) 
BREGMAN 78 PL 788 174 *Colvettl CarTon CHtolln Houer Hen* (CERN) 

ROBERTS 78 
EVANS 77 
ROBE RSON 77 
KHRIPLOVICH 76 

HU 75 
COHEN 73 
DY.LA 73 
8AMBERGER 70 
DIX 70 
HARRISON 69 
GURR 67 
FLEROV 58 

MAMYRIN 83 

FRANKLIN 77 
KALOGO~] 76 

PR D17 358 (WILL RNEL) 
Sclence 197 989 *Stelnberg (8NL PENN) 
PR C16 1945 +King Kunselmon+ (WYOM CIT CMU VPI WILL) 
JETP 44 25 (SIBE) 
tronslalecl from ZETF 71 51 
NP A254 403 4Asono Chen Cheng Ougan* (COLU YALE) 
JPCRD 2 663 *Taylor (RISC NBS) 
PR A7 1224 *King (MIT) 
PL 338 233 +Lvnen PlekOrz+ (MPIH CER'N KARL) 
Case Tt~esls (CASE) 
PRL 22 1263 +Sandars Wflgrll (OXF) 
PR 158 1321 +Kropp Re~nes Meyer (CASE WItW) 
DOKL 3 79 +KIochkov Skobk~n terenlev (USSR) 

. . . .  OTHER RELATED PAPERS . . . .  

JETP 57 1152 +Aruev Alekseenko (1OFf) 
translated from ZETF 84 1980 
PR D16 910 (HALF) P 
PRL 37 1 0 3 7  KalOgefoDOulOS Chlu Sudarshan (SYRA TEXA) P 

B l(jP) = I I+ 2(2 ) 

We have omdted some results that hove been super- 
seded by later expenments The omdted results may 
be found m our 1986 edthon (Physics Letters 170B) or 
in e o r h e r  e d i t i o n s  

n MASS 

The moss is known much more Drectsely m u (atomic mass 
urals) than m MeV (see the footnotes)  The convers ion f rom u 
to MeV I u = 9 3 1 4 9 4 3 2 - + 0 0 0 0 2 8  MeV revolves the reid 
t lvely poor ly  known e lec t ron ic  Charge 

VALUE (MeV) DOCUA4EN_T I D TECN COMMENT 
9 3 9 . 5 6 5 6 3  -+ 0.00028 I COHEN 87 R V U E  1986 CODAI:A-vQIue- 

• • • We d o  not use the fo i low lng d a t a  for averages  flts hmlts e l c  • • • 
939 56564 -+ 0 00028 2 3 GREENE 86 SPEC n p  . .  d~; 
939 5731 ± 0 0027 3 COHEN 73 RVUE 1973 CODATA va lue  

1 The mass is known m u c h  more  prec ise ly  in u m = 
1 008664904 _+ 0 000000014 u 

2The mass is known m u c h  more  DrecJsely in u m = 
1 008664919 :I: 0 000000014 u 

3These de le rm ina t l ons  are no l  ~ndependen t  of the n - D mass d i f fe rence 
measurements  b e l o w  

MASS 

}/ALUE (MeV) EvrB DOCUMENT TO TECN COMM.~_NT 
9 3 9 . 4 8 5  _+ 0.051 59 4 CRESTI 86 HBC fSD ~ nn l 

4Thls Is O co r rec ted  result (see the e r ra tum)  The error is statist lcal The I m a x i m u m  systemot lc  error IS 0 029 MeV 

n - p MASS DIFFERENCE 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1 293318 _+ 0 . 0 0 0 0 0 9  5 COHEN 87 RvuE 1986 C O D A ' r A v a l u e  j 

• • • We do  not use the fo l low ing d a t a  for Overages ills l imits etc  • • • 

1 2933328 _. 0 0000072 GREENE 86 SPEC n p  ~ d'~ I 
I 293429 _+ 0 000036 COHEN 73 R V U E  1973 CODATA va lue  

5 C a l c u l a t e d  by us from the COHEN 87 rat io m(n) /m(p )  = J 
1 001378404 +_ 0 000000009 

n MEAN UFE 

Limits on l i fet imes for b o u n d  neutrons ore g l ven  in the p ro ton  
po rho l  mear1-11ves sect ion 

VA_L__U_E (S.e__C_)_ . . . . . . . . . . . .  DOCUMENT ID [ECN_ COMMENT 
8 9 6  -+ 10 O U R  A V E R A G E  Error inc ludes  sca le  factor of 1 8 See the i d e o g r a m  

be low  
876 _+ 10 -+ 19 LAST 88 SPEC Pulsed b e a m  
903 _+ 13 KOBVINTSEV 86 CNTR Ul t raco ld  neutrons 
937 _~ 18 BYRNE 80 CNTR 
881 ± 8 68ONDAREN 78 CNTR 
918 _+ 14 CHRISTENSEN 72 CNTR 
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• • • We da  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e f c •  • • 
898 _+ 6 7 BOPP 86 SPEC In fe r red  v a l u e  I 
902 ± '10 8 WILKINSON 82 RVUE In te r red  v a l u e  
875 _+ 95 KOSVINTSEV 80 CNTR 

6 [nc luc les  c o r r e c h o n  for reco i l  p r o t o n  s c a t t e r l n g  see  BONDARENKO 82 
7The BOPP 86 v a l u e  is i n fe r red  f rom the i r  g A / g V  m e a s u r e m e n t  a n d  I 

i n d e p e n d e n t  m e a s u r e m e n t  of g v  I 
8The WILKINSON 82 v a l u e  Is i n fe r red  f rom n d e c a y  c o r r e l a t l o n s  

WEIGHTED AVERAGE 
8gB  ± 10 (Error sca led  by  18 )  

800 850 

LAST 88 SPEC 0 9 
~ KOSVINTSEV B8 CNTR 0 3 

~ BYRNE BO CNTR 5 2 
, BONDAREN 78 CNTR 35 

k~ / k~  ~ CHRISTENSEN 72 CNTR 2 5 '12"~ 

~ (Con f i dence  Leve l  - -  0 015)  

g o 0  9 5 0  1 0 0 0  1050  

n e u t r o n  m e a n  l l fe ( sec )  

n MAGNETIC MOMENT 

VA~LIE (}~N) E)OCUMENT ID TECN COMMENT _ . _ _  
- '1,9'1304275 -+ 0 .00000045  COHEN 87 R V U E  '1986 CODATA v a l u e  
• * • We d a  not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  flts l imits e t c  * • • 
- ' 1  9 '1304308 _+0 0 0 0 0 0 0 5 4  9GREENE 82 MRS 

9GREENE 82 m e a s u r e s  t he  m a m e n l  in Bohf m o g n e f a n s  to b e  
('1 04'187564 ± 0  0 0 0 0 0 0 2 6 )  × '10 - 3  The v a l u e  a b o v e  Is o b t o l n e d  by  
mU l t l p l y t ng  by  m(p ) . 'm (e )  = '1836 '153000 (WhlCh is no t  t he  mos l  r e c e n t  
resu l l )  

n ELECTRIC DIPOLE MOMENT 

A n o n z e r o  v a l u e  is f o r b i d d e n  b y  b o t h  T t n v a r l a n c e  a n d  P 
i n v o r l a n c e  See RAMSEY 820 for a r ev i ew  A n u m b e r  of ea r l y  
resul ts r=ave b e e n  o m i t t e d  

VALUE_ (~()- 25 e - c m }  DOCUMENT ID T_EC__N C_OMMENT 
- %`1 ± 0 ,8  OUR AVERAGE Error i n c l u d e s  s c a l e  f ac to r  of I 4 See the  =(:leo 

g r a m  b e l o w  
- ' 1 . 4  +-0°6 '10 ALTAREV 86 MRS < 2 6× '10  - 2 5  9,5% 

CL 
0 3 _+ 4 8 PENDLEBURY 84 MRS U l t roco ld  n e u t r o n s  
2 '1:1:2 4 10ALTAREV 8'1 MRS - 6× '10  - 2 5  90% CL 
4 0_+7 5 10ALTAREV 79 MRS , f 6" : '10 - 2 4  90% 

CL 
10ALTAREV 79, ALTAREV 8'1 a n d  ALTAREV 86 use u l t r a c o l d  n e u f r a n s  

n CHARGE 

See a lso  " l q p + q e  CHARGE MAGNITUDE DLFFERENCE" in the  
p r o t o n  Lls l lngs 

VAIUE (unlt$10 - 20 e) DOCUMENT I£) [ [ C N  COMMENT 

• • * We do  na t  use The f o l l o w i n g  d a t a  for a v e r a g e s ,  fits, l imits, e t c  • * ° 
- 1 5 ± 2 2 '1.1 GAHLER 82 CNTR Reac to r  n e u t r o n s  

1'IThe er ror  :t: 2 2 g ives  t he  90% CL l lmds a b o u t  t he  the  v a l u e  - 1̀ 5 

WEIGHTED AVERAGE 
-11  ± 0 8  ( E r r o r s c = l e d b y l 4 )  

xl 

% 
% 
% 
% 
% 
% 
x. 
% 
% 

I 
\ I \ 

- 5  0 5 

n ELECTRIC DIPOLE MOMENT (`10 - 2 5  e - c m )  

2 
X 

ALTAREV 86 MRS 0 2 
PENDLEBURY 84 MRS C 1 
ALTAREV 81 MRS 1B 
ALTAREV 79 MRS 

2 1  
( C o n f i d e n c e  Leve l  - -  0 3 5 0 )  

! 

10 15 

LIMIT ON n n  OSCILLATIONS 

MEAN TIME FOR nn TRANSITION IN VACUUM 
Test at baryon conservohon Limits are derived from expenmental limits 
on AB = 2 nuclear decay processes using theoretical assumptions for 
nuclear physics effects See also the theoretical onolysls in DOVER 83 
See ll~e reviews m ANDERSON 84 on nuclear particle physics (31 ene¢ 
gles up to 3̀ 1 GeY 

yALUE ¢sec) CZ% OOC. U_I~f_N_[.!D___ r_~CN C. OMMENr 
> 4.2 ×400 90 TAKITA 86 CNTR K a m l o k a n d e  
• • • We d a  na t  use the  f o l l ow ing  d a l e  far a v e r a g e s ,  fits hml ls ,  e t c  • ° * 
> 4 × '106 90 f:IDECARO 85 CNTR Reac to r  neu t rons  
> 8 8 < '107 90 PARK 850 CNTR 
> 3 × '107 BATTISTONI 84 NUSX 
> 2 . 7 × ' 1 0 7 - ' 1 . ' I  '<408 JONES 84 CNTR 
> 2 × '107 CHERRY 83 CNTR 
> 3 × '107 ALBERICO 82 THEO 
> '1 ~ '108 CHETYRKIN 8'I THEO 
> 5 ~ `107 90 COWS~K 8'1 THEO 

n DECAY MODES 
Fraction _(_11t/I~). 

I~ n - - ,  pe -ue  I 

l "  2 n ~ D V e V  e 0 

n BRANCHING RATIOS 

I'(ppe~e)/I'(pe- i ; e )  I'2,/1" t 
F o r b i d d e n  by  C h a r g e  c a n s e r v a t l a n  

VALUE CL % DOCUMENT ID [ECN COMMENT 
< ' 9  ×10 .24 90 B~,k,~BANOV 80 CNTR 71Go -- 71Ge ) (  

• • • We d o  nor  use l h e  f a l l a w l n g  g a l a  far a v e r a g e s  fits hmllS e l c  • ° • 
< 9 7 ×I0 -18 90 ROY 83 CNTR 113Cd ~ 113mln 

neul 
< 7 9 ×I0 -21 VAIDYA 83 CNTR 87Rio ~ 87mSr neul 
< 3 × tO  - t 9  NORMAN 79 CNTR 87Rb ~ 87msr neu t  

N O F E  ON BAR3 ON DEC %~ P %RAMFTIFR% 

(b', E I )  ( 'omnln ls .  t ;m~c]sl tx o l ' ( , d l t b i m a  fklkclc>) 

Bar )on  semi leplomc deca ) •  

The t.,,ptcal baryon sc tmlcp tomc dcca> ~s d c ' ~  d~,'d b\ ,i 

matrtx c lcmcnl  the h z l d l o l l l C  0a lL  ot '~.~*hlch I11:1\ lit" ' . ' ,TItlCll 

aS  

J ~ l ' [ l l ( q 2 ) " Y x  • t ! . d q 2 ) a \ , q  " " : , ' 1 ( q 2 ) 7 ~ 3 5  - : , ' ~ ( q 2 l ' y S q , ] / ¢ /  

Hcre Bt and Bf arc smnors  describing the mlllal and t]nal 
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ban.~ons ~h~lc the tcrms m / I I 2 ,k'l and g3 account  for 

~ecto~ reduced tcnson (' x~cak magne t i sm")  axml vector.  

and reduced pscudoscalaE con t r ibu t ions  respeclP, el.~ 1 

Second-class  CUllCnt c o n l l l b u l l o n s  are ignored here Jn the 

hnmt o l z e l o  nloil leniuil l  tlanslL'r. / I reduces to the xeclor  

couphng  ,,.onstanl L' 1 a n d  .gl redticcs Io the axml-vector  

couphng  constant.'., '.l The  latter coefl icmnts  are related by 

(abfl~bo s thcol.x - gcncrahzed  to six quarks  (and three mix- 

mg angles) by Koba~ashl  and Maska,,va 3 Tile ,~"3 term ns 

negligible foI t iansntlons m x~hlch an v : us emi t ted ,  and 

g~xes a xc~.x small correct ion ~h lch  can be es lmlated  b~ 

P(-XC, 4 lbl ~u-" modes  Recoil effi.'cls Lncludc weak magne-  

t ism and ate  taken rote account  adcquatel ' ,  b.~ cons ld¢ lmg 

lei ills o f  first oldel II1 

6 - -  (m I - m  l ) : ( m  / ~ m l} 

w h e r e  i i i  I and m/  are the masses  o f  the mmal  and final 

bal ~ ons 

The exper imenta l  q u a n t m e s  o f  interest  are the total 

decay rate, the l e p t o n - n e u t n n o  angular  correla lmn,  the 

as ' ,mmetry  coefficuents m the deca~ e r a  polarized m m a l  

baryon and the p o l a n z a t m n  o f  the decay bar~on m its own 

rest frame for an unpo lanzed  mmal  baryon Formulae  for 

these q u a n t m e s  are detlx ed by s tandard  means  5 and arc 

analogous  to smlda r  formulae  for beta decay 6 For com-  

par ison with hlgh-prec~s~on exper iments ,  it is necessary to 

modify tile f m m  factors at q2 = 0 by a "'dipole'" q2 depen-  
7 de i ce ,  and also to apply appropr ia te  radmlp, e co r rec lmns  

The  rauo ,v I ","1 may be wri t ten as 

,4.1 / " 1 = I ,'4 .! "g I I ~'t ,,', ,, 

The  presence o f  a " ' topic  correlatmn'"  term m the t r a n s m o n  

p lobabnhb  propor t ional  to Ira( .t,, A/, , , i ,)  and of  the form 

~ -(p/xp,,)  

for tmtlal baryon polarlzat~on oi  

o'l.-(p/× p,,) 

for final baryon p o l a n z a t m n  would md~cale failure of  

tmle-re~ersal  m ' , a rmnce  The  phase angle 4, has been meas-  

ured prec~sel~ o n b  m neutron decay (and m 19Ne nuclear  

beta  deca.~ ), and the lesulls  are cons is ten t  wqth 

7 inx ar tance 

The a m p h t u d e  tor the decay 

_x.....~ k(,- ~ 

is o f  spectal interest  because 11 ~s predic ted by the strong 

form o f  CVC, and ~s not s e n s m v e  to the a s s u m p t m n s  con-  

ce rmng  S t ' (3 )  thal enter  rote Cab lbbo ' s  pred~cltons for the 

o the r  hypcron s e m d e p l o m c  deca.~s The decay' 

(the isospm-rotatnon analogue  ot"'_2- ~ A e -  u-') is mediated  

by the e lect romagnet ic  Lnleractmn and ~s an MI trans~tlon, 

assuming  that there are no m h o m o g e n e m e s  m the charge 

d is t r ibut ions  o f  the .-0 and ~. 

I lyperon nonleptonnc deca.~ s 

The most  general deca~ a m p h t u d e  for J P  = I / 2  " 

h~perons  ma~ be ~r i t ten  m the form 

.U = ( ;I .  m ~  B / . (  I - B " ( 5 ) I I  1 , 

where f and B ~,re cons tants  I Then the t r an smon  rate is 

p~oporllonal to 

R - I - ' y & t  ~ - ( I  y ) (&f f i ) ( co j f i )  + 

<~(&/- fi - Co t fi) ~fi (Co./-xCo t ) 

w:here fi is a umt  xector  m the d l recuon  o f  the final baryon 

n lomcn tun l ,  and @ and CO/ are uml  vectors m the dlrec- 

uons  o f  the m m a l  and final bar~on spins .Mso, 

ce = 2 Re(s*p)./(I s 12 + Ip [2 ) ,  

/3 = 2 I m ( ~ * p ) / ( [ s [ 2  + I p l 2 ) .  

and 

y = ( [ ~ 1 2 -  [ p [ 2 ) / ( I s - I  2 + I p [ 2 ) .  

where  s- : I. and p = I p! [ I t , / ( I -  1. , m I ), here t:/- and 

p f  are the energy and m o m e n t u m  o f  the final baryon The 

parameters  ix./3 and 3, s a f e s t  

a 2 + / 3 2  . y 2  _ 1 

~n a d d m o n a l  pa ramete r  q> Js defined b', 

/3 = (I - a'2) 1 "2sm~ 

[n the L~stmgs, we compLle a and 4~ for each decay, since 

these q u a n t m e s  are most  closel,~ related to exper iment  and 

awe es senua lb  uncorrelated When  necessary, we have 

changed the signs o f  reported values to agree with our  mgn 

con ' , c ro tons  In the Stable Parucle Summary  Table, we 

gp.e a ~b and .,X (defined belou,) with errors,  and also gp,e 

the ' ,alue ot"3' wnthout  e r ro r  
Tkme-reversal  m ' ,a r lance  reqmres,  in the absence o f  

final-state mte rac tmn,  that s and p be relatpeely real, and 

theretbre  that fl = 0 However ,  for the decays d,scussed 

here, the final-state mte racuon  ~s s t rong Thus  

.s - I s l f  h' and p = I p l f  ~ ' ,  

where  6s and 6p are the men-ba ryon  ~- and p -wave  s t rong 

in teract ion phase shifts We then have 

_-21)11 I p l  
/3 = I , l - ' +  ii;J: s'nO' --'~P) 

One also def ines  ..X = t a n -  1(/3/o0 If 7" mvarmnce  holds. 

X = 6 - 1~l' For Y.--.. p rr-  decay', the value of.-X ma.,, be 
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comparcd wtth the ~- and p-wave phasc shtfls m low- 

energy 7r- 17 scattering, and the results arc conststent wtth 1 
invarlancc 
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n .-,. p e - P  DECAY PARAMETERS 

See the  a b o v e  No te  on  Baryon D e c o y  Pa rame te rs  

gA/ gv 
VALUE DOCUMENT ID 

- 1.259 ± 0 .004  OUR AVERAGE 
- 1 .262  ± 0 . 0 0 5  BOPP 86 
- 1 226  ± 0 042 MOSTOVOY 83 
- 1  2 6 1 : t : 0  012 12 EROZOLIM 79 
- I  2 5 9 3 0  017 12STRATOWA 78 

- I  2 5 3 3 0  021 13 KROHN 75 
- 1 .250  ± 0 . 0 0 9  14 KROPF 74 

f fCN COMMENT 

SPEC e morn  n sp in  co f f  
RVUE 
CNTR e morn  n sp in  core 
CNTR p r o t o n  reco i l  s p e c -  

t rum 
CNTR • mo rn  n sp ln  core 
RVUE n d e c a y  + f l  v a l u e  

• • • We  d o  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
- 1 . 263  - 0 . 0 1 5  EROZOLIM 77 CNTR See EROZOLIMSKII 79 
- 1 250 ± 0 . 0 3 6  12 DOBROZE 75 CNTR See STRATOWA 78 
- 1 .263  ± 0 . 0 1 6  14 KROPF 74 RVUE n d e c a y  a l o n e  

12These e x p e r i m e n t s  m e a s u r e  the  a b s o l u t e  v a l u e  of g A / g V  on l y  
13KROHN 75 g i ves  - I 258 ± 0 . 0 1 5  i n c l u d i n g  e v e n t s  of CHRISTENS~N 70 The 

v a l u e  h e r e  Is d e r i v e d  f rom the  a s y m m e t r y  coe f f i c i en t  A b a s e d  on  the  
n e w  e x p e r l m e n t  on l y  

14KROPF 74 rev iews  a l l  d a t a  t h r o u g h  1972 

O. PHASE ANGLE OF gA RELATIVE TO gv 
Time reversa l  i n v a r t a n c e  requ i res  th~s to b e  0 or 180 ° 

VALUE (de~reej)_ . . . . . . . . .  C~)CUMENr ID 7ECN COMMENT 

180.11 ¢ 0 . 1 7  OUR AVERAGE 
179.71  ± 0 . 3 9  EROZOLIM 78 CNTR Po la r i zed  n e u t r o n s  
180 35 + 0 . 4 3  EROZOLIM 74 CNTR Po la r i zed  n e u t r o n s  
181 1 ± 1 3 15 KROPF 74 RVUE n d e c a y  
180 14 ± 0 22 STEINBERG 74 CNTR Po la r i zed  n e u t r o n s  

ISKROPF 74 rev iews  o i l  d a t a  t h r o u g h  1972 

TRIPLE CORRELATION COEFFICIENT 
These a r e  m e a s u r e m e n t s  of t he  c o m p o n e n t  of n sp in  p e r p e n d i c u l a r  to 
t he  d e c a y  p l a n e  in ,3 d e c a y  Shou ld  b e  zero if / i n v a r l a n c e  is no l  
v i o l a t e d  

VALUE DOCUMENT IO TEEN COMMENT 

- 0 . 0 0 0 7  ± 0 . 0 0 1 4  OUR AVERAGE 
+ 0 0022  ± 0 . 0 0 3 0  EROZOUM 78 CNTR Po la r i zed  n e u t r o n s  
- 0 . 0 0 2 7  ± 0 . 0 0 5 0  '16 EROZOUM 74 CNTR Po la r i zed  n e u t r o n s  
- 0 . 0 0 1 1  3 0 . 0 0 1 7  STEINBERG 74 CNTR Po la r l zed  n e u t r o n s  
- 0 . 0 1  3 0  01 EROZOLIM 708 CNTR Po la r i zed  n e u t r o n s  

16EROZOLIMSKII 78 says a s y m m e t r i c  p r o t o n  losses a n d  n o n u n i f o r m  b e a m  
p o l a r i z a t i o n  m a y  g i ve  a s y s t e m a t i c  er ror  u p  to 0 003, thus i n c r e o s l n g  t he  
EROZOLIMSKII 74 er ror  to 0 005  STEINBERG 74 a n d  STEINBERG 76 e s t i m a t e  
t hese  s y s l e m a t l c  ei'rors to b e  i ns ign l f l can t  in the i r  e x p e r l m e n l  
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D I ( / )  = 0(12 + )  

W e  h o v e  o m l t t e d  s o m e  r e s u l t s  t h a t  h o v e  been S u p e r  
s e d e a  b y  I d l e r  e x p e n m e n t s  The  o m i t t e d  r e s u l t s  m a y  
D e  f o u n d  in  o u r  1 9 8 6  e d l h o n  ( P h y s i c s  L e t t e r s  17087 or  

~n e a r h e r  e d i h G n s  
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A MASS 

.VAtU~ (Melt) . . . .  E_V[5 DOCUMENr ID TECN 
f t15,63 -+B.05 OUR FIT Error inc ludes  s c a l e i o c t o r  of I 4 
1115,57 _+ 0°06 OUR AVERAGE Error inc ludes  sca le  factor  of I 3 See the  

ic leogrom b e l o w  
11t5 59 -+0 08 935 HYMAN 72 HEBC 
'1115 39 _+ 0 12 195 MAYEUR 67 EMUL 
1115 b _+0 4 LONDON 66 HBC 
t t  15.65 ± 0 07 488 I SCHMIDT 65 HBC 
11t5 44 ± 0  12 2BHOWMJK 63 RVUE 

tS lnce  our f lnal va lues  for the  E a n d  t mosses c o m e  from d o l n  on overa l l  
tlt to a l l  m e a s u r e d  masses a n d  moss d i f ferences we  hove  used the  
uncorreJated measurements  from SCHMIDT 65 rather than  the  ones com-  
Ing from the  OVtQII fit reDorteO in that  Doper  Since there  seems to b e  no 
conv inc=ng a r g u m e n t  as to why  one  shou ld  ignore  d a t a  using range  
measurements ,  we  have  i n c l u d e d  here va lues d e p e n d i n g  on p ro ton  ancl 
p l a n  ranges The SCHMIDT 65 mosses have  b e e n  r e e v a l u a t e d  us lng our  
ADrll 1973 p ro ton  a n d  K ± a n d  ~'.± mosses P Schmldt ,  p r iva te  c o m m u n  
i ca t l on  ( t974 )  

2The mass has b e e n  ra ised 35 keV to fake  into a c c o u n t  a 46 keV 
increase in the Droton maSS a n d  an 11 keY Oecreose in the  ~'± mass 

WEIGHTED AVERAGE 
1115 57 :l: 0 0 6  (Error scaled by  I 3) 

11150 11155 11180 

~, mass (MeV)  

Values above of weighted average error 
and scale factor are based upon the data In 
thzs ideogram only They are not ~eces- 
eardy the some as our "best"  values, 
obtained from a least-squares constrained fit 
uhhZlng measurements of other (related) 
quantities as additional Irlformatlon 

2 
x 

HYMAN 72 ItEBC 0 1 
MAYEUR 67 EMUL 2 2 
LONDON Be HBC 
SCHMIDT 65 HBC 14 
BHOWMIK 63 RVUE 11 

4 8  
(Conf idence Level = 0 188) 

I I 

1116 5 1117 0 

A - A MASS DIFFERENCE 

A test of CPT 

VALUE (MeV) DOCUMENT ID rECN COMMENT 
0.0B ± 0,12 OUR AVERAGE Error Inc ludes  sca le  factor  of 2 1 

- 0 29 _+ 0 15 8ADIER 67 H8C 2 4 GeV/ 'c  ~ p  
0 05 ~ 0 06 CHIEN 66 HBC 6 9 G e V / c  p p  

A MEAN LIFE 

Measurements  w i th  an  error > 0 I '<  1 0 -  r0 s hove  b e e n  omi t  
tecl a n d  on ly  the  latest  h igh  sloflshCS measurements  are 
used for the  a v e r a g e  

yALUE_ ( I 0 -  fO sac)  EVTS _DOCUMENT ID T_I:C'_N_ COMMENT 
2.631 -+ 0,020 OUR AVERAGE Error inc ludes  scale fac tor  of I 6 See the  

i d e o g r a m  b e l o w  
2 ,69  _+ 0 03 53k ZECH 77 S P E C  Neutral  h y p e r o n  

b o o m  
2 6 ' I I  _+0 020 34k CLAYTON 75 HBC 0 9 6 - 1 4  G e V / c K - p  
2 626_+0 020 36k POULARD 73 HBC 0 4 - 2 3  G e V / c K - p  
• * * We d o  not  use the  fo l l ow lng  d a t a  for averages  fits l lml ls  e t c  ° * * 
2 6q :1:0.05 6582 ALTHOFF 73B OSPK t r + n ~  ~.K + 
2 54 -+ 0 04 4572 BALTAY 71e HBC K -  P at rest 
2 .535  -+ 0 .035  8342 GRIMM 68 HBC 
2 47 ± 0 08 2600 HEPP 68 HBC 
2 35 -+ 0 09 916 BURAN 66 HLBC 

2 452 +-0 U 056 2213 ENGELMANN 66 HBC 
- _ 054 

2 59 _+ 0 09 794 HUBBARD 64 HBC 
2 59 :t: 0 07 1378 SCHWARTZ 64 HBC 
2 36 -+ 0 06 2239 BLOCK 63 HEBC 

WEIGHTED AVERAGE 
2 631 ~- 0 0 2 0  (Err=." scaled by  1 8) 

! 

2 55 60  

X 
ZECH 77 SPEC 3 8 
CLAYTON 75 HBC 1 0 
POULARD 73 HBC 0 1 

4 9  
(Conf idence Level -- 0 085) 

I I 

2 85 2 7 0  2 7 5  2 80  2 85 

m e a n  life ( 1 0 - t o  sec) 

(A  - A)  / AVERAGE, MEAN LIFE DIFFERENCE 

A test of CPT 

VALUE DOCUMENt IO rECN COMMENt 
0,044 _+ 0°085 BADIER 67 HBC 2 4 G e V / c  p p  

N O T E  O N  BAR~ O N  , M A G N E T I C  M O M E N T S  

The  figure s h o ~ s  the  m e a s u r e d  magne t t c  m o m e n t s  o f  

the stable b r e t o n s  11 also s h o ~ s  the p r e d t c n o n s  o f l h e  stm- 

plesl quark  model ,  us ing  the  m e a s u r e d  l~ n ,  and  3. 
I I l lOn le l l lS  a s  irllpUl Ill t h i s  m o d e l ,  t h e  r l l O n l e n l s  a r e  

pp - (4#u - lad).~3 
p,£- = (4gu p.s)/3 

try" - (4g~ Pu ) /3  

/JA -- /.z.~ 

and  the  ".2o--, . '~ t r a n s t l m n  m o m e n t  ts 

1., ] # , - n .  --  ( g d  'uu \ 

g n  - ( 4 P U  - Pu 1.I3 

p,.; = (4Pd p.~)/3 

i t .  ( 4p,~ PU )/3 

it,.2': " (2p u - 2p d ta.~ )/3 

The quark moments that result fl'om thts snnple model are 

,u u = • I 8 5 2 / a . \ . g d  = - 0 9 7 2 g \  a n d ~ u  = . .0613/a?¢ 

(the c o r r e s p o n d i n g  effective qua rk  masses ,  tak ing the 

q u a r k s  to be D n a c  point  parttclcs,  where  p -- qh/2nf, arc 

338, 322. and  510 MeV) -\s the figure shox~s, the model  

gt , ,es a good  first a p p r o x t m a l t o n  to the expe r imen ta l  

m o m e n t s  For efforts  to m a k e  a bet ter  modcl ,  v,e reti~r to 

the  hteral t t rc  2 
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Stab le  Part ic le  Ful l  Lis t ings  
A 

A MAGNETIC MOMENT 
See the  Note on Baryon M a g n e t i c  Moments  a b o v e  Measure 
ments  wi th  on error > 0 .15  /JN hove  b e e n  o m i t t e d  

VALUE (JJl~)- _ _  EVT$ DOCUMENT ID TECN COMMENT 

z ::L 
v 

r -  

E 
O 
E 
O 

t -  
E~ 

2 

0 -  

- 2 -  

~nput 

/ 
/ 

/ 

I " 

J 

I 7" -  input 

% 
% 

% 

input 

P 
S+ 

Z ° 

A 

; -  

~'~O 
~=~ 

~ o  

n 

References 

1 See, for example, D H Perkms, h t n o d u c m m  m lhgh  
E n o g r  Ph~ slcs (Addtson-Wesley. Reading, MA. 
1987), or  D G r l f f i t h s .  lnHoducHon m E/emc~tlall" 
Pa~HJe,~ (Harper & Row, New York, 1987) 

2 See. for example, J Franklin. Phys Roy D29, 2648 
(1984).HJ Llpkm, Nucl Ph~s B241,477(1984). 
K SuzukL H KumagaL and Y Tanaka, Europhys 
Left 2. 109 (1986),SK G u p t a a n d S B  KhadMkar 
Ph~s Rex" D36,307(1987). M I Knvoruchenko, 
So~ Jour Nucl Phys 45, 109(1987) I, Brekkeand 
J L Rosner Comments Nucl Part Phys 18, 83 
(1988). and references cried thereto 

- 0.613 ± 0.004 OUR AVERAGE 
- 0  606 ± 0  015 200k COX 81 SPEC 
- 0 6138 ¢ 0 .0047 3M SCHACHIN 78 SPEC 
- 0  59 ± 0  07 350k HELLER 77 SPEC 
- 0  57 ¢ 0 . 0 5  I 2M BUNCE 76 SPEC 
- 0.66 ± 0 07 1300 DAHL JENSEN 71 EMUL 200 kG held 

A ELECTRIC DIPOLE MOMENT 

A nonzero va lue  is for t ) idden by  bo th  T inva r lonce  a n d  P 
invor ionce  

VALUE ( ' r0- r6 e - c m )  CL % _DOCUMENT ID TECN 
< 1.5 95 3 PONDROM 81 SPEC 
• • * We d o  not  use lhe  to l l ow lng  c~oto for overages  fMs l iml ls e l c  • • • 
< 100 95 4 BARONI 71 [MUL 
< 5 0 0  95 GIBSON 66 I~MUL 

-'17 3pONDROM 81 measures ( -  3 .0  +_ 7 . 4 ) ×  10 e-cm 
4BARONI 71 measures ( -  5 .9  ± 2 .9)  × 10-15  e-cm 

A DECAY MODES 
F__ra .c_t! _o_n. " o ' / r )  

l "  I .'~ --,,. p ' / T -  (64 I ¢ 0 . 5  ) x 1 0  - 2  

I" 2 A --,, n~ -° (35 7 _+0 5 ) × 1 0  - 2  

1" 3 A ~ n'~" ( t 02_+0 3 3 ) × 1 0  - 3  

r 4 A ~ p ~ - " y  ( 8 5 _+i 4 ) × 1 0  - 4  

I 's  A ~ p e - v  ( 8 3 4 ± 0  14)×10  - 4  

] '6 '~" ~ / : : ) # - P  ( 1 '57 -+0  3 5 ) × I 0 - 4  

CONSTRAINED FIT INFORMATION 

A n  o v e r a l l  f it t o  5 b r o n c h l n g  rahos  uses 24 m e a s u r e -  
m e n t s  e n d  o n e  c o n s l r a l n t  t o  d e t e r m i n e  5 p a r a m e -  
ters The o v e r a l l  f it has  a X 2 = 13 6 for 20 d e g r e e s  
of  f r e e d o m  

The f o l l o w i n g  o f f - d l o g o n o l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t i o n  coe f f i -  
c i e n t s  (~xjl)xl>/(/)x~ ,~xj). in p e r c e n t  f r o m  t h e  fit t o  t h e  b r a n c h i n g  
f r ac t i ons ,  x I . ] ' i / [ ' to to~ The fit c o n s t r a i n s  t h e  x I w h o s e  l a b e l s  
a p p e a r  in th is  a r r a y  fo s u m  to  o n e  

x 2 100 
x 3 - 9  2 
x 5 46  46  4 
x 6 0 0 0 0 

x l  x2 x3 x5 

A BRANCHING RATIOS 

l ' (p~1- - ) / r (NTr)  1"1/(I'i+1"2) 
VALUE Evrs DOCUMENT ID TECN COMMENr 
0.642 ± 0.005 OUR FIT 
0.640 -_ 0.005 OUR AVERAGE 
0 . 6 4 6 = 0 . 0 0 8  4572 BALTAY 71B HBC K - D  a t  rest 
0 6 3 5 2 0  007 6736 DOYLE 69 HBC ~ r -D  ~ ~/(o 
0 .643  ± 0 016 903 HUMPHREY 62 HBC 
0 65 ± 0 .05  COLUMBIA 60 HBC 
0 627 ± 0  031 CRAWFORD 59B HBC 

l ' ( n T r ° ) l l ' (  NTr  ) 1"2/(1"~+l 2) 
VALUE EVTS DOCUMENT ID TECN 
(].358 -. 0.005 OUR FIT . . . .  
0.304 ± 0.025 OUR AVERAGE 
0 .35  ± 0  05 BROWN 63 HLBC 
0 291 ± 0  034 75 CHRETIEN 63 HLBC 
0 28 ± 0 08 BAGLIN 60 HLBC 
0 .43  ± 0 . 1 4  CRAWFORD 59B HBC 
0 .23  ~ 0 .09  EISLER 57 HLBC 

r(n-y)Ir(nTro) 13/12 
)/AL_U_E_(unIIS ro -  3) EVT$ OOCUME_.NT ID TECN COMMENT 
2 . 9  ± 0.9 OUR FIT 
2.86 ± 0 . 7 4 -  0.57 24 BIAGI B6 SPEC SPS hype ron  b e a m  l 
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Stable Particle Full Listings 
ii 

I‘(PW v)/l‘(Pn-) I‘,/1 , 
“*l”[.p”,,r m-3 EUS D_pCiJM~ ID ECN CO_MMEN[_ 
4.301 z 0.019 OUR FIT 
1.301 + O.Of9 OUR AVERAGE 

1 335 2 0 056 719, BOUPQUIN 83 SPEC SPS hygeron beam 
1 313 20.024 1Ok WISE 80 SPEC 
123 ~011 544 LlNCQUlSl 77 SPEC a-p - fl\ 
9.27 20 07 1089 KAIZ 73 HBC 
q.31 +o 06 1078 ALlHOFF 71 OSPK 
1 47 20 43 B6 5CANIER 74 HBC K-D 01 ,a, 
120 20 12 143 6 MALONEY 6V HBC 
I 17 20 48 6 64 FBC K- freon 
1 23 r0 6 ELV 63 
. - * we do not ure me lollowlng dOlO lo, overages. f,lS l,“,1l. etc . . . 

1 32 20 15 218 5 LlNDQUlSl 71 OSPK See LINDQUISI 77 
5Chonged b” us from I (pe- ,‘)/I 

I ,o,a 2!3 
@hanged by us lrom is the 

I‘(PF v)lr(Nx) 
“N”f.(un,lr ,o- 3_ Evrs 

* 0.35 FII 

I.57 OUR AVERAGE 

5 14 
410.8 V 

7 : 
2 

I‘,/v,+I‘,) 
poc@MLy ID XN CQmNr _ 

BAGGET 728 HEC K- 01 ,elt 
CANTER 748 HBC K-P at ,esf 
LIND 64 RVUE 
PONNE 64 FEC 

h DECAY PARAMETERS 

See Ihe Note on Boryon Decoy Porometers ,n the neutron List 
“gs Some early results have bee” o”,tted 

o- FOR .\ -. px- 
_“AI”f 

1.01 2 0.07 OUR AVERAGE 
1 000 f 0.068 4760 ’ OLSEN 70 OSPK r+n- \K’ 
1.10 f0 27 CORK 60 CNTR 

‘OLSEN 70 compo,es proton and newon dlsf,,but,ons from i decoy 

[,I_(.\) + ,I+($ / [,I_( i) - ,i+(Ii)j 

Zero If CP ,S cO”rW”ed 

“*‘UC f”,S DOCmwN, ID rmv COMMCN, 

-6.06 + 0.08 OUR AVERAGE 
-0 0720 09 4063 BARNES 
-0 0220 44 1Ok 8 CHAUVAT 

87 CNTR pp z i \ LEAR 
85 CNIR pp pp ISR 

I 
85 octuolly u,(T);,,_( 1) - 1.04 0 29 

polorl~otlon IS In pp 1 X pp - X lesls this osI”“D- 
based 0" C lnva,lonCe and lrogmentOt,on ore rollslIed by the data 

c> ANGLE FOR i -. DH- (ton0 = d / 7) 
.“A‘“f (de*reer) LYlS DOCUMfNr ID TfCN COMMCNr- 
- 6.5 2 3.5 OUR AVERAGE 
- 7.02 A.5 10325 CLELAND 72 OSPK \ from n-p 
- 802 60 10130 OVERSETH 67 OSPK \ 110” a-p 

13 0 f 17 0 1156 CRONIN 63 OSPK \ l,Om n-p 

gn / gv FOR .\ - pe-v 
“AlOf t-us DOCUMNI 10 VCN Cow.mr 

- 0.696; ;$: OUR AVERAGE Error ,“cl”der Icole IOCIO, Of ? 3 See the 
,deog,o” below 

-070 ZOO3 7111 BOURQUIN 83 SPEC Z - in- 
-0 734io.031 IOk 9 WISE 8, SPEC BY ongulo, Collel 

-053 +009 n 1, 441 LINWUIST 77 SPEC PO1 1 3 OSV”” 
_“.,I 

-047 zoo9 405 BURNETT 76 SPEC B-Y and spin 
-0 63 +0 06 817 ALTHOFF 73 OSPK POlorlZed \ 

-0 74 ‘; y; 352 9 BAGGETT 72 HBC K- 01 ,a, 

-0.75 ‘; ;“B 14, PCANTER 71 HBC 

-072 ‘;;$ 148 9 MALONE” 69 HBC 

-3 14 ‘; :: CONFORIO 65 RVUE 

vlhese experiments meowe only the absolute value of gA/gv 

WEIGHTED AVERAGE 
-0686 + 0 024 - 0025 (Error scaled by 13) 

2 

BOUROUIN 83 SPEC -%- 
WISE 8: SPEC ‘5 
LINDOUIST 77 SPEC 
BURNETT 76 SPCC tz 
ALTHOFF 73 OSPK 12 
EAGGETT 72 HBC 02 
CANTER 71 HBC 01 
MALONEY 69 HBC 00 
CONFORTO 65 RVUE 37 

REFERENCES FOR A 

We have omltted Some poperr lhof hove been superseded 

bv late, expe,lmenlS The Omllled popen “oy be found ,n 
o”, 1986 ed,tion (Phvxs Letters IlOB) o, I” eo,,,e, edl,,ons 

CHlEN 
ENtElMANN 
GlBSON 
LONDON 
CONFORTO 
SCHMlD, 
BACLlN 
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ITI l ( J  P) = 1 ( ;  +)  

We h a v e  o m l t t e d  s o m e  results tha t  h a v e  b e e n  super-  
s e a e d  by  la te r  e x p e r l m e n t s  The o m d t e d  results m a y  
b e  found  in our  1986 e d d l o n  (Physics Letters 170B) or 
in e a r h e r  ed i t i ons  

The fit uses "+. Z ° 
measurements 

Stable Particle Full 

Z + M A S S  

• -  and ~. mass and moss dlf ference 

VALUE (Me'/) Errs DOCUMENT tD TECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . . .  
1t89.37 ± 0.06 OUR FIT Error includes scale factor of 1 9 
1t89.37 ~ 0.06 OUR AVERAGE Error includes scale factor of 1 8 See Ihe 

ideogram beJow 
1189 33 +_.0 04 607 IBOHM 72 EMUL 
1189 16 ± 0  t2 HYMAN 67 HEBC 
1189 61 _+ 0 08 4205 SCHMIDT 65 HBC See note with % 

moss 
1189 48 _+0 22 58 2BHOWMIK 64 EMUL 
1189.38 ± 0  15 144 2BARKAS 63 EMUL 

'18OHM 72 ~s uDdoted with our 1973 K- .  ~ -  and 7r0 masses (RMP 45 NO 
2, Pt Jl) 

2These masses nave been raised 30 keY tO take Into account  o 46 keV 
increase in the proton moss and a 21 keY decrease in the plan moss 
(added  1967 edit ion RMP 39 I )  

WEIGHTED AVERAGE 
1189 37 ± 0 0 8  (Error scaled by 18) 

' ~ " ' ~  Vs~ues above of weighted sverage, error 
~ / /  and scale factor are based upon the data in 
\ v /  this ideogram only They are not neces- 

sarily the same as our "best" values, 
\ v /  obte,ned from a least-squares constrained hi 

uhhzlng measurements of other (related) 

- ~ HYMAN 87 HEBC 3 1 
/ ."~/.~. ~ SCHMIOT 85 HBC 89  

J ~ ~ (Conhdenc° Level = ~ 

10 S hove been omd 

T_ECN COMMENT 

HBC K -  D 0 42-O S GeV ,' c 
HBC K - p  I - I  4 G e V / c  
DBC K - n ~  ~ + ~ - ~  - 
HBC K - p  at rest 
HBC K- .o  0 4 - I  2 GeV,,c 
HBC 
OSPK 
HBC 
HBC 

HBC 

HBC 

1189 0 1189 4 1189 8 

3+ mass (MeV) 

Z +  M A G N E T I C  M O M E N T  
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Listings 
~,+ 

~+ M E A N  LIFE 

Measurements with an error _> 0 1 f 10 -  
ted 

VALUE (10- 10 sec~ EVT$ _DOCUMENT ID 
0.799 ± 0.004 OUR AVERAGE 
0 798 :t 0 095 30k MARRAFRNO 80 
0 8 0 7 ± 0  013 5719 CONFORTO 76 
0 83 : t0 04 526 8AKKER 71 
0.795 ± 0 010 20k EISELE 70 
0 803 ± 0 008 10664 8ARLOUTAUD69 
0 83 ± 0  032 1300 3CHANG 66 
0 80 ± 0 . 0 7  381 COOK 66 
0.84 ¢ 0  09 181 BALTAY 65 
0 76 :t:0.03 900 CARAYAN 65 
0 749+U - 056 192 GRARD 62 

052 
0 765 ± 0 04 456 HUMPHREY 62 

3We nave inc reased the CHANG 66 error of 0 018 see our 1970 ed i t i on  
RMP 42 123 

See the Note on Baryon Mognet lc Moments in the t Lishngs 
Measurements wllh an error > 0 3 "N  have been omdted 

VALUE (jZN~ ..... EVT5 DOCUME_tV.T l_D_ [ECN COM_M_ENr 
2.42 +.-+ 0.08 OUR AVERAGE ErrOr includes scale factor of 3 1 See the 

~deogrom below 
2.479 ± 0 012 _+ 0 022 137k WILKINSON 87 SPEC 400 GeV pBe 
2 38 ¢ 0  02 44k ANKENBRA 83 CNTR 210 GeV 

hyperon beam 
2 30 ±0 14 14k SETTLES 79 HBC K-p042-050 

GeV c 

WEIGHTED AVERAGE 
2 4 2  ± 0 0 5  (Error scaled b y 3 1 )  

- - - . - . . . . . ~ .  

iJ 
21 2 2  2 3  2 4  

2 X 

WILKINSON 87 SPEC 8 1 
ANKENBRA 83 CNTR 3 4 
SETTLES 79 HBC 0 7 

. (Confidence Level = 0 O08) 

2 5  2 8  2 7  

~ MAGNETIC MOMENT (#N) 

Z + D E C A Y  M O D E S  

F r a c t i o n  ( I j l ' )  

|'1 ~ +  __~ p ~ 0  (51 5 7 ± 0  30)'<10 - 2  

I" 2 " +  ~ ngT ~ (48 30_+0 3 0 ) < t 0  - 2  

]'3 ~ +  ~ ,O'~ ( 1 24_+0 08)'<10 - 3  

T'4 ~ +  ~ p e + e  - < 7 0 \ 1 0  - 6  

r 5 ~ +  ~ n?l-+'~f ( 4 .5  ±0  8 )`<10 - 4  

l" 6 " +  ~ ~e+V ( 2 0 ± 0  5 ) " 1 0  - 5  

r T " +  ~ n e + v  < 5 " I 0  - 6  

1" s ~ +  - ,  n / , L * v  < 3 0 , 10 - 5  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An ove ra l l  fit to  2 b r a n c h i n g  rahos uses 12 measu re -  
ments  a n d  o n e  consJralnf  to d e t e r m i n e  3 p a r a m e -  
ters The ove ra l l  fit has O ,,2 = 6 9 for 10 d e g r e e s  of 
f r e e d o m  

The fo l l ow lng  o f f - d l a g o n o /  a r ray  e l e m e n t s  a r e  the  c o r r e l a t i o n  coe fh -  
c ien ts  , ~ x ~ x f , ' ( A x ,  ,:,xl) m p e r c e n t  f rom the  fd to the b r a n c h i n g  
f rachons ,  x I | ' t  .' ]'tOlOi The fit cons t ra ins  the  x, w h o s e  labe ls  
a p p e a r  m th~s a r ray  1o sum Io  o n e  

x 2 -- 100 
x 3 8 11 

Xl X2 

Z + B R A N C H I N G  RATIOS 

I ' ( n r r - ) l r ( N T r )  I 2 (1 r+ l  2) 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.4836 ± 0.0030 OUR FIT 
0.4886 ± 0.0030 OUR AVERAGE 
0 4828-+0 0036 10k 4MARRAFFINO80 HBC K - D O 4 2 - O S G e V  c 
0.488 _* 0.008 1861 NOWAK 78 HBC 
0 484 -+0 015 537 TOVEE 71 EMUL 
0.488 _+ 0 010 1331 8ARLOUTAUDb9 HBC K -  D 0 4-1 2 GeV 'c 
0 46 ± 0 02 534 CHANG 66 HBC 
0 490 _± 0 024 308 HUMPHREY 62 HBC 

4MARRAFFINO 80 actual ly gives I (p=o) / ] (total) = 0 5172 z 0 0036 
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Stable Particle Full Listings 
2+ 

, (p"r) Ir(p~-0) r j r ,  
~A~ ~nl~s ~I0~ EVeS DOCUMENT ID TECN _COMMENT 
2.40+--0.15 OUR FIT 

2 .40  -+ 0.15 OUR AVERAGE 

2 5 2 - - _ 0 2 8  190 SKOBAYASHI 87 CNTR ~ r + p ~  ). ;+K + I 

2 4 6 + 8 3 0  - 35 155 BIAGI 85 CNTR CERN h y p e r o n  b e a m  

2 I ' I  + - 0 3 8  46  MANZ 80 HBC K - p  ~ ~ + ~ r -  
2 'I _+ 0 . 3  45 ANG 69B HBC K -  a t  rest 
2 7 6 _ + 0 . 5 1  31 GERSHWIN 690 HBC 
3 7  _+ 0 8  24 BAZIN 65 HBC 

5KOBAYASH187 a c t u a l l y  g i ves  I (p '~ )  / I ( t o t a l )  = ( I  30 ± 0 . 1 5 )  × I 0 - 3  

I ' ( p  e "  e - ) / l ' t o t o  I 1"4/r 
.VALUE (Ui]itS tO-  6=) . . . .  DOCUMENT ID TECN ~OMMENT 

< 7 . 0  6 ANG 690 HBC K -  a t  rest 
6ANG 698 f o u n d  t h r e e  p e t e  - e v e n t s  in a g r e e m e n t  w i th  3' ~ e + e  - 

c o n v e r s i o n  f rom " +  ~ 03'  The l imi t  r~ere ~s tar n e u t r a l  cu r ren ts  

r(n'/l "+ "y)/l'(n=') rs/i- 2 
The ~r + momentum cuts differ, so we do not overage the results, but 
simply use the latest value in the Summary Table 

VALUE (units ~0-  3~ EVTS DOCUMENT ID. TECN COMMENT 

0 9 3 : 1 : 0 1 0  180 EBENHOH 73 HBC ~r+ . 150 M e V / ' c  
• • • We d o  no t  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  flts l lml ts  e t c  • • • 

0 2 7  +_ 0 . 0 5  29 ANG 698 HBC ;,r + - 110 M e V / c  
~ I  8 BAZIN 650 H0C =',+ • I 16  M e V . ' c  

l ' (  % e + ~)/rtofo I r6 / l"  
VALUE_ (units 10-  5~__ EVTS DOCUMENT ID TECN COMMENT 
2.0  ± 0 .5  OUR AVERAGE 

1 6  z 0 7  5 BALTAY 69 HBC K -  of rest 
2 9  _ I 0 10 EISELE 69 H0C K -  at  rest 
2 0  ± 0 .8  6 BARASH 67 HBC K -  at  rest 

rCne + u)/r(n~r +) r7 / l "  2 
Test of AS = 3 Q  ru le  Exper iments  w l th  on  e f f ec t l ve  d e n o m l n o t o r  ~ess 
t h a n  100.000 h a v e  b e e n  o m i t t e d  

EFFECTIVE DENOM EVTS DOCUMENT ID TECN COMMENT 

" < I . ' f × 1 0  ~ S  OUR LIMIT-C)ur 90% CL l lml f  = ( 2 3  e v e n f s ) / ( e f f e c l l v e  d e n o m l n o -  
tar  sum)  N u m b e r  of e v e n t s  I n c r e a s e d  to 2 3  
for a 90% c o n f i d e n c e  l e v e l  

111000 0 7 EBENHOH 74 HBC K -  e t  rest 
105000 0 7SECHI-ZORN 73 HBC K -  a t  rest 

7Effect ive d e n o m l n o t o r  c a l c u l a t e d  by  us 

I'(n/~ ~ u)/]'(n= ÷) r s / i  2 
Test of ~S = 3.Q ru le  

EFFECTIVE DENOM EVT$  DOCUMENT ID TECN 

<6 .2 "<10  - 5  OUR L I M I I ~ u r  90% CL l imit  = ( 6 7  e v e n t s ) / ( e f f e c t l v e  d e n o m l n a  
tar  sum)  N u m b e r  of e v e n t s  i n c r e a s e d  to 6 7  
for a 90% c o n f i d e n c e  l eve l  

33800  0 BAGGETT 690 HBC 
62000 2 8 EISELE 69s HBC 
10150 0 9 COURANT 64 HBC 

1710 0 9 NAUENBERG 64 HBC 
120 I GALTIERI 62 EMUL 
8Effect ive d e n o m l n o t o r  c a l c u l a t e d  by  us 
9Effect lve d e n o m i n a t o r  t a k e n  from EISELE 67 

I'(Z + ~ ne+v)/I'(Z - ~ ne-~,) 
VALUE CL % E V T S  DOCUMENT I0 TECN COMMENT 
< 0 . 0 0 9  OUR LIMIT Our  90% CL bruit, us ing  t ' ( n e + i , ) / r ( n ? r  + )  a b o v e  

• • * We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits. l imits, e t c  • * * 
< 0 0 1 9  90  0 EBENHOH 74 HBC K -  a t  rest 
< 0 0 1 8  90 0 SECHI-ZORN 73 HBC K -  of rest 
< 0 1 2  95  0 COLE 71 HBC K -  af  rest 
< 0 . 0 3  90 0 EISELE 690 HBC See EBENHOH 74 

r(z ÷ ~ n. + Olr(Z- ~ n . -  V) 

VALUE EVTS DOCUMENT ID rECN COMMENT 
< 0 . 1 2  OUR LIMIT Our  90% CL l lml t  us ing Z ( n #  + v ) / [  ( n T r + )  a b o v e  

• • • We  d o  not  use the  f o i l o w l n g  d o t e  far a v e r a g e s ,  fits, l imits e t c  * • • 

0 0 6  + 0 0 4 5  - 0 . 0 3  2 EISELE 698 HBC K -  a t  rest 

r (  v -  ~ n~  + u ) / r (  v -  --. n ~ -  . )  
Test of ".S = 3.Q ru le  

VALUE EVTS DOCUMENT ID [ECN 
<0.043 OUR LIMIT Our 90% CL llmil, using T~rt/~+~/~) + ['(.e+p)Vl'(n~r+ ) 
• • • We  d o  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits, l imits, e t c  • • • 
< 0 . 0 8  1 NORTON 69 HBC 
< 0 0 3 4  0 BAGGETT 67 HBC 

:E + DECAY PARAMETERS 

See the  Note  on  Baryon D e c o y  Pa ramete rs  in the  n e u t r o n  List 
i r~s  A few ea r l y  resul ts h o v e  b e e n  o m i t t e d  

(~+ FOR "E + --,- n ~ +  
VALUE EVTS DOCUMENT ID rECN COMMENT 

0 . 0 6 8  ± 0.013 OUR FIT 

0 .066  ± 0.016 OUR AVERAGE 
0 . 0 3 7  ~ 0 049 4 1 0 t  BERLEY 70B HBC 
0 0 6 9 + - 0 0 1 7  35k BANGERTER 69 HBC K - p  0 4  G e V / ' c  

(~0 FOR "..:+ ~ pTr0 
VALUE EVTS DOCUMENT ID TECN COMMENT 

n o . n  + 0.019 
- - v . . ~  0.014 OUR FIT 

+ 0 . 0 1 7  OUR AVERAGE - -  0 . 9 8 0  - 0,013 

- 0 9 4 5 + 8 -  042055 1259 t0 LIPMAN 73 OSPK ~ r + p  ~ _~'+ 

- 0 9 4 0 : 1 : 0 0 4 5  16k BELLAMY 72 ASPK ~ ' + p ~  " + K  + 

+ 0 0 5  1335 11 HARRIS 70 OSPK ~ r + p  ~ " + K  * - 0  98 - 0 . 0 2  
- 0 . 9 9 9 _ + 0 0 2 2  32k  BANGERTER 69 HBC K - p O 4 G e V / c  

10Decay  p ro tons  s c a t t e r e d  off a l u m i n u m  
1 1 D e c a y  p ro tons  s c a t t e r e d  off c a r b o n  

(~+ / ~t 0 
O l d e r  resul ts h o v e  b e e n  o m i t t e d  

VALUE EVTS DOCUMENT ID TECN COMMENT 

- 0 .069  _+ 0.013 OUR Fff . . . . . . . . . . . . .  
- 0 .073  -+" 0.021 23k  MARRAFFINO 80 HBC K -  p 0 4 2 - 0 5  G e V / c  

~,,( FOR "?.:* ---,. p " (  
VALUE EVTS DOCUMENT ID 7ECN COMMENT 

- -0 .83 :1 :0 .12  OUR AVERAGE 
- 0 8 6 ~ 0 . 1 3 : t 0 . 0 4  190 KOBAYASHI 87 CNTR ~ ' + P  ~ ~ + K +  I 

- 0 5 3  ~ 0 3 8  46  MANZ 80 HBC K - D  ~ ~_'+~r- 
- 0 . 3 6  

- 1 0 3  ~ 0 5 2  61 GERSHWIN 69S HBC K - p  ~ ~-+Tr -  
- 0 . 4 2  

(p+ ANGLE FOR "-+ ~ nTr + ( tan¢ ,+  = ~ / ~')  
VALUE (a~eees )  EVTS DOC_U.MEN; ID _ TECN COMMENT . . . . . .  
167 :t: 20 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of I 'I 
184 :t: 24 1054 12 BERLEY 70B HBC 
143 _+ 29 560 BANGERTER 698 HBC K -  p 0 4  GeV, : c  

1 2 C h a n g e d  f rom 176 to 184 ° to a g r e e  wHh eur  s ign c o n v e n t i o n  

' i 'D ANGLE FOR ~+  --,, p ~ 0  (lanq~0 = P' / "7) 
VALUE (degrees) E_V_TS DOCUMENT ID TECN COMMENT 

+ 33 OUR AVERAGE 36 - 34 

38 I + 3 5 7  1259 t3 LIPMAN 73 OSPK 7 r + p  ~ ~ + K  + 
- 3 7 1  

22 -*90 t4HARRIS 70 OSPK I r + p ~  ~-+K + 

t 3 D e c e y  p r o t o n  s c a t t e r e d  off o l u m l n u m  
t 4 D e c a y  p ro tons  s c a t t e r e d  off c a r b o n  

REFERENCES FOR Z + 

We h o v e  o m i t t e d  some  Dope rs  tha t  h o v e  b e e n  s u p e r s e d e d  
by  la te r  e x p e r i m e n t s  The o m i t t e d  Dope rs  m a y  b e  f o u n d  in 
our  1986 e d i t i o n  (Phys lcs  Letters 170 l l )  or in ea r l i e r  e d l t l o n s  

KC~AYASHI 87 PRL $9868 *HOBO Hommo Kowoi, Mlyoke+ (KYOT) 
WILKINSON 87 PRL 58855 +HanDier÷ (WISC MICH RUTG MINN) 
BIAGI 85 ZPHY C28495  *Bourquln÷ (BR/S CERN GEVA HEID÷) 
ANKENBRA 83 PRL 51863 Ankenb¢ondt Berg÷+ (FNAL IOWA ~ YALE) 
MANZ $0 PL 96S 217 ÷Reuc(off Settles Watt+ (MPIM VAND) 
MARRAFFINO 80 PR D212501 ÷Reucrott RODS Waters* (VAND MPIM) 
S~TTLES 79 PR D202154 ÷Monz Matt Hans1 HePfnek* (MPIM ',/AND) 
NOWAK 78 NP S13961 ÷Afmslrong Davis÷ (LOUC 8ELG DURH WARS) 
CONFORIO 76 NP S105189 ÷Gopol Kolmu$ Lltchtlelcl ROSS÷ (RHEL LC~C) 
EBENHOH 74 ZPHY 266367 +Elsele Engelmann Filthuth HeI:)D÷ (HEID) 
ESENHOH 73 ZPHY 264413 ÷Eisele F{Ithuth Hepp Leltner Thouw+ (HERD) 
LIPMAN 73 PL 43B 89 +UtO Walker Montgomery+ (R'HEL SUSS LOWC) 
SECI.~-ZORN 73 PR D812 +Snow (UMD) 
SELLAMY 72 PL 396299 +Anderson Crawfora+ (LOWC RHEL. SUSS) 
8OHM 72 NP 848 I ÷ (SERL UBEL BRUX [ASO DUUC LOUC÷) 

Also 73 IIHE 732  Nov Sohm (BERt UBEL BRUX IASO DUUC LOUC+) 
BAKKER 71 LNC 137  +HoOglond KIUyVer MOSIOrCI+ (SABRE Coliob ) 
COLE 71 PR D4631 ÷Lee-F~'onzlnl Lovilles$ Boltoy+ (STON COLU) 
TOVEE 71 NP S33493 ÷ (LOUC U6EL BERt. 8RUX DUUC WARS) 
BERLEY 7011 PR DI 2015 ÷Yamln HertZlbOCh Karl÷r* (BNL MASA YALE) 
EISELE 70 ZPHY 238372 ÷Flllhutrl Hepp Presser Zect~ (HEID) 
HARRIS 70 PRE 24 '165 *Overseth Ponarom Del lmann (MICH WISC) 
ANG 69s ZPHY 228151 *Ebenhoh [[sele Ef~gelmonn Filrhurh÷ (HEID) 
BAGGETT 600 MDDP TR 973 Thesis (UNE)) 
BALTAY 69 PRL 22615 ÷FranZlnl Newman Norton÷ (COLU STON) 
BANGERT£R 69 UCRL ~9244 rhesls (LRL) 
SANGERTER 69B PR 187 '182'I ÷GomJost Goltlei'l Gershwln+ (LRL) 
SAREOUIAUD 69 NP St4153 +DeVi l÷fan Gionel+ (SACL C£RN HEID) 
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EISELE 69 ZPHY 221 1 +Engelmann Fllthuth Fonllsch HepD+ (HELD) 
Also 64 PRL 13 291 WllllS, Courant,, (BNL CERN HEID UMD) 

EISELE 69S ZPHY 221 401 +Engelmonn Fll lhulh FOnllSCh HepD+ (HEID) 
GERSHWIN 698 PR 188 2077 +Alston Gamlost Bongerte¢+ (LRL) 

Also 59 UCRL 19246 Thesis Gershwln (LRL) 
NORTON 69 Nevis 175 Thesls (COLU) 
BAGGE11 67 PRL 19 1458 ÷Day Glosser Kehoe Knop+ (UMD) 

AlSO 68 Vienna Abs 374 Baggett Kehoe (UMD) 
AlSO 688 Pflvale Comm Baggelt (UMD) 

BARASH 67 PRL 19 181 +Day Glosser Kehoe Knop* (UMD) 
EISELE b7 ZPHY 205 409 +Engelmonn Fllthuth FOIISh Hoop+ (HELD) 
HYMAN 67 PL 258 376 +LOken Pewltt McKenzle* (ANL CMU NWES) 
CHANG 60 PR 151 1081 (COLU) 

Also 65 Nevls 145 Thesis Chang (COLU) 
COOK 65 PRL 17 223 +Ewart Masek Orr Plainer (WASH) 
BALTAY 65 PR 140B 1027 +S.onclwelss CUIWiCk KOQD+ (YALE 8NL) 
BAZIN 65 PRL 14 154 +SlumenfelcJ Nauenberg+ (PRIN COLU) 
BAZIN 65g PR 1405 1358 +Plano Schmiat+ (PRIN RU/G COLU) 
CARAYAN 65 PR 138S 433 CotayannoDoulos Tautfesl Willmonn (PUleD) 
SCHMIDr 65 PR 1405 1328 (COLU) 
BHOWMIK 64 NP 53 22 +Join Mathur Lokshml (DELH) 
COURANI 64 PR '~36B 1791 ÷Fllthutt~+ (CERN HEID UMD NRL BNL) 
NAUENBERG 64 PRL 12 679 +Maraleck+ (COLU RUTG PRIN) 
8ARKAS 63 PRL 11 26 +Dyer Hackman (LRL) 

Also 61 UCRL 9450 thesis Dyer (LRL) 
GALTIERI 62 PRL 9 26 +Barkas Hackman Patrick Smlfi~ (LRL) 
GRARD 62 PR 127 607 +Smlth (LRL) 
HUMPHREY 62 PR 127 1305 +Ross (LRL) 

~I I(JP) : 1 ( ½ + )  

The  sp~n a n d  p a n t y  h a v e  n o t  b e e n  m e a s u r e d  d l r e c t l y  

T h e y  a r e  of  c o u r s e  a s s u m e d  to  b e  t h e  s a m e  as  for  t h e  

"£+ a n d  ~ -  

Zo M A S S  

The fit uses " + .  20, ~ -  a n d  ~, moss a n d  moss d i f f e r e n c e  
m e a s u r e m e n t s  

V__A_L_UE (IHeV) DOCUMENT ID 

1192.55 ± 0 .09  OUR F-[I Error I n c l u d e s  s c a l e  fac to r  of 1 3 

Z -  - E ° M A S S  D IFFERENCE 

y~LUE (MeV) Evrs DOCUMENT rq TJC__N_ _C_OM_M_LNr___" 

4 .89  ± 0 .06  OUR FIT Error i n c l u d e s  s c a l e  fac to r  of 1 2 
4 . 8 6  +- 0 .08  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 2 
4 87 +_ 0 12 37 OOSCH 65 HBC 
5 01 _+ 0 12 12 SCHMIDI" 65 HBC See n o t e  w i th  '~ 

moss 
4 75 ¢ 0 1 18 BURNSTE~N 64 HBC 

E ° - A M A S S  D IFFERENCE 

VALUE (MeV) Errs DOCUMENT ID TECN COMMENT 

76 .92  - 0 .10 OUR FIT Error I n c l u d e s  s c a l e  f oc l o r  of 1 3 
7 6 . 5 5  :t: 0 . 25  OUR AVERAGE 
76 .23+_ .0 .55  109 COLAS 75 HLBC "~0 ~ ,,-~ 
76 63 +- 0 28 208 SCHMIDT 65 HBC See n o t e  w i th  ", 

moss 

Z o M E A N  LIFE 

These l i fe t imes a re  d e d u c e d  from m e a s u r e m e n t s  of t he  cross 
s e c l l o n s  for t he  Primokoff  p rocess  ~ ~ ",0 In n u c l e o n  
C o u l o m b  f ie lds An o l t e r n o h v e  exp ress ion  of t he  s o m e  infor 
m o t i o n  Is the  --0 '~ t r ansd lon  m a g n e t i c  m o m e n t  g i v e n  in the  
f o l l o w i n g  sec t i on  The re l a t i on  is (/J.~ ~ N )  2 r = 
1 9 2 9 5 1 X  1 0 - t 9  S (see  DEVLIN 86)  

VALUE ~_10_'- 20__s_ec) DOCUMENr IO TECN COMMENT . . . . . .  
7.4 ± 0 .7  OUR EVALUATION Using . ~  '., ( see  t he  a b o v e  n o t e )  

6 5 + 1 7 I DEVLIN 86 SPEC Pr lmokof f  e f fec t  - 1 1  
7 6 _+- 0 5 _ 0 7 2 PETERSEN 86 SPEC Pr lmokof f  e f fec t  
• • • We d o  not  use t he  f o l l ow ing  d a l o  for o v e r a g e s  fits l imits e l c  • • • 
5 8 +- t 3 I DYDAK 77 S P E C  See DEVLIN 86 

IDEVLIN 86 is a r e c a l c u l a t i o n  of t he  resul ts of DYDAK 77 r e m o v i n g  a 
n u m e r i c a l  a p p r o x i m a t i o n  m a c l e  in t ha t  wo rk  

2An a d d i t i o n a l  u n c e r t a i n t y  of t he  Pr imakoff  fo rma l i sm is e s t i m a t e d  to b e  - 
5% 

I p . ( Z  o --~ A ) I  T R A N S I T I O N  M A G N E T I C  M O M E N T  

See the  n o t e  In t he  ",0 mean - l i f e  sec t i on  a b o v e  AlSO see 
the  Note  on  Baryon M a g n e t i c  M o m e n t s  in t he  ~, Dshngs 

VALUE OJN) DOCUMENr ID T_ECIV COMMENT 
1.61 _~ 0 .08  OUR AVERAGE 

+ ~ 17 3 DEVLIN 86 S P E C  Pr,mokoft e f fect  I 1 72 19 

1 .59  +_ 0 . 0 5  ± 0 . 0 7  4 PETERSEN 86 S P E C  Pnmoko l t  e f fec t  I 
* • • We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits hmlts e t c  • ° • 

R,.) + 0 25 3 DYDAK 77 SPEC See DEVLIN 86 I 
i 

I " ' -  0 . 1 8  

3DEVLIN 86 IS a r e c a l c u l a h o n  of the  results at DYDAK 77 r e m o w n g  a I 
n u m e r i c a l  a p p r o x l m a h a n  m a d e  in Iha t  work  

4An a d d i t i o n a l  u n c e r t a i n t y  of the  Pr~mokoff fo rma l i sm is e s t i m a t e d  to b e  - J 
2 5% 

Z ° D E C A Y  M O D E S  

F r a c t i o n  ( ] ' f / r  ) _ _C_o_n f__L e v _  

1, t ~o _.,. ~ - y  I 

I '  2 ~o __, ~ , e + e  - 5 • I 0 - 3  

I" 3 ~0 ~ %.-y,y < 3 ~10  - 2  90% 

E ° B R A N C H I N G  R A T I O S  

1"( k e *  e - ) / l ' t o t o  I ] '2 /1"  
VALUE DOCUMENr ID COMMENT 
0.00545  FEINBERG 58 T h e o r e h c a l  QED c a l c u l a t i o n  

1"( ~. 7 7 ) / l ' t o t a l  1"3/I" 
VALUE CL % DOCUMENT ID 7ECN 

< 0 . 0 3  " 90 COLAS 75 HLBC 

REFERENCES F O R  Zo 

DEVLIN 86 PR D34 1626 +Paterson Seletvos (RUIG) 
PEIERSEN 86 PRL 57 949 +Beretvos Devlln Luk+(RUTG WISC MICH MINN) 
DYDAK 77 NP 8t18 t +Novamo Ovetseth Sleffen+ (CERN DORr HEID) 
COLAS 75 NP S91 253 +Farwell Ferret Slx (ORSA) 
DOSCH 65 PL 14 239 +Engelmann Fll lhuln Hepp Kluge+ (HEID) 
SCHMIDt 65 PR 140B 1328 (COLU) 
BURNSTEIN 64 PRL 13 66 +Day Kehoe Zorn Snow (UMD) 
FEINSERG 58 PR 109 t0 t9  (BNL) 

r ~  t(J p) = 1(~*) 

W e  h o v e  a m = t i e d  s o m e  r e s u l l s  t h a t  h o v e  b e e n  s u p e r -  

s e d e d  b y  l a t e r  e x p e n m e n t s  The  o m d t e d  r e s u l t s  m a y  

b e  f o u n d  in  o u r  1 9 8 6  e d d l o n  ( P h y s i c s  L e t t e r s  t 7 0 B )  o r  
in  e a r h e r  e d i t i o n s  

' ~ -  M A S S  

The fit uses 2 + " :  ~ -  a n d  ~ moss a n d  mass d i f f e r e n c e  
m e o s u r e m e n l s  

~/ALUE (MeV) Evrs DOCUMENr rD TECN COMMENT 
1197.43 +- 0 .06  OUR FIT ErrOr i n c l u d e s  sca le  fac to r  at 1 5 
1197.50 +- 0 .05  OUR AVERAGE 
1197 532 +_0.057 GALL 88 CNTR ~ - -Pb  ~,,-W a toms  
1197 .43  z 0 08 3000 SCHMIDT 05 HBC See hOle  Wlth 

mass 
• * • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  tlts hmlts e t c  * * * 
1197 24 +-0 15 I D U G A N  75 CNTR Exotic a toms  

IGALL 88 c o n c l u d e s  tha t  t he  DUGAN 75 mass n e e d s  Io De r e e v a l u a t e d  

E -  -- Z + M A S S  D IFFERENCE 

~/ALUE (MeV) _ _ _  EVTS DOCUMENT ID rECN 
8 . 0 7  +- 0 .08  OUR FIT Error i n c l u d e s  sca le  f ac l o r  of 1 6 
8 . 0 9  _ 0 16 OUR AVERAGE 
7 91 _ 0 . 2 3  86 BOHM 72 EMUL 
8 25 ± 0 25 2500 DOSCH 65 HBC 
8 25 +- 0 40 87 BARKAS 63 EMUL 
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~ , -  
k--4 

Z -  - A M A S S  DIFFERENCE 

VALUE.(M_ e_ V) ~.VT$ .OOC_U.MENr lO FECN COMMENT 
81,81 _+ 0,06 OUR FIT Error includes scale factor of 1 4 
81 69 _+ 0,07 OUR AVERAGE 
8t 64 _+ 0.09 2279 HEPP 68 HBC 
81 80 _+ 0 13 85 SCHMIDT 65 HBC See note with ~. 

moss 
81 70 _+ 0 19 BURNSTEIN 64 HBC 

Z -  M E A N  LIFE 

Measurements wlJh on error > 0 2 ~ 10-10 s hove been omlt 
ted 

VALUE (t0- I0_$ec) EyT_5_ _DOCUMENT ID [ECN COMMENT 
1,479 _ 0,0~I OUR AVERAGE Error ~ncludes scale factor of 1 3 See the 

ideogram below 
1 480 _0 014 16k 
1 49 -+ 0 03 8437 
1.463 ± 0  039 2400 
1 42 -+0.05 1383 
1 41 + 0  09 

- 0  08 
1 485..+.+0 022 I00k 
1 472 -+0 016 10k 
1.38 ± 0  07 506 
1 666 -+ 0 075 3267 
1 58 -+0 06 1208 

MARRAFFINO 80 HBC 
CONFORTO 76 HBC 
ROBERTSON 72 HBC 
BAKKER 71 DSC 

TOVEE 71 EMUL 

EISELE 70 HBC 
BARLOUTAUD 69 HBC 
WHITESIDE 68 HBC 

2 CHANG 66 HBC 
HUMPHREY 62 HBC 

K - p  0 4 2 - 0  5 G e V / c  
K - O  I - I  4 G e V / c  
K - p  0 25 G e V / c  
K - N  ~ ~_-Tr?c 

K - p  at rest 
K - p  0 4 - I  2 G e V / c  
K-  at rest 
K -  at rest 
K -  at rest 

2We have increased the CHANG 66 error of 0 018 see our 1970 ecilllon. 
RMP 42, 123 

WEIGHTED AVERAGE 
1479 + 0011 (Error acaled b y 1 3 ]  

MARRAFFIHO 80 HBC 
CONFORTO 76 HBC 
ROBERTSON 72 HBC 
8AKKER 71 DBC 
TOVEE 71 EMUL 
EISELE 70 HBC 
8ARLOUTAUD 69 HBC 
WHITESIDE 88 HBC 

I ) CHANG 66 HBC 
HUMPHREY 62 HBC 

12 13  14 15 16 

"~- mean fife ( 1 0 -  1o sec) 

2 
X 

0 0  
01 
02  
14 

01 
02  
2O 
62  
28  

1 3 0  
(Confidence Level = O 111) 

17 18 19 

2 ; -  M A G N E T I C  M O M E N T  

See the Note on Baryon Magnet ic  Moments ~n the % Listings 
Measurements with an error _> 0.3 /4 N nave been omit ted 

V_ALUE OaN) _ _  ,~VTS DOCUMENT IO TECN COMMENT 
- 1,157 _+ 0 .025  OUR AVERAGE Error includes scale factor of I 7 See the 

ideogram below 
- I , 1 0 5 ~ 0 , 0 2 9 _ + 0 , 0 1 0  HERTZOG 88 CNTR ~ - P b  " - w  

atoms 
- I  166_+0 014_+0 0~0 671k ZAPALAC 86 SPEC no-=, ,  nTr-  

decays 
- 1 23 ± 0 .03 = 0 03 WAH 85 CNTR DCu ~ " -  X 
- 0  89 _+ 0 14 516k DECK 83 SPEC pBe ~ L -  X 

I ' i  .~-  ~ n T r -  

l' 2 " ' -  ~ n e - u  

1" 3 5 -  ~ r i p . -  v 

]'4 X -  ~ % e - P  

['5 X -  ~ n ~ r - ' y  

~ -  D E C A Y  M O D E S  

F r a c t i o n  ( F//I~... 

(99 B4B 4- o ° 006 . . . .  2 - -  
_ 005)~ lu 

0 032 - - 3  
1 017 - +0,037)× IU 

4.5 Z 0 , 4  ) x 1 0  - 4  

5 73 : t0 27 ) × 1 0  - 5  

4 6 _+0 6 ) × 1 0  - 4  

WEIGHTED AVERAGE 
-1157 ± 0 0 2 5  (Error scaled b y 1 7 )  

- 13  -12  

2 
X 

| HERTZOG 88 CNTR 2 9 
- i ~  ZAPALAC 86 SPEC 0 3 

WAH 85 CNTR 2 9 
) OPCK 83 SPEC 

6 1  
. (Confidence Level = 0 047) 

=I I - I  0 - 0  9 - 0  8 

~-- magnet ic  moment 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An o v e r a l l  fit to  3 b r a n c h i n g  ra t ios  uses 16 m e a s u r e -  
men ts  a n d  o n e  cons t ra ln t  to  d e t e r m i n e  4 p a r a m e -  
ters The o v e r a l l  tit has a ;(2 = 8 7 for  13 d e g r e e s  of 
f r e e d o m  

The fo l l ow ing  o f f - d r a g o n o l  a r r a y  e l e m e n t s  o r e  t he  c o r r e l a t i o n  coef f i -  
c len ts  ~x~ ~xj>/(~xl r~xl), in p e r c e n t ,  f rom the  fit to  the  b r a n c h l n g  
f rac t ions ,  x I -~ l ' J [ ' to ro l  The flt cons t ra ins  the  x I w h o s e  labe ls  
a p p e a r  in this a r r ay  lo  sum to o n e  

x 2 64 
x 3 - 77 0 
X 4 5 0 0 

x l  x2 x3 

2 ; -  B R A N C H I N G  RATIOS 

r ( n e -  v)lr(n=-) r2/r, 
Measurements with an error > 0 2×  I0 - 3  hove been omit ted 

VALUE (unlr$ 10- 3) EVTS DOCUMENT ID T_E_C_N. ~OMMEN.T . . . . . .  

4-0,032 OUR FIT 1,019 _ 0°037 

4-0.631 OUR AVERAGE 1,019 _ 0,636 

0 96 ± 0 05 2847 BOURQUIN 83C SPEC SPS hyperon beam 

i 09 + 0 . 0 6  601 3EBENHOH 74 HBC K -  at rest -0 .08  
0 07 455 3 SECHI ZORN 73 HBC K -  at rest i 05 - 4- 13 

0,97 _+. 0 15 57 COLE 71 HBC K -  at rest 
1.11 ± 0 , 0 9  180 8)ERMAN 68 HBC 

3An odddlonol  negat ive systemotlc error is inc luded for internal radiat ive 
correct ions and latest form factors see BOURQUIN 83C 

r(n#- • ) / l ' ( n  7r - ) l 's/1"t 
VALUE (units .10- 3,) EV._T_S DOCUMENT ID [E~N. qOMMENT. 
0,45 :I: 0,04 OUR FIT 
0,45 ~: 0,04 OUR AVERAGE 
0,38 ± 0 11 13 COLE 71 HBC K -  at rest 
0 43 ± 0.06 72 ANG 69 HBC K -  at rest 
0 43 :t 0 09 56 BAGGETT 69 HBC K -  at rest 
0 56 :t: 0 20 11 BAZIN 658 HBC K -  at rest 
0 66 +_ 0 15 22 COURANT 64 HBC 

] ' ( A  e -  I / ) / I ' ( n l r - )  F4/I', 
VALUE (unl_I$ 10 - 4 )  EVTS  DOCUMENT IO TECIV COMMENT . . . . . . . . .  
0 ,574  :z:0,027 OUR FIT 
0 ,574  +_0,027 OUR AVERAGE 
0 561 S0 031 1620 4BOURQUIN 82 SPEC SPS hyperon beam 
0 63 :t 0 11 114 THOMPSON 80 ASPK Hyperon beam 
0 52 :t 0 09 31 BALTAY 69 HBC K -  at rest 
0 .69 ± 0.12 31 EISELE 69 HBC K-  at rest 
0 64 ¢ 0,12 35 8ARASH 67 HBC K -  at rest 
0 75 :t:0 28 11 COURANT 64 HBC K -  at rest 

4The value Is from BOURQUIN 838. and includes radiat ion correct ions and 
new occeDtonce  



See key on page 129 

r ( m r -  " D / r ( m r - )  I'5/I't 
The "n'+ momentum CUtS differ, so we do not overoge the results, but 
simply use the Iotesf value in the Summary Table 

VALUE (unfls f q -  3) E_VyS DOC:UMENT tD T E C N  COMME_N.T . . . . . . .  
0.46 ±0 ,06  292 EBENHOH 73 HBC ~'+ < t50 MeV/c  

• * * We Oo not use the fol lowing data for averages, flfs llmlts etc • • • 
0 10±0  02 23 ANG 698 HBC ~ -  < 110 MeV/c  

~1 .1  8AZIN 658 HBC ~T- < t66 MeV/c  

Z -  D E C A Y  PARAMETERS 

see the Note on Baryon Decoy Parameters In the neutron Lisl- 
Ings Older outdated results hove been omit ted 

a _  FOR Z-  --* n ~ -  
VALUE EVT$ 
--0,068 ± 0,008 OUR AVERAGE 
- 0 062 ~ 0 024 28k 
- 0  067¢0.011 60k 
- 0 . 0 7 t  ±0 0t2 51k 

0 ANGLE FOR ~ -  ~ n ~ -  

_VALUE (degrees) EVTS 
f0 _+ 15 OUR AVERAGE 

+ 5 ± 23 1092 
t4 +_ 19 1385 

DOCUMENT ID rECN COMMENr 

HANSL 78 HBC K-  p ~ ~ -  ~'+ 
BOGERT 70 HBC K-  p 0 4 GeV/c  
BANGERTER 69 HBC K - p  0 4 GeV/c  

Stable Particle Full 
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Listings 
z~ 

(tanO= i4 / 

OOCUMENr ID TECN COMMENT 

~ -  --,, ~-e u) fs med ia t ed  pfcdommant l .~  t h tough  the mag-  

netic" i n t e r a c t i o n  a s g u n l l n g  t he l c  a r c  no  inhOlllogeneltlC', ,  i11 

t h c . ~ ° .  ~ c h a r g e d t s t r l b u t l o n s  T h u s v ,  c c \ p e C l  t h e  "11 'q 

t e r m  

= ~- " -  [b~ S t ( : q ]  g H ' . t l  #~°A _ 3  'Un 

to d o m f n a t e  the  vector  p~ftt a t  the  weak tUt~Ctlt The 

s t rong  CVC Dcdlc t~ons  aie thus  ~"1 '~' I = 0 and  

5 BERLEY 708 HBC n rescottedng 
BANGERTER b9B HBC K - p  0 4 GeV/c  

5BERLEY 708 changed from - 5 to + 5" to agree wdh our slgn convention 

gA / g v  FOR " -  ~ n e -  v 
See also the next Oota block For the sign convention see the Note 
on Baryon Decay Parometers in the neutron Listings 

VALUE CL % EVTS DOCUMENr ID TECN COMMENT 
+ 0  2 9 ± 0 . 0 7  25k bTHSUEH 85 SPEC 250 GeV/c  ~ -  

+ 0.52 43 ELLIS 72 ASPK Polarized ~'s - 0  4 - I . 5  

- 0  ~-0.85'~'~ + 0  30 63 BOGERT 70 HBC K - p  04  GeV/c  

÷0 19 +0 20 - 17 61 GERSHWIN 69 HBC Polarized v s 

• • • We do not use the fol lowing data for averages fits. limits, etc * • • 
+ 0 33 4456 7 8 BOURQUIN 83C SPEC SPS hyperon beam 

< + 0.15 95 193 7 KELLER 82 SPEC 
6From measurement of the electron asymmetry = - 0 . 5 3  + 0.14 
7The sign has been changed to agree with our convention 
8The value + 0 33 is preferred over -- 0 33 by at least 2 6 standard devia- 

tions including systematic errors 

J gA / g v  FOR ~ -  --* n e - v  
See also the prey ous do o b ock 

EVr$  DOCUMENT IO rECN COMMENT 
O U R  AVERAGE Error includes sco le factor  of I 9 See the . . . . . . .  

ideogram below 

VA~_U{ . . . .  
0.36 - 0.05 

0 29 ~ 0 07 25k 9 HSUEH 85 SPEC 250 GeV/c  ~ -  
0 34 ± 0 05 4456 10 BOURQUIN 83c SPEC SPS hyperon beam 

+0  07 0 17 - 0 . 0 9  519 DECAMP 77 ELEC Hyperon beam 

0 435 ± 0 035 3507 TANENBAUM 74 ASPK 

+0 .28  36 BALTAY 728 HBC n scattering 0 29 - 0  29 
0 23 ± 0 16 49 COLLERAINE 69 HBC n scotterlng 

0.37 +0  26 33 EISELE 69C HBC n scattering - 0  19 
9From measurement of the electron asymmetry = - 0 . 5 3  z 0 , 1 4  

t0fhe positive sign Is favored Dy at least 2 6 standard deviations 

gH' . t l  ~ I 6 

g v / g A  FOR ~ -  --~ ~ e - / ~  
For the sign convention see the Note on Bowon Decoy Parameters in 
the neutron Listings The value is prechcted to be zero by conserved 
vector current theory The values averaged assume CVC-SU(3) weak 
magnetism term 

VALUE EVT$ OOCUMENr ID rECN COMMENT 
0.01 ± 0,10 OUR AVERAGE Error Includes scale factor of 1 5 See the 

ideogram below 
- 0 034 ..+.+ 0 080 1620 11 BOURQUIN 82 SPEC SPS hyperon beam 

N O [ E  O N  Z -  -*. A e - p  D E C A Y  

(by J A T h o m p s o n .  Un~vetsn~, o f  P i t t sburgh)  

T h e  deed)  "2 --.. Ae-v fs o f  specfal interest  because  the 

mat r fx  e l emen t  o f  the vector  cur ren t  is predfcted b} the 

s t rong  form o f  e v e  and  is not  s c n s m v e  to the  cur rent  octet 

a s s u m p t i o n s  or S[J(3) s t ruc ture  c o n s t a n t s  whfch en ter  fnto 

Cab ibbo ' s  p red ic t ions  for the  o ther  h}pe ron  deca ' , s  For 

AS = 0 transltfons, the weak interact ion vector current Is 

related to the electromagnetic current through a mul t lphca- 

u~.e constant, set by neutron beta decay, and an =sospm 

rotat ion 

The decay Z ° - ,  - -'W (the fsospfn-rotatfon analogue o f  

- 0 , 2 9  ±0 29 t14 THOMPSON 80 ASPK BNL hyperon beam 
- 0  t7 -+ 0 35 55 TANENBAUM 758 SPEC BNL nyperon beam 
+0  45 ±0 20 t86 t l  t2 FRANZINI 72 HBC 

t i t h e  sign has been changed to agree with our convention 
12The FRANZINI 72 value includes lhe events of earlier papers 

WEIGHTED AVERAGE 
O 3 6  + OO5 (Error scaled b y 1 9 ]  

O 0  0 2  0 4  0 6  

tgA 'g  v for ~ -  ~ n e - u  

WEIGHTED AVERAGE 
OO1 + O10 (Error scaled by 15) 

t 

, 

-O5  DO 0 5  10 

gv/gA for ~ -  ~ 't e -  ~' 

X 2 

HSUEH 85 SPEC 0 9 
BOURQUIN 83C SPEC 0 1 
DECAMP 77 E~FC 71 
TANENBAUM 74 ASPK 5 0 
BALTAY 72B HBC 
COLLERAINE 69 HBC 0 6 
EISELE 69C HBC 

13 8 
(Confidence Level -- O 008) 

I I 

O8 10 

2 
X 

BOUROUIN 82 SPEC 0 2 
THOMPSON 80 ASPK 10 
TANENBAUM 75B SPEC 0 3 

72 HBC 4 9 

6 5  
(Confidence Level -- 0 091) 

I 

15 



2 3 8  

Stable Particle 
, -'-0 

Full List ings 

gWM / gA FOR "-- ~ ' , e - v  
The v a l u e s  q u o t e d  a s s u m e  Ihe  CVC p redJc t l on  gv = 0 

VALUE EVT5 DOCUMENT ID TECN COMMENt 
~,9, = 1 7 oUR AVERAGE . . . .  
1 75 Z 3 5 114 THOMPSON 80 ASPK 8NL h y p e r o n  b e a m  
3 5 _+ 4 5 55 TANENBAUM 758 SPEC BNL h y p e r o n  b e a m  
2 4 _+ 2.  I 186 FRANZINI 72 HBC 

REFERENCES FOR Z -  

We h o v e  o m i t t e d  s o m e  p a p e r s  tha t  h o v e  b e e n  s u p e r s e d e d  
by  l a te r  e x p e r i m e n t s  The o m i t t e d  p a p e r s  m a y  b e  f a u n a  in 
OUr '1986 ec ld ion  (Physics Letters t708)  or in e a r h e r  ed i t i ons  

GALL 88 PRL 60 186 +Aushn+ (BAST Mff WILL CIT CMU WYOM) 
Ht,RIZOG 88 PR D37 1142 +Ecknouse+ (WILL BaST MIT CIl CMU WYOM) 
ZAPALAC 86 PRL 57 1526 + (EEl ELMt FNAL IOWA ISU LENI YALE) 
HSUEH 85 PRL 54 2390 +Muller+ (CHIC ELMT FNAL ISU LENI YALt,) 
WAH 85 PRL 55 2551 +Cordelia Cooper Irelg+ (FNAL IOWA ISU) 
BOURQUIN 83S ZPHY C21 27 (81715 GEVA HEID LALO RL STR8) 
BOURQUIN 83C ZPHY C21 17 + (BRIS GEVA HElD LALO RL STRB) 
DECK 83 PR D28 1 +8eretvas Devlin Luk+(RUTG WlSC MICH MINN) 
BOURQUIN 82 ZPHY C12 307 +Brown+ (8RIS GEVA HEID LALO RL STRB) 
KELLER 82 PRL 48 971 *LeSnlk Romanawski Kelg+ (OSU CHIC ANt.) 
MARRAFFINO 80 PR D21 2501 +Reucroft RODS Waters+ (VAND MPIM) 
THOMPSON 80 PR D21 25 +ClelanO Cooper Drls Engels+ (PITT 8NL) 
HANSL 78 NP 8132 45 +Monz Malt ReucroH Settles+ (MPIM VAND) 
DECAMP 77 PL 668 295 +8oclier 81ana Chollet Gal l la rd .  (LALO EPOL) 
CONFORtO 76 NP 8105 189 +Gopol Kolmus Lffchlleld ROSS+ (RHEL LOIC) 
DUGAN 75 NP A254 396 eAsai~3 Chen Cheng HU LICIofsRy+(COLU YALE) 
tANENBAUM 75s PR D12 1871 *Hungerbuhler+ (YALE FNAL 8NL) 
E8ENHOH 74 ZPHY 266 367 +Elsele Engelmann Fdlhulh Hepp+ (HEID) 
IANENBAUM 74 PRL 33 175 +Hungerouhler+ (YALE FNAL 8NL) 
EBENHOH 73 ZPHY 264 413 +EiSele Fitthuth Hepp Leltner lhOuw+ (HEID) 
SECHI ZORN 73 PR D8 12 +Snow (UMD) 
8ALrAY 728 PR D5 1569 +Felnman F;anzlnl Newman Yeh+ (COLU STON) 
BOHM 72 NP 848 I (BERL UBt'L 8RUX IASO DUUC LOUC+) 
ELMS 72 NP 839 77 (aXE AERt RHEL LOaM LYON NWES ITEP) 
FRANZINI 72 PR D6 2417 + (COLU HEID UMD STON) 
ROBERTSON 72 Thesps (I l l) 
8AKKER 71 LNC 1 37 +Hoagland Kluyver Massard+ (SABRE Coltab ) 
COLE 71 PR D4 631 +Lee Fronzlnl Loveless 8Ollay+ (STON COLU) 

Also 69 Nevls 175 Thesis Norlon (COLU) 
TOVEE 71 NP 833 493 + (LOUC UBEL 8ERL 8RUX DUUC WARS) 
8ERLEY 708 PR DI 2015 *Yomln Hertzbach Kahef+ (BNL MASA YALE) 
8OGERT 70 PR D2 6 +Luca$ loft Willis Berley+ (8NL MASA YALE) 
E]SELE 70 ZPHY 238 372 +Fillhulh Hepp Presser Zech (HEID) 
ANG 69 ZPHY 223 103 +Elsele Engelmonn Rlthuth+ (HEJD) 
ANG 698 ZPHY 228 151 +Ebenhoh Else~e Engelmann Fdlhulh+ (HELP) 
BAGGETI 69 PRL 23 249 ÷Kehoe Snow (UMD) 
BALTAY 69 PRL 22 615 +Franzlnl Newman Norton* (COLU STON) 
BANGERTER 69 UCRL 19244 Thesis (LRL) 
BANGERTER 69s PR 187 1821 +Garnjast Gal l ler l  Gershwln.  (LRL) 
8ARLO~JTAUD 69 NP 814 153 +OeBellefon Gronel+ (SACL CERN HELD) 
COLLERAINE 69 PRL 23 198 +Day Glosser Knop+ (UMD) 
EIS~LE 69 ZPHY 221 1 +Engelmann Fllfhuth FO~IISCh HeDD* (HEID) 
EIS~LE 69C ZPHY 223 487 +Engeimann Fllfr~utn FOhlJsch+ (HEID) 
GERSHWlN 69 UCRL 19246 Thesis (LRL) 
BtERMAN 68 PRL 20 1459 +Kounosu NouenPerg* (PRIN) 
HEPP 68 ZPHY 214 71 +SChlelCh (HEID) 
WHITESIDE 68 NC 54A 537 +GOllub (OBER) 
BARASH 67 PRL t9 18t +Day Glosser Kehoe Knop+ (UMD) 
CHANG 66 PR 151 1081 (COLU) 
8AZIN 65B PR 1408 1358 +Piano Sct~mldl+ (PRIN RUIG COLU) 
bOSCH 65 PL 14 239 +Engelrnann Filthulh Hepp Kluge.  (HELD) 

AlSo 66 PR 151 1081 Chang (COLU) 
SCHMIDT 65 PR 1408 1328 (COLU) 
BURNSTEIN 64 PRL 13 66 +Day Kehoe Zorn Snow (UMD) 
CO@RANT 64 PR 1368 1791 +Fltthutn+ (CEI~N HEID UMD NRL 8NL) 
BARKAS 63 PRL 11 26 +Dyer HecRman (LRL) 
HUMPHREY 62 PR 127 1305 +Ross (LRL) 

S T R A N G E N E S S  - 2 B A R Y O N S  

r ~  l ( j P ) :  1 1+ 
2 ( 2  ) 

The  p o r d y  h a s  n o t  a c t u a l l y  b e e n  m e a s u r e d ,  b u t  + is 

of  c o u r s e  e x p e c t e d  

V_A_L~'~ (Me~) . . . . . .  Errs 
t 3 t 4 . 9  _+ 0 . 6  OUR FIT 
t 3 t 4 . 8  - 0 . 8  OUR AVERAGE 
1315 2 - 0 92 49  
1313 4 ± 1 .8  1 

~o MASS 

DOCUMENT ID TECN 

WILQUET 72 HLBC 
PALMER 68 HBC 

.~-  _ .~o MASS DIFFERENCE 

.VALU.E_(.M._e_y) EVTS DOCUMENt IP TECN COMMENT 
6 .4  -* 0 , 6  OUR Ell' . . . . . . . . . . . . .  

6 . 3  -+ 0 7 OUR AVERAGE 
b 9 - 2 2 29 LONDON b6 HBC 
6 1 _ 0 9 88 PJERROU 658 HBC 
6 8 _+ 1 .6  23 JAUNEAU 63 EBC 
• • • We d o  no t  use the  f o l l o w l n g  d a t a  for a v e r a g e s  Ells l imits e l c  * • • 

6 1 +_ 1 6 45  CARMONY 648 HBC See PJERROU 658 

='o MEAN UFE 

VALUE (fO~ 10 $ec) EV_ TS DOCUMENT ID 

n + 0 " t 0  OUR AVERAGE 
• . v  _ 0 .09  

2 83 __ 0 16 6300  1 ZECH 77 

2 8 8 + 0  21 - 19 652 BALTAY 74 HBC 

2 9 0 + 0 _  3227 t57 2 MAYEUR 72 HLBC 

~ 22 
3 07 _ + 20 340 DAUBER 69 HBC 

3 0 _+ 0 5 80 PJERROU 658 HBC 

2 5 + 0  4 101 HUBBARD 64 H0C 
- 0 3  

1 4  
3 9 - + 0 . 8 0  24 JAUNEAU 63 FBC 

• • • We do  not  use  t he  f o l l ow ing  c la ta  tar o v e r a g e s  fits hmlts, e t c  • • • 
1 0 

3 5 _ + 0  8 45 CARMONY 648 HBC See PJERROU 558 

I f h e  ZECH 77 resul t  is T--0 = J2 7 7 - ( r  \ - 2  69)I  ": 10 - 1 0  S in w h i c h  w e  use 
T~. = 2 63"~-10 - I 0  s - 

2The MAYEUR 72 vo~ue is m o d i f i e d  by  the  e r r a t u m  

TECN COMMENT . . . .  

SPEC Neu t ra l  h y p e r o n  
b e a m  

I 75 GeV., 'c K - p  

2 1 GeV. , c  K -  

.~o MAGNETIC MOMENT 

See the  Note  on  Baryon M a g n e t i c  M o m e n t s  in the  \ Listings 

VALUE (UN} EVTS C)OCUMENT IO T_(C.N._ 
- 1.250 ¢ 0.014 OUR AVERAGE 
- 1 253 _+ 0 . 0 1 4  270k COX 81 SPEC 
- 1 .20  ~ 0 06 42k  BUNCE 79 SPEC 

E ° DECAY MODES 
F!gc_t!gn ~ !'.,/I') 

1" 1 -o ~ A 7T ° I 0 

i, 2 _--o ~ ~,y (0 5±0 5)×10 -2 

1" 3 .~0 -4. ~0,~ < 7 ~ 10 -2 

I" 4 ~o ~ ~+e-P <" 1 I ~I0 -3 

i" 5 --o ... , ~ - e + v  < 0 9 "~(I0 - 3  

1" 6 .~0 --i. ~ * # - p  <" 1 I '<10 - 3  

1" 7 ---o ~ . ~ - ~ + p  < 0 9 ~ I 0  - 3  

I' 8 ~o =.~ p71"- < 3 6 ~I0  - 5  
1" 9 ~O __=. p e - ~  < 1 3 "~10 - 3  

1"t0 ~0  ~ p / L -  / /  < 1 3 ' : 1 0  - 3  

ConE Lev 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

~ 0  B R A N C H I N G  R A T I O S  

I ' (  % " y ) / l ' ( A  = o )  1 2 / I ' t  
VALUE (unlls t0-.3~_ E V T S  _D_.O_C_IJMENT IO TECN COMMENT . 
5 -+ S t YEH 74 HBC Effect ive 

c l enom =200 

rC,..;oy)/r(.~ ~-o) 13/1"t 
VALUE (un#s TO- 2) CL % EVTS DOCUMENT ID_ T_E.C__N_ COMMENr 
< 6 . 5  90 0 -1  YEH 74 HBC Effect ive d e h o r n  =60 

1"( v +  O- V ) / [ ' (  % r ° )  I ' 4 / I ' I  
VALUE ~_.n_i{s_ .[0~ 3) CL % EVTS _D_OC_UMENT ID [ECN_ COMMENT 
< 1. t  90 0 YEH 74 HBC Effect ive 

d e n o m  =2100 
• . *  We d o  not  use l h e  t o l l o w l n g  d a t a  for a v e r a g e s  tits l lm l ls  e t c  * * *  
< 1 S  DAUBER 69 HBC 
< 7 HUBBARD 66 HBC 
< 13 TICHO 03 HBC 
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F u l l  L i s t i n g s  
.,-cO - -  - 

1'(~- e +  v ) / [ ' (  ', -n-o) [ '~/ ' ] ,  
Test o! 3S = "~Q rule 

VALUE (unlts_fO~ 3) CL % E VT5 DOCUME_NT_I_D [ECN COMMENt 
< 0 . 9  90 0 YEH 74 HBC Effective 

d e n o m  =2500 

• • * We d o  not use the fo l low ing d a t a  for overages,  flts Jlmlts etc  • * • 

<1 5 DAUBER 69 HBC 
< 6  HUBBARD 66 HBC 

I ' ( ~ * # -  V ) / I ' C A  l r  ° )  1 6 / 1 t  

VALUE (units I 0 -  3) CL % EVTS D__OCUMENT /D [ECN C O_M_MENr 
< I  I 90 0 YEH 74 HBC Effective 

dehOrn =2100 

• • • We do  not use the fo l low ing  d a t a  for overages fits hinds etc • • * 

< t 5 DAUBER 69 HBC 
< 7 HUBBARD 66 HBC 

1"(" -/./+/, ')/] '( \ / r  °) l '7, , ' l t  
Tesl of AS = 3 Q  rule 

VALUE (un!!~ I0 - 3 )  CL%EVTS _DOCUMENT ID [EC~I_ C O_MMEN[ 
< 0 . 9  90 0 YEH 74 HBC Effechve 

d e n o m  =2500 

• • • We do  not use lhe  fo l low ing d a t a  for averages  his lit'TIltS etc • • • 

< t 5 DAUBER 69 HBC 
< 6  HUBBARD 66 HBC 

r(pTr-)/r( ~ ~-o) l ~/I~ 
.%S=2 Forb idden in first o rder  weak  in terac t ion 

VALUE (units JO- 5) CL % EVTS _DOCUMENT ID [ECN C_OMMENT 
< 3.6 90 GEWENIGER 75 SPEC 

• • • We d o  not  use the fo l low ing da ta  for averages fits limits etc  • • • 
< 180 90 0 YEH 74 HBC Effectlve 

d e n o m  =1300 
< 90 DAUBER 69 HBC 
< 500 HUBBARD 66 HBC 
<2700  TICHO 63 HBC 

I ' (p e -  V)/I'(A 7to) I'9/I t 
.%5=2 I :orbldclen in first order  weak  in le rachon  

VALUE ~un,rs tO- 3) CL % E_VT~ DOCUMENT l O TECN COMMEAIT_ 
< t . 3  DAUBER 69 HBC 
• • • We do  not use the fo l low ing  da ta  for overages  fits l imits e l c  • • • 
< 3 4 90 0 YEH 74 HBC Effective 

deho rn  =670 
< 6 HUBBARD 66 HBC 
< 2 7  TICHO 63 HBC 

I'(p#- V)/I'(A ~I "°) I',0,,"I'i 
.%S=2 Forb idden in first*order weak  in terac t ion 

VALUE (units tO_~-3) CL%EVTS _DOCUMENT ID TECN COM_M_E_N.T_ 
< t . 3  DAUBER 69 HBC 

• • • We d o  not use the fo l low ing  d a t a  for averages  fits hmlls etc  • • • 
< 3  5 90 0 YEH 74 HBC Effechve 

d e n o m  =664 
< 6  HUBBARD 66 HBC 

E o D E C A Y  PARAMETERS 

See '1he Note  on Baryon Decoy  Parameters in the neut ron  List 
ings 

(KE o) . _ (~)  
VALUE EVtS DOCUMENt /D TECN COMMENT 
- 0 . 2 6 4  -+ 0.013 OUR AVERAGE Error inc ludes  scale factor  of 2 1 See the 

i d e o g r a m  b e l o w  

- 0 260 +_ 0 004 _+ 0 005 300k HANDLER 82 SPEC FNAL hype ron  
b e a m  

-0 317 +_ 0 027 6075 BUNCE 78 5PEC FNAL hyperon 
b e a m  

- 0 35 _+ 0 06 505 BALTAY 74 HBC K -  D t 75 
GeV. ,c  

- 0 28 _+ 0 06 739 DAUBER 69 HBC K- /3  '1 7-2 6 
GeV c 

WEIGHTED AVERAGE 
- 0 2 6 4  ± 0 0 1 3  (Error scaled b y 2 1 )  

! 

-O 35 -O 30 -0 25 

2 
X 

HANDLER 82 SPEC 0 4  
BUNCE 78 SPEC 38  
BALTAY 74 HBC 2 O 
DAUBER 69 HBC 0 1 

6 4  
(Conhdence Level - O O9b) 

I I 

-O 20 -O 15 

, , ( Z ° ) - .  ( \ )  

~, FOR E :  ~ %~c 
The above average ct(:o). (~) = -0 264 ± 0 013 mcluchng a scale 
factor of 2 '1 d i v i d e d  by our current  ave rage  . ( ' , )  = 0 642 _+ 0 0'13 
g ive the fo l lowing ave rage  for i t (~  0) 

VALUE DOCUMENt lO 
- 0.411 _+ 0.022 OUR EVALUATION Error inc ludes scale factor of 2 I 

,.', A N G L E  FOR --o ~ ~ 0  ( t a n , ,  = , U T )  

VALUE (degrees) Evr5 DOCUMENT ID TECN COMMENt 
2'I Z 12 OUR AVERAGE 
16 _+ 17 652 BALTAY 74 HBC 1 75 GeV c K - p  
38 = 19 739 3 DAUBER 69 HBC 

- 8 -~ 30 146 4 BERGE 66 HBC 

3DAUBER 69 uses . % = 0 647 _+ 0 020 
4The errors have b e e n  mu l t l phed  by 1 2 d u e  to app rox ima t i ons  used for 

the _-- po Ionzohon  see DAUBER 69 for O discussion 

HANDLER 82 
COX 81 
B U N C E  7 9  

B U N C E  7 8  

Z E C H  77 
GEWENIGER 75 
BALTAY 74 
YEH 74 
MAYEUR 72 

AlSO 73 
WILQUET 72 
DAUBER 69 
PALMER 68 
B E I ~ E  b b 
HUBBARD 66 
LONDON 6b 
PJERROU 658 

AlSO 65 
CARMONY O4S 
HUBBARD 
JAdNEAU ~ 

AlSO 63C 
TICHO 63 

REFERENCES FOR ~o  

PR D25 039 ~Grot~el PonOrom÷ (WlBC MICH MINN RUTG) 
PRL 46 877 ÷Dworkln* (MICH WlSC RU'G MINN BNL) 
PL 86B 386 .Overseth COX* (BNL MICH RUIG WISC) 
PR D18 633 *Handler MQfCP Morhn+ (wise MICH RUTG) 
NP B424 4~3 *DydOk Novor.o* (SIEG CERN DORT HELD) 
PL 57B 103 *Gjesdal Presser- (CERN HELD) 
PR D9 49 ÷Bndgewolel CooPer Gershw,n* (COLU BING) J 
PR D10 3545 .GOlgOlOS Smith Zendle Boltay÷ (BING COLU) 
NP B47 333 *VanBinst Wllquet~ (BRUX CERIN TUFT LOUC) 
NP B53 208 at,alum Moyeur 
PL 42B 372 ÷Faogme Guy* (BRUX CERf~ tLFT LOUC) 
PR 179 1262 .Barge Hubbard Memll Mdler (LRL) 
PL 2bB 323 ,ROdOIICIC Rou Richardson* (BNL BYRA) 
PR 147 945 *Eberhord Huobotd Merrill* (LRL) 
JCRL 41510 thesis (LRL) 
PR 143 1034 oRQu Goldberg DChtmon* (BNL SYRA) 
PRL 14 275 *Schleln Sloter ~ l t n  Stork TlChO (L:CLA) 
Thesis Pletrou (L, CLA) 
PPL 12 482 *Plerrou SChle,n SIo'er SIork, (LCLA) 
PR 135B t83 *Barge KoIbflelSCh Shoeer. (LRL) 
PL 4 49 (EPOL CERN LOUC PHEL BERG) 
Siena Coef I ~ JouneaL,- (EPOL CE;~N LOUC RHEL BERG) 
BNL Conl 410 (UCLA) 

l(jP) = I I- 
2(2 ) 

The p o r l l y  has  not a c t u a l l y  b e e n  m e a s u r e d  b u t  E iS 
of c o u r s e  e x p e c t e d  

We h o v e  o m l t l e d  s o m e  resu l ls  t h a i  h a v e  b e e n  s u p e r  

s e d e d  b y  l a t e r  e x p e n m e n t s  The o m l l l e d  resul ts m a y  

b e  f o u n d  m ou r  1986 e d l t l o n  (Phys ics  Let ters 170B) or 
In e o r h e r  e d l h o n s  
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~ -  MASS 

VALUE (MeV) EVTS DOCUMENT IO 
1321.32 -+0.13 OUR FIT 
1321.34 ± 0 .14 OUR AVERAGE 
1321 .46  ± 0 34 632 DIBIANCA 75 DBC 
1321 12 - 0  41 268 WILQUET 72 HLBC 
1321 87 ± 0 51 195 ~ GOLDWASSEI~0 HBC 
1321 67 :t 0 . 5 2  6 CHIEN 66 HBC 
1321 4 :t 1 1 299 LONDON 66 HBC 
1321 3 +_0.4 149 PJERROU 65B HBC 
1321 t :t 0 3 241 2 BADIER 64 HBC 
132 t  4 ± 0  4 517 2 jAUNEAU 63D FBC 
1321 1 ± 0  65  62 2SCHNEIDER 63 HBC 

TECN COMMENt 

4 9  G e V / c  K - d  

5 5 G e V / c  _K- p 
6 9 G e V / c  PD 

IGOLDWASSER 70 uses n'K 'Q = 1115 58 MeV  
2These masses  h a v e  b e e n  i nc reasec l  0 09 MeV  b e c a u s e  t h e  ~. moss 

i n c r e a s e d  

~+ MASS 

VALUE (MeV) EVES DOCUMENT ID fECN COMMENT 
~1321.32 _ 0.13 OUR FIT 
1 3 2 t , 2 0  +- 0 ,33  OUR AVERAGE 
1321 .6  :t 0 . 8  35 VOTRUBA 72 HBC 10 G e V / c  K + p  
1321 2 :t 0 4 34 STONE 70 HBC 
1 3 2 0 . 6 9 ± 0  93 5 CHIEN 66 HBC 6 9  G e V / c  D p  

~ -  MEAN UFE 

M e a s u r e m e n t s  w l t h  a n  error  > 0 2 × 1 0  - r 0  s or w l t h  sys- 
t e m a h c  errors no t  i n c l u d e d  h o v e  b e e n  o m i t t e d  

VAiUE ( !0 -  ~0 sect EVTS DOCUMENT ID ~ l q  ~OMMENT 
1 . 6 3 9  ± 0.015 OUR AVERAGE 
1 . 6 5 2  + 0 051 32k BOURQUIN 84 SPEC H y p e r o n  b e a m  
1 665 :t: 0 065 41k  8OURQUIN 79 SPEC H y p e r o n  b e a m  
1 . 6 0 9  ¢ 0 . 0 2 8  4 2 8 6  HEMINGWAY 78 HBC 4 2 G e V / c  K - p  
1 .67  :t 0 . 0 8  DIBIANCA 75 Dec  4 9 G e V / c  K -  d 
1 63 - 0 . 0 3  4303  BALTAY 74 H8C 1 75 G e V / c  K - p  
1 .73  + 0  08 680  MAYEUR 72 HLBC 2 1 G e V / c  K -  - 0  07 
I 61 ± 0  04 2610 DAUBER 69 HBC 
1 .80  ± 0 16 299  LONDON 66 HBC 
1 70 :tO 12 246 PJERROU 658 HBC 
1 69 ± 0 07 794 HUBBARD 64 HBC 

1 86 + 0  15 517 JAUNEAU 63D FBC 
- 0  14 

~+ MEAN UFE 

_V,A_L_UJ~ {rio- ~0 sect EVT_S DOCUMENT ID TECN ~OM__M_EN.T 
1.6 z 0 .3  34 STONE 70 HBC 
• * * We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  Ells hmi ls  e t c  • * * 

. . + 0  35 
• DO - 0 . 2 0  35 3 VOTRUBA 72 HBC 10 G e V / c  K + p  

+ 0 7  
1 9 - 0 . 5  12 3SHEN 67 HBC 

1 51 : tO 55 5 3CHIEN 66 HBC 6 9  GeV/c~)D 
3The er ror  is Stat is t ical  o n l y  

1"12 ~ -  ~ p T r - # - v  < 4 ; < t 0  - 4  90% 

1"i 3 ~.-  --~ ~ o e - v  .< 2 3 × 1 0  - 3  90% 

"-- BRANCHING RATIOS 

A n u m b e r  of e a r l y  results h o v e  b e e n  o m i t t e d  

r(z-  "r)/r(.~ =-) 
VA£UE (unltL fO-_4)__ E_V_ TS DOCUMENT IO TEC_,_N. 
2 .27  :t 1.02 9 BIAGI 878 SPEC 

d e n o m  =1017 
69 HBC 
66 HBC 

I ' s / r  1 
rECN COMMENT_ 
SPEC SPS h y p e r o n  b e a m  

I'6/I" t 
TECN COMMENT 
HBC Effect ive 

d e n o m  =3026  
• • • We d o  not  use the  t o , o w l n g  d a t a  for o v e r a g e s  tlts l imits, e t c  • • • 
.<5 BERGE 66 HBC 

[ I ' (A e- V) + I ' ( Z O e  - V ) ] ] I ' ( A ~ ' - )  ( l ' 3+ I ' s ) / l "  , 
VALUE (unlls TO-3) EVTS DOCUMENT ID TECN ~OMMENT 

• • • We d o  not  use The t a l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  * • • 
0 651 : t  0 031 3011 4 BOURQUIN 83 SPEC SPS h y p e r o n  b e a m  
0 68 - 0 . 2 2  17 5 DUCLOS 71 OSPK 

4See t he  s e p a r a t e  BOURQUIN 83 va lues  for I ( ~ , e - i , ) /  l ( ~ . T r - )  a n d  
I (X 0 e - v ) / l  ( ~. ~ ' - )  a b o v e  

5DUCLOS 71 c a n n o t  d is t ingu ish  ~0 s f rom '~ s The C a O l b b o  theo ry  Dred lc ts  
t he  ! ° ra te  is about a f ac to r  6 sma l l e r  t h a n  t he  ~ ro te  

r(mr-)/r(A 7r-) |'T/|', 
&S=2 F o r b i d d e n  In first o r d e r  w e a k  in feroctbon 

yALJ/E_ Cu_n_#}. TO- 3) ~L_% EVTS DOCUMENT lO TECN COMMENT ..... 

.<0.019 90  8JAGI 828 SPEC SPS h y b e r o n  b e a m  
• * • We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits. l imits, e fc  • • * 
.<3 0 90  0 YEH 74 HBC Effect ive 

d e n o m  =760 
< 1  1 DAUBER 69 HBC 
<5 0 EERRO-LUZZI 63 HBC 

r(n e- V)/I'(A 7r- ) 1"8/1", 
~S=2 F o r b i d d e n  In first o r d e r  w e a k  m t e r a c t l o n  

VALUE (unlr$ IO- 3) CL_~ EVTS DOCUMENT tO TECN COMMENT 
< 3 .2  90  0 YEH 74 HBC Effect ive 

d e n o m  =715 
• * * We d o  not  use  t he  t o , o w i n g  d a t a  for a v e r a g e s  flts l imits e t c  • • • 
< 10 90  BINGHAM 65 RVUE 

- 2 1 ± 0 8 2436  COOL 74 OSPK 1 8 G e V l c  K -  p 
- 0 1 :~ 2 1 2724  BINGHAM 708 OSPK 1 8 G e V / c  K-.do 

I" 1 _--- -.). ATr -  

r 2  - -  --.- " 2 - 7  

I' 3 ~ _ -  ~ Ae-v 

r 4 - - -  ~ A # -  v 

F5 ~ = -  ~ ~ O e - v  

1, 6 ~ -  ~ ~ 0 ~ - p  

i- T .--- ~ )")~-  
l "  8 " : -  ~ n e - I /  
I" 9 - - ' -  ~ n / . L - v  

I ' t  o Z -  ~ p ~ r - ~ r -  

I'll .q- ~ DTr-e-v 

~ -  DECAY MODES 
Fraction ~I'/I') 

1 .00  

(2 3 ± t  0 ) X l 0  - 4  

(5 5 : t 0  3 ) × 1 0  - 4  

( 3 . 5  ± 3  5 ) ;<10  - 4  

ConE Lev 

r(n~- V)/I'(A'n'-) 
AS=2 F o r b i d d e n  In first o r d e r  w e a k  i n t e r a c t i o n  

V_AIUE (unlrs fO7 3) CL %EVTS _DOCUMENT ID fECN COMMENT 
<'15.3 90  0 YEH 74 HBC Effect ive 

d e h o r n  =150 

I'911"~ 

(8 7 : t l  7) )<40 - 5  

• < 8 × 10 - 4  90% 

• < 1 9 × 10 - 5  90% 

.< 3 2 ;<10 - 3  90% 

<: 1 5 × 1 0  - 2  90% 

.< 4 × 1 0 - 4  90% 

.< 4 ;< 10 - 4  90% 

i'(p~r- ~-)irCA~-) r,olrl 
",S=2 F o r b i d d e n  in first o r d e r  w e a k  I n t e r a c t i o n  

VALUE (unlIs 10 - 4 )  CL_% EVE ~ DOCUMENT IO TECN COMMENT . . . .  
<:3.7  90 0 YEH 74 HBC Effect lve 

d e n o m  =6200  

r0oTr- e- v)IrCA 7r-) r , l [ ' ,  
AS.=2 F o r b i d d e n  in first o r d e r  w e a k  i n t e r a c t i o n  

VALUE (unlls 10 - 4 )  C L%EV_r_$ DOCUMENT tO TECN COMMENT 
.<3.7 90 0 YEH 74 HBC Effect ive 

d e n o m  =6200  

< 1 3 DAUBER 
.< 12 8ERGE 

v'(~oo- ~)IrCA ~r-) 
VALUE (um_rs_J_o- 3) EVTS DOCUMENT IO 
0 .087  :t 0 .017 154 BOURQUIN 83 

rCzo,- v)IrCA =-) 
VAL_U_E (unlts fO -3 )  CL%EVTS DO~_UMENT ID 
• < 0 . 7 6  90 0 YEH 74 

Z -  MAGNETIC MOMENT 

See the  No te  on  Baryon  M a g n e t i c  M o m e n t s  in t he  '~ Listings 

VALUE (14N) EVTS DOCUMENT ID TECN COMMENT 
- 0 .69  :t 0 . 0 4  218k RAMEIKA 84 SPEC 400  G e V  p B e  
• * • We d o  no t  use t he  f o l l o w i n g  d a t a  for o v e r a g e s ,  tits. l imits e t c  • • • 

i ' 2 / r  ~ 
COMMENT 
SPS h y p e r o n  b e a m  

r( ~ e- v)/rCA =-) r3/r, 
V_ALUE_ l_u_nlts ,/q-_.3_~_. EVT_S DOCUMENT ID [E..C__N_ COMMENT 
0 .550  ± 0 .030  OUR AVERAGE 
0 . 5 6 4  +-0 031 2857 BOURQUIN 83 SPEC SPS h y p e r o n  b e a m  
0 . 3 0  _+ 0 . 1 3  11 THOMPSON 80 ASPK H y p e r o n  b e a m  

r ( . t , -  v)Ir(A=-) n'jr,  
VALUE (units TO- 3) CL% EVTS _OOCUMENT ID TECN COMMENT 

0 . 3 5  :t 0 . 35  I YEH 74 HBC Effect ive 
d e n o m  =2859  

• • • We d o  not  use t he  f o l l o w i n g  c lo to  for o v e r a g e s  flts l lml ts  e t c  • • • 
.< 2 3 90 0 THOMPSON 80 ASPK Effect ive 
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rCp~r- u-  ~)/r(.~ =-) r'12/r'1 
'.S=,2 F o r b l d d e n  in f i rs t -order w e a k  I n t e r o c t l o n  

VALUE (units '10 - 4 )  CL%EVTS DOCUMENT ID TECN ~ O M M E N  T_ 
< 3 , 7  90 0 YEH 74 HBC Effect ive 

d e n o m  =6200  

r(-oe- v)/r(.~ =-) r'13/r'1 
VALU.E (units rOT "3) ~'L % EVTS _O.O~UMEN__T ID . TECN COMMENT 
< 2 , 3  90 0 YEH 74 HBC Effect ive 

d e n o m  =1000 

.~.- DECAY PARAMETERS 

See the  No te  on  Baryon D e c a y  Pa ramete rs  in t he  n e u t r o n  List- 
ings 

~K_- - - - ) (~ ,  (.~.) 

VALUE EVT$  DOCUMENT ID TECN COMMENT 

- 0 ,293  + 0°007 OUR AVERAGe- Error i n c l u d e s  s c a l e  fac to r  of 1 8 See t he  
I d e o g r a m  b e l o w  

- 0 , 3 0 3 ± 0  004:1:0 004 192k RAMEIKA 86 SPEC 400  G e V  p B e  J 
- 0  2 5 7 ± 0 , 0 2 0  '~Ik ASTON 858 LASS 11 G e V / c K - p  
- 0 260 ± 0 017 21k BENSINGER 85 MPS 5 G e V / c  K -  p 
- 0 , 2 9 9  ± 0 007 150k BIAGI 82 SPEC SPS h y p e r o n  

b e a m  
- 0 315 ± 0 026  9046  CLELAND 80C ASPK BNL h y p e r o n  

b e a m  
- 0  2 3 9 ± 0 . 0 2 ` 1  6599  HEMINGWAY 78 HBC 4 2 G e V / c K - D  
- 0 243 ± 0 02.5 4303 BALTAY 74 HBC 1 75 G e V / c  

K - p  
-- 0 252 :I: 0 . 0 3 2  2436 COOL 74 OSPK 'I 8 G e V / c  K -  

D 
- 0 253 ¢ 0 , 0 2 8  2781 DAUBER 69 HBC 

WEIGHTED AVERAGE 
- 0  2 9 3  ± 0 0 0 7  (Error sca led  b y  1 8) 

- 0  3 5  - 0  3 0  

( K - - X ~ - ( ~ )  

2 
X 

RAMEIKA 86 SPEC 3 4 
I ASTON 85B LASS 3 2 

I BENSINGER 85 MPS 3 7 
BIAGI 82 SPEC 0 9 
CLELAND BOC ASPK 0 8 

I HEMINGWAY 78 HBC 6 5 
| BALTAY 74 HBC 3 9 

~ 7 ~  COOL 74 OSPK 16 
DAUBER 69 HBC 2 O 

2~ 
, Leve l  - -  0 001)  I ~ ( C o n f i d e n c e  

- 0  25  - 0  2 0  

~ FOR ---  --- A i r -  
T h e  a b o v e  a v e r a g e  (~(-- ' - )  (~_( 'Q = - 0 293 ± 0 ,007 ,  I n c l u d i n g  a s c a l e  
fac to r  of 1 8 d]vqded by  our  c u r r e n t  a v e r a g e  ~ _ ( ' t )  = 0 642 + 0 013 
g i ves  t he  f o l l o w l n g  a v e r a g e  v a l u e  for (Y ( - - - )  

VALUE DOCUMENT ID 
- - 0 . 4 5 6  ± 0,014 OUR EVALUATION Erro¢ i n c l u d e s  s c a l e  fac to r  of 1 8 

ANGLE FOR ---- --,. A~ ' -  ( tan~ = d / ' y )  
VALUE (degrees) Errs C~CUMENr ID _ T_E_C.N COMMENT 

4 ± 4 O U R  AVERAGE 
5 ± 10 11k ASTON 858 LASS K - D  

14,7  ~_ 16 .0  21k 6 BENSINGER 85 MPS 8 G e V / c  K - p  
11 ± 9 4303  8ALTAY 74 HBC 1 75 G e V / c  K - p  

5 ± '16 2436  COOL 74 OSPK 1 8 G e V / c  K - p  
- 26 _+ 30 2724 81NGHAM 708 OSPK 
- 14 ± 11 2781 DAUBER 69 HBC Uses (~,~ = 

0 647 ± 0 020 
0 ¢ 12 1004 7 BERGE 66 HBC 
0 ± 20 4 364 7 LONDON 66 HBC Using { i  ~. = 0 62 

54 ± 30 356 7 CARMONY b4B HBC 

6BENSINGER 85 u s e d  ~* ~. = 0 , 6 4 2  ¢ 0 , 0 1 3  
7The errors h a v e  b e e n  m u l t i p l i e d  by  1 2 d u e  to a p p r o x i m a t i o n s  used  for 

t he  _-- p o l a r i z o t l o n  see  DAUBER 69 for a a l scuss lon  

gA/gv FOR - -  -,. A e -  v 
VALUE EVTS DOCUMENT IO TECN COMMENT _. 
-- 0 ,28  ± 0 ,08  1992 BOURQUIN 83 SPEC SPS h y D e r o n  b e a m  

REFERENCES FOR ~ -  

We h a v e  o m i t t e d  s o m e  p a p e r s  tha t  h o v e  b e e n  s u p e r s e d e d  
b y  l a te r  e x p e r i m e n t s  The o m i t t e d  papeTs m a y  b e  touncl  in 
our  1986 e d i t i o n  (Physics Letters t708) or in ea r l i e r  edf f rons 

BIAGI 878 ZPH¥ C35 143 + (BRiS CERN GEVA HEID LAUS LOaM RAL) 
RAMEIKA 86 PR D33 3172 +Betetvas Deck+ (RUTG MiCH WISC MINN) 
ASTON 85E PR D32 2270 +Carnegle+ (SLAC CARL CNRC CINC) 
BENS~NGER 85 NP 8252 561 (CHIC ELMT FNAL ISU LENI SMAS) 
BOURQUiN 84 NP 8241 I + (BRIS G~VA HEID LALO RAL ST~B) 
RAMEIKA 84 PRL 52 58'I +Berefvas Deck* (RUTG MICH WISC MINN) 
BOURQUIN 83 ZPHY C21 I +Brown+ (BRIS GEVA HEID LAke RL STRB) 
BIAGI 82 PL 1128 265 + (BRIS CAMB GEVA HEID LAUS LOQM RL) 
BIAGI 828 PL '112B 277 * (LOAM GEVA RL HEID CAMB LAUS BRIS) 
CLELAND 80C PR D21 12 eCoooer D~-Is Engels HerberT* (PITT BNL) 
IHOMPSON 80 PR D21 25 *Clelancl Cooper Orls Engeli+ (PITt BNL) 
BOURQUIN 79 PL 878 207 + (8R`1S GEVA HEID ORSA RHEL STRB) 
HEMINGWAY 78 hk ° B'142 205 +Atmenlero$+ (CERN ZEEM NIJM OXF) 
DIBIANCA 75 NP B98 137 ÷Endorf (CMU) 
BALTAY 74 PR DO 49 +Bridgewater Cooper Gershwln÷ (COLU BING) J 
COOL 74 PR D10 792 ÷Giocomell l  Jenkln$ Kyclo LeOntlc LI+ (BNL) 

AlSO 72 PRL 29 "1630 COOl Glocomell l  Jenkins Kyclo Leontlc+(BNL) 
YEH 74 PR DI0 3545 +Galgolol  Smith Zendle Bailey+ (BING COLU) 
MAYEUR 72 NP 847 333 ÷VonBlnlt Wilquet+ (BRUX CERN TUFT LOUC) 
VOTRUBA 72 NP 845 77 , S a f e r  Rotcllffe (BIRM EDIN) 
WILQUEI 72 PL 42B 372 +FliOgine Guy+ (BRUX CERN TUFT LOUC) 
DUCLOS 71 NP 832 493 ÷Freytag Helntze KelnZelmonn Jones* (CERN) 
BINGHAM 708 PR Dt 30`10 ÷Cook Humphrey Sander+ (UCSD WASH) 
GOLDWASSER70 PR DI 1960 +$Chullz (ILL) 
STONE 70 PL 328 515 +Bei'llnghleri Bi'omberg Cohen Fert)el* (ROCH) 
DAUBER 69 PR `179 1262 +Berge HUbbard Merrill Miller (LR'L) J 
SHEN 67 PL 258 443 *Firestone GoldhaDel (UCB LRL) 
BERGE 66 PR `147 945 +Ebernorcl Hubbard MerTllle (LRL) 
CHIEN 66 PR 152 I'17`1 *Lacf'~ Sanclwelss loft Yeh Oten+ (VALE BNL) 
LONDON 66 PR '143 1034 *Rau Golaberg Licntman÷ (BNL SYRA) 
BINGHAM 65 PRSL 285 202 (CERN) 
PJEI~OU 6.58 ~ '14 275 +Schlein Sloter Smlfl~ Stork Tlcho (UCLA) 

AlSO 65 Thesis Plerrou (UCLA) 
BADIER 64 Dubno Coi~t '1 .593 +Demoulln BOrlouloucl+ (EPOL SACL ZEEM) 
CARMONY b4D PRL '12 482 +PJerrou $ch~eln SIoler Stork+ (UCLA) J 
HUBBARD 64 PR 1358 183 +Beige Kolbfielsch St~iofer* (LRL) 
FERRO LUZZI 63 PR `130 tB68 eAIsIon Rosenfe(d Woiclckl (LRL) 
JAUNEAU b3D SlenO Co~f 4 * (EPOL CERN LOUC RHEL BERG) 

AIDe 638 PL 5 261 Jauneou* (EPOL CER~I LOUC RHEa. BERG) 
SCHNEIDER 63 PL 4 360 {CERN) 

- - - -  OTHER RELATED PAPERS 

PONDROM 85 PRPL ̀ 122 57 (WISC) 
Review of FNAL hyperon experlments 

S T R A N G E N E S S  - 3 B A R Y O N  

D /(jp) = o(~ ÷) 

The  q u a n t u m  n u m b e r s  h a v e  n o t  a c t u a l l y  b e e n  m e a s -  
u r e d .  b u t  f o l l o w  f r o m  t h e  a s s i g n m e n t  of t h e  p a r t i c l e  to  

t h e  b a r y o n  c l e c u p l e t  The  u n a m b i g u o u s  a ~ s c o v e r y  in  

b o t h  p r o c l u c t i o n  a n d  d e c a y  w a s  b y  BARNES 6 4  

W e  h a v e  o m l t t e c l  s o m e  r e s u l t s  t h a t  h a v e  b e e n  s u p e r  

s e d e d  b y  l a t e r  e x p e n m e n t s  The  o m d t e d  r e s u l t s  m a y  
b e  f o u n d  in  o u r  1 9 8 6  e d d l o n  ( P h y s i c s  L e t t e r s  170B) o r  

m e a r h e r  e c h h o n s  

~ -  M A S S  

VALUE (MeV)_.__ EVT$  DOCUMENT ID TECN COMMENT . . 

1672,43 - 0 ,32  OUR AVERAGE 
1673 ± I 100 HARTOUNI 85 SPEC 8 0 - 2 8 0  G e V  K~C 
1673 0 ± 0  B 41 BAUBILLIER 78 HBC 8 25 G e V . ' c  K - p  
1671 7 - 0 , 6  27 HEMINGWAY 78 HBC 4 2 G e V , ' c  K -  D 
1673 4 +_ 1 7 4 i DIBtANCA 75 DBC 4 9 GeV,  c K -  d 
1673 .3  +_1 0 3 PALMER 68 HBC K - D 4 6  5 G e V ' c  
1671 ,8  +_ 0 8 3 SCHULTZ 68 HBC K - p  5 5 G e V : c  
1674 2 ± 1,6 5 SCATTER 68 HBC K - p  6 GeV :  C 
1672 1 ± I 0 1 2 FRY 55 EMUL 
• • • We d o  no l  use t he  fo l l ow ing  d a t a  tar o v e r a g e s  fits l imits e t c  • • • 

1671 .43  ± 0  78 13 3 ABCLV 73 HBC K - •  10 G e V ' c  
t671  9 ± 1 2 6 3SPETH 69 HBC See ABCLV 73 
1673 0 ± 8 0 1 ABRAMS 64 HBC -~ E - T  ° 
1670 6 ± 1 0 I 2 FRY 558 EMUL 
1615 t 4 EISENBERG 54 EMUL 
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rDIBIANCA 75 g i ves  a mass for e a c h  e v e n l  We q u o t e  the  a v e r a g e  
2The FRY 55 a n d  FRY 55B even ts  w e r e  i den t i f i ed  as q -  by  ALVAREZ 73 

The masses a s s u m e  d e c a y  to \ K -  at  resl  For FRY 558 d e c a y  from a n  
a l o m i c  orb i t  COuld D o p p l e r  shift the  K -  e n e r g y  a n d  Ihe  resu l t ing  ( i -  

mass by  seve ra l  MeV ThlS shift is n e g l i g i b l e  for FRY 55 b e c a u s e  t he  t.  ~ 
d e c o y  is a p p r o x i m a t e l y  p e r p e n d i c u l a r  lo  ItS o rb i ta l  v e l o c i t y  as is k n o w n  
b e c a u s e  the  % str ikes t he  n u c l e u s  {L A lvo rez  p r l v a l e  c o m m u n i c a t i o n  
t 9 7 3 )  We h a v e  c a l c u l a l e d  t he  error  a s s u m i n g  t ha t  the  o r b d a l  n is 4 or 
l a rge r  

3 E x c l u d e d  f rom the  ave~oge  the  H -  h fehmes  m e a s u r e d  by  the  e x p e r l  
m e n l s  dl f fer s lgn l f iCon l l y  f rom o l h e r  m e a s u r e m e n t s  

4The EISENBERG 54 mass was  c a l c u l a t e d  for d e c a y  m fhght  ALVAREZ 73 
has s h o w n  thOl l h e  41 i n t e r a c t e d  Wlfh a n  Ag n u c l e u s  tO g i ve  K -  2 A g  

{l + MASS 

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
1672•6 _~ 0 7 OUR AVERAGE 

1672 ~ I 72 HARTOUNI 85 SPEC 8 0 - 2 8 0  GeV  K~C 
1673 1 ± 1 0 1 FIRESTONE 71B HBC 12 G e v  c K ~ d  

I t -  MEAN UFE 

Measurements wlth on error :> 0 I - 10- I0 s hove been omit 
ted 

V:4LUE (~0- rO sac ] EVTS DOCU_M.ENT ID T_E_C_N COMMEN [ 
0•822 -+ 0.012 OUR AVERAGE 

0 811 -+ 0 037 1096 LUK 88 SPEC pBe 400 GeV 
0 823 _+ 0 013 12k BOURQUIN 84 S P E C  SPS h y p e r o n  b e a m  
• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  his l imits e t c  • • * 

0 822 ~ 0 028 2437 8OURQUIN 79B SPEC See BOURQUIN 84 

~1- D E C A Y  M O D E S  

F_rachon (r/]) Conf  Lev 
I r L ) -  ~ ~ K -  (67  8 _ + 0  7 ) / 1 0  - 2  

r 2  ( I -  ~ =- -o~-  (23 6 = 0  7 ) . 1 0 _  2 

l '3  (--)- ~ - -  " - -  7T° ( 8 . 6 - + 0  4 ) ,  t0  - 2  

r4 <..>- - - . - - T r + T , -  ( , 1 3 + ~ ) . 1 0 - 4 _  

1' s (2- -- - (1530 )Cr r -  ( 6 4 _  + 5  ~),IO-4 

16 (-).- ~ E ° e - t ,  ' ( 5 6-+2 8 ) , t o - 3  
I'7 ~-~- ~ - - - " ~  -" 2 2 " 1 0  - 3  90% 

l" 8 (**~- ~ ~ 3 T -  < 1 9 " 10 - 4  90% 

9 -  B R A N C H I N G  RATIOS 

The BOURQUIN 84 v a l u e s  ( w h i c h  i n c l u d e  resul ls  of 
BOURQUIN 79g a s e p a r a t e  e x p e r l m e n l )  a re  m u c h  more  a c c u  
ro te  t h a n  a n y  o ther  resul ts a n d  so the  la t te r  h o v e  b e e n  omi t  
t e d  

[ ( \ K - ) / I ' I o t o I  I',h,/]" 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0 .678  -+ 0 .007  t4k  8OURQUIN 84 SPEC SPS h y p e r o n  b e a m  
• • • We d o  no l  use the  f o l l o w i n g  d a t a  for a v e r a g e s  hls h i l t s ,  e fc  • • • 
0 686 _+ 0 013 1920 BOURQUIN 798 SP[C See BOURQUIN 84 

I ( ' : ' c  ~ - ) / l ' l o t a  I [ 2 /1"  
VALUE EVTS DOCUMENT ID IECN COMMENT 
0 .236  - 0 .007  1947 BOURQUIN 84 SPEC SPS h y p e r o n  b e a m  
• • • We d o  not  use the  f o l l o w l n g  d a l a  for a v e r a g e s  Il ls hmllS e l c  • * • 
0 234 -+ 0 013 317 8OURQUIN 798 SPEC See 8OURQUIN 84 

I ' (= - - -  ? r 0 ) / r t o t o l  ] 3 / [ "  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0 .086  = 0 . 0 0 4  759 BOURQUIN 84 sPEc SPSt~ype~on b e a m  
• • • We d o  not  use the  fOl lOwing d a t a  for a v e r a g e s  flls l imits e t c  • • • 
0 080 _+ 0 008 145 BOURQUIN 798 SPEC See BOURQUIN 84 

r(_--- -n-- ~---)/1 total r 4 / r  
VALUE (units To-42 E_V_LS _D_O..C_UME__N_T ID [ECN COMME_N~ T 

+ 3 .4  4 BOURQUIN 84 SPEC SPS h y p e r o n  b e a m  4 3 _ 1 . 3  

r (_ - - (153o)  0 ~ - ) / ]  tara, ]s/I 
V_.4LUE (unns tO.-_ 4) ..... EVT$ _D.O_ CUMENT ID TEC_N COMMENT 

6 A + 5 . 1  " ' -  2 .0  4 5 BOURQUIN 84 S P E C  SPS h y p e r o n  b e a m  

• * * We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e tc  • • • 
~ 2 0  I BOURQUIN 798 SPEC See BOURQUIN 84 

5The s a m e  4 even t s  as in l h e  p rev ious  m o d e  wi th  the  isospm fac to r  to 
t a k e  rata a c c o u n l  2 (1530)0  ~ --0~0 d e c a y s  i n c l u d e d  

] '( -':° e -  v)lI tota l  ['6/1 
yALUE (units I 0 - 3 )  E V T S  DOCUMENT ID TECN COMMENT 

5.6  z 2•8 14 BOURQUIN 84 SPEC SPS h y p e r o n  b e a m  
• • • We do  no l  use the  f o l l ow ing  d o r a  for a v e r a g e s  flts. hmlfs e t c  ° * ° 

~ 1 0  3 BOURQUIN 798 SPEC See 8OURQUIN 84 

[ ' (  -'z . . . T ) / l  t o ta l  1 7 / I  
VALUE (un,fs 10 - 3 )  CL % E V T S  DOCUMENT ID TEC_N COMMENT 
< 2 • 2  90 9 8OURQUIN 84 SPEC SPS h y p e r o n  b e a m  
, * * We do  nor  use l h e  f o l l ow ing  d a f a  for o v e r a g e s  flts l imits e fc  • • * 

• -.3 1 90 0 BOURQUIN 798 SPEC See BOURQUIN 84 

1"( \ ; - ) / r t o i a  I i ' 8 , / l '  
AS=2 F o r b i d d e n  in hfsl  o r d e r  w e a k  i n t e r a c t i o n  

VALUE (units TO- 4) CL.%EVT$ DOCUMEN[ /D .TECN COMM_EN_T .... 

-.  1 9 90 0 BOURQUIN 84 SPEC SPS h y p e r o n  b e a m  
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  flts hmlts e l c  ° ° * 

< t 3  90 0 BOURQUIN 798 SPEC See BOURQUIN 84 

Sl- D E C A Y  PARAMETERS 

,, FOR t. ) -  ~ %K- 
S o m e  e a r l y  results h a v e  b e e n  o m i t t e d  

VALUE EVTS DOCUMENT ID TECN COMMENT 
- 0 026 • 0 .026  OUR AVERAGE 
- 0  034_+0  079 1743 LUK 88 SPEC 
- 0  025_+0  028 12k BOURQUIN 84 SPEC 

(~ FOR %) ~ - - -0~-  
VALUE EVTS DOCUMENT IO TECN 
0 . 0 9  _+ 0.14 1630 80URQUIN 84 SPEC 

. FOR t.)- ~ - - ~ ' :  
VALUE EVTS DOCUMENT IO TECN 
0 . 0 5  _+ 0 21 614 BOURQUIN 84 SPEC 

pBe  400 G e V  
SPS h y p e r o n  b e a m  

COMMENT 
SPS h y p e r o n  b e a m  

COMMENT 
SPS h y p e r o n  b e a m  

REFERENCES FOR ~ -  

We h o v e  o m i t t e d  s o m e  Dopers  I ha l  h o v e  b e e n  s u p e r s e d e d  
by  l a te r  e x p e r i m e n t s  The o m l t t e d  p a p e r s  m a y  b e  f o u n d  in 
our  1986 e d l h o n  (Physlcs Letters 1708) or in ea r l i e r  ed i t i ons  

LUK 
HARTOUNI 
BOURQUIN 

AlSO 
BOURQUIN 
BAUBILLIER 
HEMINGWAY 
DIBIANCA 
ABCLV 
ALVAREZ 
FIRESTONE 
SPE/H 
PALMER 
SCHULTZ 
SCOTffR 
ABRAMS 
BARNES 
FRY 
FRY 
EISENBERG 

88 PR D38 19 *Berelvos Deck+ (RUTG WISC MICH MINN) 
85 PRL 54 628 ~Atlyo Holmes Knopp Lee+ (COLU ILL FNAL) 
84 NP 8241 r + (BRIS GEVA HEID LALO RAL STRB) 
79 PL B7B 207 BourC]uln+ (BRIS GEVA HEID ORSA RHEL STRB) 
798 PL 8BB 192 (BRIS GEVA HEID LALO RAL) 
78 PL 788 342 + (BIRM CERN GLAS MSU LPNP) 
78 NP 8142 205 ~Armenteros+ (CERN ZEEM NIJM OXF) 
75 NP 898 137 +EnOoff (CMU) 
73 NP 861 102 Deut$chmann Kaufrnonn. (ABCLV Col lab ) 
73 PR D8 702 + (LBL) 
71B PilL 26 410 *GoIOhober LlSSOuer Sheldon Trllhng (LRL) 
69 PL 296 252 + (AACH BERL CERN LOIC VIEN) 
68 PL 268 323 +Radopclc ROU Rlchordson+ (BNL SYRA) 
68 PR 168 1509 (ILL ANL NWES WISC) 
68 PL 2bB 474 + (BIRM GLAS LOIC MUNI OXF) 
64 PRL 13 670 *Burnsteln Glosser+ (UMO NRL) 
64 PRL 12 204 +ConnolW Crennel l  Culwlck~ (BNL) 
55 PR 97 1189 +Sct~neps Swami (WISC) 
558 NC 2 346 +SchnePs Swami (WISC) 
54 PR 96 541 (CORN) 
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A + 

C 

CHARMED BARYONS 

l(J ~) = 0(12 + ) 

J has  n o t  a c t u a l l y  b e e n  m e a s u r e d  y e t  J = I . .2  ~s of  
c o u r s e  e x p e c t e d  The q u a r k  c o n t e n t  ~s u d c  

We h a v e  o m l t l e d  s o m e  resu l ts  t h a t  h a v e  b e e n  s u p e r -  
s e d e d  b y  l a t e r  e x p e r i m e n t s  The o m H t e d  resu l ts  m a y  
b e  f o u n d  m o u r  1986 edH~on (Phys ics  Le t te rs  170B) or  
in e a r h e r  e d i t i o n s  

A c  + M A S S  

We on ly  a v e r a g e  the measurements  wi th an error less than  
10 MeV it seems c lear  tha i  m e  ear ly  values a round  2260 
MeV were  too  low 

VALUE (MeV) EVTS DOCUMENT ID rECN COMMENr . .. 

2284.9 -+ I.--50U~ FIT" Error inc ludes  sca le  factor  at t 6 
2284.9 ± %5 O U R  A V E R A G E  Error inc ludes  sca le  factor  of 1 6 See the 

i d e o g r a m  b e l o w  
2283 1 -+ 1 7 ± 2 0 628 ALBRECHT 88C ARG 
2286 2 ~ 1.7 _+ 0 7 97 ANJOS 888 TPS 
2284 7 _+ 2 3 _+ 0 5 5 AGUILAR- 87 LEBC 
2305 ± 3 _+ 6 624 CHAUVAT 87 SPEC 
2281 _+ 3 2 JONES 87 HBC 
2268 ± 6 187 ALEEV 84 81S2 

2283 ± 3 3 BOSETTI 82 HBC 
2284 ± 5 55 RUSSELL 81 SPEC 
2285 ± 6 39 ABRAMS 80 MRK2 
2290 ± 3 I CALICCHIO 80 HYBR 
• • • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s ,  flts 

2301 z 17 
2285 6 -+ I I 
2293 = 6 Z 30 
2300 = 25 
2266 ± 13 
2270 ± 15 
2260 -+ 20 
2275 -+ 10 
2257 ± 10 
2254 ± t2 
2262 -+ 10 
2260 -+ t0  
2260 ± 2 0  

4 ADAMOVICH 87 EMUL 
14 ~ BARLAG 87 CCD 
78 DIESBURG 87 SPEC 

I AMMAR 86 EMUL 
8 USHIDA 86 EMUL 
3 KITAGAKi 82 DBC 
1 ALLASIA 80 EMUL 

19 KITAGAKI 80 DBC 
6 BALTAY 79 HLBC 
1 CNOPS 79 DeC 

30 2 GIBONI 79 SPEC 
60 KNAPP 76 SPEC 

1 CAZZOLI 75 HBC 
rThe BARLAG 87 error  ~s stat lShCal The sys tema t i c  

h g o t l o n  
2GIBONI 79 has b e e n  c h a n g e d  from 2255 _+ 4 MeV 

NAN 79 

D K -  ~ + p K  ~ ~ 3,'r J 
DK-~1"+ + C C [ p K - F . +  + CC 
p p  63 GeV ISR 
p K - ~ +  
,~ ;,r +/r, + ,-.r - 

pK- r . +  
pKC + CC 
p K - ~  + + C C 
D K - ~ *  
l imits e tc  • • • 
"$A 20-70 GeV. .c  
D K -  ~, + 
nA  ~ 6 0 0  GeV 
~ +  ~r+~r-  
W l d e b a n d  l' 
~07r+ 
p K - ~ +  
%~r + , p K  o 

pK~W(892) - ;r + 
~2K- T, + 
", 2~ - ~r + 
,,2~r + ~r- 

error is still under  inves J 

by  Ihe authors see KER 

WEIGHTED AVERAGE 
2 2 8 4 9  ± 1 5  (Error  s c a l e d  b y t 8 )  

v 
v 

S . .  

2 2 4 0  2 2 0 0  2 2 8 0  

Values above of weighted average error 
end scele factor are based upon the date in 
th~$ ideogram only T,ley ere not neces-  
sar i ly  the sa~,e as our "best"  values 
obta,ned from a least-squares constrained hi  
ut,hzlng measurements of other (related) 
ouantlhes as 8Cdltlonal lnformetl0P 

2 
X 

ALBRECHT BBC ARG 0 4 
ANJOS 8BB TPS 0 5 
AGUILAR- B7 LEBC 0 0 

I CHAUVAT 87 SPEC 9 0 
JONES 87 HBC 16 
ALEEV 84 81S2 79 
BOSETTI 82 HBC 0 4  
RUSSELL 81 SPEC 0 0 
ABRAMS 80 MRK2 0 0 
CALICCHIO 80 HYBR 2 9  

i 

2 2 9  
(COnhldence Level -- O OO0) 

I 

2 3 0 0  2 3 2 0  2 3 4 0  

~ci moss (MeV) 

A + M E A N  LIFE 

Measurements Wlth an error C t 0 ' I0 '13 S hove been atoll 
ted 

VALUE ( . I0-  13 sec )  E V T S  DOCUMENT ID [ECN COMMENT 

. ^  ~ 0.23 OUR A V E R A G E  • / v  _ 0.17 
2 2 . - , . 0 3 _ + 0 2  97 ANJOS eBB TPS p K : r +  ~ c c  

3 +U ~ ± 0  4 11 ADAMOVICH87 EMUL -:A 20-70 G e v  2 C u o 
1 24- 0 5 9 AGUILAR 87 LEBC 

- 0 3  
• 4" 0 8 9 AMENDOLIA 87 SPEC "~ Ge S, p K -  :; ~ :r 3 1 I _ 0 4  

1 4 + ~ _ + 0 3  14 BARLAG 87 CCD 
1 1 

p K - . ' r "  . CC 
u 3 

2 0+00- 57 13 USHIDA 86 EMUL 

Ac + D E C A Y  M O D E S  

I'~ %+ ~ pK ~ 

I'2 *x + ~ P K- Tr + 

l' 3 %+ ~ p/C~(892) o 

I" 4 '~; ~ A(1232)++K - 

I'~ ',(T ~ p~'n-* 71"- 

I'~, ~ + ~ pK- r r "  7T o 

17 %+ ~ P K ~ ( 8 9 2 )  - ~+ 

1"8 "c + ~ 3(1232)K~(B92) 

1 9 'L + ~ p hadrons 

110 ~ ~ p K O T r - ? r O e * z ~  

I r~ ' ~  ~ p e *  a n y t h l n g  

It3 %c ~ \~+'fl'+'/l'- 

I~4 ',,~ ~ %e ~ anything 

I'I~ %+ --,. % anything 

I r6 %+ ~ " +  "/r° 

I'~7 ',,~ -- "_..oTr- 

1"~8 %c + ~ "÷~/ 

]'19 %~ ~ ~*"E+"E- 

1"2o ~+ ~ h*- a n y t h i n g  

l'2~ '~ ;  ~ e + a n y t h i n g  

F_rachon ( 1 / I  ) 

I 5+_0 6 ) .  t0 - 2  

2 6 + . 0 0 ) < 1 0  2 

5 6 + ~  1 _ 8 ) , 1 0 - 3  

5 3_+~ ~>.io-3 

7 4_*] ~. io-2 

( 1 8 : 0  9 ) ~ 1 0  - 2  

• :: 4 - 10-.3 

( 1 7_+0 7 ) ' 1 0  - 2  

( 1 1 _ ' 0 8 )  10 - 2  

(27 _+ 9 10 2 

(10 z 8  10 - 2  

(10 _+5 10 - 2  

( 4 5 _ - 1  7 ) . 1 0  - 2  

S c a l e  

11 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  fit 1o 7 b r a n c h i n g  ra t ios  uses 10 m e a s u r e -  
m e n l s  a n d  o n e  c o n s t r a l n l  to  d e t e r m i n e  7 D e f a m e -  
l e t s  l h e  o v e r a l l  fat has  a k 2 = 3 5 for 4 d e g r e e s  of 
f r e e d o m  

The f o l l o w i n g  o f l - c h a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l o h o n  c o e t h  
c l e n l s  . hx i />x  I .  ( / ix  s nxj) in p e r c e n t  f rom The ht to  t h e  b r a n c h i n g  
f r ac t i ons ,  x~ I j I total The fd c o n s l r a m s  t h e  x, w h o s e  l a b e l s  
a p p e a r  in th is  a r r a y  Io  s u m  to  o n e  

x 2 84 
x 3 53 63 
x 4 55 65 41 
x 5 54 65 40 42 
x13 67 79 50 52 81 

Xl X 2 X 3 X4 X 5 

A + B R A N C H I N G  RATIOS 

l ' ( p K -  ~ * ) / 1  to ta l  I 2 / I  
VALUE CL% EVTS DOCUMENT ID rECN COMMENT 

0 ° 0 2 6  _+ 0 0 0 9  O U R  FII 
0 . 0 2 2 _ + 0 . 0 1 0  39 ABRAMS 80 MRK2 e ' e "  5 2  G e v  

• * * We do  hal  use the f o l l ow ing  d a t a  tar averages  f ts hmllS e tc  • • • 
> 0  044 90 6 3AGUILAR 878 LEBC D P 2 7 4 G e V  

31he AGUILAR BENITEZ 878 lower  hmit [s on the l ace  of ~t in d~sagreement  
wi th  the ABRAMS 80 measu remen t  However  the l imit assumes lt~at : ( \ c )  
= I 2"<'10 - r 3  s a?3cI it decreases by  20% to > 0 0351 assuming a life 
t ime of 1 7 ,  t 0 -  S Ins tead Our a v e r a g e  or r ( \ c )  is shil h igher  
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23 - 1 3  ( see  t he  m e o n - l l f e  sec t i on )  w h i c h  If c o r r e c t  I (I 79+00 1 7 ) × 1 0  S 

w o u l d  fu r the r  r e d u c e  t h e  l imi t  The two  e x p e r i m e n t s  t h e n  d o  no t  
d i s a g r e e  so b a d l y  G i v e n  t he  ve ry  l i m i t e d  stat is t ics a n d  t he  u n c e r l a i n t l e s  
a l l  a r o u n d  w e  s t ick  w l t h  t he  ABRAMS 80 resul t  w h l c h  c l a i m s  to b e  o 
m e a s u r e m e n t  r a t h e r  t h a n  o l iml t  a n d  w a l t  for a g o o d  m e a s u r e m e n t  

l ' ( p l ( ' ~ ) / l ' ( p K  - / r  + )  r l / 1 "  2 
VALUE CL % EVTS DOCUMENT IO TECN COMMENT 

0 . 5 9  ± 0.13 OUR FIT 
0 .59  + 0.13 OUR AVERAGE 

0 62 ± 0 15 ± 0 03 73 ALBRECHT 88C A R e  e + e -  t0  G e V  I 
0 5 ± 0 . 2 5  12 WEISS 80 MRK2 e + e  - 5 2 G e V  

• • • We d o  no t  use t he  f o l l o w i n g  c lara  for a v e r a g e s ,  fits l imits, e t c  • • • 

> 0  67 90 50 RUSSELL 81 SPEC P h o t o p r o d u c t l o n  

I ' ( p ~ ( 8 9 2 ) O ) / l ' ( p K  - 7r +) 1"3/I" 2 
C o r r e c t e d  for t he  K~0 ~ l(O,-.r0 m o d e  

VALUE EVTS DOCUMENT ID TECN COMMENT 

0 .22  +-0.09 OUR FIT 
0 .22  ± 0 .09  OUR AVERAGE 

0 42 ± 0 24 12 BASILE 815 CNTR p p  ~ ~ . ~ e -  X 
0 . 1 8  ± 0 10 WEISS 80 MRK2 e + e -  5 2 G e V  

1"(A(1232) + + K-) / r (pK-  11 "+) 1"4/I" 2 
VALUE fVTS DOCUMENT IO TECN COMMENT 

0 .20  ± 0 .08  OUR EIT Error I n c l u d e s  s c a l e  fac to r  of 1 3 
0 . 2 0  ± 0 .08  OUR AVERAGE Error i n c l u d e s  s c a l e  f ac to r  of I 3 

0 . 4 0 = 0  17 17 BASILE 818 CNTR P P  ~ ~ . ~ e -  X 
0 1 7 ± 0 . 0 7  WEISS 80 MRK2 e + e  - 5 2 G e V  

r ( p  k'~ = +/r - ) / r ( p k  "o) I'511" 1 
VALUE Ct % E V T S  DOCUMENT ID TECN COMMENT 

• • • We  d o  not  use t h e  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits l imits e t c  • • * 

< 3  3 90  45  RUSSELL 81 SPEC P h o t o p r o d u c f l o n  

r (pK- lr + 7 r 0 ) / r t o t o  i r6/1" 
VALUE E V I S  DOCUMENT ID TECN COMMENT 

SEEN 44  AMENDOLIA 87 SPEC ~ G e  Sl " - -  

I ' ( p K ~ ( 8 9 2 )  - / T  +)/I'toto I l ' T / r  
VALUE EVTS DOCUMENT IO TECN COMMENT 

SEEN I CHOPS 79 DBC J'N in BNL 7-ff 

I ' ( ~ ( 4 2 3 2 )  ~ l l ( 8 9 2 ) ) / I ' f o f a t  1"8/1" 
VALUE EVTS DOCUMENT ,O TECN COMMENT 

SEEN 35 AMENDOLIA 87 SPEC ~'Ge-Si 

l ' ( p  hadrons)/rtola I I"9/I" 
VALUE DOCUMENT ID TECN COMMENT 

• * * We  d o  h a l  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  flts l imlts,  e t c  • • • 

0 . 4 1  ± 0 . 2 4  ADAMOVICH87  EMUL "fA 2 0 - 7 0  G e V , ' c  

r ( p e  + any th lng) / r fo ta  t 1 11/I' 
VALUE DOCUMENT tO TECN COMMENT 

0.018 = 0 .009  4 VELLA 82 MRK2 • + e -  4 5 - 6  8 G e V  
4VELLA 82 i n c l u d e s  p ro tons  f rom ", d e c o y  

r ( A  ~'+)/r(p~) i'121r , 
We r e g a r d  thlS m o d e  as seen .  bu t  w i th  o l imit  g i v e n  b y  the  
ALBRECHT 88c  resul t  

VALUE CL % E V T S  DOCUMENT ID TECN COMMENT 

< 0 . 2 6  90 5 ~,LBRECHT 88C ARG e +  e ~ 0  G e V  " . . . . .  J 
• • • We  d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  ElLs. l imits, e t c  • • • 
< 0  4 90 40  RUSSELL 81 SPEC P h o t o p r o d u c t l o n  

0 51:u 62 27 9 KITAGAKI 80 DBC v ( / i n  ENAL 15 fl 

, ~ 7 + 0 . 7 8  5 6BALTAY 79 HLBC ~' Ne-H in 15 f t  0 ~ . _  0 35 

5Thls ALBRECHT 88C resu l t  Is r e d u n d a n t  w i th  the i r  l imi t  on  I ' (%~ + ) /  I 
I ' ( D K -  ~ "+ ) b e l o w  

6 C a l c u l a t e d  by  KITAGAKI 80 f rom BALTAY 79 resul ts 

] '(A/l" + ) / I ' ( p K  - =+ )  r l l l l '2 
VALUE CL % OOCUMENT ID TECN COMMENT 

< 0 . 1 6  90  ALBRECHT 88C ARG- e + e  - 10 G e V  I 
• • • We  d o  not  use  t h e  f o l l o w l n g  d a t a  for a v e r a g e s  fits l lmifs e t c  • • • 
< 0  8 90 WEISS 80 MRK2 e + e  - 5 2 G e V  

r ( A  "/I .+ / I  "+  ~1"-) / l ' to ta  I 1'13/1" 
VALUE Errs DOCUMENT ID TECN COMMENT 
0.017 ¢ 0 .007  OUR FIT 
0 . 0 2 8 ± 0 . 0 0 7 ± 0 . 0 H  70 7BOWCOCK 85 CLEO e + e  - 10 5 G e V  

7See BOWCOCK 85 for a s s u m p t i o n s  m a d e  on  c h a r m  p r o d u c t i o n  a n d  '~c 
p r o d u c t i o n  f rom c h a r m  to g e t  th ls resul t  I 

r (A  ~l "+ 71 "+ =-)l l '(p-K o) ['t31F, 
VALUE CL % E V T $  DOCUMENT ID rECN COMMENt 

• • • We d o  not  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits. l lml ts  e t c  • • • 
< 3  1 90  220 RUSSELL 81 SPEC P h o t o p r o d u c t l o n  

I ' ( A  ~r + ~ '+  = - ) / l ' ( p K - / r  + )  I '13/1" 2 
VALUE cL~, EvTs DOCL, MENr ,O rECN CO~ENT 

o.~s ; 0 . t ~  OUR/:Tv . . . . . . . . . .  

0.61 ± 0.16 = 0 .04  105 ALBRECHT 88C ARG e *  e -  10 G e V  
• • • We d o  nor  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l lmits e t c  • • • 

< I  4 90  WEISS 80 MRK2 e + e -  5 2 G e V  

l ' ( p ~  ";I "+ = - ) / I ' ( A  "rr- =+ = - )  1'5/1"13 
VALUE EVTS DOCUMENT IO TECN COMMENt 
~4.3 ± 1.2 OUR FIT . . . . .  

4 . 3  ± 1.2 130 ALEEV 84 BIS2 nC 4 0 - 7 0  GeV  

I'( % e + a n y t h l n g ) / [ ' t o t a  I i '14/1" 
VALUE CL % EVTS DOCUMENT ID TECN COMMENt 

0 . 0 1 1  = 0 . 0 0 8  8VELLA 82 MRK2 e + e  - 4 5 - 6 8  G e V  
• • • We d o  nor  use the  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits l imits e t c  * • • 
< 0  022 90 I BALLAGH 81 HYBR i, Ne-H in 15-ft 

8VELLA 82 i n c l u d e s  '~ s f rom "~0 d e c o y  

r (  ~. anyth ing) / l ' to ta  I 1,15/r 
VALUE EVT$ DOCUMENT lO TECN COMMENT 

0 .27  = 0 .09  OUR AVERAG~E 

0 49  ± 0 . 2 4  ADAMOVICH87 EMUL "TA 2 0 - 7 0  G e V / c  
0 . 2 3 = 0  10 8 9ABE 86 HYBR 20 G e V  *~p 

9ABE 86 I n c l u d e s  % s f rom ",'0 d e c o y  

I ' (Ae  + a n y t h i n g ) / r ( A  any th ing)  I'14/I'~5 
VALUE DOCUMENT lO TECN COMMENT 

• • • We d o  no t  use t he  f o i l o w l n g  d a t a  for a v e r a g e s ,  fits. l lmHs e t c  • • • 
0 .027 :1 :0  017 10SON 82 DBC i, ( / i n  FNAL 1 5 i t  

t0SON 82 uses o w n  d a t a  a n d  ' , p - e  + even t s  of MURTAGH 79 

l'('0"/r-)/rtota I I 'lT/l" 
VALUE EVT5 DOCUMENT 10 TECN COMMENT 

SEEN 3 KITAGAKI 82 DBC Z' d in FNAL 15-El 

r ( z *  ~+ 7r - ) I r to ta  I r tglr  
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.10 ± 0 . 0 8  ADAMOVICH87  EMUL " /A 2 0 - 7 0  G e V / c  I 
• • • We d o  not  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s  flfs )imlts, e t c  • • • 

SEEN t AMMAR 86 EMUL ~'A I 

I ' (~ -+ any th lng) / r to ta  t I2o/1" 
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.1 = 0 . 0 5  5 ABE 86 HYBR 20 G e V  ~.~o J 

l ' (e  + any th lng) / r fo ta  I r21/r  
VALUE DOCUMENT IO TECN COMMENT 

0 .045  ± 0.017- . . . . . . . . . . .  VEI.[,A " 82 MRK2 e + e  - 4 5 - 6 8  G e V  

REFERENCES FOR A + 

We h a v e  o m l t t e d  s o m e  papecs  tha t  h a v e  b e e n  s u p e r s e d e d  
by  l a te r  e x p e r l m e n f s  The o m l t t e d  p a p e r s  m a y  b e  f o u n d  in 
ou r  1986 e d i t i o n  (Physics Letters 1705) or in eo r l l e r  ed l f l ons  

ALBRICHT 88C PL 8207 109 
ANJOS 88S PRL 60 1379 
ADAMOVICH ST [PL 4 887 
AGUlLAR 87 PL 5189 254 
AGUILAR 878 PL B199 462 
AMENDO~.IA 87 ZPHY C36 543 
BARLAG 87 PL B184 283 
CHAUVAT 87 PL 5199 304 
DIESBURG 87 Pl~ 59 2711 
JONES 87 ZPHY C36 593 
ABE 86 PR D33 1 
AMMAR 86 JETPL 43 515 

* (ARGUS Collob ) 
*,Appel÷ (Togged3 Photon Spectrometer Col lob ) 
+Alexondrov 801to+ (Photon [rr, ui$10n CollOb ) 

Agulk3r-B4mltez AIllson BolIIy.KLEBC EHS CollOb ) 
AgulKIr Benltez AH~$on BoIIIyI~LEBC EHS Collob ) 

+BO~ItIISJ 8otlgnonl BeCk+ (CERN HA1 CollOb ) 
(MPIM CERN RAL ANIK BRIS CRAC+) 

+Cousins HOVel* (CERN UCLA SACL UDCF) 
+La~ury+  (COLa ILL FNAL BGNA MILA INFN) 
+Jones+ (B4RM CERN LOIC MPIM OXF LOUC) 
+ (SLAC Hybrid Focillty Photon COIIOO ) 

+Ammo$ov 8okic Boronov 8umett+ (ITEP) 
Tronslo1~ from ZETFP 43 401 

USHIDA 86 PRL 56 1767 
BOWCOCK 85 PRI. 55 923 
ALEEV 84 ZPHY C23 333 
BO~ETTI 82 PL 1098 234 
KITAGAKI 82 PRI. 48 299 
SON 82 PRL 49 1128 
VELLA 82 PRL 48 1515 
8ALLAGH 81 PR D24 7 
8A,~LE 815 NC 62A 14 
RUS~LL 81 PRL 46 799 
ABRAMS 80 PRL 44 10 
ALLA~A 80 NP 8176 13 
CALICCHIO 80 PL 938 521 
KITAGAKI 80 PRL 45 955 
WEISS 80 Toronto Cant 319 

+Kondo+ (AICH FNAL GIFU GYEO KOBE .~EOUe) 
+Giles HOIIOrCI Kinoshlta÷ (CLEO Coffob ) 
+Areflev Bolonaln Berdyshev+ (BlS 2 Collop ) 
+Groe$sler* (AACN 8aNN CERN MPtM OXF) 
• Tanaka Yuto+ (TOHO lit UMD STON TUFt) 
+$1~,ow Chang+ (UMD llr 5TON TOHO TUFT) 
+Trillff~g Abrams Alam+ (SLAC LBL UCB) 
+5tngnom+ (LBL UC5 FNAL HAWA WASH "W]$C) 
+RorP4)O+ (CERN 8GNA PGIA FRAS) 
+Avery Butler Glocldlng+ (ILL FNAL COLU) 
+AlOm BlOCker Boyarskl+ (SLAC LBL) 

(ANKA LIBH CERN OUUC LOUC KEYN+) 
+ (BARI BIRM BRUX CERN EPOL RHEL+) 

+Tanaka Yuto. (TOHO lit UMD STON TUFT) 
(~AC) 



See key on page 129 
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Stable Particle Full Listings 
A +, ~ +  o '-c' ~c, A~ 

BALTAY 79 PRL 42 r721 +CoroumC)olJs French Hlbbl+ (COLU BNL) 
"-+ DECAY MODES CNOPS 79 PR'L 42 197 +Connolly Kohn Klrk Murtagh Palmer+ (BNL) ~ c  

GIBONI 79 PL85B437 + CAACH CERN HARV MUNI NWIE$ UCR) i - i  %-+ ~ . ~ K - I T . 3 T ~  
K$RNAN 79 LeDton Cant FNAL (UCR) 
MURTAGH 79 Fermllob Sym D 277 (FNAL) ]'2 "~c + --~ ~ ° K -  ~T* 71" + 
KNAPP 76 P~ 37 882 +Lee Leung Smith+ (COLU HAWA ILL FNAL) 
CAZZOLI 75 PRL 34 1125 +CnoDt, Connolly Louttlt Murlogh~, (BNL) 

- - - -  OTHER RELATED PAPERS - -  ~c  + BRANCHING RATIOS 

GRAB 87 SLAC PUS 43:'2 (S~C) I ' (  ~. K - / r  + / r  + ) 11 
EPS Conference UpP$Olo 

SCHINDLIER 87 SLAC PUB 44~7 CSLAC) V A L U E  EVTS DOCUMENt {D rECN COMMENr 
EPS Conference UDD$01O. Proc Vol t p 341 SEEN 82 r BIAGI 83 SPEC " - Be '135 G-eV 

SCHUBERT S7 IHEP HD/87 7 (HEID) 'LBIAGI 85S lOOk for but Oo not see the ~ m pK-KOTr + (branching troc 
EPS Conference Upp$olo Proc VOI 2 D 791 tlon ~0  08 with 90% CL) D2K-  211" + (- 0 03 90% CL) q -  K + i': + 

SNYD~R 87 IUH[[[871'I (IND) ~.K~0=+ anc~ ~ ( 1 3 8 5 ) + K -  v + 
SymD on Prod and Decoy of Heavy Flavors Stanford 

AMMAR 86 JETPL 43 5 ' 1 5  +Amrno$ov Bclklc 8oronov Sumett÷ (tTEp) 
,,o~,,o,.o ,,or, z~r~ ,~ ,0, r (Z0K-  ~r+ ~ - * ) / r ( A  K-  ~-+ ~-*) r ~ / r r  

SCHINDLER 86 SI.~C PUB 4136 (SLAC) 
WOrl~ Press Intemollonol VALUE . . . .  EVTS DOCUMENr tO rECN COMMENT 

SCHINDLER 86B StAC PUB-4248 (SLAC) 0o84 ± 0°36 ~O2 C(~TYLIS 87 S-I;EC nA ~ 6 0 0 G e V  . . . .  
SLAC Summer Institute 

REFERENCES FOR --+ 

l f l P ~  i{*)'; '  ~ BfAGI SSe ZPNY C2B r75 • [BRIS CERN GEVA HflD LAUS LOQM÷) 
BIAGI 85C PL `150B 230 + (BRIS CERN GEVA HEID LAUS LOAM.) 
BIAGI 83 PL 122S 455 ÷ CBRIS CERN GEVA HEID LAUS LOQM+) 

SEE BARYON RESONANCES 

["+ I '-'c A+ 
w a s  

I ( J P )  = "~('~') 

N a r r o w  s ignals  (w id ths  c o m p a t i b l e  wi th reso luhons)  
i n t e r p r e t e d  as o s t ab le  c h a r m e d  s t r a n g e  b a r y o n  
( q u a r k  c o n t e n t  u s ( )  A l t h o u g h  COTEUS 87 ctoJms to  
a g r e e  wel l  wi th  BIAGI 83 on  the  mass  a n d  width ,  t he re  
a p p e a r s  to  b e  a d i s c r e p a n c y  b e t w e e n  the  t w o  e x p e r i -  
men ts  BIAGI 83 sees a s lngle p e a k  ( s t a t e d  slgnlfl- 
c a n c e  a b o u t  6 s t a n d a r d  d e v i a t i o n s )  m the  A K - ~ r + T r  + 
mass  s p e c t r u m  COTEUS 87 sees t w o  p e a k s  in t he  
s a m e  s p e c t r u m ,  o n e  a t  the  .~c~ mass. the  o the r  75 
M e V  l o w e r  The la t te r  is a t t r l b u t e d  to  ~ 
~ ° K - T r + ~ ' +  ~ ( A ' ~ ) K - ~ ' + T r  +, wi th the  ~ u n s e e n  The 
c o m b i n e d  s l g n l f l c a n c e  of the  d o u b l e  p e a k  is s t a ted  to  
b e  5 5 s t a n d a r d  d e v l a h o n s  But the  a b s e n c e  of a n y  
t r a c e  of  a l o w e r  p e a k  m BIAGI 83 s e e m s  to  us to  t h row  
in to  q u e s h o n  t he  I n t e r p r e t a t i o n  of t he  l o w e r  p e a k  of 
COTEUS 87, a n d  to  lessen the  s i g n i f i c a n c e  of 
COTEUS 87 as c o n f i r m a t i o n  of t he  E~" 

With s o m e  hes i ta t ion ,  w e  e l e v a t e  the  --c +. to  t he  S tab le  
Parhc le  Tab le  

BIAGI 85B l o o k e d  for the  isospln p a r t n e r  --~ in A K - 7 r +  
a n d  o the r  c h a n n e l s  w l thou l  success  

~ c  + M A S S  

VALUE (MeV) EVr$  DOCUMENt ID rECN COMMENt 
2460 ± 19 OUR AVERAGE 
2459 ± 5 - 30 56 COTEUS 87 SPEC nA ~ 600 GeV 
2 4 6 0 ¢ 2 5  82 BIAGI 83 SPEC ~ - B e  '135 GeV 

,~c + M E A N  UFE 

~/ALUE ( r Q- r3 sect) EVT$  ~)OCUMENT IO TE~N ~_OM_M__EN'[ . . . . . . . .  
+'1.7 

4 . 3 _  '1.2 OUR AVERAGE 

4 . 0 + ~  8 + 1 . 0  - 2 - I 0 COTEUS 87 SPEC nA ~ 600 GeV 
+ 2 . 9  

4 .8_`1  8 53 BIAGI 85C SPEC " - B e  `135 GeV 

[ wf~O~Is TO I I ( JP )  = " ) ( ' ) ' )  

OMITTED FROM S U M M A R Y  TABLE 

A c lus ter  of  th ree  _ - - - K - T r + / r  + e v e n t s  The ~.t~: - --~ 
mass d i f f e r e n c e  is 280 ± 90 M e V  The e x i s t e n c e  of  the  
e f fec t  a n d  its m t e r p r e t o h o n  as be l ng  the  ~2~: ( q u a r k  
c o n t e n t  ssc )  n e e d  c o n f l r m a t i o n  

M A S S  

VALUE (MeV) Evrs OOCUMENT ID ;'ECN COMMENr 
2740 :t 20 3 BIAGI 05B SPEC " - Be 

REFERENCES FOR ~Pc 

BIAGI 85B ZPHY C28 175 (BRIS CER'N GEVA HEID LAUS LOQM+) 

BOTTOM BARYON 

OMITTED F R O M  S U M M A R Y  TABLE 

The c l a l m  by  BASILE 81 lo  h a v e  d l s c o v e r e d  the  ~.~ 
( qua rk  c o n t e n t  u d b )  is ho t ly  d l s p u t e d  by  DRIJARD 82 
BASILE 82 is the  rep ly ,  a n d  DRIJARD 82B is the rep ly  to 
tha t  

The d e c a y  of the .t~ to the f inal  s ta te  o b s e r v e d  b y  
ARENTON 86 is C a b l b b o  suppressed ,  w h e r e a s  the  
d e c o y  of (3 - ~  to  lhls f inal  s ta te  is a l l o w e d  AREN- 
TON 86 thus on ly  c la lms  to  h a v e  o b s e r v e d  o b a r y o n  
wh l ch  p r o b a b l y  has a b qua rk  a n d  w h i c h  has a D O 
a m o n g  the  d e c a y  p roduc ts ,  no t  necessa r i l y  the  '~, 
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TOP AND FOURTH GENERATION .a / ) .  HADRON SEARCHES 

A ~  MASS 

VALUE (MeV) E V T S  DOCUMENT ID TECN COMMENT 

~ 5 7 5 0  4 ARENTON 86 FMPS ~. K~j2."r + 2~  - I 
175 

5425 ._ 75 BASILE 81 SFM 62 G e V  o p  

A ° D E C A Y  M O D E S  

~o ~ \ K 0 2 ~ - . 2 ~ r  _ 

( p / ~  T r - )  

VALUE 

SEEN 

3.~ B R A N C H I N G  R A T I O S  

DOCUMENT ID TECN COMMENT 
BASlLE 81 SFM D O ~ K - : r  + 

I ' (  ~ K ~ 2 7 r -  2 ~ ' - )  

VALUE E V T $  DOCUMENT ID TECN COMMENT 

SEEN 4 ARENTON 86 FMPS ~ K~j2,-r + 2;'r, - 

I" 2 

ARENTON 
BASILE 
DRIJARO 
DIi'IJARD 
BASIL{ 

REFERENCES F O R  A ~  

86 NP 8274 707 * t h e n  Cormell Dleterle* (ARIZ NDAM VAND) 
82 NC bBA 289 *8onwcml l;'orneo~ (CERN BGNA FRAS) 
82 PL 1088 361 (CERN CDEF DOR~ HEID LAPP WARS) 
828 CERNEP 8231 * (CERN CDEF DaRT HElD LAPP WARS) 
81 LNC 31 97 *BOqWCml Romeo* (C[I?N SGNA =:hAS PGIA) 

SEARCHES 

J SEARCHES FOR TOP AND I 
FOURTH GENERATION HADRONS I 

I 
E x p e r i m e n t s  a l  e + e  c o l h d e r s  s e a r c h  for  b o l h  t o p -  

f l a v o r e d  h o d r o n s  a n d  v e c t o r  i o p o n l u m  s l a t e s ,  w h e r e a s  

e x p e r t m e n l s  a t  D P  c o l h d e r s  s e a r c h  o n l y  for  t o p -  

f l a v o r e d  h a d r o n s  T h e o r e h c a l  u n c e r t a i n t i e s  a r e  r e i d -  

l i v e l y  s m a l l  in  e + e -  c o l h s l o n s  a l t h o u g h  d e t a d s  Of t h e  
p r o d u c t i o n  c r o s s  s e c t i o n  a t  t h r e s h o l d  a r e  r~ol k n o w n  

b u l  u n c e r l a l n h e s  in  p p  c o l h s l o n s  a r e  l a r g e  d u e  t o  o u r  

p r e s e n l  i g n o r a n c e  of l h e  d e l a t l s  of  t h e  p a r i a n  d l S l r l b u -  

h a n s  m a p r o l a n  a n d  (1o q l e s s e r  e x t e n t )  of  h i g h e r -  
o r d e r  Q C D  c o r r e c t i o n s  

M A S S  LIMITS F O R  TOP A N D  FOURTH G E N E R A T I O N  H A D R O N S  IN 

e ~ e -  COLLISIONS 
The lost c o l u m n  s p e c i h e s  m e a s u r e d  q u o n t l h e S  S = Spher i c i t y  r = Thrust 

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT 

• 25 .9  95 I SAGAWA 88 AMY R r 

• • • We do  not  use t he  f o l l ow ing  d a t a  tar a v e r a g e s  hts hmllS e t c  • • * 

> 2 5  8 95 2 ADACHI 88 TOPZ R T A c o p l a n a r  
dy 

n o n e  Ecru=50 95 3 ABE 87 VENS R T A c o p l a n a r  
i ly  

~ 2 5  5 95 4 YOSHIDA 87 VENS R T A c o p l a n a r  
Hy 

none Ecm = 39 79-46 78 95 5 ADEVA 86 MRKJ R T ,u 
none Ecm = 40-46 78 95 6 ADEVA 85 MRKJ ,u 
n o n e  Ecm = 39 8 - 4 5  2 7 ALTHOFF 84C TASS R e v e n t  s h a p e  
n o n e  Ecru = 12 - 4 3  8 ALTHOFF 841 TASS A D l a n a r d y  
n o n e  Ecm = 3 3 - 3 6  72 95 9 BEHREND 84D CELL A p l a n a n t y  
n o n e  Ecru = 38 6 6 - 4 6  78 95 9 BEHREND 840  CELL A p l a n a n t y  
none Ecru < 38 54 99 t0 ADEVA 83 MRKJ R T (u + ~-X) 
n o n e  Ecru < 38 ADEVA 838 MRKJ D K t l )  [" 
n o n e  Ecm = 1 4 - 3 6  7 11 BRANDELiK 82 TASS R 
n o n e  Ecru = 3 3 - 3 5  8 12 BARTEL 81 JADE 
n o n e  Ecru = 3 0 - 3 6  13 BARBER 80 MRKJ R T # 
n o n e  Ecm = 12-31  6 14 BERGER 80 PLUT 

n o n e  Ecru = 31 6 15 BARBER 79 MRKJ R S [ 
n o n e  Ecru = 2 2 - 3 1  6 16 BARTEL 79 JADE R 
n o n e  Ecru = 2 2 - 3 1  6 17 8ARTEL 798 JADE S 
n o n e  Ecru = 22 -31  6 18 BERGER 79S PLUT R S T u 

ISAGAWA 88 set l lmd ,7(top) < 6 1 p b  at  CL=95% for t op  f l avo red  hoc l ron  
p r o d u c t i o n  f rom e v e n l  s h a p e  a n a l y s e s  a l  Ecru = 52 G e V  By us ing the  
q u a r k  p a t t o n  m o d e l  cross s e c h o n  f o rmu la  n e a r  t h resho ld  the  a b o v e  l lm l l  
l e a d s  Io l owe r  mass b o u n d s  of 25 9 GeV  (23 8 GeV)  for c h a r g e  2 /3  
( -  1 3 )  qua rks  

2ADACHI 88 set hml t  n ( t o p )  < 8 2 p b  at  CL=95% for t o p - f l a v o r e d - h a d r o n  
p r o d u c h o n  from e v e n t  s h a p e  a n a l y s e s  a l  Ecm = 52 G e V  By us ing the  
q u a r k  p a t t o n  m o d e l  CROSS sec t i on  fo rmu la  wi th  first o r d e r  QCD c o r r e c h o n s  
n e a r  the  t h resho ld  Ihe  a b o v e  hmtt  l e a d s  to o l owe r  mass hml t  of 25 8 
GeV  at  95% c o n f i d e n c e  leve l  for fop  qua rks  

3ABE 87 set hmtt a ( t o p )  <: 16 p b  at  CL=95% for f op - f l avo red  n a q r o n  p ro  
q u c h o n  w h i c h  shou ld  b e  c o m p a r e d  wi th  Ihe  ful l  t op  q u a r k  p r o d u c h o n  
CROSS sechon at 45 9 p b  

4yOSHIDA 87 sel h ind n ( tOp)  -: 17 p b  at  CL=95% for l o p  f l avo red  h a d r o n  
p f o d u c h o r l  trorT1 e v e n t  s h a p e  a n a l y s e s  at  Ecru = 52 GeV  This l imit  shou ld  
b e  c o m p a r e d  wi th  the  full t op  q u a r k  p r o d u c t i o n  cross s e c h o n  of 34 p b  
w h i c h  takes  rata a c c o u n t  the  e f fec t  of w e a k  n e u t r a l  c u r r e n t  b u l  n e g l e c t s  
ds a x i a l - v e c t o r  c o u p l i n g  c o n t r i b u t i o n  e x p e c l e d  to b e  s u p p r e s s e d  n e a r  
t h resho ld  After c o n s l d e n n g  the  r a d i a t i v e  ef fects  t o p  qua rks  of mass 
b e l o w  25 5 GeV  c a n  b e  e x c l u d e d  by  the  a b o v e  hml t  

5ADEVA 86 g w e  95%CL uDDer  b o u n d  on  a n  excess  of t he  n o r m a h z e d  
CROSS sec t i on  ~,~ as a f u n c h o n  of the  m i n i m u m  c m e n e r g y  ( see  the i r  
hgu re  3) An  i n c r e a s e  of the  h a d r o n l c  Cross sec t i on  p r e d i c t e d  tar fu l l  
t op  q u a r k  p r o d u c h o n  (_\Rio p ~ 1 5) =s t h e n  e x c l u d e d  u p  to Ecru = 46 6 
GeV  P r o d u c h o n  at a papr of 1 3 c h a r g e  qua rks  =s e x c l u d e d  u p  to Ecm = 
45 4 GeV  T o p o n l u m  s e a r c h  sets hmlt  I ( e  + e - ) B R ( h a d r o n s )  < 3 keY a t  
CL=95% at  Ecru = 4 4 - 4 6  GeV  Also r e p o r t e d  is on  o b s e r v a h o n  of e i gh t  
low Inrust  h a d r o n  even t s  c o n t a i n i n g  m u o n s  w h i c h  rema ins  u n e x p l a i n e d  

6ADEVA 85 e x c l u d e  t o p o m u m  b e l o w  46 6 G e V  a n d  o p e n  t o p  c o n h n u u m  
b e l o w  23 3 G e V  OI CL = 95% T o p o n l u m  s e a r c h  sets hml t  
I (e * e- )BR(haclrons) 3 keY 

7ALTHOFF 84C n a r r o w  s ta te  s e a r c h  sets hmit  I ( e *  e - ) B R ( h o d r o n s )  • 2 4 keY  
CL = 95% a n d  h e a v y  c h a r g e  I.  3 (2 3) q u a r k  pa~r p r o d u c h o n  m 21 
G e V  (22 G e V )  CL = 95% 

8ALTHOFF 841 e x c l u d e  h e a v y  q u a r k  parr  IDroduchon for masses m GeV  5 
m 20 3 (2 3 c h a r g e )  a n d  7 m 19 (1. 3 c h a r g e )  us ing a p l a n a n t y  

D is tnbuhons  (CL = 95%)  
°BEHREND 84D e x c l u d e  I o p o n l u m  b e l o w  46 7 G e V  a n d  c o n h n u u m  p r o d u c  

hart  b e l o w  23 3 GeV  (2 3 c h a r g e )  a n d  22 7 GeV  ( t . 3  c h a r g e )  at  CL = 
90% Topomum search sets limit l(e+e-)BR(hadrons) 29 kev where 
lopomum is expected Io have l(e + e-) = 4-5 key 

tOADEVA 83 energy scan excludes open top conhnuum below 38 54 GeV 
and lopomum between 2990 and 3863 GeV l(e+e-)BR(hadrons) 20 

keY a t  CL = 95%)  Also set l lm l l  BR(B ~ u + u  - X )  • 0 007 (CL = 9 5 % )  
w h i c h  e x c l u d e s  t l a v a r - c h a n g l n g  n e u l r o l  cu r ren t  m top less m o d e l s  

11BRANDELIK 82 go t  R = 4 01 _~ 0 03 _+ 0 2 w l th  no  s tep  for W 14 GeV  
Narrow s ta te  s e a r c h  for W = 3 3 - 3 6  7 GeV  sets E (e  + e - ) B R ( h a d r o n s )  I 5 
keV (CL = 95%)  

12BARREL 81 m e a s u r e s  m c l u s w e  m u o n s  Wlth m o m e n l u m  1 4 GeV.. c A g r e e  
w l th  e x p e c t e d  s e m f l e p t o m c  d e c a y s  f rom c h a r m e d  a n d  b o l l o m  mesons  

13BARBER 80 t l nd  no  e v l d e n c e  tar a n  o p e n  l o p  a n t l t o p  t h r e s h o l d  tn R thrus l  
d lS t r lbu t lons  a n d  inc lus ive  m u o n s  Energy s c a n  in t he  r a n g e  29 9 • Ecru 

31 6 G e V  revea ls  no  h a d r o n  r e s o n a n c e  c o r r e s p o n d i n g  tO a ( t o p * q u a r k  
a n h f o p  q u a r k )  b o u n d  Sid le 

t4BERGER 80 m e a s u r e s  inc lus ive  m u o n s  wi th  m o m e n t u m  2 G e v c  A g r e e  
wi th  e x p e c t e d  s e m l l e p t o n l c  d e c a y s  f rom c h a r m e d  a n d  b o t t o m  mesons  

15BARBER 79 R thrust s p h e r o c l t y  i n d i c a t e  t op  p r o d u c t i o n  u n l i k e l y  
16BARTEL 79 sow no  e w d e n c e  of n e w  Q = 2 3 q u a r k  p r o d u c h o n  in R-roho 
17BARTEL 798 obse rve  no  s~gnlhcanf  a c c u m u l a t i o n  of s p h e r i c a l  even t s  
t8BERGER 79B l i nd  g : 3 8 8 + 0  22 w h i c h  a l o n g  wdh  s p n e r l c l l y  a n d  thrust 

b e h a v i o r s  is aga ins t  o p e n  t op  an f l fOp  c h a n n e l  b e l o w  30 G e V  Ftnol 
m u o n s  a re  a lso cons is ten t  w i th  e x D e c t a t l o n  w i thou t  t o p  q u a r k  s to le  

M A S S  LIMITS F O R  TOP A N D  FOURTH G E N E R A T I O N  H A D R O N S  IN p p  

C O L L I S I O N S  
VALUE (GeV) CL % DOCUMENT ID TECN COMMENT 

> 4 4  95 19 ALBAJAR 88 UAI fOr t op  h a d r o n s  
:~32 90 19 ALBAJAR 88 UAJ for b '  no( I rons  

19ALBAJAR 88 s tudy  even t s  a t  Ecru = 546 a n d  630 GeV  wi th  a m u o n  or ISO- 
l a l e q  e l e c t r o n  a c c o m p a n l e d  by  o n e  or mo re  lets a n d  t l nd  a g r e e m e n t  
w l th  M o n t e  Ca r l o  p r e d l c t i o n s  for t he  p r o d u c t i o n  of c h a r m  a n d  b o t t o m ,  
Wl thOul  t he  n e e d  for a n e w  q u a r k  The I op  q u a r k  mass b o u n d  m(  0 :> 44 
GeV  (CL=95%)  is o b t a i n e d  by  us lng  l h e  W ~ t b  cross sec t i on  n o r m a l i z e d  
to the i r  o w n  W ~ / t ,  ra te  a n d  by  a d d i n g  to it the  t t  c o n t r i b u t i o n  w i th  a 
c o n s e r v a t i v e  v a l u e  of the  cross sec t i on  w l th  t he  lowes t  o rde r  c a l c u l a t i o n  
The ana lys is  is not  sens i t ive  Io l h e  W ~ t b  process  a l o n e  For a four th  
g e n e r a t i o n ,  c h a r g e  - ' 1 , 3  q u a r k  ( b ' )  o l owe r  mass l lm l l  r n (b ' )  > 32 G e V  
(CL=90%)  is o D t a l n e d  by  us ing  t he  s a m e  c o n s e r v a t i v e  e s t i m a t e  for t he  
/:76' p r o d u c t i o n  cross sec t l on  a n d  by  a s s u m l n g  tha t  d c a n n o t  b e  p ro  
d u c e d  in W d e c a y s  



See key on page 129 
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ALBAJAR 88 ZPHY C37 505 +AIDIow AIIkofer+ (UAt Colloid 
SAGAWA 88 pRI. 60 93 +Marl ADe~ (AMY Col lab 
ABE 87 JPSJ 56 3763 ~Amako Aral+ (VENUS CollClb 
YOSHIDA 87 PL B198 570 ~,Chlba Enclo. (VENUS Col lab 
ADEVA Bo PR D34 681 +An$orl Becket Becket Szendy~MARK J Col lab 
ADEVA 85 PL 152B 439 +Becket 8eCker Szendy÷ (MARK J Col lab 
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< 4  E - 3 7  - 2  < 5  70 p 0 4 ANTIPOV 69 CNTR 
< 3 E - 3 7  - 1 2  2 - 5  70 p 0 8ANI IPOV 696 CNTR 

< I E -  35 + 1,2 < 7  30 P 0 DORFAN 65 CNTR 
< 2 E - 3 5  - 2  .<2 5 - 5  30 D [3 9FRANZINI 65B CNIR 
< 5  E -  35 + 1 2 < 2  2 21 p [3 BINGHAM 64 HLBC 
. < t E - 3 2  + 1 2  < 4  [3 28 p [3 BLUM 64 HBC 
. < 1 E - 3 5  + 1 , 2  < 2  5 31 p [3 9HAGOPIAN 64 HBC 
< I  E - 3 4  + 1  .<2 28  p [3 LEIPUNER 64 CNTR 
< 1 E - 3 3  + ' 1 2  < 2  4 24 p [3 MORRISON 64 HBC 

ALTHOFF B4C PL 13BB 44t +Broun$chwelg klr$chtlnk÷ (IASSO Col lab 
ALTHOFF 841 ZPHY C22 307 ÷Broun$chwelg KIr$chflnk+ (TASSO Coffob 
BEHREND 84D PL 144B 297 +Buerger Cr legee Fennel+ (CELLO Collob 
ADEVA 83 PRL 50 799 ÷BorDer Becker Berdugo+ (MARK J Coflob 
ADEVA 83B PRL 51 443 +Barber Becker Berdugo+ (MARK J Col lob 
BRANDELIK 82 PL 113B 499 ÷Braunschwelg Gather+ (TASSO Col lab 
BAR/EL 81 PL 99B 277 +Cords Dittmann Elchler+ (Jade Col lab 
BARBER 80 PRL 44 1722 +Becker Benda Boehm+ (MARK J Coffab 
BERGER 80 PRL 45 1533 +Gnezel Grlgull LOCko$+ (PLUIO Col lab 
BARBER 79 PL 85B 463 +Becket Ben@o+ (MARK J COllab 
BARTEL 79 PL 88B 171 +Canzler Carols Dl l tmann÷ (JADE COlIaD 
BARTEL 79B PL 89B 136 +Con±let Cords Dlltmonn~ (JADE Col lab 
BERGER 79B PL 85B 4t3 +Genzel Grlgull LOCROS+ (PLUTO C o l l o p  

I FREE QUARK SEARCHES J 

NOTE ON QUARK S E A R C H E S  

(by W F' Trower, Virginia Polytechmc lnsutute  and State 

University) 

The basis for much of  the theory of particle scattering 

and hadron spectroscopy ~s the construction of the hadrons 

from a set of  fractionally charged consti tuents (quarks) 

Central to th~s theory, Quan tumChromoDynamtcs ,  ts the as 

yet unproven prohibi t ion that quarks must forever be con- 

fined to the mesons and baryons they make up 

IFor cross sec t i on  reacl  cross s e c h o n  (cpq  X) / cross sec t i on  (~ ~) 
2For cross s e c l i o n  r e a d  f rac t ion  of f r a g m e n l s  
3Bouncl to n u c l e i  
4 H a d r o n i c  or l e p t o n i c  qua rks  
5Cross s e c h o n  o m 2 / G e V  2 
6 3 × t 0  - 5  - l i f e l ime  • 1 ~ I 0  - 3  s 
71nclucles BOTT 72 resul ts 
8Assumes IsotropJc c m  p r o c l u c h o n  
9Cross sec t i on  inferredd from f lux 

Q U A R K  DIFFERENTIAL P R O D U C T I O N  C R O S S  S E C T I O N  

A C C E L E R A T O R  S E A R C H E S  

X .~ "[ CHG (cSECIs{/ 9 /  3 MAS,$ ENERGY 
. . . .  ~(~GeV,] (Ge.V~ BEAM EVTS 

< 4 E - 3 6  - 2 4  1 5 - 6  70 p 0 
< 2  E - 3 3  +_4 5 - 2 0  52 p p  0 
< 5  E - 3 4  .<7 7 - 1 5  44 p p  0 
< 5  E -  35 28 "? 0 
< 9  E -  35 - 1 2 200 p 0 
< 4  E -  36  - 4 2 3 - 2  7 70 p 0 
< 3 E - 3 5  _+12 < 2  7 27 p 0 
< 7  E -  38 - 1 2 < 2  5 70 p 0 

10Cross s e c l l o n  In cm2~ s r / e q u i v a l e n t  q u a n t a  

DOCUMENT IO [_EC N -- 

BALDIN 76 CNTR 
ALBROW 75 SPEC 
JOVANOV 75 CNTR 

10 GALIK 74 CNTR 
NASH 74 CNTR 
ANTIPOV 7'I CNTR 
ALLABY 69B CNTR 
ANTIPOV 698 CNTR 

Q U A R K  FLUX A C C E L E R A T O R  S E A R C H E S  
The c le f ln l f lon of FLUX d e p e n d s  on  t he  e x p e r i m e n t  
( a )  is the  raho  of measuredd f ree qua rks  to Drecl ic tec l  f ree qua rks  If 
t he re  Is no  c o n f i n e m e n t  
( b )  is t he  p r o b o b i l t v  of f r a c t i o n a l  c h a r g e  on  n u c l e a r  f f a g m e n l s  
( c )  is t he  90% u p p e r  hm# on  f rac t i ona l  c h a r g e  p r o d u c e c l  p e r  i n c i d e n t  
15 0 

(cl) Is q u a r k s  p e r  co l l i s ion  
(e )  is q u a r k  p r o d u c t i o n  CROSS s e c h o n  raho  to a ( e + e  - ~ / ~ + / ~ - )  
(f) is q u a r k  f lux p e r  c h a r g e d  p a r t i c l e  

Experiments show that it IS at best difficult to "'unglue" 

quarks Accelerator searches at increasing energies have 

produced no evidence for free quarks, while only a few 

cosmic-ray and matter  searches have produced uncorro- 

borated events 
This compilat ion is only a grade to the literature, since 

the quoted expertmental  hmlts  are often only mdicat~ve 

(g )  is the  f lux pe r  i, e v e n t  

CHG MASS ENRGY 
(_e,J) (GeV) (GeV) 

BEAM 
FLUX EV[S 

.<5 E -  5 g 1 2 .<0 .5  I, .vd 0 

.<3 E - 4  b See no te  t 4  5 16OpD 0 

. < 2 E - 4  b S e e n o t e  200 `16OPb 0 
< 2 E - 4  a ±~2 - 3 0 0  320 ~)p 0 
. < 2 E - 9  c +_12 14 .5  16OHg 0 
< 3  E -  3 d - 1,2,3.4 6 .<5 2 SISi 8 
< 3 E - 4  e _-+-2 1 8 - 2  7 e + e  - 0 
< 5 E - 2  e + 1 2 4 5  2 - 1 2  27 e + e  - 0 
< 2 E - 5  g + 1 2  +' 0 
< 3  E -  10 f z 2 4 I - 3  200 O 0 
< 6 E - 1 1  f _+1 < 2 1  52 DD 0 
< 5 E - 3  g I',~ 0 
< 2 E - 9  t _+1 < 2 6  62 p p  0 
< 7 E - I 0  t + 1 2  < 2 0  52 p 0 

DOCUMENT ID ~CN 

ALLAS~A 88 8EBC 
11 HOFFMANN 88 PLAS 
12 HOFFMANN 88 PLAS 

LYONS 87 MLEV 
SHAW 87 MDRP 

13 ABACHI 86C CNTR 
WEISS 8`1 MRK2 
BARTEL 80 JADE 

14 15 BASILE 80 CNTR 
16 BOZZOLI 79 CNTR 

BASiLE 78 SPEC 
BASILE 78B CNTR 
BASILE 77 SPEC 

17 FABJAN 75 CNTR 

Q U A R K  P R O D U C T I O N  C R O S S  S E C T I O N  - -  

A C C E L E R A T O R  S E A R C H E S  

x SESECI CHG MASS ENERG Y 
(cm 2) ( e l 3 )  (GeV)  (GeV)  BEAM EVTS DOCUMENT ID TECN 

< 1 E - 4  _+.124 • 4 10 e + e  - 0 IALBRECHT 85G ARG 
.<6 E -  5 _+ 1 2 I 540 p D  0 2 BANNER 85 UA2 
. < 5 E - 3  - 4  1 -8  29 e + e  - 0 IAIHARA 84 TPC 
. < I E - 2  _+1.2 ' I -13 29 e + e  - 0 IAIHARA 848 TPC 
< 2 E - 4  _+I 72 40At 0 2 3 BARWICK 84 CNTR 
< I  E -  40 +- 1 2 < 1 0  D r , } ;  0 BERGSMA 848 CHRM 
. < I E - 4  _+2 < 0  4 I 4 e + e  - 0 '18ONDAR 84 CNTR 
< 5 E - I  + - 1 2  <:13 29 e + e  - 0 IGURYN 84 CNI'R 
< t E -  36 _+ 1.2 < 9  200 ~ 0 AUBERT 83C SPEC 
< 3 E - 3  ± t . 2  < 2  540 p p  0 2 BANNER 83 CNTR 
< I E - 4  ± 1 . 2  106 56Fe 0 2 LINDGR~N 83 CNTR 
. < 3 E - 3  >_+-1:'6 74 40Ar 0 23pRICE 83 PLAS 
< I E - 2  _+12 .<14 29 e + e  - 0 IMARINI  82B CNTR 
< 8 E - 2  ± 1 , 2  < 1 2  29 e + e  - 8 IROSS 82 CNTR 
< 2 E -  10 + - 2 4  I - 3  200 p 0 4 BUSSIERE 80 CNTR 
< 5  E -  38 + 1,2 > 5  300 p 0 5 6STEVENSON 79 CNTR 
.< I E -  33 ± I < 2 0  52 p p  0 BASILE 78 SPEC 
< 9  E -  39 _+1.2 .<6 400  p 0 5 ANTREASYAN 77 SPEC 
< 8  E -  35 + 1 2 < 2 0  52 p p  0 7 FA8JAN 75 CNTR 
<:5 E -  38 - 1 2 4 - 9  200 p 0 NASH 74 CNTR 
.<1 E - 3 2  + 2 4  4 - 2 4  52 p p  0 ALPER 73 SPEC 
< 5 E - 3 1  + 1 2 4  < 1 2  300 p 0 LEIPUNER 73 CNTR 
• <6  E - 3 4  _+ 1 2 .<'13 52 p p  0 BOTT 72 CNTR 
<: I  E -  36 - 4  4 70 p 0 ANTIPOV 71 CNTR 
< ' I  E -  35 ~ 1 2 2 28 p 0 8 ALLABY 69B CNTR 

+ 1 2 > 4  5 ~ 0 '~4 15 GALIK 74 CNTR 
+ 1 2 >-I 5 12 e -  0 14 15 8ELLAMY 68 CNTR 
+ t 2 > 0  9 ~ 0 t4 BATHOW 67 CNTR 
+ 1 2 > 0  9 6 "~ 0 t4 FOSS 67 CNTR 

11The l imits a p p l y  1o p r o j e c t i l e  f r a g m e n t  c h a r g e s  of t7 19 20 22 23 in J 
uni ts  of e / 3  

12The l imits a p p l y  to p r o l e c h l e  f r a g m e n t  c h a r g e s  of t 6  17 19 20, 22 23 J 
In un l l s  of e /3  

13Flux l imits a n d  mass r a n g e  c lepenc l  on  c h a r g e  
t 4Lep lonJc  q u a r k  
15Hacl ron ic  q u a r k  
16Quark  l i fe t imes , t × t 0 -  8 s 

17One  c a n d i d a t e  m • 0 17 GeV  

Q U A R K  FLUX C O S M I C  R A Y  S E A R C H E S  
Sh ie ld ing  v a l u e s  f o l l o w e d  wi th  an  aster isk i n d i c a t e  a l h l u d e  in km 
Shle lc l lng va lues  not  f o l l o w e d  wi th  an  aster isk I n d I c a l e  sea l eve l  in 
k g / o m  2 

FLUX CHG MASS 
c ( j~ /s /sQ_ ( e / 3 )  (GeV)  SHIELDING EVrS DOCUMENT ID TECN 

< I E -  12 ± 2 .3 /2  - 70 0 18 KAWAGOE 848 PLAS 
< 9  E -  10 _ 1 2 0 3 0 WADA 848 PLAS 
4 E -  9 ± 4 0 3 7 WADA 848 PLAS 
• <2  E -  12 ± 1 2.3 - 0 3 * 0 MASHIMO 83 CNTR 
.<3 E -  10 ± 1 2 0 3 0 MARINI 82 CNTR 
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<2 E- 11 ± 1 2 0 MASHIMO 82 CNTR 
• -8 E- 10 ± 1 2 0 3 0 18 NAPOLITANO82 CNTR 

3 19 YOCK 78 CNTR 
1 E - 9 0 20 BRIATORE 76 ELEC 

~ 2 E - 1 1  ~ 1  0 21HAZEN 75 CC 
< 2  E - 10 + 1 2 0 KRISOR 75 CNTR 
~ . 1 E - 7  + 1 2  0 2122CLARK 748 CC 
~: 3 E - 10 + 1 > 2 0  0 KIFUNE 74 CNTR 
< 8 E - 1 t  + I  0 21ASHTON 73 CNTR 
< 2  E -  8 + 1 2 0 HICKS 738 CNTR 
< 5  E -- 10 + 4  2 8 • 0 BEAUCHAMP 72 CNTR 
< 1 E - 1 0  + 1 2  0 218OHM 72B CNTR 
< 1  E -  10 + 1 2 2 8 • 0 COX 72 ELEC 
< 3  E -  10 + 2 0 CROUCH 72 CNTR 
< 3 E - 8 7 0 20 DARDO 72 CNTR 
< 4 E - 9  + 1  0 21EVANS 72 CC 
<2 E-9 >I0 0 20 TONWAR 72 CNTR 

< t E - t 3  
< 5 E - 2 7  
< 1 E - 2 1  
" < I E -  15 
< 5  E -  19 
< 5 E - 2 3  

< 2  E -  t0  + I 2 8 • 0 CHIN 71 CNTR 
< 3  E -  10 + 1 2  0 21CLARK 716 CC 
< I E - 1 0  + t 2  0 21HAZEN 71 CC 
< 5  E -  10 + 1 2 3 5 • 0 BOSIA 70 CNTR 

+ 1  2 < 6  5 1 21CHU 70 HLBC 
< 2  E -  9 + t 0 FAISSNER 708 CNTR 
< 2  E -  10 + 1 2 0 8 • 0 KRIDER 70 CNTR 
< 5  E -  11 + 2 4 CAIRNS 69 CC 
< 6  E -  10 + 1 2 < 1 0  0 FUKUSHIMA 69 CNTR 

+ 2  1 2123 MCCUSKER 69 CC 
< 1  E -  t 0  > 5  1 7 3 6 0 20BJORNBOE 68 CNTR 
< 1 E - 8  ± 1 2 4  6 3 2 .  0 188RIATORE 68 CNTR 
< 3  E -  8 > 2  0 FRANZINI 68 CNTR 
< 9  E -  11 ± 1 2 0 GARMIRE 68 CNTR 
< 4  E -  t0  ± 1 0 HANAYAMA 68 CNTR 
< 3  E -  8 > 15 0 KASHA 68 OSPK 
< 2  E -  10 + 2  0 KASHA 688 CNTR 
< 2  E -  10 ~ 4  0 KASHA 68C CNTR 
< 2  E -  10 ~ 2 6 0 BARTON 67 CNTR 
< 2 E - 7  - 4  0 008.0 5 ,  0 BUHLER 67 CNTR 
< 5  E -  10 1 2 0 006.0 5 • 0 BUHLER 678 CNTR 
< 4  E -  10 + 1.2 0 GOMEZ 67 CNTR 
< 2  E - 9  + 2  0 KASHA 67 CNTR 
< 2  E -  10 + 2 220 0 BARTON 66 CNTR 
< 2 E - 9  + 1 2  0 5 "  0 BUHLER 66 CNTR 
< 3  E -  9 + 1 2 0 KASHA bO CNTR 
< 2  E -  9 + 1 2 0 LAMB 66 CNTR 
< 2  E -  8 + 1 2 > 7  2 .8  • 0 DELISE 65  CNTR 
< 5 E - 8  + 2  > 2  5 0 5 *  0 MASSAM 65 CNTR 
< 2 E - 8  + I  2 . 5 °  0 BOWEN 64 CNTR 
< 2 E - 7  + 1  0 8 0 SUNYAR 64 CNTR 

18Lep ton i c  q u a r k s  
19L l fehme . I 0 - 8 s  c h a r g e  ± 0  70 0 6 8  0 4 2  a n d  mass - 4 4  4 8  a n d  

G e V  r e s p e c t i v e l y  
20Time d e l a y e d  olr  s h o w e r  s e a r c h  
21p romp t  a i r  shower  s e a r c h  
22Also I / '4  a n d  I . ,6e  c h a r g e s  
23No e v e n t s  In s u b s e q u e n l  e x p e r i m e n t s  

20 

~3 < 7  7 h y d r o g e n / m a s s  s p e c  0 
w o l e r + / i o n  beam 0 
lunat+/'ion s p e c  0 

- I < 6 0  o x y g e n + / ' l o n  s b e c  0 
l e v i t a t e d  g r o p h l l e  0 
w a t e r + / a t o m  b e a m  0 

QUARK DENSITY MATTER SEARCHES 
QUARKS~ CHG MASS 
NUCLEON (e. 3)  . (GeV_) M_A_TER./AL. METHOD EVfS 

< 1 E- 19 ± 1 2 varlous/speclromeler 0 
<5 E- 22 ± 1 2 W,'levllahon 0 
< 3  E -  20 + 1 2 o rs  I~q,, 'droplet t o w e r  0 
< 6  E -  20 - 1 2 o rs  l / Q / d r o p l e t  t o w e r  0 
< 3  E -  21 : 1 Hg d rops  u n f r e o l e d  0 
< 3  E -  22 ± I 2 l e v l l o l e d  n i o b i u m  0 
< 2  E -  26 ± 1 2 4He,, ' lev l tot ion 0 
< 2  E- 20 > ± 1 0 2 - 2 5 0  n i o b i u m + l u n g s / I o n  0 
< 1  E - 2 t  ± 1 l e v d a t e d  n i o b i u m  0 

+ 1 2 <.100 n i o b i u m / m a s s  s p e c  0 
levLta ted s l ee l  0 
water,, Od drop 0 
levitated sleel 0 
p h o t o  ton s p e c  0 
mercu ry / ' od  d r o p  0 

+ I l e v J l a l e d  n i o b i u m  4 
- 1 l e v i t a t e d  n i o b i u m  4 

l e v l t o l e d  s tee l  0 
h e l i u m / m a s s  s p e c  0 

+ 1 i e v d a l e d  n i o b i u m  3 
ea r t h  +.,qon b e a m  0 

+ I l u n g s  ,mass s p e c  0 
+ 3  < 1  7 h y d r o g e n ; m a s s  s p e c  0 

± 2 4 w a t e r : i o n  b e a m  0 
> t / 2  l e v l l o t e d  t u n g s t e n  0 

m e t a l s / m a s s  s p e c  0 
l e v l f a l e d  t u n g s t e n  ox  0 
l e v i t a t e d  i ron 0 

- I l e v i t a t e d  n i o b i u m  1 
+ I l e v l l o l e d  n i o b i u m  2 

< 5 E - 2 2  
< 9  E - 20 
< 2 E - 2 1  
< I E - 1 9  
< 2 E - 2 0  
< 2 E - 2 0  
< 2  E - 20 
< 1 E - 2 1  
< 6  E - 16 
< 5 E - 2 1  
< 4  E - 28 
< 5  E - 15 
< 5  E -  l b  
< 1 E - 2 1  
< 6  E - 15 
< t  E -  22 
< 5  E -  15 
< 3 E - 2 1  
1 E - 2 3  
t E - 2 3  

± < 1 3  
± > t ' 2  

± 1 2  

DOCUMENT ID 

MILNER 87 
SMITH 87 
VANPOLEN 87 
VANPOLEN 87 
SAVAGE 86 
SMITH 86 
SMITH 868 
MILNER 85 
SMITH 85 
KUTSCHERA 84 
MARINELLI 84 
JOYCE 83 
LIEBOWITZ 83 
VANDESTEEG 83 

24 HODGES 81 
LARUE 81 
LARUE 81 
MARINELLI 808 
BOYD 79 
LARUE 79 
OGOROD 79 
BOYD 78 
BOYD 788 
LUND 78 
PUTT 78 
SCHIFFER 78 
BLAND 77 
GALLINARO 77 
LARUE 77 
LARUE 77 

<1  E -  17 ± 1 2 l e v i t a t e d  g r o p h i l e  0 
<1  E -  17 w o l e r + / u v  s p e c  0 
"<3 E -  19 ± I l e v i t a t e d  Iron 0 
~: I  E -  10 s u n / u v  s b e c  0 
<: I E -  17 + 1 2 meteorlles+/lon beam 0 

I E - 16 ± 1 [ev l lo tec l  g r a p h i l e  0 
< 1 E - 22 a r g o n : e l e c t r o m e t e r  0 

- 2 l e v i t a t e d  oll  0 

24AlSo set l lm l ls  for Q = ± 1,, 'be 
25Drol l  i n fe r red  by  JONES 778 

MULLER 77 
OGOROD 77 
STEVENS 76 
ELBERT 70 
MORPURGO 70 
COOK 69 
BRAGINSK 68 
RANK 68 
STOVER 67 

25 BENNETT 66 
CHUPKA 66 
GALLINARO 66 
HILLAS 59 
MILLIKAN 10 

NC 31A 553 
PR D14 716 
NP 597 189 

75 NP 8101 349 
75 NP 895 189 
75 PL 568 105 
75 NC 27A 132 
748 PR D10 2721 
74 PR D9 1856 
74 JPSJ 36 629 
74 PRL 32 858 
73 PL 468 265 
73 JPA 6 577 
73B NC 14A 65 

PL 1398 313 
LNC 41 604 
PR D29 791 
PL 1378 439 
LNC 40 329 
PL 1338 451 
PL 121B 187 
PRL 51 731 
PRL $0 1640 
PRL 51 1621 
PL 1288 327 
PRL 50 566 
PRL 50 1234 
PR D26 1777 
PRL48 1649 
JPSJ 51 3067 
PR D25 2837 
PL 1188 199 
PRL 47 1651 
PRL 46 967 
PL 1018 439 
ZPHY C6 295 
LNC 29 251 
NP 8174 1 
PL 948 433 
PL 948 427 
PRL 43 1288 
NP 8t59 363 
PRL 42 t42 
PRL 42 t019 
JETP 49 953 
Translatecl from ZETF 
PR D20 82 
NC 45A 171 
NC 45A 281 
PRL 40 216 
PL 728 484 
RA 25 75 
PR D17 1466 
PR D17 2241 
PR D18 641 
PRL 39 513 
NC 40A 41 
PRL 39 369 
PRL 38 t255 
RMP 69 717 
PRL 38 1011 
Sclence 521 
JETP 45 857 
Translalecl tram ZEIF 
SJNP 22 264 

+Dorclo Plazzoli Mannocchi*  (LCGT FRAS FREt) 
eSchlffer ChuDka (ANL) 
*Barber+ (CERN DARE FOM LANC MCHS UTRE) 
+Gruhn Peak 5dull Calclwell+ (CERN MPIM) 
+Hoclson Wlntersteln Green KOSS+ (MICH LEEO) 

Jovonovlch.0KMANl AACH CERN GENO HARV+) 
(AACH) 

+Finn Hansen Smith (LLL) 
+Jordan Richter ~ p p l  Siemonn+ (S~.AC FNAL) 
+Hlecla KurOkOWO Tsunemoto+ (IOKY KEK) 
+Yamonouchl Nease Sc:ulJ~ (FNAL COgN NYU) 

(CERN LIVP LUND BOHR R'HEL STOH BERG+) 
+Cooper Parvaresh Saleh (DUR'H) 
+Flint Stanclll (MANI) 

BUSSIERE 80 
MARINELLI 80S 

Also 80 
BOYD 79 
BOZZOLI 79 
LARUE 79 

Also 798 
OGOROD 79 

STEVENSON 79 
8ASILE 78 
BASJLE 788 
BOYD 78 
BOYD 788 
LUND 78 
PUTT 78 
SCHIFFER 78 
YOCK 78 
ANTREASYAN 77 
BASILE 77 
BLAND 77 
GALLINARO 77 
JONES 77S 
LARUE 77 
MULLER 77 
OGOROD 77 

8ALDIN 76 

0RIATOI~ 76 
SIEVENS 76 
ALBROW 75 
FABJAN 
HAZEN 
JOVANOV 
KRISOR 
CLARK 
GALIK 
KIFUNE 
NASH 
ALPER 
ASHTON 
HLCKS 

ALLASIA 88 
HOFFMANN 88 
LYONS 87 
MILNER 87 
SHAW 87 
SMITH 87 
VANPOLEN 87 
ABACHI 86C 
SAVAGE 86 
SMLTH 86 
SMITH 868 
ALBRECHT 8SG 
BANNER 85 
M~LNER 85 
SMITH 85 
AIHARA 84 
AiHARA 846 
8ARWICK 84 
8ERGSMA 848 
8ONDAR 84 

GURYN 84 
KAWAGOE 848 
KUTSCHERA 84 
MARINELLI 84 
WADA 848 
AUBERT 83C 
BANNER 83 
JOYCE 83 
LIEBOWITZ 83 
LINDGREN 83 
MASHtMO 83 
PRICE 83 
VANDESTEEG 83 
MARIN[ 82 
MARINI 82S 
MASHIMO 82 
NAPOLITANO 82 
ROSS 82 
HODGES 81 
LARUE 81 
WEISS 81 
BAR/EL 80 
BASILE 80 

REFERENCES FOR FREE QUARK SEARCHES 

PR D37 219 ~Angellns Balcllni+ (WA25 Co l lob)  
PL 8200 583 ~Brechtmann Helnrlch Benton (USIE USI:) 
ZPHY C36 363 +Smlth Homer Lewln Walforcl+ (OXF RAL LOIC) 
PR D36 37 +Cooper Chang Wilson Labrenz. McKeowr(Clf) 
PR D36 3533 +Marls Pugh Slansky+ (UCI LBL LANL SFSU) 
PL 8197 447 +Homer Lewln Walforcl Jones (RAL LOIC) 
PR D36 1983 +Hagstrom Hlrsch (ANL L84.) 
PR D33 2733 +S~or Borasch Carroll+ (UCLA LBL UCD) 
PL 1678 481 +Bloncl Hoclges Huntington Joyce÷ (SFSU) 
PL 8171 129 +Homer Lewln WoIforcl Jones (RAL LOIC) 
PL 8181 407 +Homer Lewln WOIfoICl Jones (RAL LOIC) 
PL 1568 134 +Binder Harcler Has+mann+ (ARGUS COllOP ) 
PL 1568 129 +81och Borer Borghlnl+ (UA2 Collop ) 
PRL 54 1472 *Coooer Chang Wilson Labrenz McKeowr(CIT) 
PL 1538 188 +Homer Lewln Walforcl Jones (RAL LOIC) 
PRL 52 168 +Alston GarnJosl BO~tke 8akker+ (TPC Col lab ) 
PRL 52 2332 +Alston GamJosl Badtke Bakkere (TPC Co l lab  ) 
PR D30 691 +Musser Stevenson (UCB) 
ZPHY C24 217 +Aiioby Abl  Gemonov+ (CHARM Collob ) 
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t tanslo led from ZETFP 40 440 
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LEIPUNER 73 
BEAUCHAMP 72 
BOHM 72S 
I~OTT 72 
COX 72 
CROUCH 72 
DARDO 72 
EVANS 72 
TONWAR 72 
ANTIPOV 7 t 
CHIN 71 
CLAR*K 715 
HAZEN 7t 
8aSIA 70 
CHU 70 

Also 70B 
ELBERT 70 
FAISSNER 70Q 
KRIDER 70 
MORPURGO T0 
ALLABY 69B 
ANTIPOV 69 
ANIIPOV 69S 
CAIRNS 69 
COOK 69 
FUKUSHIMA 69 
MCCUSKER 69 
BELLAMY 68 
BJORNBOE 68 
BRAGINSK 68 

BRIATORE 68 
FRANZINI 68 
GAR'MI~E 68 
HANAYAMA 60 
KASHA 68 
KASHA 68S 
KASHA 68C 
RANK 6B 
BARTON b l  
BATHOW 67 
BUHLER 67 
BUHLER 67B 
FOS~ 6T 
GOMEZ 67 
KASHA 67 
STOVER 67 
BARTON 66 
BENNETT bb 
BUHLER 66 
CHUPKA 66 
GALLINARO 66 
KASHA 66 
LAMB 66 
DELISE 65 
DORFAN 65 
FRANZ[NI 65S 
MASSAM 65 
BINGHAM b4 
SLUM 64 
BOWEN 64 
HAGOP;AN 54 
LEIPUNER 64 
MORRISON 64 
SUNYAR 64. 
HILLAS 59 
MILLIKAN 10 

LYONS 85 
Review 

MARIN[LLI 82 
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JETP 27 51 ÷ZelOOvlch Mortynov Mlgulln (MOSU) 
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NC 49A 209 *Fortunate Ma$$om Zichichi (C[R'N BGNA) 
NC 51A 837 +Dalplaz Ma$$am Zlchlchl (C[RN BGNA STRB) 
PL 250 166 ÷Garellck Hornma Lobar Osborne Uglum EMIT) 
PRL t8 1022 +Kobrak Mollne MuIHns Ort~ VanButten+ (e l l )  
PR 154 t263 eLelpuner Wangler Alspector Adal l  (flNL YALE) 
PR 164 1599 +Moran Tdschka ($YRA) 
PL 21 360 +Stockel (NPOL) 
PRL 17 1196 (YALE) 
NC 45A 520 +Forlur'KJlo MOS$Om Muller÷ (CERN BGNA SIRS) 
PRL 17 60 ,Schlffer Slovens (ANL) 
PL 23 609 +Morpurgo (GENO) 
PR 150 1140 +Lelpuner Adair (BNL YALE) 
BR I. 17 1068 +Luncly Novey Yovanovitch (ANL) 
PR 1400 458 +Bowen (ARIZ) 
PRL 14 999 +Eacle$ Lederman Lee l ing  (COLU) 
PRL 14 196 +LeOntlc Rahm SOmlos Schwartz (BNL COLU) 
NC 40A 589 ,Mul ler  Zlchlch~ (CERN) 
PL 9 201 +Dickinson Diebold Koch Leith+ (CERN EPOL) 
PRL 13 353A eBrandl Cocconl  Cz~/zewski Danysz+ (CERN) 
PRL 13 720 +Dells+ KolbOCh Mortara (ARIZ) 
PRI. 13 280 ÷SQlove EhrliCh Leboy Lonzo+ (PENN BNL) 
PEt 12 423 ÷Chu karsen Adair (BNL YALE) 
PL 9 199 (C[RN) 
PR 1360 1157 +Schworz$chfld Conners (BNL) 
Natule 184 092 +Cranshow (AERIE) 
Phil Mog t9 209 (CHIC) 

. . . .  OTHER RELATED PAPERS - -  

PRPL C129 225 (OXF) 

PRPL 85 161 +MorpurgO (GENO) 

I MAGNETIC MONOPOLE SEARCHES I 

NOTE ON MAGNETIC M O N O P O L E  SEARCHES 

(by W P Trower, Virginia Polytechnic Institute and State 

University) 

Although the usual formulatEon of Maxwelrs equattons 

suggests magnetic monopoles, no observed phenomenon 

requires them for explanation I A monopole anywhere in 

the universe results )n electr)e charge quantlzatlon ever2,'- 

where, and leads to the prediction era  least magnehc 

charge G = e/2ot, the D)rac charge 2 Recently monopoles 

have become mdEspensable in many gauge theatres, wh)ch 

endow them with a variety of  extraordlnardy large masses 

Monopole detectors have predomlnant l )  used ctthcr 

Induct ion  or  ion iza t ion  Induc t ion  exper lmen ls  mcasure 

the monopole  magnetic charge and are independent of 

monopole  electric charge, mass, and veloclt} -k sohtar.~ 

monopole candtdate event (C-~BRERA 82) has been 

detected b~ this method h)nlzatton experiments rcl? on a 

magnetic charge producEng more lontzaHon than an clectrt- 

cal charge with the same veloclt~ However the abtllt} to 

dlStlngmsh a monopole b} ionization diminishes w']th '.elo- 

city 
Cosmic rays are the most llkcb source of mass~c  

monopoles, since accelerator energies are insklFt]ClenI tO 
produce them Evidence for such monopoles ma} also be 
obtained from as%rophyslcal obser~,atlons 

This compilat ion is only a guide to the literature, smcc 

the quoted cxpcr)mcntal limits arc often onl~ indicative 

References 

I J D Jackson, CERN-77-17 (1977) 

"~ P A M Dirac, Proc Ro}al Sac London .Xl33, 60 
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MONOPOLE PRODUCTION CROSS SECTION 
ACCELERATOR SEARCHES 
X SECrr MASS CHG ENERGY 
(cn~)  _ (Ge~Q _ _ ~G) CGeV~ _BEAM EVTS_ DOCUMENT ID T_EC__N_ 

< 9  E -  34 < 4  < 0  15 10 6 e + e -  0 GENTILE 87 CLEO 
< 3  E - 3 2  < 8 0 0  >1  1800 p p  0 pRiCE 87 PLAS 
< 3 E - 3 8  < 3  29 e + e  - 0 FRYBERGER 84 PLAS 
< I E - 3 1  1 3  540 p D  0 AUBERT 830 PLAS 
< 4  E - 3 8  < 1 0  < 6  34 e + e  - 0 MUSSE T 83 PLAS 
< 8  E -  36 < 2 0  52 p p  0 I DELL 82 CNTR 
< 9  E - 3 7  < 3 0  < 3  29 e + e  - 0 KINOSHITA 82 PLAS 
<1  E -  37 < 2 0  < 2 4  63 p p  0 CARRIGAN 78 CNTR 
< I  E -  37 < 3 0  < 3  56 p p  0 HOFFMANN 78 PLAS 

62 p p  0 1 DELL 76 SPRK 
300 p 0 I STEVEN8 760 SPRK 

70 O 0 2 ZRELOV 76 CNTR 
300 n 0 I BURKE 75 OSPK 

8 J' 0 3 CARRIGAN 75 HLBC 
400 D 0 EBERHARD 7SB INDU 

60 D p  0 GIACOMELEI 75 PLAS 
400 p 0 CARRIGAN 74 CNTR 
300 D 0 C AI~R[GAN 73 CNIR 
001 "t 0 2 BARTLETT 72 CNTR 

70 p 0 GUREVICH 72 EMUL 
28 D 0 AMALDI 63 EMUL 
30 D 0 PURCELL 63 CNTR 
28 /3 0 FIDECARO 61 CNTR 
6 P 0 8RADNER 59 EMUL 

< 4 E - 3 3  
< 1 E - 4 0  < 5  < 2  
< 2 E - 3 0  
< t E - 3 8  
< 5 E - 4 3  < 1 2  < 1 0  
< 2  E- 36 <30 <3 
< 5 E - 4 2  < 1 3  < 2 4  
< 6 E - 4 2  < 1 2  < 2 4  
<2 E- 36 I 
< I  E -  41 < 5  
< I E - 4 0  <3 < 2  
< 2 E - 4 0  < 3  < 2  
< 1 E - 3 5  < 3  < 4  
< 2 E - 3 5  < t  t 

t i u l h p h o t o n  even t s  
2 C h e r e n k o v  r a d i a t i o n  p o l a r i z o h o n  

3 R e - e x a m l n e s  CERN n e u t r i n o  e x p e r l m e n l s  

MONOPOLE FLUX COSMIC RAY SEARCHES 
FLUX MASS CHG COMMENTS 
C/cn~,/S/Sr) ~_G_e_.V) (G) ~.~ _=v/c)  E~/T_S DOCUMENT ID TECN 

< 5 E - 1 2  >E7 1 3 E - 4 < Z < 5  E - 3  0 BARISH 87 CNTR 
< 1 E-  13 I E-  5 <,:~< I 0 4 BARTELT 87 SOUD 
<:I E-  10 I oli ~ 0 EBISU 87 INDU 
< 2 E -  13 I E -  4 < . I < : 6  E - 4  0 MASEK 87 HEPT 
< 2  E -  14 4 E -  5 < d < 2  E - 4 0 NAKAMURA 87 PLA8 
< 5 E - 1 4  9 E - 4 < J < : I E - 2  0 SHEPKO 87 CNTR 
< 2  E -  13 4 [ -  4 < . I < I  0 ISUKAMOTO 87 CNT~ 
<5 E- 14 I O11 ,,~ i 5CAPLIN 86 INDU 
<5 E- 12 I 0 CROMAR 86 INDU 
<1  E -  t3  1 7 E - 4 < f l  0 HARA 86 CNTR 
< 7  E -  11 1 a l l  .:~ 0 INCANDELA 86 INDU 
< I E - 1 8  4 E - 4 < d < I E - 3  0 6pRICE 86 MICA 
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< I E - 23 JOvlan p l a n e t s  
< 5 E - 1 2  I 
~ I  E -  16 E15 so lar  t r a p p i n g  
< 6 E - 1 2  1 
< 6  E - 10 I 
< 3  E - 15 5 E -  5_<.~_<I E -  3 

J < I E - 3  
< 3  E -  15 1 E -  3<, :~< 1 E -  1 
< 5  E -  12 t I E -  4<, :~<1 
< 1  E -  t8  1 
<`7 E -  12 1 
< 7 E - 1 3  1 3 E -  4< ' J  
< 2 E -  12 1 3 E - 4 < , Y < t E - 1  
< b E -  13 1 5 E - 4 < J < t  
< 3  E -  23 n e u t r o n  stars 
< 2  E -  14 1 E -  3 < . t  
< 4 E -  13 1 6 E - 4 < J < 2 E - 3  
< I E - t 6  3 E - 4 < , t ' < I E - 3  
< . t E -  13 1 1 E -  4<,~  
<.4 E -  13 1 6 E - 4 < , ~ < 2  E - 3  

< 4  E -  13 1 1 E -  2 < , : ~ < 1 E -  3 
< t E -  t2  t 7 E - 3 < J < I  
< 3  E -  t3  1 I E - 3 < , t < 4  E -  1 
< 3  E - 12 5 E - 4< .~<5  E - 2 

< 4 E -  11 1 
< 5 E -  15 I 1 E - 2 < J < 1  
< 8  E -  15 I E -  4 < J < ` 1  E -  1 
< 7  E - 22 pu lsa rs  
< 5 E -  12 1 I E - 4 < J < 3  E - 2  
< 2 E - 1 2  6 E - 4 < J < 1  
< f  E -  18 < E l 8  t i n t e r g a l a c t i c  t l e ld  
< I E -  13 I /~=3 E -  3 
< 2 E -  12 I 7 E - 3 < , ~ < 6 E -  t 
6 E -  10 I D G :  - 0 06 
< 1  E- 23 n e u t r o n  stars 
< 5  E -  22 n e u t r o n  stars 
< 2  E -  11 I E- 2<,:~< I E -  1 
< 5  E -  15 >E21 g a l o c h c  ha lo  
< 1 E - 1 2  E19 1 ,~=3 E -  3 
< 2  E -  15 c o n c e n t r a t o r  
< 1 E - 1 3  > I  I E - 3 < J  
< 5 E - 1 1  < E t 7  3 E - 4 < : : ~ < I E -  3 
< 2  E- 11 concentrator 
1 E -  I > 2 0 0  2 
< 2  E -  13 > 2  
< I  E -  16 1 g a l a c t i c  f ie ld  
< . I  E- 19 > 2  o b s i d i a n  m i c a  
< 5  E -  15 < 15 < 3  c o n c e n t r a t o r  
<.2 E -  11 < 1 - 3  c o n c e n t r a t o r  

4Ca ta l ys i s  of n u c l e o n  d e c a y  

4ARAFUNE 85 COSM 
0 SERMON 85 INDU 
0 BRACCI 858 COSM 
0 CAPLIN 85 tNDU 
0 EBISU 85 tNDU 
0 4 KAJITA 8.5 CNTR 
0 7 KAJITA 85 CNTR 
0 4pARK 858 CNTR 
0 BATTISTONi 84 NUSX 
0 4 HARVEY 84 COSM 
0 INCANDELA 84 INDU 
0 8 KAJINO 84 CNTR 
0 KAJINO 848 CNTR 
0 KAWAGOE 84 CNTR 

KOLB 84 COSM 
0 4 KRISHNA 84 CNTR 
0 LISS 84 CNTR 
0 6 PRICE 84 MICA 
0 PRICE 84B PLAS 
0 TARLE 84 CNTR 
7 9 ANDERSON 83 EMUL 
0 BARTELT 838 CNTR 
0 BARWICK 83 PLAS 
0 BONARELLI 83 CNTR 
0 4 BOSETTI 83 CNTR 
0 CABRERA 83 INDU 
0 DOKE 83 PLAS 
0 4 ERREDE 83 CNTR 
0 4 FREESE 83B COSM 
0 GROOM 83 CNTR 
0 MASHIMO 83 CNTR 
0 4 REPHAELI 83 COSM 
0 ALEXEYEV 82 CNTR 
0 BONARELLI 82 CNTR 
f CABRERA 82 INDU 
0 4 DIMOPOUL 82 COSM 
0 4KOLB 82 COSM 
0 MASHIMO 82 CNTR 

SALPETER 82 COSM 
0 10 TURNER 82 COSM 
0 BARTLETT 81 PLAS 
0 KINOSHITA 818 PLAS 
0 ULLMAN 8 t  CNTR 
0 BARTLETT 78 PLAS 
I 11 PRICE 75 PLAS 
0 FLEISCHER 7 t  PLAS 
0 PARKER 70 COSM 
0 FLEISCHER 69C PLAS 
0 CARITHERS 66 ELEC 
0 MALKUS 51 EMUL 

5Limlt  f rom c o m b i n l n g  d a t a  of CAPLIN 86 BERMON 85 INCANDELA 84 a n d  J 
CABRERA 83 For a d i scuss lon  of con t rove rsy  a b o u t  CAPLIN 86 o b s e r v e d  I e v e n t  see  GUY 87 Also see  SCHOUTEN 87 

6Assumes  m o r t o p o l e  a t t a c h e s  f e r m l o n  n u c l e u s  
7The f lux hml t  IS < 2 × 1 0 - 2 t ( / ~ . , ' 1 0 - 3 )  2 J 
8Used DKMPR m e c h a n i s m  a n d  P e n n i n g  e f fec t  
9 A n o m a l o u s  l o n g - r a n g e  (~ (4He)  t racks  

10Re-eva lua tes  PARKER 70 l imi t  for GUT m o n o p o l e s  
11ALVAREZ 75 FLEISCHER 75, a n d  FRIEDLANDER 75 e x p l a i n  as f r a g m e n t i n g  

n u c l e u s  EBERHARD 7,5 a n d  ROSS 76 d iscuss con f l i c t  w i th  o the r  e x p e r i -  
men ts  HAGSTROM 77 re i n te rp re t s  as o n t l n u c l e u s  PRICE 78 reassesses 

MONOPOLE DENSITY MATTER SEARCHES 
CHG 

OENSITY (G) MAFERIAL EVTS 00CUMENT 10 TECN 

< 2  E -  7 , .g ram > 0  b Fe o re  0 12EBISU 87 INDU 
< I  E -  9 g r a m  1 sun. ca ta l ys i s  0 t3ARAFUNE 83 COSM 
>1 E -  t4,,'gram >1,3 iron aerosols ,I MIKHAILOV 83 SPEC 
< 6  E -  33 . ' nuc l  I m o o n  w a k e  0 SCHATTEN 83 ELEC 
< 2  E -  28 , ' nuc l  e a r t h  h e a t  0 CARRIGAN 80 COSM 
< 2  E - 4 / p r o t  4 2 c m  a b s o r p t i o n  0 BRODERICK 79 COSM 
< 6  E -  4 , ' g ram air, s e a w a t e r  0 CARRIGAN 76 CNTR 
<5 E- f/gram >0 04 11 matenals 0 CABRERA 75 INDU 
< 2  E - 4 / g r a m  > 0  05 m o o n  rock  0 ROSS 73 INDU 
< 6  E -  7 , .g ram <140  s e a w a t e r  0 KOLM 71 CNTR 
< 2  E -  13 /m  3 m o o n  w a k e  0 SCHATTEN 70 ELEC 
< I  E -  2 , ,g ram < 1 2 0  m a n g a n e s e  n o d u l e s  0 FLEISCHER 69 PLAS 
< I  E - 4 , , g r o m  > 0  m a n g a n e s e  0 FLEISCHER 69B PLAS 
< 2  E -  3 / g r a m  < I - 3  m a g n e t i t e  m e t e o r  0 GOTO 63 EMUL 
< 2  E - 2 / g r a m  m e t e o n t e  0 PETUKHOV 63 CNTR 

12Mass I ×  1014-1 × 1017 G e V  
13Cota lys ls  of n u c l e o n  d e c a y  

REFERENCES FOR MAGNETIC MONOPOLE SEARCHES 
BARISH 87 PR D36 2641 +bU Lane (CIT) 
BARTELT 87 PR D36 1990 +Courant Hell*r+ (Souaan Col lab ) 
EBISU 87 PR {336 3359 +watanobe (KOBE) 

AlSO 85 JP G l i  883 Ebisu Wotanabe (KOBE) 
GENTILE 87 PR 035 1081 ~Haas HempsfeQcl~ (CLEO Coliab ) 
GUY 87 Nature 325 463 (LOIC) 
MASEK S7 PR O35 2758 ~Knopp Miller ShOnSRI Vernon While (UCS{3) 
NAKAMURA 87 PL St83 395 *Kawagoe Yamamoto+ (TOKY WASE NIHO) 
PRICE 87 PRL 59 2523 ÷Guoxloo Klnoshila (UCB HARV) 
SCHOUTEN 87 JP E20 850 *Capl ln Guy Hard,man+ (LOIC) 
SHEPKO 87 PR {335 2917 +Gagllarai Green Mclnlyfe+ (TAMU) 
TSUKAMOTO 87 EPL 3 39 +Nogano Anraku+ (TOKY) 
CAPLtN 86 Nature 321 402 +Haralmon Koratzlnos Schouten (LOIC) 

Also 87 JP E20 850 Schouten Coplln Guy Harcllman* (LOIC) 
AlSO 87 Nature 325 463 Guy (LOIC) 

CROMAR 86 PRL 56 2561 +Clark Fickett (NBSB) 
HARA 86 PRL 56 653 +HOndO anna+ (TOKY KYOT KEK KOBE) 
INCANDELA 86 PR D34 2637 +FnSCh SOmOlwot Kucnnlr* (CHIC FNAL MICH) 
PRICE 86 PRL 56 1226 +Solomon (UC8) 
ARAFUNE 85 PR D32 2586 +Fukuglta Yanaglto (TOKY KYOT IBAR) 
SERMON 85 PRL 55 1850 +Cnouanarl Chl Tesche Tsuei (IBM) 
BRACCI 858 NP 8258 726 +Fiorentlni Mezzoran~ (PISA CAGL) 

AlSO 85 LNC 42 123 BrQCCl F(orentlnl (PISA) 
CAPLIN 85 Nature 317 234 +Guy Horalmon Park Scnouten (LOIC) 
EBISU 85 JP G11 883 +Walanabe (KOBE) 
KAJITA 85 JPSJ 54 4065 +Arlsaka KOShlbO Nokahota+ (TOKY KEK NIIG) 
PARK 85B NP B252 26t *Blewirt Cortez Foster+ (IMB ColJob ) 
BATTISTONI 84 PL 133B 454 *Belloltl Bologna CamDona+ (NUSEX Collop ) 
FRYBERGER 84 PR {329 1524 *Coon Kinoshlto Price (~AC UCB) 
HARVEY 84 NP B236 255 (PRtN) 
INCANDELA 84 PRL 53 2067 +Campbel l  FrJsch+ (CHIC FNAL MICH) 
KAJINO 84 PRL 52 1373 +MaIsuno Yuon Kltamuro (TOKY) 
KAJINO 848 JP GI0 447 +Matsuno Klfamuta AOkl Yuan Milsul.~. (IOKY) 
KAWAGOE 84 LNC 41 315 +Mashimo Nokamuro Nozakl Orilo (IOKY) 
KOLB 84 APJ 286 702 +Turner (FNAL CHIC) 
KRISHNA 84 PL 1428 99 Krlshnaswamy Menon+ (TATA OSKC TOKY) 
LISS 84 PR D30 884 +Ahlen Torle (UCB IND MICH) 
PRICE 84 PRL 52 1265 +Guo Ahlen Flelscher (@OMA UCS IND GESC) 
PRICE e48 PL 140B 112 (CERN) 
IARLE 84 PRL 52 90 +Ahlen LIS5 (UCB MICH IND) 
ANOERSON 83 PR D28 2308 ÷Lord Strousz Wllkes (WASH) 
ARAFUNE 83 PL 1338 380 +Fukugito (TOKY KYOT) 
AUBERt 838 PL 120B 465 +Mussel Price Vlolle (CERN LAPP) 
BART/LT 83e PRL 50 655 +Courant Holler Joyce Morshok+ (MINN ANL) 
BARWlCK 83 PR {328 2338 +KmOShltO Price (UC8) 
BONARELLI 83 PL 1268 137 +Capl luppl  Dantone (BGNA) 
BOSETTI 83 PL 1338 265 +Gotham Harris Learned÷ (AACH HAWA TOKY) 
CABRERA 83 PRL 51 1933 +Taber Gardner Boutg (STAN) 
DOKE 83 PL 129B 370 +HayOhSl Homosakl+ (TWAS TRIK TTAM IPCR) 
EI~{3E 83 PRL 5t 245 +Slone Vander Velae Blonlo, (IM8 Col lob ) 
FREESE 838 PRL 51 1625 +Turr~er Schramm (CHIC) 
GROOM 83 PRL 50 573 *Lob Nelson Rlt$on (UTAH STAN) 
MASHIMO 83 PL 1288 327 +Orito Kowagoe Nakarnura Nozaki (TOKY) 
MIKHAILOV 83 PL 130B 331 (KAZA) 
MUSSET 83 PL t2BB 333 +Price Lohfmann (CERN HAMS) 
REPHAELI 83 PL t21B 1t5 +Tumor (CHIC) 
SCHATTEN 83 PR O27 1525 (NASA) 
ALEXEYEV 82 LNC 35 413 +Boliev Chudakov Mokoev Mlkheyev* (INR'M) 
BONARELLI 82 PL 1128 100 +Capl lubpl  Dantone* (BGNA) 
CA8~ERA 82 PRL 48 1378 (STAN) 
DELL 82 NP 8209 45 +Yuan Roberts {3DOn*f* (BNL ADEL ROMA) 
{BIMOPOUL 82 PL 119B 320 {31mopoulos Presklfl Wllczek (HARV UCSB) 
KINOSHITA 82 PRL 48 77 +Price FryDefger (UCB SLAC) 
KOLB 82 PRL 49 1373 *Colgate Harvey (LASL PRIN) 
MASHIMO 82 JPSJ 51 3067 +Kawogoe KOShlbO (TOKY) 
SALPETER 82 PRL 49 1114 +Shapiro Wossermon (CORN) 
TURNER 82 PR D26 1296 +Parker Bogclan (CHIC) 
BARTLETT 81 PR {324 612 +So0 Flelscher Hart+ (COLa GESC) 
KINOSHITA 818 PR D24 1707 *Price (UCB) 
ULLMAN 81 PRL 47 289 (LEHM BNL) 
CARRIGAN 80 Nature 288 348 (FNAL) 
SRODERICK 79 PR D19 1046 *Flcenec Tebllfz Tebiffz (VPI) 
BARTLETT 78 PR DIS 2253 +SOD White (COLa PRIN) 
CAR~GAN 78 PR {317 1764 *Strauss Giacomell l  (FNAL BGNA) 
HOFFMANN 78 LNC 23 357 *Kanlara)Ion Dlllberto Meadl+ (CERN ROMA) 
PRICE 78 PR {3T8 t382 +,~lrk Osborne Plnsky (UCB HOUS) 
HAGSTROM 77 PR'L 38 729 (LBL) 
CARRIGAN 76 PR {313 1823 +Nezrlck Strauss (FNAL) 
DELL 76 LNC 18 269 *UIO Yuon A ~ I c l i l  (CERN BNL ROMA ABEL) 
ROSS 76 LBL 4665 (LBL) 
STEVENS 760 PR D14 2207 *Collins Flcenec Trower Flscher+ (VPI 8NL) 
ZRELOV 76 CZJP B26 t306 *Kollorovo Kollar Luplltsev Pavtovic+ (JINR) 
ALVAREZ 75 LBL 4260 (LBL) 
BURKE 75 PL 60B 113 +Guslofson Jones Longo (MICH) 
CABRERA 75 lhesls (STAN) 
CARRIGAN 75 NP 891 279 *Nezrick (FNAL) 

Also 71 PR {33 56 Corrlgon Nezdck (FNAL) 
EBERHARO 75 PR {311 3099 +Ross Taylor Alvarez Oh*f lock (LBL MPIM) 
EBERHAIE) 758 LBL 4289 (LBL) 
FLEISCHER 76 PRL 35 1412 +Walker (GESC WUSL) 
FRIE{3LANDER 76 PRI. 35 1167 (WUSL) 
GIACOMELLI 75 NC 28A 21 +ROSSI+ (BGNA CERN SACL ROMA) 
PRICE 75 PR'L 35 487 +Shirk Osborne Plnsky (UCB HOUS) 
CARRIGAN 74 PR D10 3867 +Nezrlck Strauss (FNAL) 
CARRIGAN 73 PR D8 3717 +Nezflck Strauss (FNAL) 
ROSS 73 PR {38 698 .Eberhord Alvarez watt  (L8L SLAC) 

AlSO 71 PR {34 3260 Eberhard Ross Alvarez Wart (LBL SLAC) 
Also 70 Sclence 167 701 Alvorez Eberhord ROSS Wart (LBL SLAC) 

BARTLETT 72 PR {36 t817 +Lohano (COLa) 
GUREVICH 72 PL 388 549 +Khaklmov Martemyanov+ (KIAE N o v a  SERP) 

Also 728 JETP 34 917 Barkov Gurevlch Zolotorev (KIAE N o v a  SEEP) 
translated from ZETF 61 1721 

AlSO 70 PL 318 394 Gurewch Khoklmov+ (KIAE N o v a  S~RP) 
FLEISCHER 71 PR {34 24 +Hart NIChOlS Price (GESC) 
KOLM 71 PR D4 1285 +Villa Odlan (Mff SLAC) 
PARKER 70 APJ 160 383 (CHIC) 
SCHAtTEN 70 PR {31 2245 (NASA) 
FLEISCHER 69 PR 177 2029 +JaCObS Schwartz Price (GESC FSU) 
FLEISCHER 698 PR 184 1393 *Hart Jacobs+ (GESC UNCS GSCO) 
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FLEISCHER 69C I~R ~84 4398 +Price WOOCls (GE$C) 
Allo lOc JAP 4'I 958 Flelicl~el Halt JClCOb$ Pilce* (GESC) 

CARITHERS 66 PR 449 ~070 +Stefonskl A¢IoII (YALE BNL) 
AMALDI 63 NC 28 773 *Baronl Manfre¢llnl* (ROMA UCSD CERN) 
G O I O  63 PR 132 387 ÷Kolm Folcl (TOKY Mff BRAN) 
PETUKHOV 63 NP 49 87 +Yaklmel~o (LEBO) 
PURCELL 63 PR 42q 2326 +Collins FUIII HOirlbostel lurkot (HARV BNL) 
FIDECARO 64 NC 22 657 *Flnocci~ioro Glocomelli (Clli~hl) 
BRADNER 59 PR ¶~4 603 +IsD~II (LBL) 
MALKUS 5'I PR B3 899 (CHIC) 

- -  OTHER RELATED PAPERS - -  

GROOM 86 PRPL 140 323 (UTAH) 
Revlew 

CRAVEN 85 lermllab 85/~3 *Trowel (FNAL VPI) 
BIIDIIOgroDhy 

GIACOMELLI B4 RNC 7 12 ¶ (BGNA) 
Revlew 

RUZICKA B0 JINR 2 80 850 +Zielov (JINR) 
Blbllogrophy 

SEARCHES FOR AXIONS (A 0) AND I 
OTHER VERY LIGHT BOSONS I 

I 

NO'f l£  ON A X I O N S  

In this sect ion ~,e list hml ts  for `'cry hght neutral 

{pseudo) scalar bosons  that couple v.eakl.~ to stable mallei 

T' .pical examples  are pseudo-Golds tone  bosons  like axions 

(4 %1 famllons.2 and Majorons.  3 associated,  respect t~eb 

~`'~th spontancousl,~ broken Peccci-Quinn,  4 fhmll,'., and 

l ep ton -number  s.~ mmet r l e s  

Peccei-Quinn sb mmetr.', gix es a natural solut ion to tile 

s t rong ( 'P - ' , l o l a t ion  problem -~xion mass  and its couphng  

to stable particles arc ~n`'crsel3 propor t ional  to the scale of  

the Peccei-Quinn s~mmetr.x b r e a k i n g A p Q  The  original 

axion model  4"1 assumes  ApQ = AEW. where AFW = 
( \ .~(il.. ) -  1/2 is the scale of tile electrowcak s} mmetr.~ 

breaking, and has two Hlggs double ts  as min imal  

ingredients  B.x r e q u m n g  lrce-le`'el f lavor c e n s e r \ a n o n  the 

axton mass  and its couplings are completely fixed m terms 

o f  one  parameter ,  tile ratio o f  the vacuum expectat ion 

• ,alues oi'tx`'o Higgs pamc les  The result o fex tens r~e  expet-  
5 imcntal  searches tbr such an axion ha`' e been negatl`' e 

Obserxa t lon  e r a  narrov,-peak structure Ill posi t ron spec- 

tra f lom hea`' $ ion co lhsmns  6 suggested a particle o f  mass  

1 8 McV that decass  into e - c -  Varmnts  o f  the original 

axmn model .  ,ahich keep ~.I)Q = ~'EW but d rop  the con- 

stralnts  o f  lree-lex cl flax or cense r \  a l len  were proposed 7 

Extensl ' ,e  searctaes tbr this parncle  t0(1 8 MeVL ended  up 

v, Hh ano ther  negalix e result 8 

O n e  way to avoid these exper imenta l  cons t ra in ts  is 1o 

make I 0 sufficicntl.~ massp ,c  One wa~ to achte` 'e this is It) 

in t roduce a new strong ln tc racnon (Q("D)  `'vllh .tq{ D '"-" 

~O(I). `',<'hose anomaly  couples  to the axlon 9 .10 can 

rccctxe significant mass  f iom the Q C ' D  sector  f f Q C ' I )  

colored quarks  are masslx e 

Ano the r  ,xa.,, to save tile Peccei-Quinn idea is to d~scard 

the p r o p o s m o n  ApQ =hAE~I u and in t roduce  a new scale 

W~th ApQ ">>- %EW t c mass  becomes  smaller  and its 

couphng  ~eaker ,  thus one can casH} axmd all the exist ing 

exper imenta l  h m n s ,  hence such models  a~c t-ailed mx isH~lc 

axion models  10 Various tnxts ]b leaxJon models  can be 

const ructed b.~ ldenttf.x mg \pq) wHh ()tiler t:ugc mass ,,talc,, 

such as the Planck mass  t l l c G t ' T s c a l c  tile %l'SY- 

breakmgsca lc ,  and so on It has been found hox+cxct that 

l n , , l s tb l cax lo r l sa re  not completely cluslxc (osmolog ica l  

c o n s l d e l a t l o n s  o n  the n l a l i e l  d e n s l l )  ( ) f  OLII U r l l \  el st." kt lg-  

gesl I I  %pQ < (9( 1012) (.ic'x, .' as a possible uppel bOUlltt at 

the scale Lo,aer bounds of  \l'q? " O(107 ) ( J e \ ' a i c  

obtained from astioph)stcs 12 ~ hei c a\lOll  ellllSSlOll f ionl  

t i le centel o f  stellal objects can speed up thell c'`' oh[ l iana[ .~ 

timescales Val tous leircSli lal e\pcl lnlCDls h) delt.'ct "lll`'lSl- 

ble" axlons b~ making LiSt." o f  lhlel coupling to photons, ha`' c 

been proposed 13 and the fil st result o f  such experiments 

appeared lecentlx 

R e f e r e n c e s  

I S Wemberg.  Phys Rex Lctt 411 223 (1'971,;) and 
F Wllczck Ph}s Rex [.eli 411. 279 (ItYe, 8) 

2 F \ \ l l czck .  Pll}s Re`' Lctt ,.19 1549{1982) 

3 '1' (hJkashlgc .  R N Mohapa t ra  and R I) Peccel 
Ph}s Rex Lett -15 1926(19801 

4 R D Pecco  and H Qumn.  Ph.~s Rex LelI 38 1440 
(1977) .a lso  Ph.xs Re`' DI6  1791 (1977) 

5 T W  Donnell} c t a l  Ph.xs Re`' I)18 1607{1078L 
S Ba~slms ct al Phb s Re`' Letl 46 1361 ( 1981 ] 
-X Bmroso et a l .  Phxs Lctt 106B. 91 (1981) and 
R D Pcccci Ill Ib<~(ccdln.?Y<~l \¢'lllllllt~ ;~'1 I lonolulu 
Ila 'aall ,  Vol I p 149(1981) 

6 J Schx` ' eppce ta l  Ph~s Re`' Lctt 51.2261 (1983). 
and T (.o`'` 'arlct a l ,  Phxs RL'`' Lclt 54 1761 (19851 

7 R D  Pccccl T T \Vu a n d T  YanaDda Ph`'s l.ett 
B172 435 (It)g6) ,:ind I. M Krauss  and F \VIIclck 
Ph.',s Left BI73 18t){1986) 

8 W A Baideen R D Peccci and T ' fanagida  Nucl 
ph.~s B 2 7 9  401 (1987) 

9 S H H  Tye. Phbs Re\  Lctt 47 1(135 (1981) 

10 JE  Klnl Phxs Re\  I.ctt 43 103(1970) Xl- \  %hif- 
man .\ I Vainstcin and V 1 Zakhatox Nucl Ph}s 
Bi66  403(1980)  -~R Zhltnltsk.~ <,o', lout Nucl 
l)h.~s 31 2 6 0 ( 1 9 8 0 ) a n d  M Dine. X\ lqwhlc l  and 
M ~Icdll lCkl, Phxs l.eit 10411, 199 (19Sl) 

11 J I h e s k l l l c t a l  l'hbs Lest I ] I IB  127119Xtl 
1. F -kbbott Ill (tllfltfl% ~'I#tI/)O~IIlIH 19~2 p I!lC) 
and M Dine and \V Fischlcl Ph}s Lctt 12lIB 13 .7 
(1983) 

12 I) A 1 ) t cuse l a l  F'h,,s Re`' 1'118 I,~2911~1"~) \1 
Fukuglta S \ \ a t a m u l a  and M '~oshHlltH,I I'll',', 
Re'. Lctt 48 1 5 2 2 ( 1 9 8 2 ) a l s o P h x s  Re\ I)26 1840 
(1982) I) S P  I),,.'alboln el a l .  Ph`'s Rex l c u  56 2(~ 
(1986) and (i (7 Rafft-'h Ph.xs Re`' I).13 <,..;,)-7 !198(,) 

13 P Slkl`'le Ph.~s Rex l.ett 51 [4lSllCJS~) a l~oPh\s  
Rex Lctt 52 695(191141 
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A o ( A X I O N )  M A S S  LIMITS F R O M  A S T R O P H Y S I C S  A N D  C O S M O L -  

O G Y  
These b o u n d s  d e p e n d  on m o d e l  d e p e n d e n t  a s s u m p h o n s  (i e on  a 
comblnahon of OXlOn parameters) 

VALUE (MeV] DOCUMENt IO rECN COMMENt 

• • • We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits h i l t s  e fc  • • • 

> 0  2 I BARROSO 82 ASTR S t a n d a r d  Ax lon  I 

I 
;>0 25 2 RAFFELT 82 ASTR S t a n d a r d  Ax~on 

>0 2 3 DICUS 7BC ASIR Stonaord AXlOn 

.>0 2 VYSOTSKII 78 A S T R  S t a n d a r d  Ax ,on  

IBARROSO 82 d e r w e  ~n DFS m o d e l  IPhys Left 104B 199 ( ' 1981) ]  A o mass 
hmits f rom n u c l e a r  d e c a y s  a n d  red  g i a n l s  ene rgy - l oss  b o u n d  A l l o w e d  
moss reg lons  o re  m(A  °) • '10 eV ( a x l o n  inVlSlble d u e  lo  ve ry  smal l  c o u  
pHng)  a n d  nXAo) a r o u n d  200 keV ( c o r r e s p o n d i n g  DFS A 0 p a r a m e t e r  is 
h a r d l y  c o m p a t i b l e  w i th  ZEHNDER 8 t  r e a c t o r  d a t a )  

2Lower  b o u n d  f rom 5 5 MeV -~-roy l i ne  f rom the  sun I 
3Lower  b o u n d  f rom r e q u i r i n g  the  r e d  g ian ts  s te l la r  e v o l u t i o n  not  b e  d ls  I 

r u p t e d  by  a x l o n  emfss lon  

A ° ( A X I O N )  S E A R C H E S  IN STABLE PARTICLE D E C A Y S  
Limits a r e  for b r a n c h i n g  rat ios 

VALUE CL% EVTS DOCUMEN! ~D TECN COMMENT 

• • • We d o  not  use t he  toHowlng  d o l O  for a v e r a g e s  fits l imits e t c  • • • 

< 8 ",10 - 7  90 4BAKER 87 CALO K -+ - -  ~ -+A 0 

< '1 3 x '10-8 90 5KORENCHE 87 

• ,C 1 \ 1 0  - t 0  90 0 6 ~ICHLER 86 

.~. 1 ~ I 0  - 9  90 0 6 [ICHLER 86 

'< 2 ~ 10 - 5  90 7 YAMAZAKI 84 

< ( I  5 - 4 )  x, 1 0 - 6  90 7yAMAZAKI  84 

0 8 ASANO 82 

I 
(A o ~ e + e  - )  

SPEC "~+ ~ e + i ' A  ° J 
i 

(A 0 ~ e + e  - )  

SPEC S t o p p e d  ~u + ~ I 
i 

e + A  0 
g 

SPEC S t o p p e d  ~ +  ~ I 
e ~ I,A 0 

SPEC For 160. m- 260 

MeV 

SPEC K d e c o y .  
m(Ao) < - 100 

MeV 

CNTR S t o p p e d  K + 
~r+A 0 

0 9ASANO 818 CNTR S t o p p e d  K + - -  
• ,r + A0 

10 ZHITNITSKII 79 Heavy  a x l o n  

4BAKER 87 l im l l  assumes  t h a i  t he  A 0 t rave ls  m u c h  less t h a n  1 4 c m  in the  I 
g 

IOb b e f o r e  a e c a y l n g  
5KORENCHENKO B7 l imi t  assumes  n~A  ~) = 'I 7 MeV T(A o) <,~ 10 -12  sec, I 

a n d  BR(A ° ~ e + e  - )  = I 

I 6EICHLER 86 l o o k e d  tar # +  ~ e + A  0 a n d  ~r + ~ e+J 'A  0 f o l l o w e d  by  A 0 
e ~ e -  brui ts  on  the  b r a n c h i n g  f r ac t i on  d e p e n d  on  t he  mass a n d  a n d  
h l e t i m e  of A 0 The q u o t e d  l imits o re  voi~d w h e n  ~(AO)~:3 × 1 0 - I 0 s  if t he  
d e c o y s  o re  k l n e m o t i c o l l y  a l l o w e d  

7yAMAZAKI  84 l o o k e d  for o d i s c r e t e  l l ne  in K + ~ , ~ ' -  X Sensd lve to w i d e  
mass r a n g e  ( 5 - 3 0 0  MeV)  i n d e p e n d e n t  of w h e t h e r  X d e c a y s  p r o m p t l y  or 
no t  

8ASANO 82 a t  KEK set l imits for BR(K + ~ ~r+A3) for m(A  0) - .100  MaY  as BR 
• 4 '<10 - 8  for T(A 0 ~ n 3  S) -1 , 10 - 9  S BR - t 4 Y 1 0  - 6  tar r 
• I > - 1 0 - 9 S  

9ASANO 81B ~S KEK e x p e n m e n t  Sel BR(K + ~ ~r+A0) - 3 . 8  < IB  - 8  a t  CL = 
90% 

IOZHITNITSKII 79 a r g u e  t ha i  O h e a v y  a x l a n  p r e d i c t e d  by  YANG 78 (3 • m 
• 40  MeV) c o n t r a d l c t s  e x p e r i m e n t a l  muon a n o m a l o u s  m a g n e t i c  
m o m e n t s  

A o ( A X I O N )  S E A R C H E S  IN Q U A R K O N I U M  A N D  P O S I T R O N I U M  

D E C A Y S  
D e c a y  or t rans thor l  of p o s l f f o n i u m  q u o r k o n l u m  k a o n  n u c l e o n  a n d  
r a d l o a c t l v e  n u c l e u s  Umds a r e  for b r a n c h l n g  ratio 

VALUE CL% E V ' { $  DOCUMENT ID . '/E.C_AI C_.O_MMENt 

• • * We d o  not  use t he  f o l l o w l n g  d a t a  for o v e r a g e s  fits hmlJS e t c  • • • 

• < 5 × 1 0 - 5  11DRUZHININ 87 CALO ,5 ~ "~A 0 (A 0 

e + e - )  

~. 2 × 1 0  - 3  12 DRUZHININ 87 CALO ,;, - -  5 A  0 (A  0 ~ ~) 

< 7 "< 1 0 - 6  13 DRUZHININ 87 CALO ,;) ~ 5 A 0 (A 0 ~ miss- 
Ing )  

• ~ 3 1 / I 0  - 4  9B 0 14 ALBRECHT 86D ARG T( IS)  ~ 5 A  0 (A 0 
e + e  - )  

<: 4 ~ I0 - 4  90 0 14 ALBRECHT 86D ARG T(15) ~ "yA o (A o 
~ + ~ - ,  ; r + ~  - 

K + K  - ) 

< B ":10 - 4  90 i ISALBRECHI BbD ARG T(IS) - -  5A: 
< 1 3 . I 0  - 3  90 0 10ALBRECHT 86D ARG "I"(15') . .  ) A  o 

( A0 -- e + e  - 5 5 )  
<- 2 ~ 10 - 3  90 17 BOWCOCK 86 CLEO T(2S) - -  T( tS)  ~ A 0 
< 5 \ 10 - 3  90 18 MAGERAS 86 CUSB T(IS) .° AO'~. 

< 3 <10 - 4  90 19ALAM 83 CLEO T(tS) ~ AO3 

20 CARBONI 83 CNTR O r l h o  p o s d r o n t u m  

< 9 1 '~ I 0  - 4  90 21 NICZYPORUK 83 LENA T(15) -- AO3 

< 1 4 ~10 - 5  90 22EDWARDS 82 CBAL J ' "  ~ AO3 

< 3 5 < t 0  - 4  90  2351VERTZ B2 CUSB ~'(~S') -- A33 

< I 2 "~10 - 4  90 2351VERTZ 82 CUSB T(3E) ~ A=3 • 

11The firm DRUZHININ 87 hmd is v o h d  w h e n  T(AO)'m(A O) - .  3 .  I 0  - 1 3  s / M a Y  
a n d  rn(A °) < 20 MeV 

12The s e c o n d  DRUZHININ 87 l imit  is va l i d  w h e n  :(AO). 'm(A 3) < 5-~10 - 1 3  
s,.MeV a n d  m(A o) < 20 MeV  

13The th i rd  DRUZHININ 87 l imit  is vohd  w h e n  T(A O) m(A 3) -- 7 -  10 - - t2  s. MeV 
a n d  n~A 0) < 200 MeV 

14T(A0) < I \ I 0 - 1 3 S  a n d  m(A O) < 1 5  GeV  A p p h e s  for A 0 ~ ) 5  w h e n  
m{A  0) < 100 MeV 

t5: ' (A0)  > 1 x 1 0 -  7S 
1 6 I n d e p e n d e n t  at T(A °) 
178OWCOCK 86 l o o k e d  for A 0 tha t  d e c o y s  in to e + e  - m the  c a s c a d e  

d e c a y  T(25)  ~ "r( ' IS')Tr+= - f o l l o w e d  by  " I ' ( I E ) -  AO'~ The l imit  tar  
BR(T(IS) ~ AOs)BR(AO~ e + e  - )  d e p e n d s  on  n'K,A °) a n d  T(A 0) The 
QUOted l imit  for m(A0)=1 8 MeV rS a t  T (A0 )~2  < 1 0 - 1 2 S  whece  The l lmi t  IS 
the  worst  The s o m e  hmd (2 "-10 - 3 )  a p p l i e s  tar a l l  l i fe t imes for masses 
2m~e)  < n~A  °) < 2n~w)  w h e n  Ihe  results of this e x p e r l m e n l  a re  c a m -  
b r e e d  wi th  t he  results of ALAM 83 

18MAGERAS 86 l o o k e d  for T( IS)  ~ 4! A 0 (A  0 ... e + e - )  The Q u o t e d  b r a n c h  
ing  f r ac t i on  hml l  is for m(A 0) = 1 7 MeV at  T ( A 0 ) ~ 4  Y 1 0 - t 3 s  w h e r e  Ii~e 
l imit  is t he  worst  

19ALAM 83 is o l  CESR Thts l imit  c o m b i n e d  wqth h i d  for BR(J.',.' ~ A° ' l )  
(EDWARDS 82)  e x c l u d e s  s t a n d a r d  OXlOn 

20CARBONI 83 looked for orthoposllrontum ., AO'i Set hmlt for A o electron 
coupling squared, g(eeAO)2/(47r) • 6. :~ 10-10-7 < 10-9 for n'KA0)trom 

150-900 keY (CL = 99 7%) This is about I; 10 of g-2 bound 
21NICZYPORUK 83 is DESY-DORIS experimenl This limit together wlth lower 

hmil 9 2'<10 -4 of BR(T .~ AO~) derived from BR(j'c(IS).o AO~) limil 

(EDWARDS 82)  e x c l u d e s  s t a n d a r d  o x l o n  
22EDWARDS 82 l o o k e d  for J ~ ~ ~.A 0 d e c a y s  by  Iook tng  tar even t s  wt th  a 

s ing le  5 Jot e n e r g y  ~ 1 2  the  J : ~ ( I S )  moss i p lus  n o t h i n g  e lse  m the  
d e t e c t o r  The h i l t  is ~ncons ls ten l  w i th  l h e  ox ion  t n te rp re ta l lOn  of the  
FAISSNER 81B resul t  

23SIVERTZ 82 IS CESR e x p e n m e n t  L o o k e d  for "( ~ ~ A o A c u n d e t e c t e d  
bm l t  for 15 (35') is vohd  for rn(A c) - 7 GeV  (4 G e V )  

A ° ( A X I O N )  P R O D U C T I O N  IN H A D R O N  C O L L I S I O N S  
Limits ore for a(A °) . n(=-.o) 

VALUE CL% E V T $  DOCUMENT IO TECN 

• • • We do  no l  use t he  fo l l ow ing  d a l a  for a v e r a g e s  flls 

< 2 .I0 -it 90 0 

< I , 10 -13 90 0 

24 

< t "<10 - 8  90 
< 1 v 1 0 - 1 4  90 

12 

15 

8 

0 

< I , 1 0  - 8  90 

< I × t B  - 3  95  
< I , I B  - 8  90 

< 6 × I B  - 9  95  
< 1 5 "<t0 - 8  90 
< 5 4 ×10  - 1 4  90 

< 4 .1  X I 0  - 9  90 

< I ×10 - 8  9D 

< 0 5 ~ 10 . 8  90 

24 BADIER 86 BDMP 

25 BERGSMA 85 CHRM 

25 BERGSMA 85 CHRM 

26 FAISSNER 83 OSPK 

27 FA~SSNER 83~, RVUE 
28 FRANK 83B RVUE 

29 HOFFMAN 83 CNTR 

30 FETSCHER 82 RVUE 

31 FAISSNER 81 OSPK 
32 FAISSNER 81B OSPK 

33 KIM 81 OSPK 

34 FAISSNER 80 OSPK 

35 JACQUES 80 HLBC 
35 JACQUES 80 HLBC 

36 SOUKAS 80 CALO 

37 BECHIS 79 CNTR 

38 COTEUS 79 OSPK 

39 DISHAW 79 CALO 

ALIBRAN 78 HYBR 
ASRATYAN 78B CALO 

40 BELLOTTI 78 HLBC 

40 BELLOTTI 78 HLBC 
40 8ELLOTT{ 78 HLBC 
4t  BOSE111 78B HYBR 

42 DONNELLY 78 
HANSL 78D WIRE 

43 MICELMAC 78 
44 VYSOTSKII 78 

COMMENT 

l imits e t c  • • • 

A 0 ~ e + e -  

CERN b e a m  d u m p  
CERN b e a m  d u m p  

Beam d u m p  A 0 

25 
LAMPF b e a m  d u m p  
LAMPF b e a m  d u m p  
~1"p ~ nA c 

(A o --  e+  e - )  
See FAISSNER B18 

CERN PS l, w ~ d e b a n d  
Beam clump A o -- 

25 
26 GeV DN ~ A ° X 

Beam d u m p  A0 

e + e  - 

28 GeV  p ro tons  

Beam d u m p  
2B G e V  p b e a m  

d u m p  

Beam d u m p  
4B0 GeV  p p  
Beam d u m p  
Beam d u m p  
Beam d u m p  
m(Ao)=1 5 MeV 

rn~Ao)=1 MeV 

B e a m  dump 

Beam d u m p  
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Stable Particle Full Listings 
OTHER VERY LIGHT BOSONS 

24BADIER 86 d i d  not  h n d  l o n g - h v e d  A o in 300 G e V  "rr- B e a m  D u m p  Experi- 
m e n t  That d e c a y s  rata e + e  - in t he  mass r a n g e  m(A °) = ( 2 0 - 2 0 0 )  MeV 
w h i c h  e x c l u d e s  Ihe  A o d e c a y  c o n s t a n t  I(A o) in t he  in te rva l  ( 6 0 - 6 0 0 )  G e v  
See the i r  f igure  6 for e x c l u d e d  r e g i o n  on  I(A 0) m(A  o) p l a n e  

25BERGSMA 85 IOOk for A 0 ~ 23 e + e  - ,  p + # -  First l im l l  a b o v e  is for 
rn{A c) = I MeV s e c o n d  is for 200 MeV See the l r  h g u r e  ,4 for e x c l u d e d  
r e g l o n  on  F A o - m ( A  °) p l a n e  w h e r e  FAD is A o d e c a y  c o n s t a n l  For 
P e c c e i - Q u m n  PECCEI 77 A 0 rn(A 0) • 180 keV a n d  T "0 037 sec  (CL = 
90%)  For the  a x l o n  of FAISSNER 81B at  250 keV BERGSMA 85 e x p e c t  15 
even t s  b u l  o b s e r v e  zero 

26FAISSNER 83 o b s e r v e d  19 1-3 a n d  12 2 "~ even t s  w h e r e  a b a c k g r o u n d  of 
4 B a n d  2 3 r e s p e c h v e l y  is e x p e c l e d  A s m a l l - a n g l e  p e a k  Is o b s e r v e d  
e v e n  if uon  w a l l  is set in f ron l  of the  d e c a y  reg ion  

27FAISSNER 838 e x l r o p o l o t e  SIN ~ s l gna l  to LAMPF ~' e x p e r i m e n t a l  c o n d l t l o n  
Resu lhng  370 ~ s o re  no t  ot  v a n a n c e  w i th  LAMPF u p p e r  l iml t  of 4.50 *) s 
D e r i v e d  f rom LAMPF hml t  t ha i  Jdo(AO).'d~.L , O1 90¢Ir~AO),,'T(A O) - t4"< I0  - 3 5  
c m  2 s r -  1 MeV m s e c -  t See c o m m e n l  on  FRANK 83B 

28FRANK 838 stress t he  ~mpor tonce  O1 LAMPF d o l o  bins w i th  n e g a t i v e  ne t  
s~gnal By sfaflSllCOl ana lys i s  soy 1hot LAMPF a n d  SIN A0 a r e  at  v o n o n c e  
w h e n  e x t r a p o l a h o n  by  p h a s e - s p a c e  m o d e l  is d o n e  They f ind  LAMPF 
u p p e r  l imit  ~s 248 not  450 "r s See c o m m e n t  on  FAISSNER 83B 

29HOFFMAN 83 set CL = 90% hml t  d ~ d t  BR(e + e - )  - 3 5", 10 - 3 2  c m  2, GeV  2 
for 140 • m(AO) • 160 MeV Dmff assumes  T(A O) • 10 - 9  sec  

30FETSCHER 82 r e a n a l y z e s  SIN b e a m  c l u m p  d a t a  o l  FAISSNER 81 C la ims  no  
e v i d e n c e  for a x i o n  s ince  2-'t p e a k  ro te  r e m a r k a b l y  d e c r e a s e s  if i ron wa l l  
Is sel  In front of the  d e c o y  reg ion  

31FAISSNER 81 see  excess  . e  e v e n t s  Sugges l  ax~on m t e r a c h o n s  
32FAISSNER 818 ~s SIN 590  MeV  p r o t o n  b e a m  d u m p  O b s e r v e d  14 5 _"z-5 0 

even t s  of 2"~ d e c a y  of l ong  I tved n e u t r a l  p e n e l r o l l n g  p a r h c i e  w i th  m(2"~) 
< 1 MeV Ax ion  i n t e r p r e t a t i o n  wdh  ~pA 0 m i x i n g  g~ves m(A O) = (250 ± 25) 
keY  ~'(2~,) : (7 3 ± 3 7 ) \  10 - 3  sec t ram a b o v e  ra te  See c r i t i ca l  remarks  
b e l o w  in c o m m e n t s  of FETSCHER 82, FAISSNER 83 FAISSNER 83B FRANK 838 
a n d  BERGSMA 85 Also see ~n l h e  nex t  s u P s e c h o n  ALEKSEEV 82 CAVAIG-  
NAC 83 a n d  ANANEV 85 

33KIM 81 a n a l y z e d  8 c a n d i d a t e s  for A c o 23 o b t a l n e d  by  A a c h e n  Poclova 
e x p e r i m e n t  at  CERN w l t h  26 G e V  p r o l o n s  on  Be Est imated o x l o n  mass Is 
a b o u t  300 keV a n d  h fe t lme ~s ( 0 8 6 ~ 5 6 )  '.: 10 - 3  sec  d e p e n d i n g  on  
m o d e l s  Foissner ( p r t v o l e  c o m m u n i c a t i o n )  says a x l o n  p r o d u c t i o n  
u n d e r e s h m o t e c i  a n d  mOSS o v e r e s h m o l e d  Co r rec t  v a l u e  a r o u n d  200 keV 

34FAISSNER 80 is SIN b e a m  d u m p  e x p e n m e n t  w i th  590 MeV p ro tons  l o o k i n g  
for A c ~ e ~ e  - d e c a y  Assuming  AO.T, 0 = S 5 / 1 0  - 7 ,  o b l a l n e d  d e c a y  
ra te  l imd 2 0 . ( A  ° moss)  M e V / s e c  (CL = 90%)  w h i c h  ~s a b o u t  10 - 7  b e l o w  
theo ry  a n d  i n t e r p r e t e d  as u p p e r  l imit  to n~A  0) - 2 m ( e - )  

35jACQUES 80 ~s 0 BNL b e a m  d u m p  e x p e n m e n t  First hml t  a b o v e  c o m e s  
f rom n o n o b s e r v o t l o n  o l  excess  n e u l r o l  c u r r e n t - l y p e  even t s  
J r ~ ( p r o d u c h o n ) ~ 0 n t e r a c t a c h o n  ) - 7  - 1 0  - 6 8  c m  4 CL = 90%J S e c o n d  
hmlt  is f rom n o n o b s e r v a t l O n  of a x l o n  d e c a y s  Into 2~ s or e + e -  a n d  for 
OXlOn mass o few MeV 

36SOUKAS B0 01 BNL o b s e r v e d  no  excess  of n e u t r a l  c u r r e n t  t y p e  e v e n t s  ~n 
b e a m  d u m p  

37BECHIS 79 l o o k e d  for t he  OXlOn p r o d u c t i o n  In l ow  e n e r g y  e l e c t r o n  
B remss t rah lung  a n d  t he  s u b s e q u e n t  d e c a y  ~nto e i t he r  2~ or e + e -  NO 
s igna l  f o u n d  CL = 90% hmlts for m o d e l  p o r o m e l e r ( s )  a r e  g~ven 

38COTEUS 79 ~s a b e a m  c lump  e x p e n m e n l  a t  BNL 
39DISHAW 79 is a c a l o r l m e h l C  e x p e r i m e n t  a n d  looks for low e n e r g y  1Oll of 

e n e r g y  d lS l r l buhons  d u e  Io e n e r g y  lost to w e a k l y  I n t e r a c h n g  pa r t i c l es  
40BELLOHI 78 hrsl v a l u e  c o m e s  f rom s e a r c h  for A0 ~ e + e  - S e c o n d  v a l u e  

c o m e s  from s e a r c h  1or A ° ~ 2~.  a s s u m i n g  mass - 2 r e ( e - )  For a n y  mass 
sahsfy~ng this hm~t ~s a b o v e  v a l u e  ~ (moss - 4 )  Third v a l u e  uses d a t a  o l  
PL 60B 401 a n d  q u o l e s  a ( p r o d u c h o n ) r ; ( m t e r a c h o n )  - 10 - 6 7  c m  4 

4tBOSETTI 788 q u o t e s  n ( p r o d u c f t o n ) a ( J n t e r a c h o n )  - 2 × 10 - 6 7  c m  4 
42DONNELLY 78 e x a m i n e s  d a t a  f rom r e a c t o r  n e u h l n O  e x p e r i m e n t s  of 

REINES 76 a n d  GURR 74 as we l l  as SLAC b e a m  d u m p  e x p e r i m e n t  Ew- 
d e n c e  is n e g a h v e  

43MICELMACHER 78 f inds no  e w d e n c e  of aXlOn ex~s lence  in r e a c l o r  e x p e n  
men ts  of REINES 76 a n d  GURR 74 (See r e f e r e n c e  u n d e r  DONNELLY 78 
below) 

44VYSOTSKII 78 derived lower hmll for the axlon moss 2.5 keY from luminosity 
O1 1he sun a n d  200 keV from red  s u p e r g l a n l s  

A ° ( A X I O N )  S E A R C H E S  IN R E A C T O R  EXPERIMENTS 
VA_L.UE DOCUMENT IO rECN COMMENT 

• • • We dO not  use 1he f o l l o w i n g  d a t a  tar a v e r a g e s  his hmllS e t c  • • • 

45KETOV 86 SPEC R e a c l o r  A 0 ~ "~"t 
46 KOCH Bb SPEC Reoc lo r  A 0 ~ -~ "y 
47 DATAR 82 CNTR L lgh l  w a t e r  r e a c t o r  

4SVUILLEUMIER 81 CNTR Reactor ,  A 0 ~ 2~ 

45KETOV 86 s e a r c h e d  for A c at  t he  Rovno n u c l e a r  p o w e r  p l a n t  They f o u n d  
a n  u p p e r  i lml t  on  l h e  A 0 p r o d u c t i o n  p r o b a b l l d y  of 0 8 1100 keV,,rr~A0) j6 

10 - 6  p e r  fission In t he  s l o n d o r d  o x i o n  m o d e l  this c o r r e s p o n d s  to 
rn(A 0) > 150 keV  Not va l i d  for m(A0) ~: I MeV 

46KOCH 8b s e a r c h e d  for A 0 ~ "1 "~ 01 n u c l e a ;  p o w e r  r e a c t o r  BibllS A They 
found on upper limit on the A 0 productlon rate of ~(A0),'~'('~(M1)) < 
1 5>'10 -t0 (CL=95%) Standard oxlon wlth m{A 0) = 250 keY gwes 10 -5 
for t he  raho  NOt va l i d  for rr~A 0) > 1022 keV 

47DATAR 82 l o o k e d  for A 0 ~ 2~ m n e u t r o n  c a p t u r e  ( r i p  ~ CIA ~) of Tarapur  
500 MW r e a c t o r  Sens l t lve  to sum of / : 0 a n d  I = I o m p h t u d e s  With 
ZEHNDER 81 J( l  = 0 ) - ( I  = 1)J resul t  assert  n o n e x i s t e n c e  of s t a n d a r d  A 0 

48VUILLEUMIER 81 Js at  G r e n o b l e  r e o c l o r  Set hind m(A o) 280 keV 

A 0 ( A X I O N )  S E A R C H E S  IN N U C L E A R  T R A N S I T I O N S  
Llml ls  o re  lo t  b r a n c h l n g  raho  

VALUE CL % EV;S DOCUMENT /D TECN COMMENt 

• • • We do  not  use t he  fo l l ow ing  Clolo for o v e r a g e s  his hmltS e tc  • • • 

< 4 ~ 10 - 4  95 49 SAVAGE 88 CNTR N u c l e a r  d e c o y  0so 

<. 3 v l 0  - 3  

< 4 • 10 - 4  

95 49 SAVAGE 88 

COlOr) 
90 0 50 SAVAGE 868 CNTR 14SBN ° 

51 ANANEV 85 CNTR Ll° d e u t -  A0 ..o 2~ 

52 CAVAIGNAC 83 CNTR 97Np-  d e u t "  t ronsl  
t lon  A 0 -o 2", 

53 ALEKSEEV 82B CNTR Ll" d e u t  ° t rans i t ion 
AO ~ 2-~ 

54 LEHMANN 82 CNTR C u "  ~ C u A  3 (A 0 

2"~) 
0 55 ZEHNDER 82 CNTR LI" N b "  d e c a y  n 

COpt 
0 56ZEHNDER 81 CNTR BO" ~ BoA 0 (A 0 ,o 

2"~) 
57 CALAPRICE 79 C a r b o n  

49SAVAGE 88 l o o k e d  for A 0 t ha t  d e c a y s  into e + e -  ~n t he  d e c a y  of the  
9 17 MeV  j =  = 2+  s ta te  in 14N 17 b4 MeV s la te  . F  = 1+ in 8Be a n d  the  
t8  t 5  MeV s l a te  j~r = I + In 8Be This e x p e r i m e n t  cons t ra ins  the  i sovec  
tar  c o u p l i n g  of A ° 1o hod rons  d m(A 0) = [1 1 ~ 2 2) MeV a n d  Ihe  ~sos 
co lo r  c o u p h n g  of A ° 1o h o d r o n s  ~f m(A 0) = (1 1 ~ 2 6) MeV Both hmds 
a r e  va l i d  on ly  ff r (A  0) < I < 10 - t t  s 

50SAVAGE 86B l o o k e d  for A 0 1hot d e c o y s  m id  e + e -  in t he  d e c a y  of the  
9 17 M e v  JP = 2 + s ta te  in 14N LlmiJ on  1he b r a n c h i n g  f r a c h o n  is va l i d  ff 
T(AO)~I  / I 0 - 1 1 S  for r'n(A 0) = ( I  I - I  7) MeV Th~s e x p e r l m e n t  cons t ra ins  
the  iso vec to r  c o u p h n g  of A ° to h a d r o n s  

5'IANANEV 85 w l th  IBR-2 p u l s e d  r e a c t o r  e x c l u d e  s l a n d o r d  A 0 o l  CL = 95% 
masses b e l o w  470  k e v  (D ° d e c o y )  a n d  b e l o w  2re (e )  for d e u l e r o n -  
d e c a y  

52CAVAIGNAC 83 o l  Bugey  r e o c l o r  e x c l u d e  a x i o n  01 a n y  n " K 9 7 N b - d e c o y )  
a n d  a x l o n  w i th  m(A 0) b e t w e e n  275 a n d  288 keV ( d e u t e r o n -  d e c a y )  

53ALEKSEEV 82 w l th  IBR 2 p u l s e d  r e a c t o r  e x c l u d e  s t a n d a r d  A 0 at  CL : 95% 
mass ranges  m(A 0) 400 keV (Li= d e c o y )  a n d  330 keV . m(A=) - 2 2 
MeV ( d e u t e r o n  • d e c a y )  

54LEHMANN 82 o b l o m e d  A 0 ~ 23 ra te  • 6 2 • 1 0 - 5 . s e c  (CL = 95%)  e x c l u d  
mg  m(A 0) b e l w e e n  100 a n d  1000 keV 

55ZEHNDER 82 used  G o e s g e n  2 8GW hgh l  w a t e r  r eac to r  to c h e c k  A 0 p ro  
d u c h o n  No 23 p e a k  in L=- N b *  d e c a y  ( b o l h  s ing le  p t t onsd lon )  nor  in 
n c a p l u r e  ( c o m b i n e d  wHh p rev ious  BO- n e g a h v e  resul t )  rules out  s tan  
d a r d  A 0 Set hmlt  m(A 0) . 60 keV for a n y  A 0 

S6ZEHNDER 81 l o o k e d  for BO" .o AOBo t ransd lon  w i th  A 0 ~ 23 O b l o I n e d  23 
c o i n c i d e n c e  ro te  - 2 2 ¢ 1 0 - 5 ; s e c  (CL = 9 5 % )  e x c l u d i n g  rr~A 0) -160 
keV (or  200 keV d e p e n d i n g  on  Higgs m ix i ng )  However  see  BAR 
R o s a  81 

57CALAPRICE 79 SOW rio OXlOn emiss ion f rom e x c i t e d  s la tes  of c a r b o n  Sen 
Slt lve to OXlOn mass b e l w e e n  1 a n d  15 MeV 

I 
vecloO 

CNTR Nuclear d e c a y  0sos- l 

A 0 (1  8 MeV) S E A R C H E S  IN N U C L E A R  T R A N S I T I O N S  
Dmi ls  o re  for I ( A ( 1  8 MeV))  I ( ~ M I )  l e for 1 8 MeV a x , o n  em,ss,on 
n o r m o h z e d  to the  ro le  for i n l e r n a l  emiss ion of e 4 e " pai rs  

VALUE CL % DOCUMENT IO rECN COMMENt 

• * • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  tits hml ls  e t c  • • • 

< 0 106 90 58 HALLIN 86 SPEC 6Li =sovector d e c o y  
< 10 8 90 58 HALLIN 86 SPEC 10B isoscolor  d e c a y s  
< 2 2 90 58 HALLIN 86 SPEC 14N isosca la r  d e c a y s  

58Vahd  1Or T(A O) <. 2 t 1 0 - 1 1 S  6D isovec to r  d e c a y  d a t a  s t rong ly  d is favor  
PECCE[ 86 m o d e l  I w h e r e a s  the  '~0B a n d  14N isosca lor  d e c o y  d a t a  
s t rong ly  r e l e c t  PECCEI 86 m o d e l  II a n d  Ill 

A 0 ( 1  8 M e V )  LIMITS F R O M  ITS E L E C T R O N  C O U P L I N G  
Limlts o re  for T(A 0 ~ e + e  - )  at m(A 0) = 1 8 MeV 

VALUE (see.) CL % DOCUMENT IO TECN COMMENT 

• • • We d o  not  use l h e  f o l l ow ing  d o I o  for a v e r a g e s  fits l imits e t c  * * • 

59 MILLS 87 SPEC e" e ~ A: ~ I 
i 

e+e- 
n o n e  1 ~ 1 0 - t 4 - 1  • 10 - 1 0  90 60 RIORDAN 87 BDMP eN " e A ° N  I 

e 

(A c ~ e ~ e  - )  
n o n e  1 ~ 1 0 -  t4 -1  • 1 0 - 1 1  90 61 BROWN 86 BDMP eN ~ eAON I 

I 

(A :  ° e + e  - )  
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n o n e  6 ~ 1 0 - ' = 4 - 9 × 1 0  - 1 1  95  62 DAVIER 86 BDMP e N  ~ e A O N  

(A 0 ~ e + e  - )  
n o n e  3 • 1 0 - 1 3 - I ~ 1 0  - 7  90 63 KANAKA 86 BDMP e N  ~ e A O N  

(A  o ~ e ~  e - )  

69MILLS 87 s e a r c h e d  tar O Bhabho s c a t t e r i n g  1 e s o n o n c e  nee1 '1 B MeV 
60Assumes A03 3 c o u p l i n g  is smal l  a n d  h e n c e  Pr imakof f  p r o d u c h o n  Is sme l l  

1"heir h g u r e  2 shows hmJts on  ax~ons for rr~A 0) < 15 MeV 
61Uses e l e c t r o n s  in h a d r o n t c  showers  f rom a n  J n c l d e n l  800 G e V  p r o t o n  

b e a m  Limits tar m(A 0) < 15 MeV a re  s h o w n  In the i r  f i gu re  3 
62m(A  o) = t 8 MeV  a s s u m e d  The e x c t u d e d  c iomo ln  in  t h e  7 ( A o ) - r n ( A  O) 

p l a n e  e x t e n d s  u p  to rn(A °) 14 MeV  see  thel~ f igu re  4 
63The l imits a r e  o b t o l n e d  f rom the i r  f i gu re  3 Also g i v e n  is the  l lm l l  on  t he  

A 0 " ~ ' ~ - A 0 e  + e -  c o u p l i n g  p l a n e  Dy a s s u m i n g  Pr~makoff p r o d u c t i o n  

SEARCHES FOR GOLDSTONE BOSONS (X °) 
( I n c l u d l n g  Honzon lo l  Bosons a n d  MOlorons ) Limits a r e  for b r o n c h l n g  

rat ios 
VALUE CL % DOCUMENT ID 7ECN COMMENt 

• * • We d o  not  use l h e  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits hinds e t c  • * * 

< I 3 <10 - 9  90 6 4 G O L D M A N  87 CNTR ~, ~ e ' ~ X  o Faml l on  

< 3 " :10 - 4  90 65BRYMAN 868 RVUE /~ ~ e X  0 Foml lon  

< 2 6 ~ 0  - 6  90 bbJOOlO(O 86 SPEC ~+  .o e + X O  Famt- 
ion 

67 BALTRUSAITIS 85 MRK3 /" ~ / X 0 Fomllon 

68 DICUS 83 COSM I' ( hvy )  ~ ~' ( l i gh t )  
X 0 

64GOLDMAN 87 l imff c o r r e s p o n d s  to F > 2 9 \  109 G e V  for t he  fam i l y  sym- 
m e t r y  b r e a k l n g  s c a l e  f rom the  L a g r a n g l a n  Lin t = (f, 'F),~#'~# (O+D~S)  
~w,l.d.,,X 0 wi th  a . 2 + b  2 = I Thls IS not  as sens i t i ve  as t he  l imit  F > 
9 9 × 1 0 9  G e V  d e r i v e d  f rom the  s e a r c h  for ~ +  ~ e + X  0 by  JODff310 86 
bu t  does  no t  d e p e n d  on  t he  chi~'al i ty p r o p e r t y  of t he  c o u p l i n g  

65LImLts a r e  tar  I'(,~ ~ e X 0 ) , l  (# ~ e r r )  Va l i d  w h e n  m ( X  °) = 0 - 9 3  4 

98 1 -103  5 MeV  
66JODIDIO 86 c o r r e s p o n d s  to F ~. 9 9;,<109 G e V  tar t he  fam i l y  s y m m e t r y  

b r e a k i n g  s c a l e  w i th  t he  pa r i t y  c o n s e r v l n g  e f f ec t i ve  L o g r a n g l a n  L l n t=  ( 1 / 0  

4 ~h.u~. e~,.u,:,X 0 
67BALTRUSAITIS 85 s e a r c h  for hgh l  G o l d s t o n e  b o s o n ( X  °) of b r o k e n  U(1) CL 

= 95% l imits a r e  BR(r ~ ~ + X  °) / BR(r ~ . u + r l , )  - 0  t 25  a n d  BR(r 

e + X 0) / BR(T ~ e + l , v )  - 0 04 In fer red l imi t  for the  s y m m e t r y  b r e a k i n g  

s c a l e  is m . 3 0 0 0  TeV 
68The primordial heavy ~eufrlno musf decoy ~nto i' and tamLlon fA early 

SO tha t  the  t ed -sh l f t ed  d e c o y  p r o d u c l s  o re  b e l o w  c r i t i ca l  dens i t y  see  
the i r  t a b l e  In a d d i t i o n  K ~ 7r e n d  ~ ~ e a r e  u n s e e n  C o m b i n i n g  t h e s e  
e x c l u d e s  m ( h e o v y  r )  b e t w e e n  5 '<10  - 5  a n d  S × 1 0  - 4  MeV  (/~ d e c o y )  
a n d  n ~ h e a v y  r )  b e t w e e n  5 × 1 0  - 5  a n d  0 1 MeV  ( K d e c a y )  

MAJORON SEARCHES IN NEUTRINOLESS DOUBLE ;~ DECAY 
Limits a re  for the  ha l f  l i fe of neu f r l no less  d d  d e c a y  w l th  Q M a l o r o n  em ls  

s lon 
AVIGNONE 87 r e p o r t e d  o b s e r v a h o n  of n e u l r l n o l e s s  d o u b l e  b e t a  d e c o y  
w i th  emiss ion of 0 s c a l a r  ( e  g ,  m a l o r o n )  Thls c l o l m  is s t rong ly  r e fu ted  
b y  CALDWELL 87 a n d  FISHER 87 See h o w e v e r  AWGNONE 878 w h i c h  
c l a l m s  tha t  if FISHER 87 d a t a  a r e  a n a l y z e d  in o d i f fe rent  w a y  t hey  o re  
no t  in c o n t h c t  wdh  AVIGNONE 87 

~/ALUE (years) ---CL% DOCUMENt ID rECN C_O_M_MENT . . . . .  

> 1 4 ~-I021 90 CALDWELL 87 CNTR 76Ge 

• • • We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

> 3 3 ~ 1020 90 ALSTON 88 CNTR 100Me 
(6 _+ 1) ~ 1020 AVIGNONE 87 CNTR 76Ge 

> 4 4 x' 1020 90 ELLIOTT 87 CNTR 825e 

> 1 2 ~. 1021 90 FISHER 87 SPEC 76Ge 

69 VERGADOS 82 CNTR 

69VERGADOS 82 sets l imit  gH " 4 ×  10 - 3  for ( d l m e n s l o n l e s s )  l e p t o n - n u m b e r  
v i o l a t i n g  c o u p l i n g  gH of sca la r  Posen  ( M a l o r o n )  Io neu t r i nos  f rom 
ana lys i s  of d a t a  on  d o u b l e  .:~ d e c a y  of 48Ca  

REFERENCES FOR SEARCHES FOR AXlONS (A s) AND 
OTHER VERY LIGHT BOSONS 

ALSTON 88 PRL 60 1928 AlstonGornJosl DOugherty+ (LBL MTHO UNM) 
SAVAGE 88 PR D37 1134 +Flllppone Mlrchell (CIT) 
AVIGNONE 87 A~P Con1 1987 *81oQzlnsWi M~ev Reeves (SCUC PNL) 

AIP COfif PIOC SOH Lake CHy UI 
AVIGNONE BIB PL B198 253 .BtOdzlnskl Miley Reeves (SCUC PNL) 
BAKER 87 PRL 59 2832 +Gordon Lazalus÷ (BNL SIN WASH YALE) 
CALDWELL 87 PRL 59 419 ,,Elsberg Grumm Wltherell+ (UCSB LBL) 
DRUZHININ 87 ZPHY C37 1 *Dubrovln Eidelmon Golubev+ (NOVa) 
[LLtO11 87 PRI. 59 ~649 ÷Hahn Moe (UCI) 
FISHER 87 PL 8192 460 +Boehm Bevel Egger+ (CII NEUC S~N) 
GOLDMAN 87 PR D36 1543 .~.Hallin Hoffman* (LANL CHIC STAN TEMP) 
KORENCHE 87 SJNP 46 192 Korenchenko Koslin Mznovlyo+ (JINR) 

MILLS 87 
RIORDAN 87 
ALBRBCHT 86D 
BADIER 86 
BOWCOCK 86 
BROWN 86 
BRYMAN 868 
DAVIER 86 
EICHLER 86 
HALLIN 86 
JODIDIO Bb 

Also 88 
E;ratum 

KETOV 86 

KOCH 86 
KANAKA 86 
MAGERAS 86 
PECCEI 86 
SAVAGE 86S 
ANANEV 85 

BALTRUSAITIS 85 
BERGSMA 85 
YAMAZAKI 84 
ALAM 83 
CARSON~ 83 
CAVAIGNAC 83 
OlCUS 83 
FAISSNER 83 
FAISSNER 838 
FRANK 838 
HOFFMAN 83 
NICZYPC~UK 83 
ALEKSEEV 82 

ALEKSEEV 82B 

ASANO 82 
BARROSO 82 
DATAR 82 
EDWARDS 82 
FETSCHER 82 
LEHMANN 82 
RAFFELT 82 
SIVERTZ 82 
VERGADOS 82 
ZEHNDER 82 
ASANO BtB 
BARROSO B 1 
FAISS~NER B1 
FAISSNER 8tB 
KIM 8t 
VUILLE UMIE R 8t 
ZEHNDER 81 
FAISSNER 80 
JACQUES 80 
8OUKA8 80 
8ECHIS 79 
CALAPRICE 79 
COTEUS 79 
DISHAW 79 
ZHITNITSKII 79 

ALIBRAN 78 
ASRATYAN 7Be 
BELLOTTI 78 
8OSETTI 7Be 
DICUS 7Be 
DONNELLY 7B 

AlSO 76 
AlSO 74 

HANSL 78D 
MLCELMAC 78 
VYSOTSKII 78 

YANG 78 
PECCEI 77 

Also 778 
REtNES 76 
GURR 74 

Translated from YAF 46 313 
PR D36 707 +Lew (BELL) 
PRL 59 755 ÷Krosn v Long Bart)aro BoOek÷ (ROCH CIT*) 
PL 8t79 403 +81nder Boeckmann+ (ARGUS Collob ) 
ZPHY C3t 2'1 *8emporod Boucrol COllar+ (NA3 Collop ) 
PRL 56 2676 +Giles HOSSOfd KlnoshllO+ (CLEO Collop ) 
PRL 07 2101 + (FNAL WASH KYOI KEK COLU STON SACL) 
PRL 57 2787 +Cliffo~a (TRIU) 
PL 8180 295 +Jeanlean Nguyen Ngoc (LALO) 
PL 8175 101 +Felawka Kraus Niebuhr+ (SlNDRUM Cogob ) 
PRL 57 2105 +CalpOrlce D~Jnford McDor.31d (PRIN) 
PR D34 1967 +Boike Cart GidOl St~insky÷ (LBL NWES TRIU) 
PR D37 237 Jodldlo Bolke Cart+ (LBL NWES /RIU) 

JETPL 44 146 +Kllmov Nlkoloev Mlkoelyon+ (KIAE) 
Translated Item ZEIFP 44 114 
NC 96A 182 ÷Scflult (JULI) 
PRL 57 659 +Imdl KobayosN Mosolke Mlyokee (KYOT KEK) 
PRL .56 2672 +Franzlnl furs voussef+ (MPIM COLU STON) 
PL 8t72 435 +Wu YonoglCIo (DESY) 
PRL 57 178 +Mckeon FiBppone Mitchell (CIT) 
SJNP 41 585 +Kollnlno LuShchlkov OtsnevsKIt* (JINR) 
Translated tram YAF 41 912 
PRL 55 1842 ÷Becket Bloylock Brown+ (MARK III COllOP ) 
PL ~578 458 +Oorenbo$ch Allaby Amoldl+ (CHARM Col lop ) 
PRL 52 1089 -IShlkOwO Tonlguchl Yomonoko+ (TOKY KEK) 
PR 027 1665 + (VAND CORN ITHA HARV OHIO I~CH+) 
EL t238 349 *Oohme (CERN MUNt) 
PL 121fl 193 +HoummodO Koong Ost+ (GREN LAPP) 
PR D2B 1778 +Teplltz (TEXA UMO) 
PR D2B 1198 +HelnrlgS Pieussger Somm (AACH) 
PR D2B 1787 +Frenze~ HeLnrlgs Preussger+ (AACH) 
PR D2B t790 + (LANL YALE LBL MIT SACL SiN CNRC BERN) 
PR D28 660 +Frank MIsChRe Molt Schordt (LANL ARZS) 
ZPHY C17 197 +Jokubowskl Zeluazlewlcz+ (LENA COlloP ) 
JETP SS 591 +Karlomysrtev Mokarln* (KIAE) 
rronsloleQ from ZETF 82 1007 
JETPL 36 116 +Kollnina Kruglov KulikoV+ (MOSU JINR) 
Translated from ZEI'FP 36 94 
PL 113B 195 ÷Klkutanl Kurokowo MIyOChI+(KEK TOKY OSAK) 
PL 1168 247 *Bronco [LISB) 
PL 1148 63 ~.BoDO 8ellgerl Singh (BHAB) 
PRL 48 903 ~Porlrldge Peck Porter+ (Crystal Batl COllOP ) 
JP G8 L147 (ETH) 
PL 1158 270 .LeSCluOy Muller ZylberoJch (SACL) 
PL 1198 323 +Stodolsky (MPIM) 
PR D26 7t7 +Lee Fronzlnl Horsrkone+ (CUSS Coiled ) 
PL I098 96 (CERN) 
PL 1108 419 ÷GoDOtt~uler Vullleum~er (ETH SIN CIT) 
PL 1078 'f59 +KlkutOnl Kutokowo MIyOChI+(KEK TOKY OSAK) 
PL t068 91 +Mukhopodhyoy (SIN) 
ZPHY C10 95 +Frenzel Grimm Hansl Hoffmon+ (AACH) 
PL t038 234 +Frenzet Hetnrlgs Pleussget÷ (AACH) 
PL t058 55 +Stamm (AAL,F, "~ 
PL I018 341 +8oehm Hahn Kwon+ (CIT MUNI) 
PL I04B 494 (ETH) 
PL 968 201 +Frenzel Helnrlgs Preussger Saturn+ (AACH) 
PR D21 1206 +Kolelkor Mlller Plane* (RUTG STEV COLU) 
PRL 44 564 +Wor'K:le(er Weng* (8NL HARV ORNL PENN) 
PRL 42 1511 +DomDeCk÷ (UMD COLU AFRR) 
PR D20 2708 +Dunford Kouzes Mlller+ (PRIN) 
PRL 42 1438 +Olesburg Fine Lee SOkOISky+ (COLU ILL BNL) 
PL 858 142 +element Berger Foessler t lu*  (SLAC CIT) 
SJNP 29 .5t7 +Skovpen (NOVa) 
translalea from YAF 29 1001 
PL 748 134 *Armenlse Arnold Bottley (Gorgomeile Coi leD) 
PL 798 497 +Epstein Fokhruldlnov÷ (ITEP S~RP) 
PL 768 223 +FIorlnl Zononl (MILA) 
PL 748 143 +DeOen Deulschmonn Ftilze+ (8EBC Col lop ) 
PR 018 1829 +Kelp lepi l tz Wagoner (IEXA VPI STAN) 
PR D18 1607 +Freedman Lytel Peccei Schwartz (STAN) 
PRL 37 315 Reines Gurr SoDel (UCI) 
PRL 33 179 Gurt Relnes Sobel (UCI) 
PL 748 139 +Holder Knobloch May Poor+ (CDHS Col loP)  
LNC 21 441 Mlcelmocher Pontecorvo (JINR) 
JETPL 27 502 .Zeldovlch Khlopov Chechetk ln (ASCI) 
Translated from ZETFP 27 533 
PRL 4t  523 (.MASA) 
PR D16 1791 +Qulnn (STAN SLAC) 
PRL 38 1440 Peccel Qulnn (STAN SLAC) 
PRL 37 315 +Gurr Sobel (UCI) 
PRL 33 179 .Relnes Sobel (UCI) 
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SEARCHES FOR NEUTRAL AND[ 
CHARGED HIGGS BOSONS 

N O T E  O N  T I l E  I I I G G S  B O S O N  

The  S t anda rd  Model  I c on t a i n s  one  neutra l  scalar  Htggs 

boson  which  ~s a r e m n a n t  o f  the m e c h a m s m  v,htch breaks  

t h e S t l ( 2 ) × l ~ ( I ) s . ~ m m e t r x  and  genera tes  the 11 a n d Z  

boson  m a s s e s  The  Htggs couples  to qua rks  and  lep tons  o f  

ol (.,'nl t .._ I/H (+4 iS the couphng m a s s  inf.. ru th  a s t rength  ", "'~ . 

cons t an t  o f  the S1..(21 gauge lheor.~) ( ' onsequen t l~  ~ts cou-  

p h n g  to stable ma t t e r  ~s very small ,  and  p r o d u c u o n  and  

de tec t ion  are xer.x difficult  

If the  H~ggs m a s s  ~wre smal l  then  the ~ a c u u m  state 

r u th  ~I|1 = 0 v . o u l d  become  the true g r o u n d  s l a t e o f t h e  

theory -k theorcnca l  cons t r a in t  can then be o b t a m c d  f rom 

the r e q m r e m e n t  that  the stable state g round  state o f  the 

theory be that  x,.tlh t /H =," 0 l h l s  ~mphes 2 ~IIF, 2 :7  
GeV The  shghtl.x s t ronger  b o u n d  3 .UH., ~ 10 GcV 

d e p e n d s  upon  a de tmled  anal,,s~s o f  the the rmal  h~stor.~ o f  

the umx erse,  m part tcular ,  the  a s s u m p t t o n  that  tts ba ryon  

n u t n b e r  denst t}  ts p roduced  at t e m p e r a t u r e s  larger than  

T| !  = / I l l  c-..' and  that  thts  dens \ Iv  ts not  then  d d u t e d  

b.', the eleclrm~,cak phase  t rans~tmn ~h~ch lakes  place at 

I ~ I II MI these  cons t r a i n t s  v,'eakcn as the  top-quark  

m a s s  increases ,  the', d t s appea r  ~ h e n  rote  p > t i  n 

-X \ cry hghI  l h g g s  boson  v, ould  p roduce  an a d d t n o n a l  

long-range c o m p o n e n t  to the nuclear  force No such com-  

ponen t  has  been seen and  the c o n s t r a m l  4 5 Utl,. > 13 MeV 

can bc ob ta ined  l)~rect searches  6 1"o1 Htggs b o s o n s  emi t t ed  

m nuclear  deca} also exclude the  m a s s  range f rom 3 to 14 

MeV A hghl  H~ggs could  be em~tted m K m e s o n  deca} ',tlt 

the process  K --,. 7rtl 0 If the l-hggs ~s hgh tc r  than  2 m ,  the  

final s ta te  v, dl bc a -c+c  - .  ot rr 'yy (the t b rmer  has  at least 

twice tile ~ d t h  o f  the lattm prox~ded ~t ts kmemaucal l .x  

accessible)  5 7 At larger masses ,  rr,u ÷ # - or  3re will dora-  

ma te  g A t t e m p t s  to calculate  the  b r a n c h i n g  1aim K ~ 7rll ° 
are f raught  wtth u n c e r t a m t t e s  It ~s c o n v e n m n t  to dlSlm- 

g m s h  l,.~,o c o n t n b u u o n s  to the process  |:~rstl', the s t range 

quark  can deca~ v,hfle the  u or  d imtu_]uark m the K m e s o n  

acts  it spec ta tor  Th i s  quark  deca.~ process  ~----* dl l  ° ~s 
s t ra~ghlforwatd to c o m p u t e  9 10 but  its \ a l u e  d e p e n d s  on the  

unknov~ n top-quark  tnass  and  the e l e m e n t s  o f  tile 

Koba .~as ln -Maska~a  mat r ix  The  h a d r o m c  ma t r ix  e l ement  

o f  t ins qua rk  deca.~ opera to r  m u s t  then  bc c~ a luated,  lh~s 

gives  rise to an a d d m o n a l  unce r t amt}  Recent  e x a l u a n o n  11 

o f  thts  l"or . l l#. < 2 m ,  g n e s  a b r anch i ng  f rac tmn 

Bl_+l/x-._..rrf/,+)~ 5 x 1 0  6 S m c e a ' , a l u e o f 2 7 × 1 0  7 f o r  

BF( / \  <" -,,. r r - e -  c ) for m _ _ ---50 MeV has  been meas-  
ured.  i 2 e ~' a H~ggs o f  m a s s  be tween 50 MeV and  211 MeV 

wou ld  seem to be ruled out  The  e \ p e r t m e n t a l  l u m t  13 on 

BF(K + ~ 7r ~-~#) is too ~eak to conslraul  the thggs mass 

f rom thIS plo~.'ess t lm' ,e~er,  there ~s the posslblht.x el a 

second c o n t r i b u t i o n  to /~, "-~ "nI/0 ar is ing l 'ronl t he  ptOLeSS 

v.hele the u or  d quark  m the /,, m e s o n  partly:\pate,, 

dtrectl.~ m the H~ggs pr l )duc tmn T h ~ s c o n t r t b u l l o n  ~s m m c  

difficult  to e ' ,a luate .  14 and  t t t s  possible  that  tt could pat- 

hall} cancel  15 that f rom the first process  Earl~ results  14 16 

m d t c a t m g  that  thls latter c o n t n b u t m n  may be d o m i n a n t  

haxc been shmsn to be incorrect rcccntl.x it has been 

dam~ed I I  that n has the same sign as the spectator con ln -  

buuon In ~,.'~ o f  these uncertamncs,  some cautmn should 

bc excrc~scd, ho~ ex e r a  strong cancel latmn ~ ould be 

reqmred to ~old tilL" h n m  t'rom K deca.~ One needs rather 

less um_ertam theoreuca l  calcula t tons ,  ~h~d3 ate unhke]} to 

appear  tuml  all the p rob lems  as soemted  ~ l th  /x deea} such 

as tile ".I = I /2  rule are unde r s tood  or an m l p r m c m c n t  

b} at least a thctor o f  20 m the expe r imen ta l  hn~lts before 

one  can hax e abso lu te  conf idence  m the h n m s  

Pred le ted l4  16 b l anch ing  f r ac tmns  for ~7'---* ~ll  ° are 

close to tile c x p c l u n c n t a l  hnm.  17 hox~e~cr again p red l chons  

a te  ra ther  uncer ta in  and  no def imtc  c o n c l u s m n  can bc 

reached 

The  process  B --* Ixll ° can proceed smlflarl.', to 

Ix ~ rrll 0 but w n h  a larger b r anch ing  f rae tmn l+he uncer-  

tamtLeS m the calculated b ranch ing  flacl~on are no worse 

than  m the K m e s o n  case. again the r e suh  19 d e p e n d s  on 

the top-quark  m a s s  and  on Koba.xashJ-Maska~va angles  

{ I U) BF(B ~ K / I ° ) ~ 4 ×  10 - 3  ( I I~ I tl,"O 05) 2 (mt .' ~/11 )4 

t le rc  m t and  l l t t  arc the top-quark  anti It masses  The  

final s tates  K c - ( '  t:,t Ix ## shou ld  pro', ide il probe o f  

HIggs masse s  bclov, (m B m k ) File latter has an upper  

h n u t  18 on its b r anch ing  fraction oi+4 5× 10 - 4  The  ~.utrcnt 

hnl l t  20 o f  m t ' -  44 Ge\"  m l p h e s  that  tilts b ranch ing  frac- 

t m n s  ~s compa rab l e  to ot less than  the e \ p e n m e n t a l  h m n  

(Recall  also that  a c c o t d m g  to the thcoreuca l  a t g u m c n t  

a b m  c. tile top quark  m a s s  mus t  be smlf lar  to ot lilt'gel than  

the I I  m a s s  tt  ~1t1" ~ 7 ( i e V t s  to be al lowed ~ The  

( L E O c o l l a b o t a t m n -  c l a u n s t o e \ c l u d c t h e t a n g c s 0 3 ( ; c \  

-: t i l l  =̀ -" 3 O and  3 2 . till,, - 3 6 (-ieV assurnu'~g t / t o  p 

.--+ 43 GeV Hinge \o r  st)tile catltlOn should  be e \ c i c l scd  i11 

,, icy. o f  the theoret ical  unccl tatnttc,., 

The  process  T ---* I I ° y  can be mo te  rehabl.x calculalcd Ul 

prmetp le  22 The  ( ' I . 'SB g loup  23 ha,, used thts  process  to 

exc lude  the range 600 McV -" 11tl • " 3 2 (}cV at 95",, con- 
' 4  f idence t tox~e\m the order  cq c o r r c c m m -  l c d u t c d  tile 

predicted b ranch ing  f la t i ron  by a f;.tclo~ of  2 and  smcc  the 

order  (,.~ COlreLt lon  is 11o1 knov, ,n  son~e u n t 2 e t t a l n t \  

r c m a m s c o n c m m n g t h e  predicted ' ,aluc Thc~c ~ s a l m  Ihc 

poss]blht.x o f  relatv, ~soc c m r c c t t o n s  m the Y b o u n d  SlillCS 

( ' o r r e c t m n s  at the 10% level shou ld  bc e \pcc t cd  Recent  

ca lcula t ions  25 sho,. ' ,mg a large reduct ion  m the p~cd~cled 

b r a n c h m g f r a c n o n  are ~ a h d o n b  for t i l l  :z 7 5 ( , c V  
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These ,addHtonal thcotct tcal  unccrtamttes are mlporlant 
since the ctt~tcnt expcrtn]ental luml on this branching ratio 

hes at most a factor ot'tv, o belo`.`, the prediction o,.er the 

~ele~ant Jangc ot 'Higgs mass l, 'ntd the experimental  hmJt 

mlpzo`, es by another  l;.lch)r of  2, caution should bc exer- 

cised m c,,t tactmg a lhggs bound from tt 

In summal} ,  the ord,. cast-non constraint  on the H~ggs 

mass ~s ~11t, - 1 4  X.leV 4. combinat ion ofthcorelzcal 

a t g u m c n t s a n d  bounds from B T and K deca}sprobabl} 

exLludes the range belo`.`. 4 GeV More meaningful con- 

stramts both from the abo`.e processes (belier hm~ts on the 

branching fiacllons and the lop-quark mass) and from 

searches tk)t / ~ II0## at I.EP should appear m the next 
few }eals 

Extensions of the Standard Model, such as those based 
on super s} nanletr} .26 can ha', c t`.`.o H~ggs doublets whose 

neulla[ components  ha`.e xacuum expectation `.alues v 1 

and ~ -~ both of,,vhtch contribute to the 11 and Z" masses 

The ph.~stcal particle spectrum contams one charged H~ggs 
boson (1I : ). t`.~o neutral scalars ( I I0 , I I? )  arid one pseu- 

/ ~ 

doscalal (p0) H'("P ~s conserved m the scalar sector 27 In 

models .̀~ here all fermions of the same electric charge 

recet`.e their masses from onl} one of the two doublels 

there are as m the Standard Model, no flavor-changing 

neutral out tents  at tree le`.e128 (lo`.`.est order m perturbation 

theor}) The IIO./P Ocouphngsto fcrmtons depend on 

.̀ 2'`. I and arc either enhanced or supresscd relative to the 

c o u p h n g s m  the Standard Model I f t h e c o u p h n g s t o / ~  

quarks are enhanced,  then there are s~gmficant hnms  from 
T and // meson deca}s 18 19.23 
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H ° (HIGGS BOSON) MASS LIMIT 
For early hlggS search papers see J Ellis M K Gaillard, D V Nanopoutos, 
Nucl  Phys B I 0 6  292 ( 1 9 7 6 )  

VALUE ( G e V )  CL % DOCUMENT ID 

> 0 . 1 0 0  90 t BAKER 87 

n o n e  0 b - 3  9 90 2 LEE FRANZINi 87 

n o n e  0 0 0 3 - 0  014 95  3 FREEDMAN 84 

n o n e  0 0 0 1 0 3 - 0  00584  4 MUKHOPAD 84 

> 0 , 0 1 3  5 BARBIERI 75 

rECN COMMENT 

CALO K± ~ ; ¢ = H 0 ( H 0  ~ 
e + e  - )  

RVUE T ( 1 5 3 S ' )  ~ "~ H o 

CNTR H e *  ~ H e l l  0 
(H  o ~ e + e  - )  

RVUE O "  ~ O H  0 
( H  o ~ e +  e - )  

RVUE n N  ~ n N  

• • • We d o  not use the fo l lowlng d a t a  for a v e r a g e s  flls llmlts e t c  * • • 

6 DRUZHININ 87 CALO q, ~ "~ H 0 ( H  0 
Tr0 ~i-0) 

> 0  010 BE LTRAMI 86 
none  0 0 5 - 0  211 7 WILLEY 86 

8 HOFFMAN 83 

n o n e  0 2 5 - 0  409  9DZHELYADIN 81 

10 WITTEN 81 
>9 10 GUTH 80 
>9 t0 SHER 80 

SPEC Muonlc  atoms 
RVUE K ± ~ ~ r ± H  o 

(H  o ~ e + e  - )  

CNTR ~ D ~ nH 0 
(Ha ~ e+  e - )  

~' ~ T/H 0 

(Ha ~ U + U - )  
C O S M  

C O S M  
C O S M  
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1BAKER87 sets l imi t  BR(K~C ~ T ± H 0 ) B R ( H 0 ~  e + e  - )  < 8 ~ I 0  - 7  a t  
CL=90% for m(H 0) < '100 MeV if H 0 t rave ls  m u c h  less t h a n  1 4 c m  in t he  
l ab  f r ame  Thls l imit  is i ncons i s ten t  w i th  t he  S t a n d a r d  M o d e l  e s t i m a t e  
(WILLEY 86)  BR(K :i: ~ = ± H  0) > 4 5"<10 - 6  a n d  BR(H 0 ~ e + e  - )  ;~ I / 2  
for rn~H 0) < 2 rn (# )  

2LEE-FRANZINI 87 p resen ts  t he  la tes t  resul ts f rom the  CUSS e x p e n m e n t  ( see  
FRANZINI 87 for m o r e  de ta l l s )  First o r d e r  QCD c o r r e c h o n  i n c l u d e d  w~th 
(~s ~ 0 2 ('~ = 0 2 G e V  a n d  n ( f )  = 4)  The 95% CL e x c l u d e d  mass reg ion  

Is 0 6 - 3  2 G e V  
3FREEDMAN 84 is ANL e x p e r l m e n l  w l t h  d y n a m i l r o n  p r o t o n  b o m b a r d i n g  tr~ 

Jium to form He*  They a lso r e a n a l y z e  KOHLER 74 He -  d a t a  to f l nd  no  
mass r a g l a n  ~s e x c l u d e d  by  t ha t  d a t a  See a lso  c o m m e n t  c a r d s  on  

MUKHOPADHYAY 84 b e l o w  
4MUKHOPADHYAY 84 e x a m i n e  KOHLER 74 He"  a n d  C ° d a t a  Cla=m tha i  no  

mass r e g i o n  c a n  b e  e x c l u d e d  by  74 H e -  d a t a  s i nce  He -  d e c a y  w l d t h  to 
p r o t o n  is l a r g e  IBR(He* ~ H°He)  = 3 , 4 < 1 0  - 1 1  is ve ry  smallJ A b o v e  l imit  
iS f rom KOHLER 74 O = d e c a y  d a t a  

5BARBIERI 75 s t u d i e d  Higgs boson  e x c h a n g e  e f fec t  in n e u t r o n - n u c l e o n  
s c a t l e n n g  a n d  f o u n d  I lmi l  (~HOnn, '4Tr)  ( m ( H ° ) , ' M e v )  - 4  ~ 3 4 < 1 0 - t i  By 
a s s u m i n g  (c f  ELLIS 76) g H o n ~  q ~- m(n) , ' v  w i th  v 2 = I , ' (2  t. 2GF) t he  a b o v e  
l imit  b e c o m e s  m(H  °) ~ t3  MeV 

6DRUZHININ 87 sets l imit  BR(~,~ ~ 3HO)BR(H o ~ ~r0~ro) < 8 K I 0 - 5  a l  
CL=90% for m ( r  0 = 0 6 - 1  GeV  w h i c h  is Mill tar  f rom the  s t a n d a r d  Hlggs 
m o d e l  p r e d ~ c h o n  a n d  d o e s  not  e x c l u d e  t he  e x i s t e n c e  of l igh t  H~ggs 

bosons  
7WILLEY 85 re e x a m i n e d  t he  t h e o r e l l c o l  e s t i m a t e  of t he  d e c a y  K ± 

~r+-H 0 ro le  v ia  the  o n e l o o p  s d H O  c o u p l i n g  The b o u n d  a p p l i e s  to H 0 
w h o s e  c o u p l i n g s  to u p  Quarks a re  c o m p a r a b l e  or l a rge r  t h a n  those  of 
t he  s t a n d a r d  o n e - d o u b l e t  m o d e l  H 0 c o u p l i n g s  The e x p e r i m e n t a l  b o u n d  
B R ( K ~  ?r.u/~) < 2_ 4. ' (10 - 6  is not  s t rong e n o u g h  to ru le  out  2 rn(~)  < 
nXH0)  < 2m(=0)  

8HOFFMAN 83 l o o k e d  for e + e  - p e a k  f rom Hlggs p r o d u c e d  in ~ ' - p  ~ H ° n  
at  300 MeV,"O Set CL = 90% l lml t  d ~ , , d r  B R ( e + e  - )  - 3 5"<10 - 3 2  
c m 2 / G e V  2 for 140 . rn(H °) - ~160 MeV wh=ch does  no l  e x c l u d e  H ° w i th  
the  s t a n d a r d  o n e * d o u b l e t  m o d e l  c o u p h n g s  

9DZHELYADIN 8 t  o b t a i n e d  BR(~' ~ t /#+/~ - )  • I 5 "< t0  . 5  (CL = 90%)  a n d  
a r g u e d  t h a i  ~f e x c l u d e s  H 0 w l l h  t he  s t a n d a r d  o n e  d o u b l e t  m o d e l  cou -  
p l i ngs  ~n . ~ + # -  c h a n n e l  

EOLimllS f rom c o s m o l o g i c a l  c o n s i d e r o h o n s  of SU(2) ~ U( t )  s y m m e t r y  
b r e a k i n g  p h a s e  t rans i t ion  o c c u r r i n g  on ly  a f ter  e x t r e m e  s u p e r c o o l i n g  
resu l t i ng  In too  h i gh  O ra t io  of e n t r o p y  to b a r y o n  n u m b e r  Limits a p p l y  to 
t he  s t a n d a r d  o n e  d o u b l e t  m o d e l  H ° w l l h  zero Dare  mass w h o s e  

p h y s i c a l  mass IS d e t e r m i n e d  by  t he  C o l e m a n  W e i n b e r g  m e c h a n i s m  of 
d y n a m i c a l  s y m m e t r y  b r e a k d o w n  These hmlts d e p e n d  on  the  moss o l  
the  l o p  q u a r k  a p p r o x i m a t e l y  a c c o r d i n g  to m(H 0) > 10 4 - ( r n ( 0 . , ' 1 5  
G e V )  4 0 00b  G e V  SO for l a r g e  rn~0. t h e r e  ~S no  l imd 

H 0 ( H I G G S  B O S O N )  M A S S  LIMIT IN E X T E N D E D  H I G G S  M O D E L S  
The p a r a m e t e r  x d e n o t e s  t he  H b b  c o u p l i n g  r e l o l l v e  to the  v a l u e  in the  
s t a n d a r d  o n e - H l g g s - d o u b l e l  m o d e l  

VALUE ( G e v )  . _  CL % OOCUMEN_.T ID TECN COMMENT _ 

• * * We d o  not  use the  f o l l ow ing  d a t a  tar  a v e r a g e s  fits l imits e l c  • * * 

n o n e  0 6 - 6  2 90 1t FRANZINI 87 CUSS T( IS)  ~ "tH ° x=2 
n o n e  0 6 - 7 . 9  90 1t FRANZLNI 87 CUSB I'(1.9) ~ 3 H  0 x=4 

n o n e  3 7 - 5  6 90 12 ALBRECHT 8SJ ARG T(~.9) ~ 3 H ° x=2 

n o n e  3 7 - 8 . 2  90 12 ALBRECHT 85J ARG T( IS)  ~ "i H ° x=4 

11First o r d e r  QCD c o r r e c t l o n  i n c l u d e d  Wlth (i 5 .% 0 2 Their f i gu re  4 shows 
the  hml ls  vs x 

12ALBRECHT 85J f o u n d  no  m o n o - e n e r g e t l c  p h o t o n s  In b o t h  "f( IS) a n d  T(25") 
r a d l a h v e  d e c a y s  in the  r a n g e  0 5 G e V  < E ( ~ ) < 4  0 G e V  wi th  t y p i c a l l y  
BR<0 01 for T( IS)  a n d  BR<0 02 for T(2S) at  90% CL These u p p e r  hmlts 
a r e  5 - 1 0  t imes  t he  p r e d i c t i o n  of the  s t a n d a r d  H l g g s - d o u b l e t  m o d e l  The 
Q u o t e d  90% l imit  BR(T(IS) ~ H 0 3 )  < I 5"<10 - 3  a t  E('~) = 1 07 G e V  c o n  
t r ad l c t s  p rev ious  Crysta l  Ball o b s e r v a h o n  at (4 7 _ - t  1).,~10 - 3  see  the i r  
r e f e r e n c e  3 Theft f igure  8a  shows the  u p p e r  l imits of x 2 as o t u n c h o n  of 
E('~) by  a s s u m i n g  no  QCD c o r r e c h o n s  We used  rn(H 0) = m(' l ' )  
( t  - 2 E ( 3 ) / m ( T ) )  I.'2 

H ± ( C H A R G E D  H I G G S  O R  T E C H N I - P I O N )  M A S S  LIMIT 
Most of t he  f o l l ow ing  l imits a s s u m e  BR(H + ~ "r+~ ')  + BR(H + ~ CS) = I 

BEHREND 87 a n d  BARTEL 86 a s s u m e  8R(H + ~ r + j  ,) ÷ BR(H + ~ c s )  + 

BR(H + ~ c b )  = I For a d l scuss lon  of t e c h n l - p a r t l c l e s ,  see EICHTEN 86 

V A..LUE (GeV)  _ .  CL% DOC_UMENr ID rECN C_.OMMENr 

>19 95  13 BEHREND 87 CELL BR(~'I') = 0 - I  

• • • We clo not  use the  f o l l ow ing  d a t a  for a v e r a g e s  flts hmits, e t c  ° • • 

> 1 8  95 14 BARTEL 86 JADE BR(T~')=0 I - 1  0 
> t 7  95 t4 ADEVA 85 MRKJ BR('r ~')=0 2 5 - I  0 

n o n e  5 - 1 3  95  t5 ALTHOEF 83B TASS BR(;" z , ) :0  - 0  26 
. n .K~  16 CHEN 83 RVUE B d e c a y  at  T(4S) 

n o n e  5 - 1 3  95  14 ADEVA 828 MRKJ BR(r J,)=0 25 
n o n e  3- '13 95  14 BARREL 82D JADE BR(T I,)=0 2 - I  0 
n o n e  7 - 1 4  9 95 17 BEHREND 828 CELL BR(r I ,)=0 80 
n o n e  4 - 9  g0  14 BLOCKER 82 MRK2 BR(T I ' )=0 I 0 - 0  90 

13Stud ied H + H  - ~ (T I ' )  +( i"1,)  H + H  - ~ {~'r,) + h a d r o n s  H ÷ H  - ~ J 

h a d r o n s  
14Stud ied H + H - ~  ( r l , )  ÷ ( r r ' )  H ~ H - ~  (T~') + h a d r o n s  Sea rch  lot  

m u o n  o p p o s i t e  h a d r o n l c  shower  
15ALTHOFF 83 a n a l y z e d  H + H  - ~ 4 j e t s  The s a m e  h ind is o b t a i n e d  for 

BR(I'~') = 0 - I  0 if BR(H + o CD),BR(H + ~ c s )  = I See the i r  h g u r e  3 
16CHEN 83 e x c l u d e d  O m o d e l  w h e r e  D ° H - l igh t  Quark  at  BR = 1 

O b s e r v e d  BR(D ~ e X) w o u l d  requ i re  BR(H+ ~ ;" X) = 1 bu t  t h e n  
c h a r g e d  e n e r g y  I r a c h o n  w o u l d  b e  sma l le r  t han  e x p e r i m e n t  v a l u e  

(0 60 +-. 0 03)  (CLEO d a t a )  
17BEHREND 82B s tud ied  H + H  " ~ ( r l ' )  + (T I ' )  See the i r  h g u r e  3 

S E A R C H E S  F O R  X ( 2 2 0 0 )  ( A  NEUTRAL H I G G S  C A N D I D A T E )  
Llmds o re  for b r a n c h i n g  rat ios or p r o d u c t s  of b r a n c h i n g  rat ios The 
no ta t i on  c b e l o w  refers to X ( 2 2 0 0 )  

VALUE (un!t~ tO - 4 )  _ CL% DO_CUMENr  ID TECN COM_MENT 

• * • We do  not  use the  f o l l ow ing  d a l a  for a v e r a g e s  fits l imits e l c  * • • 

< 0 31 90 tBBEAN 86 CLEO T(IE)  ~ K + K  - m o d e  J 
< 2 90 t9 BEHRENDS 84 CLEO T ( t ~  -o K"  K -  m o d e  

< 0 9 90 19BEHRENDS 84 CLEO 1.(25) ~ K + K  - m o d e  

< 3 0  90 t9 BEHRENDS 84 CLEO B meson  K*  K -  
m o d e  

< 4 - t 2  90 20 YOUSSEF 84 CUSB T( I  2.9) 2 c h a r g e d  

< 5 - 1 5  90 20youSSEF 84 CUSB T(IS)  ~ -~ X 

18BEAN 8b l o o k e d  for c a s c a d e  d e c a y s  T ( I ~  ~ 3 H  0 (H0 ~ h + h  - )  for t he  
3 modes ,  ~ '+T , -  K + K  - a n d  D D  See the i r  f i gu re  4 for hml ls  on  b r a n c h  
ing f rac t ions  as f u n c t i o n  of m(H ~) in t he  r a n g e  2 n ~ h ) < m ( H ° ) < 8  GeV 

198EHRENDS 84 first a n d  s e c o n d  l imits a r e  for BR('r ~ 3$.)BR(~ ~ K + K  - )  the  
th i rd  is for B R ( B ~  ~ X)BR(,'~ ~ K ÷ K  - )  All for n ~ )  = 2 2  GeV  bu t  o re  
s lml ia r  for I 5 - 4  GeV(hrs t  s e c o n d )  a n d  tar 2 - 3  G e V ( t h l r d )  

20youssEF 84 hrsl 11mlt is for m c l u s l v e  r a d l a h v e  d e c a y  tr~e s e c o n d  is tar 
BR(T ~ ~'I)BR(,~ .o 2 c h a r g e d )  For rn(E) = I - 7  GeV  

REFERENCES F O R  NEUTRAL  A N D  C H A R G E D  

H I G G S  B O S O N S  

BAKER 87 PRL 59 2832 +GOrdOn LaZarus+ (BNL SIN WASH YALE) 
BEHRENC 87 PL B193 376 ,Buelger Cnegee Dainron+ (CELLO COllOID ) 
DRUZHININ 87 ZPHY C37 I *Oubrovln Ddelman Golubev+ (NOVa) 
FRANZINI 87 PR D35 2883 .Son furs Youssef Zhoo* (CUSS Collob ) 
LEE FRANZINI 87 Homburg Cant (CUSS COIIOb ) 
BARIEL 86 ZPHY C31 359 ,Becket Felsl HOldt+ (JADE Colloid ) 
BEAN 86 PR D34 005 *Bobblnk Brock [ng le r *  (CLEO COllOID ) 
BELTRAMI 8b NP A451 679 +Ads Beer OechamlDrief Goudsrnlt.  ([TH FRIB) 
EICHTEN 86 PR D34 1547 +HmcNlffe Lane Quigg* (FNAL LBL OSU) 
WILLEY 8b p1 8173 480 (PITT) 
ADEVA 85 PL 1528 439 .Backer BecKel Szendy* (MARK J COllOID ) 
ALBRECHT 85J ZPHY C29 167 +Binde~ Holder+ (ARGUS COllOID ) 
BEHRENDS 84 PL 1378 277 *Chadwlch Chauveou Genhle+ (CLEO Colloid ) 
FREEDMAN 84 PRL 52 240 ,Nopoli~ono Camp Kroupa (ANL CHIC) 
MUKHOPAD 84 PR 029 565 Mukt~opadnYov GoudSmll* (RPI SIN LISB) 
YOUSSEF 84 PL 139B 332 ,F(anzlnl Son Tutse (CUSS COllOID ) 
ALtHOFF 83 PL 1218 216 *BrQndelik Boemer BurknOrd1* (TASSO Col lab ) 
ALTHOFF 83S PL 1228 95 +firondelik Boerner Burkhardl,  (TASSO Colloid ) 
CHEN 83 PL 1228 317 +GoldlDerg Atom Andrews+ (CLEO Colloid ) 
HOFFMAN 83 PR D2B 660 *Frank Mlschke Molr Schordt (LANL ARZS) 
ADEVA 828 PL t15B 345 *BorlDer Becket Berdugo* (MARK J COllOID ) 
BARREL 82D PL 1148 2 t l  *Colas Elsen Bethke* (JADE CoIlab ) 
BEHREND 828 PL 1148 287 +Crten Farmer Field* (CELLO Colloid ) 
BLOCKER 82 PRL 49 517 ,MalteL~zzl AIDrom$ Amldel+ (MARK II CollOiD ) 
DZHELYADIN 81 PL I058 239 +GoIOVkln Konstonllnov KulDotovSkh* (SERP) 
WIITEN 8t NP 8t77 477 (HARV) 
GUTH 80 PRL 45 ¶131 +WelnlDer9 (SLAC) 
SHER B0 PR D22 2989 (UCSC) 

AlSO 83 ANP 148 95 F~ores Sner (UCSC UCI) 
ELLIS 76 NP Bt0b 292 .Gal l iard Nonopoulos (CERN) 
BAIRBIERI 7S PL 578 270 ÷EIICSOn (CERN) 
KOHLER 74 PRL 33 Ib28 +Watson Beckel (LOCK) 

I SEARCHES FOR HEAVY BOSONS I 
OTHER THAN HIGGS BOSONS l 

I 

W e  l lst  h e r e  v a r i o u s  l im i t s  o n  c h a r g e d  a n d  n e u t r a l  

h e a v y  v e c t o r  b o s o n s  ( o t h e r  t h a n  W'S a n d  2"s) h e a v y  
s c a l a r  b o s o n s  ( o t h e r  t h a n  H i g g s  b o s o n s ) ,  a n d  v e c t o r  

o r  s c a l a r  [ e p t o q u a r k s  
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WR ( R I G H T - H A N D E D  W B O S O N )  M A S S  LIMITS 
Assuming a l ight  r ight h a n d e d  neu t r ino  

VALUE (GAY). CL % DOCUMENF ID FECN 

>406 90 1 JODIDIO 86 ELEC 

• • • We d o  no t  use the faf(owing d a t a  far averages  fifs l lmifs e t c  ° • • 

> 4 8 2  90 t JODIDIO 86 ELEC L R mlx a n g l e  =0 
> 8 0 0  MOHAPAIRA 86 RVUE SU(2)L × SU(2)R ',( 

u(1) 
> 4 0 0  95 2 SIOKER 85 ELEC Any L-R mix a n g  
> 4 7 5  95 2 5TAKER 85 ELEC L R m,x a n g -  0 041 

3 BERG5MA 83 CHRM L,~ e ~ ~ i ,  e 
> 3 8 0  90 4CARR 83 ELEC /~+ d e c a y  

IJODIDiO 86 Is the same TRIUMF e x p e r i m e n t  as STOKER 85 ( a n d  CARR 83) 
howeve r  It uses a di f ferent t e c h n i q u e  The results g w e n  here  are cam-  
Dined resulls of the  two  techn iques  The t e c h n i q u e  here invo lves prec ise 
measu remen t  of the  e n d * p a l n t  e + spec t rum Jn the  d e c a y  of the  h igh l y  
po la r i zed  p +  A l fe rnahve  results c a n  b e  o b t a i n e d  b y  f ix ing m(WR) a n d  
a b t a l n l n g  hmits on the  LR mix ing  a n g l e  ~ If m{WR) = z then  I~I < 
0 040 whereas for uncansfra~ned rrKWR) - -0  056 < ~ < 0 040 

2STOKER 8`5 Is some TRIUMF e x p e r l m e n t  as CARR 83 Here they  measure  
the d e c a y  e + spec t rum asymmet ry  a b o v e  46 MeV, ' c  using a rnuon-spln-  
rOlot lon t e c h n i q u e  Assumed a l ight  r ight h a n d e d  neut r ino  Q u o t e d  l lm- 
~fs are from c o m b i n i n g  wi th CARR 83 

3BERGSMA 83 set l lml f  rn(w2)/m(W~) -1 9 a l  CL = 90% 
4CARR 83 ~s TRIUMF e x p e r i m e n t  wi th a h l gh l y  po la r i zed  u *  b e a m  Looked  

for d e v l a t l o n  from V - A  at  the h lgh  m o m e n t u m  e n d  of the  d e c a y  e + 
ene rgy  spec t rum Limlf I ram prev ious w o r l d - a v e r a g e  m u o n  po la r l zo t l an  
p a r a m e t e r  is m(WR) = 2 4 0  GeV Assumes a l ight  r ight  h a n d e d  neut r ino  

COMMEN7 

Any L-R mlx ing  a n g l e  I 
l 

M A S S  LIMITS FOR W ~ ( A  H E A V Y  C H A R G E D  V E C T O R  B O S O N  

OTHER T H A N  W) IN H A D R O N  COLLIC)ER EXPERIMENTS 
Limits are o b t a i n e d  w h e n  the  W" c o u p l i n g s  lo  quarks g w ' q  a n d  the  
l ep fan l c  b r a n c h i n g  rat io 8 R ( W ' ~  e~,) are the same as thase of the  
s tandard  W whe re  the l e p l a n l c  crass sec t ion  is p rapo r f l ona l  to 
( ~ w . = )  2 8R(W" ~ e~)  

VALUE (GeV) CL % DOCUMENT ID TECN COMMEN~ 

> 2 t 0  90 5ARNISON 868 UAt ~ p  ~ W' X (W" 

ev)  

• * * We do  not  use the fo l l ow ing  d a t a  for ave rages  fits hml l$ e tc  * * • 

> 2 0 9  90 6ANSARI 87D UA2 ~F3 ~ W'  X (W '  ~ I 

e ~ , )  
> 1 7 0  90 7 ARNISON 83D UAI D p  ~ W" X (W '  

e ~ )  

5ARNISON 868 f lnd  no  excess at  la rge  Dl in 148 W ~ e~ events  Set l imi t  
"< BR(el,) . 10 p b  a t  CL = 90% (:it Ecru = 646 a n d  630 GeV 

6See Fig 5 of ANSARI 87D for the  e x c l u d e d  reg ion In the  rT~W' ) -~g , .  ,_)2 
BR(W' ~ e~,)l p l a n e  Nate that  the quan t i t y  ( g w . q ) 2  BR(W' ~ e l , )  s~n~ ; r -  

I mal lzecl  to un i ty  for the  s tandard  W c o u p l i n g s  
7ARNISON 838 f ind a m o n g  47 W ~ eL, c a n d i d a t e s  no even t  wi th excess Pr  

Also set ~ × BRier )  .. 30 p b  w l l h  CL = 90% at Ecru = 540 GeV 

assumed  
_VALUE .(GeV) . CL % DOCUMENr ID TECN COMMENT 

>343  90 8 AMALDI 87 RVUE ZLR, gL=gR 
> f12  90 ¢ AMALDI 87 RVUE Z~ gq=gy  
> 2 4 9  90 10 AMALDI 87 RVUE Z X g x = g v  
>I`51 90 I I  AMALDI 87 RVUE Z¢ g~=gy  
>180 90 12 AN5ARf 87D UA2 p p  ~ Z~ X (Z~ 

e + e - )  

M A S S  LIMITS F O R  Z '  ( H E A V Y  NEUTRAL V E C T O R  B O S O N  OTHER 
T H A N  

If~e mass bour~ds d e p e r l d  on the q u a n t u m  number  and the coupJJng 
s l rengfh af Z '  a n d  neut ra l  currents In pa r t i cu la r  we  use the  fa l l ow ing  
no ta t l an  for Z '  assoc ia ted  wi th speci f ic  U(1) currents 

ZI SM × U ( l ) z  ~ 
Zt~ SU(2)L :< SU(2)R × U( l )  

S M  v U(1)L.q 
Z X 50(10) ~ SU(`5) × U(1)X 
Z¢, E6 ~ SO(IO) × U(~)¢ 
Z n, E a ~ SM × U(1)r / 

Here SM d e n o t e s  ei ther  5U(2)L × U( f )y  ar  SU(3)c × SU(2)L × U(1)y 
w h i c h e v e r  Is aDproDr la te  Typ ica l  re ference c o u p i l n g  strengths are gy  
= e/cosO w a n d  ,gz = gY, sJn/)w In p a f l l c u l a r  gZI = 9Z  IS a lways  

• * ° We d a  no t  use the  fa l l ow ing  d a t e  tar ave rages  fits l imits, e t c  • * * 

> 1 6 0  90 13 ARNISON 868 UAI p ~  ~ Z I X (Z,= 
e + e - )  

> 1 4 3  90 148ARGER 868 RVUE Z 0 g ~ = g y  

> 2 7 5  90 8 DURKIN 86 RVUE ZLR gL=gR 
> 126 90 9 14 DURKIN 86 RVUE Z~/ g~?=gy 
> 2 2 2  90 10 DURKIN 86 RVUE Z x g.~=g), 
>114  90 11DURKiN 86 RVUE Z., g ~ = g y  
> 1 5 0  9`5 15ADEVA 85 MRKJ Zt 8habho  

8Left r ight symmetry (gL=gR) assumed 
99, -=gy assumed  wh ich  impl ies  that  E 6 ~ SM × U(1) '. U(1)~ In one s tep 

10g~=g¥ assumed wh ich  impl les  that  SO(I0)  ~ SM v. U(1)~ in one step 
11g~=g). assumed wh ich  impl ies  tha i  E 6 ~ SM × U(1)T/ in one  s tep U(1)~ 7 

is de f i ned  by  Q n = ( 3 / 8 ) t / 2 Q x - ( 5 , , ' 8 ) I / 2 Q ~  
12See Fig 5 of ANSARI 87D f()r the e x c l u d e d  reg ion in the  m ( z , ) - { ( g  ..)2 

8R(Z4 ~ e + e  - )  p l a n e  Nolo that  the  quan t i t y  ( g z  -028R(Z ~ e+eZJ~ is  
no rma l i zed  to uni ty  far the s tandard  Z c a u p l l n g s  "~ 

13ARNISON 868 f ind na excess e + e  - pairs a m o n g  13 pairs from Z Set hmlt  
(T ~< BR(e+e  - )  • 13 p b  at  CL : 90% at  Ecru = `546 and  630 GeV 

148ARGER 868 assume g ~ = g y  a n d  it c a n  on ly  d e c o y  into o rd inary  3 g e n e r a  I 
t~ons at ferm~ons of the Standard M o d e l  The moss b o u n d  weakens  Jf 

I ather  par t ic les  such as exot ic  parHcles af E 6 a n d  supersymmet ry  canlr~ 
b u t e  fo Z~ w id l h  The b o u n d  by  DURKIN 86 is i n d e p e n d e n t  of Z? w ld th  

15ADEVA 8.5 measure  asymmet ry  of ,u-pair p rOduc l l on  fo l l ow lng  formal ism 
at RIZZO 8t  

C O N S T R A I N T  O N  C O E F F I C I E N T  ( c )  O F  A D D I T I O N A L  NEUTRAL 
CURRENT 

Term In SU(2) < U(1)y ~. U(1)G theory  The coef f tcen l  c d e p e n d s  on 
lhe  g roup  G 

VALUE CL % DOCUMENt iO rECN COMMENt 

• • • We do  not use the  foNowJng d a t a  for overages tlts IImns etC • • • 

< 0 . 0 4  95 168ARTEL 86C JADE e + e  - ~ ,u+/~ - 

7 + T -  
< 0  03 95 't6BARTEL 86C JADE e + e  - ~ e + e  - 
< 0  05 95 r7 DERRICK 86 HRS e + e  - ~ e + e  - 
< 0  035 95 18ADEVA 85 MRKJ e + e  - ~ ~ + ~ -  
< 0 . 0 5  95 fgBERGER 858 PLUr e + e  - ~ e ~ e  - 

~ ' u -  

168cm=12-46 78 GeV rn(Z) = 93 GaY a n d  sm21~ W = O 217 assumed  
178cm=29 GeV m(Z) = 93 GeV a n d  sin2# W = 0 217 assumed 
reAOEVA 8`5 measure  asymmet ry  of # pai r  p r a d u c h o n  at  Ecru = 14-46 8 

GeV See also A d e v a  et  a l  In Phys Rap 109 133 (1984) for more  
defads 

19[crn=34 7 GeV re(Z) = 93 GeV a n d  s~n2(J W = 0 217 assumed 

M A S S  LIMITS FOR A H E A V Y  NEUTRAL B O S O N  C O U P L I N G  T O  e + e -  
VA_LUE (GeV) . - -  CL % D_ OCUMENT ID rECN COMME_NY 

• • • We d a  not  use the  fo f fawlng d a t a  for averages  fils l iml ls e tc  • • • 

> 4 5  95 20 DERRICK 86 HRS I ( X  ° ~ e+  e - )  = 6 
MeV 

> 4 6 . 6  95 21ADEVA 85 MRKJ I ( X  0 ~ e + e  - )  = 10 

k e y  
> 4 8  95 2JADEVA 85 MRKJ I ( X  ° ~ e + e  - )  = 4 

MeV 
none  39 8 - 4 5 , 5  22ADEVA 84 MRKJ l ( X  c ~ e + e  - )  = 10 

keV 
> 4 7  8 9.5 22ADEVA 84 MRKJ I ' (X0 ~ e + e  - )  : 4 

MeV 
none  39 8-45  2 22 BEHREND 84c CELL 
> 4 7  98 22 BEHREND 84C CELL I (X 0 ~ e + e - )  = 4 

MeV 

20DERRICK 86 found  no dev ia t i on  from the S tandard  M o d e l  8 h a b h a  scat ter  
log at  Ecru = 29 GeV a n d  set l lmlts an the  poss ib le  scalar  boson  e + e -  
c o u p l i n g  See thelr  f igure 4 tar e x c l u d e d  reg ion In Ine I ( X  0 --  e + e - )  - 
m iX0 )  p l a n e  Electronic Chlral ~nvar lance tequl res o par i ty  d o u b l e t  of 
X 0, in wh l ch  case the  l imit  app l i es  for [ i X  o ~ e + e  - )  = 3 MeV 

21ADEVA 85 first l imit  is f rom 2"r ,u+,u - hodrons  assuming X o is o sca lar  
Second  llm~f is from e + e  - charmer  Ecru = 40-47  GeV Supercedes 
ADEVA 84 

22ADEVA 84 a n d  8EHREND 84c n a v e  Ecru = 39 8 -45  5 GeV MARK J 
sea rched  X ° in e + e  - ~ hadrans,  2") . + . -  e + e  - a n d  CELLO in the  
same channe ls  p lus T pa l r  Na narrow or b r o o d  X 0 is f ound  In the  
ene rgy  range  They a lso sea rched  for the  effect af X ° wi th  miX)  .- Ecru 
The s e c o n d  l imits are from Bhabha d a t a  a n d  for spln-0 s lng le t  The same 
l imlts a p p l y  for r ( x  0 ~ e + e  - )  = 2 MeV if X 0 is a spin-0 d o u b l e t  The 
second  l iml t  of BEHREND 84C was reacl off from their  f igure 2 The or lg lna l  
papers  also list l imits in other  channe ls  



See key on page 129 
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S E A R C H  FOR L E P T O Q U A R K S  
Moss  bounds  d e r i v e d  

VALUE CL % E V T S  DOCUMENT ID TECN COMMENt 

• * * We dO not  use the  fo l l ow ing  d a t a  for ave rages  fits l imits, e fc  • • • 
none  5-20  8 GeV 95 23BARREL 878 JADE Splnless 

l ep foquo rk  
none  7 - 2 0 . 5  GeV 95 2 248EHREND 868 CELL Spinless 

l e p t o q u a r k  
-350 TeV 25DESHPANDE 83 RVUE Pall Sa lam X 

boson 
-1 TeV 20SHANKER 82 RVUE PS l ep foqua rk  
--42`5 TeV 20 SHANKER 82 RVUE V e c l o r - l e p l o q u a r k  
23BARTEL 878 hmlf  is va l id  w h e n  a p a d  of cha rge  2.,'3 splnless l ep toquarks  X 

[s p r o d u c e d  wi th  pomf  c o u p h n g  Qnd w h e n  they  d e c a y  under  the con  
stralnt BR(X ~ cv~)  + BR(X ~ s# +)  = 21:3 

248EHREND 868 assumed tha i  o cha rge  splnless l e p t o q u o r k  X decays  
e i ther  tufa s.u + or c l ,  BR( X ~ s~ +)  ~ BR(~. ~ Cl,) = t 

25DESHPANDE 83 used u p p e r  limH on K~ ~ # e  d e c a y  wi th  renormohzat ion  
g r o u p  equa t ions  fe es t imate  c o u p h h g  at the  heavy  boson mass See 
also D imopou los  ef o l .  NP 8182 77 (1981) 

26From [~" ~ el ,)  / (~" ~ /~z') raho 
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J SUPERSYMMETRIC PARTICLE I SEARCHES 

Al l  resu l ts  s h o w n  b e l o w  ( e x c e p t  w h e r e  s t a t e d  o t h e r -  
w i s e )  i r~votve t h e  f o l l o w i n g  " m l n l m a r '  a s s u m p t i o n s  

1) The ~ ~s t h e  h g h t e s l  s u p e r s y m m e l n c  p a r h c l e  LISP) 
W h e n  n e e d e d ,  s p e c i f i c  a s s u m p h o n s  of  t h e  e t g e n s f a t e  
c o n t e n t  of  o t h e r  n e u t r a h n o s  a n d  c h a r g t n o s  a r e  md~- 
c o t e d  ( u s e  of t h e  n o t a t i o n  ~ ( p h o t m o ) ,  H (H~ggs lno ) .  
W (w - rod ) ,  a n d  Z (z - rod)  r e d , c a f e s  t h e  o p p r o x ~ m o h o n  a t  
a p u r e  s t a te  w a s  m a d e )  
2)  R -pa r i t y  ~s c o n s e r v e d  
3) t h e  m a s s  of e x c h a n g e d  D a r h c l e s  ~s less t h a n  o b o u l  
2,50 " ~ V  ( m o s t  hm l f s  a r e  n o t  s e n s i t i v e  to  th is  rec lu l re -  
m e r i t  L 
4 )  m(fL) = rT~?R) w h e r e  fL a n d  fR re fer  t o  t h e  s c a l a r  
p a r t n e r s  of  l e f t - a n d  n g h t - h o n d e d  terra.ar ts ,  fL a n d  IR 

L imi ts  i n v o l v i n g  n o n m l n l m o l  a s s u m p t i o n s  e i t h e r  a r e  
~aent l fJed w f l h  c o m m e n t s  o r  o r e  in t h e  m i s c e l l a n e o u s  
s e c t i o n  

( P H O T I N O )  M A S S  LIMIT 
VALUE CL % DOCUMENT /D TECN COMMENT 

>10 GeV 90 t HEARTY 87 ASP For re{e.)=40 GeV J 
> 5  GeV 90 I HEARTY 87 ASP For r n ~ ) = 5 5  GeV I 
none  100  eV-5  GeV 2 ELLIS 84 COSM For m( f )=100 GeV 

• • • We do  not use the fOl lowing d a l o  for averages  hts hmtts eta • • • 

none 100 eV-2 GeV 2 ELLIS 84 COSM Per rTKf)=40 GeV 

2 GOLDBERG 83 COSM 

3 KRAUSS 83 COSM 

2 VYSOISKI; 83 COSM 

4HEARTY 87 a s s u m e d  pure  ~ e l gens la te  a n d  re(eL) = rareR) There is no I 
l imit  for re<e) ~- 58 G e v  Uses e ÷ e -  ~ ", ~ I 2These authors requi re that  rel ic ~ s from the b ig  b a n g  do  not genera te  
too  large a c o n t n b u h o n  to the energy  dens~ty of Ihe umverse 

3KRAUSS 83 finds m(~)  not  30 ev  Io 2 5 GeV KRAUSS 83 takes mid  
a c c o u n l  the g rav l t lho  d e c o y  Find that l imits d e p e n d  strongly on 
rehea ted  tempera tu re  For e x a m p l e  a new a l l o w e d  reg ion m('~) = 4 -20  
MeV ex~sls ff m (g rawhno )  40 TeY See hgure 2 

~ ,  ~-~, , ~ ,  ~ ( N E U T R A L I N O S )  M A S S  LIMITS 
Neulrahnos are unknown  mixtures of phohnos  z inos a n d  neutra l  h lggs l  
has ( the supe rsymme lnc  partners of phO!OnS a n d  of Z and  Htggs 
bosons) The limits here a p p l y  on ly  t o  \9  \~ and  ~ -~ is the l ight  
est supersymmetnc  par t i c le  (LSP) for "~ wh ich  are d o m m a n l l y  -~ then 
see Phot lno Mass Limits It is not possib le to Quote r igorous mass hmlts 
because  they ore e x t r e m e l y  m o d e l  d e p e n d e n t  l e they d e p e n d  on 
b r a n c h i n g  ~at}.os of various ~. d e c a y  modes  on the masses of d e c a y  
p roduc l s  (e  "~ Q g) a n d  on the e moss e x c h a n g e d  at \ p roduc t i on  
Often hmils are g i ven  as contour  p lots in the m(~ C) - rn(e) p l a n e  vs 
other  parameters  When s p e o h c  assumpt ions are m a d e  e g the neu 
fLahno is o pure p h o h n o  ('~,) pure z ino (Z) of pure  neut ra l  h l ggsmo  
(H 0) the neutrohnos wi l l  be  l a b e l l e d  as such We Quote va lues on ly  as 
examp les  Our Choice of. besl  hind IS more conservohve than  some 
hmlts but  still requires re(e) < 70 G e v  a n d  m(~)  .- I0 GeV It ts no l  
as rehob le  as hmlts for Other supersvmmetr lc  parhc les  It this l imit is 
d i sca rded  the mass is hm l ted  on ly  by  m(x~) > m(x~)  where  ~:~ is 
de f i ned  as Ihe LSP 

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT 

:>31 95 4BEHREND 67B CELL e+e - ~ ~Z 

70 GeV 

• • • We do  hal  use lhe  fo l l ow ing  d a t a  for averages  Ells hmtts e tc  • • • 

> 3 0  95 5BEHREND 878 CELL e~ 'e  - . ~Z  

- 3 1  3 95 6SEHREND 87B CELL e + e  - ~ H~H~ 

>22  95 7BEHREND 878 CELL e ' e -  - "t '~Z 
(Z - T ' , ' )  

8 AKERLOF 85 HRS e + e Ecru=29 GeV 

9 BEHREND 85 CELL e ~ e- - monolet + 
X 

> 3 5  95 10ADEVA 848 MRKJ e * e - ~ ( ~  - 4 / ~ )  
>28 95 1t BARTEL 84C JADE e + e - ~ Z ( Z  ~ ff '~) 

12 ELLIS 84 COSM 

4pure ~L a n d  pure  ~ e lgenstores BRCZ . .  q~ '~ )  = 0 60 a n d  BRCZ .o 
e+e - "~) = 0 13 r~XeL) = mCeg) <: 70 GeV m(':.) .: 10 Gev 

5Pure ~ and pure Z ebgensloles BR(Z ~ Qq,g) = I m('~ L) = m(,eR) < 70 
GeV m(-~) = 0 

6pure h l g g s l n o  The LSP is the other  h lggsmo a n d  is token mossless Limit 
d e g r a d e d  ff ~0 n o t p u r  e h~ggsmo or ffLSP not  mossless . 

1Pure "~ a n d  pure Z e lgens ta tes  BR(Z . r r )  = 1 n~eL) = n~eR) = 26 
GeV t'n(-~) = 10 G e v  No exC luded  reg ion remains for re(e) .) 30 G e v  

8AKERLOE 85 is e+e - monojel search mohvoJed by UAI n~onojel events 
Observed  onW one even t  consistent  Wllh e + e -  ~ "~ + \0 where  -~3 . 
m o n o j e l  Assuming tha i  mlsslhg Dr IS d u e  to :~ and  mono le t  d u e  to ~c 
hmlfs d e p e n d e n t  on the m ix ing  a n d  re(e) ore g tven see theft f igure 4 

°BEHREND 85 f ind no mono le t  a l  Ecru = 40-46  GeV Constder :~0 pair  pro 
d u c h o n  Via Z 0 One IS assumed as massless a n d  escapes de tec to r  
Llml l  hs for the heav ier  one d e c o y i n g  into o let  a n d  massLess ~3 Both 
~0 s ore assumed to be  pure h lggs lno  For these very mode l  d e p e n d e n t  
results BEHREND 8,5 exc ludes  m = 1 5-19 5 GeV 

10ADEVA 848 observed  no events wi th s tgnolure of a c o o l a n o r  l ep ton  P g "  
wi th missing energy  A b o v e e x o m p l e  h mlt  ,S for m ( { )  2 G e v  a n d  re(e) 
• 40 GeV  andossumesBR(Z~p÷iJ-.r)=BR(Z--eoe-~)=010 BR= 
O 05 gives 33 5 GeV l imit 

11BARTEL84C search for e+e - Z +  '. w,th Z . ~ * e ÷ e  - ; ~ ' ~ "  qq 
etc  They see no a c o p l a n a r  events Wllh missing .c: T due  to two -, s 
A b o v e  e x a m p l e  l imit 1$ for re(e) = 40 G e v  a n d  fo r l ighl  Stable ": w~th 
BR(Z ~ e + e - ~ )  = 01  

12ELLIS 84 hnd If hghtest neu l rahno is s tab le  then m r \  c) not i00 e v  - 2 
GeV~(for rn(q) = 40 GeV) The uppe r  hmlt  d e p e n d s  oP mr(3) (s~mdar to 
the  • hmtt) a n d  on na lu re  of \3 For pure htggs inc "he h igher  l imit IS 
GeV 
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k ~ ,  X ~  ( C H A R  G I N O S )  M A S S  LIMITS 
Chorg lnos  (X ..+-+ s) are u n k n o w n  mixtures of w Inos a n d  c h a r g e d  hlggsl-  
has ( the supersymmel r l c  par tners of W a n d  HJggs bosons)  Mass l imits 
ore re la t l ve ly  m o d e l  d e p e n d e n t  so assumphons  c o n c e r n i n g  b r a n c h i n g  
rahos n e e d  to be  spec i f i ed  When speci f ic  assumpt ions are m a d e .  
e g the  chargJno Is o pure  w ino (W) or pu re  c h a r g e d  h lggs ino  ( H ~ :  
l he  ch...arglnos wi l l  be  l a b e l l e d  as such The l imits from e + e  - ~ ")~"t  
or "~ lq, assume three neut r ino  genera t ions  We q u o l e  va lues  on ly  as 
e x a m p l e s  TO choose  our best l imit  we  d is regard  l imits requ i r ing  l ight  
~' Our c h o i c e  of best l imit  is fair ly gene ra l  a n d  conse rvo l l ve  

VA_L_UE (GeV) CL % OOCUMEN~ ID ~ECN COMMENT 

> 22.5 95 ~3BARTEL 85H JADE e + e  - ~ W + W  - 

• * * We do  not  use the fo l l ow ing  d a t a  for ove rages  fits, llm~ts e tc  • * * 

> 39 95 '14ADEVA 87 MRKJ e + e  - ~ 3~;~= , 
> 45 90 15 ANSARJ 87D UA2 D ~  ~ Z X (Z 

W ÷ W  - "  W + - 
e : ~ ' )  

> 40 ~6 BAER 87B RVUE pp ~ W/Z X (W,'Z 

n o n e  7 . 5 - 2 2  4 95 17BEHREND 87B CELL e + e  - ~ ~ , /+ i~ ' -  

> 22 .4  95 188EHREND 87B CELL e + e  - ~ ~V+W - 

> 3 7  3 9 5  t4BEHREND 878 CELL e + e  - ~ ~ , i ~  
n o n e  3 9-21 5 95 19 BEHREND 878 CELL e + e -  ~ H + H -  

( ~ ±  ~.. ~ ±T,) 
> 2 7 0  90 20 8ELTRAMI 87 CNTR ,u ~ e lq ,  
> 22 0 90 21FERNANDEZ 87 MAC e + e  - ~ e = H / ; : ~  , 

> 6'1 90 22HEARTY 87 ASP e+e - ~ ~ , l ~  
> 48 90 23BARTHA 86 ASP e+e - ~ 3~,~ 

> 40 2 90 24BEHREND 86D CELL e+e - ~ ~q, 

> 25 95 25ADEVA 84B MRKJ e + e  - ~ W + W  - 
(~v ~ ~,) 

13BARTEL 85H search X ±  d e c a y  modes  ( ~  /'~'~ q q ~  a n d  q q g  wi th  g - -  
a q 7  They use a c o p l a n a r  jets a c o p l o n a r  leptons,  spher lCal  h a d r o n l c  
events  R-measurement ,  e tc  to search The a b o v e  l imit  is t y p i c a l  of most  
of their  results de lo l l s  wi th var ious b r a n c h i n g  rahos a n d  ~ masses 
appeaJ" in fig's in BARTEL 85C Ecru =27-46  GeV 

'14Pure W e igens to fe  e x c h a n g e  .and n ~ ' , / )  = 0 assumed  for /" = e. #. r 
The l imit  d rops to 25 GeV If m(i ,)  _~ '12 GeV 

15ANSARI 87D looks for h lgh  Dr e + e -  pa i r  w i th  la rge  mlssing DT at the CERN 
p p  co l l i de r  at  E..cm = 546-630  GeV Th_e ILmd ~s va l l d  w h e n  m(',,) ~< 20 
GeV, 8 R ( W ~  e.Ue) = I / 3  a n d  B R ( Z ~  W + W  - )  is c a l c u l a t e d  b y  assum 
Ing pu re  gaug_Ino e igens to te  See their  Fig 3(P) for e x c l u d e d  reg ion In 
the m ( W ) - m ( v )  p l a n e  

'168AER 87B a rgue  that  the  c h a r g e d  heavy  l ep ton  mass l imi t  of 41 G e v  
o b t a i n e d  by  UAI c o l l a b o r a t i o n  (ALBAJAR 878) cor responds to the  moss 
hmlt  of 40 GeV under  the  assumphons that  the  LSP (pho f ino )  has a mass 
smal ler  t han  8 GeV a n d  that  the  g o u g l n o - h l g g s i n o  mix ing  ~s p a r a m e t r l z e d  
by  the  three m l n l m o l  super~rov i ty  m o d e l  pa ramete rs  In g r a n d  uni f ied 
theor ies rn(~) < 8 =mplles m~g) < 50 GeV 

17Only e + e - ~  ~ ~ W + W  - cons ide red  BR(~V~ ~ ' )  + BR(H, '~ 
/"i~3.) = 1 The lower  hm~t does not  cr~onge for rn(3,) < 10 GeV a l t h o u g h  
the  u p p e r  l imi t  musl  increase 

, lean ly  e + e  - ~ ..)~t ~ ~ + ~ -  cons ide red  8R(~/ ~ q q g )  = I Not sensi 
t lve  to r e ( g )  

'lOPure HIg~slno e lgens ta tes  On ly  e + e  - ~ ~.~ ~ H + H -  BR(H -+ ~ r±~',,) 
= '1 m ( ~ , ~ )  = 0 

20BELTRAMI 87 measure  the  in tegra l  asymmet ry  p a r a m e t e r  of # +  ~ e + X J 
d e c a y  Note that  the  l imit  is on ly  va l i d  w h e n  rn(~) .<:: rn(~) a n d  H/ is the  I pure  g a u g l n o  eJgensta le  

2 tAssumes BR(~' ~ [ ~ )  = 1/'3 The hmlt  d rops IO 20 GeV it rn(~,) _~ 5 G eV 
22The 95% CL Ilmff is 57 GeV Exchange  of pure  W e igens ta te  a n d  m(~,/-) = 

0 tar f" = e. /J "r assumed 
23Uses the  m o d e l  of HAGELIN 84 wi th  r r~, )  = 0, O + (IN) = '1 a n d  M(1) . ~  

M[2)  
24pure W e x c h a n g e  a n d  m(~) = 0 The l imit  d rops to 25 GeV it rn(~,,) _~ t5  

GeV 
25ADEVA 84B obse rved  no events  w i t h  s ignature of a c o p  lanor  l ep ton  .pa i r  

w i th  missing ene rgy  Llmlt ~s for re(W) ~ m(7 )  a n d  rn(~') Assumes W 
t, + [ d o m i n a t e s  Ecru = 30-47 GeV 

( S N E U T R I N O )  M A S S  LIMIT 
VALU~(Ge_V) . . . . . . . .  CL% DOCUMENT ID TECN C.O_M_M_F_NT 

26KANE 84 RVUE T ~ t'~'~' ~ ~ e~,~, J 

• * * We d o  not  use the  fo l l ow ing  d a t a  for ave rages  fits l lmlts e t c  • * * 

> 4 27 NG 87 COSM J 
>'10 8 90 28FORD 86 MAC e + e  - ~ "t'~~ ~ I < 2 8 27 GAISSER 86 COSM 

29 FERNANDEZ 85B MAC e + e -  ~ *y~ ,  
30 HAGELIN 84 COSM J 
30 IBANEZ 84 COSM I 
29WARE 84 RVUE e + e  - ~ 3,~~, 

26KANE 84 finds Irn(~) + rn(l~ e or '~'.u)l > rn(r) or Im(~p) ~ rn(~e) I > m(#) 
This llmlt IS form(W) ~rn~W) For other cases see fhelr figure 2 Derived 
f rom i- ~ eve~, T or /~J',u~'r, or from ju ~ e~,e~, ~ 

27Limits b a s e d  on ann ih i la t ions in the sun a n d  ore d u e  to an a b s e n c e  of 
h igh ene rgy  neutr inos d e t e c t e d  in u n d e r g r o u n d  exper imen ts  GAISSER 86 

l imit  a p p l i e s  on ly  if ~ is LSP a n d  if it is o ma jo r  c o m p o n e n t  of dark  
mat te r  

28FORD 86 l o o k e d  for s ingle "~ even t  e + e  - ~ ~ , ~  assuming ~'s ..escape 
d e c t e c f i o n  The hmlt  is for n~W) = 25 GeV it d i sappears  at rn(W) = 50 
GeV 

29WARE 84 a n d  FERNANDEZ 85B assume i"; is I ighlest  s tab le  supersymefr ic  
pa r t i c l e  or d e c a y s  Inws lb ly  AI.._~ 0 assume n'KW) is 20-29 GeV Looked 
for s ingle "~ even t  (e  + e -  ~ ~,~,'~.~. Dmlt f rom I obse rved  even t  con- 
slstenf wi th 1,1"~ b a c k g r o u n d  Is rn0, ) -'10 GeV at  CL = 90% Ecru = 29 
GeV 

301BANEZ 84 a n d  HAGELIN 84 f ind no c o s m o l o g i c a l  l imds on mass of l "~ from 
c o s m o l o g i c a l  dens i ty  '1.~(iJ) = P(~')/Pc or e~sewhere 

( S E L E C T R O N )  MASS LIMIT 

VALUE (GeV) CL % DOCUMENT ID TEEN COMMENT 

>23  95 BEHREND 87B CELL rn (~ )<19  e + e -  J 
>58 90 31 HEARTY 87 ASP rn(~)= 0 GeV, 3"~7 

I > 5 5  90 31 HEARTY 87 ASP rn(~)= 5 GeV " T ~  
>39  90 31 HEARTY 87 ASP rn(~)= 10 GeV ~ ~  

• • • We d o  no t  use the  fo l l ow ing  d a t a  for overages ,  fits. hmlts, e tc  * • • 

> 3 6  95 32ADEVA 87 MRKJ e + e ~  ~ " ) ~  J 

e+  e- . , t  
"-30 90 33 ANSARI 87D UA2 PD ~ Z X (Z ~ I 

t 

>34 2 95 34BEHREND 878 CELL e+e - ~ ")~ 

>26 8 95 35BEHREND 87B CELL e+e - ~ e---eT~ 

> 2 4  5 90 36FERNANDEZ 87 MAC e + e  - ~ e : t : e ~ : ~  
> 2 3  3 90 37FERNANDEZ 87 MAC e + e  - ~ e ± e : ; ~  
> 2 6  90 38 ARNISON 8PC UAt DD~.~ W "  X (W" 

e~,) (e ~ e~.) 
>33 90 39BARTHA 86 ASP m(7)=I0 GeV ~'~ 

>51  90 39BARTHA 86 ASP rn(~)=0 GeV 7~3" 
> 4 8  90 39 BARTHA 86 ASP t ' ~ ) = 5  GeV "t " ~  
> 3 3  7 90 40BEHREND 8bD CELL m(~ )=0  33"? J 
> 4 8  90 41 FORD 85 MAC m(~)=0  ~ ~ I > 2 2  95 ADEVA 85 MRKJ e + e  - ~ e + e -  
> 2 5  2 95 42BARTEL 85C JADE m(~)  = 0 GeV 
> 2 2  95 428ARTEL 85C JADE m(3.) = 15 GeV 
>37  90 43FERNANDEZ 85B MAC e + e -  ~ 3 ~  

95 44 BARTEL 84B JADE e + e -  
45BARTEL 84C JADE e + e  - m(Z')- 30 GeV 

> 2 2  4 95 46FERNANDEZ 84 MAC e + e  - ~ e : t : e = ~  
> 2 2  2 95 47GLADNEY 83 MRK2 e + e  - ~ e+- -e ; :~  
none  2-16  8 95 BEHREND 828 CELL e + e  - ~ e + e  - 
> 1 6  6 95 48BRANDELIK 82B TASS e + e  - ~ e + e -  
> 3 5 FARRAR 80 RVUE e + e -  ~ e + e -  J 

31HEARTY 87 a s s u m e d  pure ~ e l g e n s l a l e  a n d  re(eL) = m(eR~ " There is no I i lmi t  for r n ( 3 ) >  13 GeV The 95% CL hmlt  Is 55 GeV for m("r)=0 
32pure ~ e lgens ta te  wi th n')(~).= 0 a n d  n~eL) = m(eR) assumed The l imit  

d rops IO a b o u l  21 GeV It m(3, ) = 10 GeV 
33ANSARI 87D l imit  Is va l id  w h e n  rn(~) ~< 10 GeV a n ~  n'KeL) --~ m(eR) l 
34pure ~ e lgens to te  w l th  rn(~) = 0 a n d  rr~eL) =m(eR) assumed This l imit  

d rops lo  26 1 GeV it m('~) = 10 GeV 
35pure "~ e lgens to te  w l th  rn(~) = 0 a n d  m(eL) 7~" m(eR) ThlS hmlt  d rops to 

23 2 GeV if rn(7) = 10 GeV 
36There Is no l imit  for rn(~-)> 12 GeV At 95% CL l imit  is 24 I GeV 
37pure ~ e lgens to te  wdh rn(~) = 0 a n d  m(eL) ;>  rn(eR) or re(eL) . c  m(eR) 

assumed 
38ARNISON 86C l lml f  app l l es  tar eL w h e n  re(eL) = m(~'L) a n d  m ( ~ ) - -  0 See J 

their  Flg 7 for the 90% CL e x c l u d e d  regLon In the rn(eL) - m(l,L) p l a n e  I rn(eL) > 32 GeV at  CL=90% If rr~,L) = rr~3. ) = 0 
39BARTHA 86 search for a n o m a l o u s  pho tons  from e + e -  ~" ( ~ " r )  wh.ere ~ s 

ore assumed to l eave  a p p a r a t u s  u n d e t e c t e d  For m(eR) ::~ re(eL) a n d  
m(~') =_0, l imit  is 42 GeV at  CL = 90% 

40For m(eL)) .m( 'eR) l lml t  is 28 GeV The,'e is no l iml t  for m ( ~ ) >  15 GeV 
41One obse rved  even t  is consis tent  w l l h  e + e -  ~ 7~'~; for 3 neutr inos The 

l imit  comes  from the  process e + e  - ~ 7 ~  wi th e e x c h a n g e  The l imit  

assumes rn('eO=m(eR) a n d  b e c o m e s  40 GeV ~t m('eL) :).  rn(eR) There is 
no l lml f  for m ( 7 ) > 1 2  GeV 

42BARTEL 85C cons ider  s lng le  a n d  pa i r  e p roduc t i on  as we l l  as "~ pa i r  + "i 
Flrst l imit  is for massless 7 a n ~  second  J._s for m(~..) • 15 GeV Both 
assume e q u a l  mass for e L a n d  e R For m(eR) :~  re(eL) a n d  massless 7 
l imit  is 2~ 8 GeV (see also thelr  f igure 2) 

43FERNANDEZ 85B ana lyze  single ~ even t  e x p e c t e d  from e - e -  ~ 2~ + 7 
A b o v e  i l m l t  is for n ~ )  = 0 a n d  equa t  mass e L a n d  e~  (See also f igure 
2) For rn(eR) :~- re(eL) l imit  is 30 GeV 
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44BARTEL 848 m a k e  n o n s t a n d a r d  assumpt ion  that  ~ d e c a y s  to go lds t i no  + 
"I They look  for 23' events  from 3" pa i r  p r o d u c t i o n  For supersymmet r ic  
b reak ing  p a r a m e t e r  d = (100 GeV)  2 they  t lnd  a l  CL = 95% rn(e) >80 
GeV Limit {s also a p p l i c a b l e  it the  ~ d e c a y s  rad io t {ve ly  w i th ln  the  
d e t e c t o r  

45BARTEL 84C l imit  is f rom Z search assuming that  m(Z') - 30 G e V  Using 
o c o p l a n o r  events w~lh missing PT Under these cond i t ions ,  re(e) -50 
GeV at  CL = 90% 

46FERNANDEZ 84 a n a l y z e d  s ingle e lec t ron  events  from singly p r o d u c e d  
Energy d is t r ibut ion ~s consis tent  wlJh e + e - ~  b o c k g r o u n d  

47GLADNEY 83 l o o k e d  tot la rge PT e from s ing ly  p r o d u c e d  e s 
4BBRANDELIK 82B l iml t  is from no e n h a n c e m e n t  In events wlJh # near  

90"( l ight  scalar)  a n d  w l th  la rge a c o p l o n a r i l y  (heavy  scalar)  

(SMUON) MASS LIMIT 
VALUE (GeV) . - - .  CL % DOCUMEN~ ID rECN COMMENT 

>21 95 490ARTEL 85D JADE e + e  - ~ ~ + # -  

• * * We d o  not  use the  fo l l ow ing  q a t a  for averages ,  fits l imits e tc  * • • 

none  2 8-20. .5 95 50BEHREND 878 CELL e + e  - ~ ~ + ~ -  

none  3 4 - 1 9 . 4  95 51 BEHREND 87B CELL e + e  - ~ # + ~ -  

> 2 0  95 52ADEVA 85 MRKJ e + e  - ~ ~ + ~ ' -  

>90 9 95 49 BARTEL 85D JADE e + e -  stable 
>13.8 95 52FERNANDEZ 83C MAC e+e - 
n o n e  3 3-16 95 BEHREND 82B CELL e + e  - 
> 1 6  4 95 530RANDELIK B28 TASS e + e  - 
none  3-15  95 BARBER B0B MRKJ e + e -  
> 3 .5  FARRAR 80 RVUE e + e  - ~ # + # -  
> 1 5  FAYET 79 RVUE g p -  2 

49BARTEL 858 second  l imit  is for s tab le  /~ from nonobserva f ion  of ~-pa l r  pro- 
d u c t l o n  First l lml t  is for ,u ~ # + s t a b l e -  ~ from nonobservo t ion  of o c o  
p l a n a r  .u pa i r  wL1h la rge misslng .PT a n d  aEphes if m(-~) .. '15 GeV First 
l imit assumes rn(eL) = rn(eR) if m(eL) :~" rn(eR) the  l imi t  is 20 3 GeV 

50rn(~L) = m(;~) with rr~,) = 10 GeV 
51m(#L) ) r~#~.) Of /~,~L) .tE [r~-R) wlth m(~-) = 0 
52FERNANDEZ 83C a n d  ADEVA 85 obse rved  no excess a c o p l a n a r  ~ + / ~ -  

events 
530RANDELtK 82B hmit  is f rom no e n h a n c e m e n t  in events  wi th  # near  

90°( l lght  '=color) a n d  wi th  la rge a c o p l a n a r i t y  (heavy  scalar)  

~" (SI_AU) MASS LIMIT 
r ~ T3 looks i den t i ca l  to H +- ~ T~, as In Stab le  Part lc le  Search Sec 
l l on  Where taken  from results q u o t e d  for H ±,  the hmlts b e l o w  
co r respond  to BR(T~,) = 1 0 l ine in mass l lml t  g raphs for p e l t  of 
H + H  - ~ T+~ , ÷ T-A '  

VALUE(GaY ) CL% DOCUMENT ID TEC_ N 

n o n e  5 .3 -20 .6  95 54 BEHREND 87B CELL 

>19 95 BEHREND 87B CELL 

• • * We d o  not  use the  fo l l ow ing  d a t a  far ave rages  flts 

none  5 6 -19  5 95 55 BEHREND 87B CELL 

> 1 8  7 95 55 BARTEL 86 JADE 

> i 7 95 56 ADEVA 85 MRKJ 

> 1 4  95 ADEVA 82B MRKJ 
none  4 -14  95 BARTEL 82D JADE 
none  6-15  3 95 57 BEHREND 82B CELL 
none  re(T) to 3 8 95 57 BEHREND 82B CELL 
none n~r) to 9.9 90 BLOCKER 82 MRK2 

~m< 5 )  : .,(;~) w,,h ,,-~) =o 
on'K'rL) > m(Te) or toO'L) <: m(Te) 

COMMENT 

e + e -  ~ ? + 7 -  - 

m(~)=  t0 GeV 

llmits, efc * • • 

e+e - ~ ~+~- 

e + e  - Ecru:40-41 
GeV 

5bNa excess o c o p l a n a r  /J a n d  h o d r o n l c  jef 
57BEHREND 82B first l lml f  for T" IS from DT-CUI T pair  analysis s e c o n d  i lml l  

from no excess ;" pa i r  events  

(SQUARK) MASS LIMIT 
VALUE (GeV) CL % DOCUMENT ID TECN COMMENT 

>45  90 58 ALBAJAR 87D UAI a n y  rn(g) > re(q) 
>58  90 58 ALBAJAR 87D UAI rn(g) < 160 GeV 
>75  90 58 ALBAJAR 87D UAI rn(g) = m ( q )  

• * • We do  not  use the  fo l l ow ing  d a t a  for overages  Ills l imits etc  • • • 

none  2 1-21 5 95 59 BEHREND 878 CELL e + e ~  q q  ~ I 
= qq '~  3 

n o n e 2  2-21 2 95 60BEHREND 87B CELL e+e~-  o Q q ~  J 
qq '~  ~, 

> 2 0  3 95 6t BEHREND 87B CELL e + e -  ~ ~ /Q-o I 
a p l a n o r  evts 

> 1 9  2 95 62BEHREND 878 CELL e + e -  ~ q q  ~ I 
I 

>50 630ERTOLINI 87 RVUE m(cl):rn(g) rnU)=45 I 

Gev 
64 BAER 85 RVUE pD 

> 3 65 NAPPI 82 RVUE Q=2 3 q only 

58The l imits of ALBAJAR 87D are from .o.o ~ q,q X (q_ ~ q { )  a n d  assume 5 1 
flavors at d e g e n e r a t e  mass squorks e a c h  wi th  rr~qL) = rn(QR) They also I assume re(g) > re(Q) These hmlts apply for rn(~) < 20 GeV 

59e(q)  = 2 /3  BR(q ~ q ~ )  = 'I rn(Qt) = rn(qR) It rn(~) : I0 G e v  the  hmlts 
b e c o m e  12 5 < m < 21 3 GeV 

60e(~)  = 2 /3  BR(q ~ q ~ )  = t rn(qL ) .C m(q.(,) or re(C/L) ~- m(qg)  It m(~ )  
= 10 GeV the limits b e c o m e  13 3 < m < 20 8 GeV 

~t~<~). 2/3 OR(~ - -  a~) : ~ =<~L) = ~ X ~  
62e(q)  = 2 /3  BR(q q g )  I m(qz) :~. rn(qg) or rn(QL) .¢: m(qg)  
63USes BR(b-~  s 'r)  < 2 × 1 0  - 3  a n d  the s u p e r s y m e l n c m o d e l  eshmate  

rn2~a ' ) -m2(b)  ~ 0 5  rn2(0 The b o u n d  strengthens as m(t)  increases a n d  
re(g) decreases 

64BAER 85 e v a l u a l e  the c a n t r l b u h o n  of ~ : /~  quark  + z =no w Ino NO 
c h a n g e  is n e e d e d  tar limits for m(g )  m(Q) d e n v e d  assuming the dota l  
n o n c e  at q ~ quark  + ~" 

65NAPPI 82 hmd app l i es  to cha rge  2,,3 q NO hmlt fauna for cha rge  1,'3 
Limit from P w a v e  q -q  b o u n d  state nonobservahon  in e + e -  anmh i l a t i on  

.9 (GLUINO) MASS LIMIT 
There Is an  o n g o i n g  controversy ( re f lec ted in these L~stlngs) abou t  
whe the r  very l l gh l  g s are ru led out These papers  somehmes m a k e  dif- 
ferent ossumphons and use di f ferent c a l c u l a h o n a l  f echmaues  

VALUE (GeV) CL% Et~TS DOCUMENT ID TECN COMMENT 

none  4-53 90 b6 ALBAJAR 87D UAf a n y  re(q) > rn(g) 
n o n e  4-75 90 66 ALBAJAR 870 UAf re(q) = m(g )  

• • • We dO not  use the fo l low ing  dora  for averages  firs hmlls e tc  • • • 

n o n e  16-58 90 67 ANSARI 87D UA2 m(Q) < 100 GeV 
> 3 8 90 68 ARNOLD 87 EMUL ~ -  (350 GeV) 

> 3.2 90 68 ARNOLD 

>50 69 BE RTOLINI 

none 0 6-2.2 90 70 IUTS 

none  I -4  S 90 0 71 ALBRECHT 

none  1-4 90 0 72 BADIER 

none 73 VOLOSHIN 

90 

74 BAER 
75 COOPER 
75 COOPER 
75 COOPER 
76 DAWSON 
70 DAWSON 
77 FARRAR 
78 GOLDMAN 
79 HABER 
80 BALL 
8~ BRICK 
82 FARRAR 
83 BERGSMA 
84 CHANOWITZ 
85 KANE 

none  0 5 -2  
none  0 . 5 - 4  
none  0 5-3  
none  2 -4  
none  I - 2  S 
none  0 5 - 4 , 1  
> I 

. I - 2  

I 
> 2 For m{~)  100 GeV 

-2 -3  Beam d u m p  
• 1 5 -2  FARRAR 7B RVUE g-hadron I 

66The l imits of ALBAJAR 87D ore from p D  ~ g g  X (g  -- QQ~) a n d  assume 
rn(q) > m(g )  These l imits ODDly fOr m(~)  ,~ 20 GeV 

67The l imit  of ANSARi 870 assumes rn(q) > m(g )  a n d  m(~)  = 0 
68The l imits assmue m(q )  = 100 GeV See lhe i r  f igure 3 for l imits vs m(q )  
09Uses BR(D ~ s~)  < 2~  I0  - 3  and  lhe  supersymetr lc  m o d e l  eshmote  

m 2 ~ d ) - m 2 ( D )  ~ 0 5 m2(f) The b o u n d  Sl renglhens as m(0  increases a n d  
rn(q) decreases 

70The g lu lno  mass is de f i ned  by  half the b o u n d  .gg mass If zero g l umo  
mass g ives o g g  of mass abou t  1 GeV as sugges ted  by  venous g l u e b o l l  
mass est imates,  l hen  lhe  low-mass b o u n d  can  be r e p l a c e d  by  zero The 
h igh  mass b o u n d  Is o b t a i n e d  by c o m p a r i n g  the d a l e  wtth nonre lahvrshc 
po ten t i a l  m o d e l  est imates 

I 
I 

87 EMUL ,'rr- (350 GeV) J 
r r~A0 72 I 

87 RVUE rn(q) _-n~g)re(t)=45 I 
G e v  

87 CUSB Y(IS) ~ ~ I 

+ g lu lnon~um 
BbC ARG 1×10 -I~ <_. r ~ I 

I "  10-9S I 

8 6  B O M P  1 ,  1 0 - t 0  < r < I 
I t ×  10-7s  

86 RVUE If (quasi)  s tab le  I 
g u u d  

I 

85 RVUE po 
85B BDMP For rn(Q)=300 GeV 
858 BDMP For rrl(q) 65 GeV 
858 BDMP For rn(o)=fS0 GeV 
85 RVUE T 10 - 7  sec 
85 RVUE For m(Q)=100 GeV 
BS RVUE FNAL b e a m  d u m p  
85 RVUE G l u l n o m u m  
85 RVUE 
84 CALO 
84 RVUE 
84 RVUE 
83C RVUE 
83 RVUE 
82 RVUE 
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~'"ALBRECHI 86C search tar secondary d e c o y  verhces f rom k ~ ( I P )  o g g g  
w h e r e  g s m a k e  I o n g h v e d  hc ldrons See lhe~r h g u r e  4 for e x c l u d e d  
reg ion  ~n the  r e ( g ) -  T(g)  a n d  m ( g ) - m ( q )  p l a n e  The l owe r  re(g)  r e g i o n  
b e l o w  ~ 2  G e V  m a y  b e  sensdNe  ICI f r a g m e n t a h c l n  e f fec ls  Remark  l h a t  
Ihe g h a d r o n  mass ~S e x p e c t e d  to b e  ~ 1  G e V  ( g l u e b a l l  moss)  m the  zero 
g mass hm; l  

;2BADIER 86 l o o k e d  for s e c o n d a r y  d e c a y  l o o k e d  tar s e c o n d a r y  d e c a y  ver  
hces  f rom l ong  h v e d  g-hc ld rons  p r o d u c e d  at  300 G e v  ~r- b e a m  d u m p  
The q u o t e d  b o u n d  assumes  g - h a d r o n  n u c l e o n  to ta l  cross s e c h o h  of 
10,uP See Ihe l r  h g u r e  7 tar  e x c l u d e d  reg ion  m the  r n ( g ) - m ( q )  p l a n e  for 
seve ra l  a s s u m e d  to ta l  cross s e g h o n  v a l u e s  

73VOLOSHIN 86 ru les ou l  stc lb le g t u l n o  b a s e d  on  l h e  casmoIOglCc l l  a r g u e  
m e n t  lhOt p r e d i c t s  too m u c h  h y d r o g e n  cons~s lhng o l  the  c h a r g e d  s l o b l e  
h a d r o n  guud Quas i  s t ab le  (~-.:.1 " . . 10 -7s )  hgh l  g l u l n o  of r e ( g ) < 3  G e V  is 
a lso ru l ed  out  by  n c l n o b s e r v a h o n  of l h e  s l a b l e  c h a r g e d  pc l r t l c les  g u u d  
m h~gh e n e r g y  h o d r o n d  colhs~ons 

74BAER 85 evQluc l te  t he  c o n t r i b u t i o n  of q ~ qZ IN  NO c h o n g e  is ~ e e d e d  of 
l imit  on  re (g)  re(Q) d e r i v e d  a s s u m i n g  the  d o m i n a n c e  Of a ~ q-., 

75COOPERSARKAR 85B ~s BEBC b e o m d u m p  G lu lnos  d e c o y m g  in d u m p  
w o u l d  y i e l d  ~ s in l h e  d e l e c t o t  g i v ing  neu l rc l l  Current  hke  i n te rc i chans  
For r n (q )  330 G e V  no  h i d  ~s set 

7bDAWSON 85 flfsl h i l t  f rom n e u t r a l  p o r h c l e  s e a r c h  S e c o n d  h i l t  b a s e d  on  
FNAL b e a m  d u m p  e x p e n m e n f  

77FARRAR 85 po in ts  o u l  t ha t  BALL 84 ana lys i s  o p p h e s  on l y  ff t h e g ,  s d e c a y  
be fo re  m t e r a c h n g  ~ e m(<~) 80m(g )~  B FARRAR B5 f inds n'Kg) - 0 5 not  
e x c l u d e d  for re (q )  = 3 0 - 1 0 0 0  G e V  a n d  re (g )  1 0 not  e x c l u d e d  for rn(Q) 
= 1 0 0 - 5 0 0  G e V  by  BALL 84 e x p e n m e n t  

78GOLDMAN 85 use n o n o b s e r v a h o n  of o p s e u d o s c o l a r  g-.~/ b o u n d  s to le  m 
r c l d l ahve  ~ d e c o y  

79HABER85 IS b a s e d  on  survey  of o i l  p rev i ous  s e a r c h e s  sens i t i ve  to low 
mass g s L lml l  mclkes a s s u m p t i o n s  r e g a r d i n g  the h fe t lme a n d  e l e c t r i c  
Chc l rge of l h e  hgh tes t  s u p e r s y m m e t n c  p a r t i c l e  

80BALL 84 ~s ENAL b e a m  d u m p  e x p e r i m e n t  O b s e r v e d  no  Jn te rachons  of 
in the  c a l o r i m e t e r  w h e r e  ":%s a r e  e x p e c t e d  to c o m e  f rom pc l~ r -p roduced  
g s Sea rch  tar l ong  hved  ":. i n t e r a c t i n g  m c o l o n m e t e r  5 6 m  f rom t a r g e l  

L~m~t ~s tar n'1~q) = 40 GeV and produchon CraSS sechon propodlonat tO 
A 0 72 BALL 84 f ind  no  g Cl l lowed b e l o w  4 1 G e v  at  CL = 90% Their hg  
ure  1 SHOWS d e p e n d e n c e  on  r 'n(d) a n d  A See a lso KANE 82 

81BRICK 84 r e c l n a l y z e d  FNAL 147 G e V  HBC dc l ta  for R--~(1232) + "  w~th ,~ - 
10 -  9 sec  a n d  Plod 2GeV  Set CL = 90% u p p e r  hm~ts 6 1 4 4 a n d  29 
mlcrobclrns in p p  ~ , + p  K ' p  co lhs lons  r e s p e c t i v e l y  R ~ +  + IS d e f i n e d  
as b e i n g  g a n d  3 u p  qua rks  If moss = 1 2 -1  5 GeV  then  h i l t S  m a y  b e  
l owe r  fhcln t h e o r y  p r e d i c t i o n s  

82EARRAR 84 argues tha t  re(g)  100 MeV is hal l u t e d  OUJ ~f 1he hgh tes t  R 
h a d r o n s  o re  t ong  hved  A l ong  h f e h m e  w o u l d  o c c u r  ~f R hc ldrons a re  
hgh te r  t h a n  ~ s or ~f re (q )  100 G e V  

83BERGSMA 83C is reancllys~s of CERN SPS b e a m  d u m p  d o l o  See the i r  f igure  
1 

84CHANOWlTZ 63 f ind in b a g  m o d e l  tha t  c h a r g e d  S hc ld ron  ex~sls w h i c h  ~S 
s t a b l e  agcl[hSf s l rong  d e c o y  if fT~ ' )  ~ t GeV  This is i m p o r t a n t  s i D e  
t racks  f rom d e c a y  of n e u t r a l  s h a d r o n  c a n n o t  b e  r e c o n s t r u c t e d  to pr l  
mclry  v e r t e x  b e c a u s e  of m issed  "r C h a r g e d  s h o d t o n  lec lves t r a c k  ftclm 
ve r tex  

8SKANE 82 re fer red Clbove g moss h i d  f rom r e t r o o c h v e  ana lys is  of hc ldron~c 
COIhSiOn a n d  b e a m  d u m p  e x p e r i m e n t s  Limits v a h d  If g d e c o y s  ins ide  
d e l e c t o l  

UNSTABLE ~: (PHOTINO) M A S S  LIMIT 
The h m l t s b e l o w  a s s u m e  tha t  t he  ~," d e c o y s  e i l h e r  i n lo  " )G ( g o l d s h n o )  
ar  mlcl  ~ H 0 (H lggs lno )  

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT 

• • • We  d o  no t  use the  t a l l o w i n g  d a t a  tar o v e r a g e s  tits h i l t s  e f t  • • • 

- 15  95 BeBEHREND 87B CELL e ' e -  . ~ 
(~ ~ ~ G or ",~'0) 

87 ADEVA 85 MRKJ 
88 BALL 84 CALO Beam dump 

89 BARTEL 84B JADE 

89 BEHREND 83 CELL 
R0 CABIBBO 8 t COSM 

86BEHREND 878 hmi l  ~s tar uns l c l b le  p h o h n o s  On ly  Assumes BR~.~ ~ ) ( ~  or 
HC)) = I  m(~;  or /~/0) .~_ m r 3 )  a n d  p u r e  3 e J g e n s t a l e  n~eL)  = rareR) < 

100 G e V  
87ADEVA 85 ~s sensd lve  to ~ d e c a y  p a t h  - 5 c m  With re (e )  = 50 G e V  

h i l t  (CL = 90%)  ~s rn(-~) - 2 0 5  G e V  Assume 3 d e c o y s  to p h o I o h  + 
ga ldShnc l  Clna s e a r c h  for a c o p l o n o r  p h o l o r l s  w i th  l a r g e  mLsslng Pr  

88BALL 84 is FNAL b e a m  d u m p  exp__erlment O b s e r v e d  n a  3 d e c o y  w h e r e  
s a r e  e x p e c t e d  Io c o m e  from g's p r o d u c e d  Clt l h e  fo rge t  Three possl  

b l e  "~ h fe t imes o re  c o n s i d e r e d  G lu lnc l  d e c o y  fo g o l d s H n a  + g l u o n  is 
a lso c o n s i d e r e d  

B9BEHREND 83 and BARTEL 84B look for 23 even ts  from ~ pair production 
Wllh  s u p e r s y m m e t n c  b r e a k i n g  p a r a m e t e r  d = (100 G e V )  2 a n d  re (e)  = 40 
G e V  the  e x c l u d e d  reg ions  at  CL = 95% w o u l d  b e  n'K~ ) = 100 MeV - 13 
GeV  for BEHREND 83 rn(-~) = 80 MeV - 18 GeV  for BARTEL 84B Limi l  is 
a lso a p p l i c a b l e  If Ihe  ~. d e c a y s  rOd lc lhve ly  w i th in  the  d e t e c t o r  

90CABIBBO 81 c o n s i d e r  ~' ~ 3 + g o l d s h n o  P h a h n o  must  De e i t h e r  hght  
e n o u g h  ( 30 eV )  to sclhsfy c o s m o l o g y  b o u n d  or h e a v y  e n o u g h  ( 0 3 
MeV)  Io h a v e  d i s a p p e a r e d  at  ea r l y  un ive rse  

LIMITS O N  S U P E R S Y M M E T R Y  B R E A K I N G  S C A L E ,  ~ss = d t  2 

VALUE (GeV) C[% DOCUMENT tD rECN COMMENt 

• • • We do  no l  use t he  f o l l o w m g  d a l a  for a v e r a g e s  fits I lml ls  e t c  • • • 

> 80 95 0'1 BEHREND 87B CELL 

~225  95  9'1 BEHREND B7B CELL 

.~ 69 90 92BEHREND 86D CELL 

>117 93 FAYET 86 RVUE 

:-240 93 FAYET 86 RVU~ 

- 9 FAYET 79B RVUE 

outs~qe the d e t e c t o r  ff rn (~ )  < 0 1 GeV  
92The ~ IS a s s u m e d  to b e  hgh l  a n d  d e c o y  ou ts ide  the  d e t e c t o r  The 

q u o t e d  g rov lhnO moss hmH m ( g r o w h n o ) >  0 8 - 10 -6 eV is c o n v e r t e d  10 
Ihe  l owe r  h i d  of the  s u p e r s y m m e t r y  b r e a k i n g  s c o l e  d'1 2 = ~(ss) v ia the  
f o rmu la  m ( g r a w h n o )  = (4,-r 3)'1 2 ( ' . (ss)2 m ( p l o n c k ) )  w i th  m ( p l o n c k )  = 
1 22~ 1019 G e Y  

93FAYET 86 uses e + e  - ~ s ing le  p h o t o n  d a t a  tci ru le  out  smcl/I supe rsym 
re÷t ry  b rec lkm 9 sca le  bc lsed  on  l h e  p rocess  e + e  - ~ - )G (-) ~ ~ G )  ar  
e + e  - ~ ~ ~ G w h e r e  G d e n o t e s  a go ldShnO or CI grc lv lhnO r e s p e c t l v e ~  
in g i o b o  I or IOCCII s u p e r s y m m e l r l C  theor ies  The h i l t s  van ish  a b o v e  mr%.) 
= 20 GeV  In Ioccl l  s u p e r s y m m e l r y  theor ies  the  a b o v e  b o u n d s  c o n  b e  
r e m t e r p r e l e d  Cls t he  g rov lhnO mass b o u n d s  ~ e m(grov i t Jno)  ~. 
2 3 . 10 - b  eV Clnd r n ( ~ r o w h n o )  - . t  • 10 - 5  e v  r e s p e c t i v e l y  These h i l t s  
a re  I n d e p e n d e n l  of m(fL) a n d  rn(tR) 

m(~.) < 3 5  G e V  

re (h )=  0 2 - 1 0  GeV 

m ( ~ ) < 2 0  G e V  

0 3 < r n ( ' ~ ) < 1 0  G e V  

~'  ~ , ' r * = -  J "  

J ~ ' . , G  

. -. "; ~; w,fh :~" d e c a y  

S U P E R S Y M M E T R Y  M I S C E L L A N E O U S  RESULTS 
Results lhcl t  d o  na t  C lppeor  u n d e r  o the r  h e c l d m g s  or tha t  m a k e  non  
m ln lmc l l  CIssumphohs 

VALUE DOCUMENt /D TECN COMMENT 

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  his h i l t s  e t c  • • • 

94 BARBER 84B RVUE 

95HOEFMAN 83 CNIR = p  ~ n ( e + e  - )  

94BARBER 84B c o n s l d e r  thcl l  ,~ a n d  e m a y  m lx  l e a d i n g  to # ~ e '~~ They 
diSCUSS moss m i x i n g  l imits f rom d e c o y  drst Clsym in LBL TRIUMF d o l e  a n d  
e *  po lar lzc l t lOn in SIN d a t a  

95NOFFMAN 83 set CL = 90% h i l l  C~ d t  BR(e + e - )  3 5 ~ 10 - 3 2  c m  2 GeV  2 
for sp in 1 p a r t n e r  of G o l d s t o n e  l e rm lons  w d h  140 m < 1 6 0  MeV d e c a y  
i n g - ~  e + e -  pa i r  
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l SEARCHES FOR QUARK AND LEPTON 
COMPOSITENESS I 

N O T E  O N  S E A R C I I E S  F O R  Q U A R K  A N D  L E P T O N  

C O M P O S I I ' E N E S S  

If  qua rks  and  lep tons  are m a d e  o f c o n s m u e n t s ,  then  at 

the scale o f  cons t i t uen t  b ind i ng  energies,  there  shou ld  

appear  new l n t e r a c u o n s  a m o n g  qua rks  and  lep tons  -~t 

energies  m u c h  below the c o m p o s n e n e s s  scale (A). these 

in te rac t ions  are suppres sed  by m y e r s ,  powers  o f ) ,  T he  

d o m i n a n t  effect shou ld  c o m e  f rom the lowest d i m e n s i o n a l  

m t e r a c n o n s  with four  f e rmi ons  (contact  tcrms),  whose  mos t  

general  chlrall} lnva r l an t  form reads  I 

g2 _ _ 

= , g [ r / L L C L Y ~ ¢ I . ¢ I .  TUdgL + r / R R ~ R Y , a C R ~ R Y U C R  
2 A -  

- 2r/Lr 7L %¢LTR v~¢R-] (l)  

(.'hiral m v a n a n e e  ts needed  to u n d e r s t a n d  why  quark  and  

lepton m a s s e s  are m u c h  smal l e r  t han  their  inverse  size A 

We m a y  d e t e r m i n e  the scale A u n a m b l g u o u s l }  by us ing  the 

above  form o f  the  e f fecnve  in te rac t ions ,  the  c o n v e n n o n a l  

m e t h o d  I is to fix its scale by set t ing ,q2/4r, = g'(.t),/'47r = I 

tbr the new strong interaction couphng  and by s e m n g  the 

largest magni tude  o f t h e  coeff ic ients  r/-d to be umty  In the 

fol lowing,  we denote  

~" = k /~L f o r ( r / / . / ,  r/RR r/LR) = ( '  I () (!) 

A - .  ARR for(r / / . / ,  r /RR r/l.R ) (0 - I  ()) 

A = kl~:[ f ° r ( r / l . l ,  r /RR 711.R I ( - I  _'1 "11 

÷ 

* t -  \ - l l  f ° r ( r / L L  r/RR rll.R ) = ( " I ~1.  7 ; I ) .  (2) 

as typical e x a m p l e s  Such in terac t ions  are expected 

i n d e p e n d e n t  o f  mode l s  `*',hen all tile four  f c rmlons  en te r ing  

the  vertex are ~dentical. e g .  m eeCL' and  qqqq processes  In 

o ther  processes  like ccp.u, c c r r  ccqq. and  q q q ' q "  the con-  

tact l n t e r a c n o n s  shou ld  appear  m mode l s  v, here l 'ao t~.'l- 

m i e n s  ha~e a c o n l m o n  cons t i tuen t  

A n o t h e r  t} plcal c o n s e q u e n c e  o l ' compos~ teness  ~s the 

a p p e a r a n c e o f e x c l t e d l e p t o n s a n d q u a r k s ( l ' a n d q ' )  The)  

can be pa~r-produccd ~ ia their  gauge coup l ings  JUSt like 

o rdmar}  heax .x leptons  and  quarks ,  a l t hough  the,, ma} hax e 

different  e lectrowcak q u a n t u m  n u m b e r s  and  nla'. haxe  

form factors 2 In addi t ion ,  we expect  a [ - [ *  t rans i t ion  (./* 

= exci ted l~'rmton) x la d m l e n s m n - f i ~ e  l n t e r ac tmns  with a 

gauge boson  The  pho ton  coupl ing  for sp in - I / 2  excited t~'r- 

m i e n s  can be expressed  as 

_A [ t w '  - r / R I R  ~ " 

','.'here c = \"~4rra t'" = ,, -I - ,, -I 

0 "w '=  (t ./2)("t'U'y v -  3 ' u T U ) . a n d  we fix the  sca le  ', b.~ c h o o s -  

l n g M a x I I r / L l , l r / R I ) =  I a s b c f o r e  T h e g l u o n c o u p h n g  

for q u a r k s  is o b t a i n e d  f rom the  a b o ~ e  b) r ep l ac ing  the  fac- 

t o r , / '  vbvgs-7"L~/"<~ ~ h e r e  I <~ = ,, .1 a . ,, 1 u t O (g ,~ )  

and  g ~ is h a f f t h c  ~ e l l - M a n n  w' .O v l, /J ' . -  mat r ix  for color-triplet  

exci ted qua rks  Chiral  m ~ a n a n c e  i m p h e s  

r/L;TR - 0 (4) 

in the  mass l e s s  f e r m m n  limit lot both pho ton  and  gluon 

coup l ings  The  ratio 

X - m t  . / ~  (5) 

can be chosen  as a free pa r ame te r  

In the ana l}s i s  o f  s o m e  expe r imen ta l  resul ts  the relat ion 

r/L = r/R = I. whlch  \ l o l a l e s t h e c o n d l l l o n  in Eq (41. has  

been a s s u m e d  Wc encode  the resul ts  o f  such anal} ses 

,xhen the sens i t ive  part o f  the cross  sect ion is propor t ional  

to the factor r/i. + r/~ and  the l imi ts  can be remte lp re ted  :is 

those  for the cases ( r /L  r/R) = ( 1 0 ) o r ( O  I) a f l e r d l x l d l n g  

the  scale A b} \ 2  (or. equlxalent l}  m u l t i p l . x m g t h e  ractol X 

b.~ \"~) 
At energies  abo ' , e  the v, eak boson  m a s s  scah.', lransltlOrl,, 

' , ia weak boson c o u p h n g s  can be s tudied  Ifv, cak bosons  

are the gauge bosons  o f  thc elcctro',~eak s$ mmelr.x as m t t l c  

S t anda rd  Model .  file t r a n s m o n  c o u p h n g s  arc cons t ra ined  by 
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SU(2) L ×13(1)). mvartance For example, if we consider a 

class of models in which both the right- and left-handed 

stales of the excited fermtons are weak-isospm doublets 

then the mlcract]on Lagrangian ~s 3 

1 
..~' = =~-A × 

# v  

where fL denotes rather lepton or quark doublets, g and g '  

are SU(2) L and U ( l ) y  couplings. 

H q = 0 H ¢  - , ~  IV  ~ 4 0 ( g ) ,  
I l l  ' tJ V ~' tJ 

lay  ~ V p la 

in terms of the SU(2) L and U(1)y gauge bosons, and 7 q is 
halt" the Pauh matrix If, instead, the excited fermions are 

sfnglets in both chlrahties, then their transition couplings 

are obtained from Eq (6) by replacing f L  by f R  and by 
deleting the It" couplings (7/= 0) We do not pursue the 

option where excited fermions have SU(2) L × U ( l ) y  nonm- 

variant masses We may again fix the scale .X by the condi- 

tion Max(I rt I. I ~'1, I n S I ) = 1 The photon couphngs of  

Eq (3) arc obtamcd after the mixing ofSU(3)  c and U(I)EM 
neutral vector bosons, H" 3 and B For example, (n,r() = 

(1 . -  I/2) m Eq (6) gives (r~L,r/R) = (--1.0) for charged lep- 

tons, and (r/.r() = (1,1/2) gives (rlL,rl R) = (I,0) for neutrinos 

m Eq (3) The chirahty condition, Eq (4). is automatically 

satisfied in SU(2) L and U(l)y invanant  models 
If leptons are made of color triplet and antttrtplet consti- 

tuents, we may expect their color-octet partners Trans~- 

lions between the octet lcptons (/'8) and the ordmary lepton 
((') may take place via the dimension-five interactions 

where the summation is over charged leptons and neutrt- 

nos The lcptonic chtral invartance imphes rlLrl R = 0 as 
betbre 

(6) 

, ' o ' ' , ~ }~r~V[L+hC } + ~l" g'B , -  rlsg S I t '~, 
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S C A L E  L IMITS F O R  C O N T A C T  I N T E R A C T I O N S  A ( e e e e )  
Llmlfs o re  for '~L~ on ly  For o ther  CaSes, see  e a c h  re fe rence  

V~L_U_E (.reV) . _  CL% DOCUM_E_NT I ~ .  TECN COMMENT . . . .  

> 1 . 4  95 1 BRAUNSCH 88 TASS ~L 

> 3 . 3  95 '~ BRAUNSCH 88 TAS$ ~tL 

• * • We do  not  use the fo l lowing d a t a  for a v e r a g e s  fits l imits e l c  • • • 

> 1 I 95 2 BAR'TEL 86 JADE ' ~  

>14 95 2 BARTEL 86 JADE '~L 

> 1 . 1 7  95 3 DERRICK 86 HRS 

> 0 . 8 7  95 3 DERRICK 86 HRS , ~  

> 1.1 95 4 BERGER 85 PLUT 

> 0  76 95 4 8ERGER 85 PLU'f *~LL 
IBRAUNSCHWEIG 88 Is at  Ecru = 12 -46  8 G e V  m(L') = 92 G e V  a n d  sln2# W 

= 0 . 2 3  assumed  
2BAR'fEL 86 Is at  Ecru = 12-46  8 GeV  re(Z) = 93 GeV end  sln2~) W = O 2'I'} 

assumed  
3DERRICK 86 Is (31 Ecm = 29 G e V  m(Z) = 93 G e V  and  g~  = 

( -  '1,' 2 4 2sin20 W) 2 = 0 004 a s s u m e d  
4BERGER 85 is at  Ecru = 34 7 G e V  rn(Z) = 93 G e V  and  sin2# W = 0 2t ' }  

assumed  

S C A L E  L IMITS F O R  C O N T A C T  I N T E R A C T I O N S  X ( e e p . p . )  
Limlts a re  for ~'~L only  For o ther  cases  see e a c h  re fe rence  

VALUE ~Tev). CL % _DO CU_M..ENT IO TEeN COMM~N~. . 

> 4 . 4  95 5 BARTEL 86 JADE ~'~L 

> 2 . 1  95 5 8ARTEL 86 JADE %'it 

• • * We do  not  use the fo l low ing  d a t a  for a v e r a g e s  fits. llmlls, e tc  • • • 

> 2  9 95 6 BERGER 85 PLUT ~L J 

> 0 . 8 6  95 6 BERGER 85 PLUT ~LL t 5BARIEL 86 is at  Ecru = 12 -46  8 GoV n~Z) = 93 GeV  and  sln2fl W = 0 2`17 
assumed  

6BERGER 85 Is a l  I~cm = 34 7 GeV  m ( ~  = 93 G e V  and  sin2# W = 0 217 I 
assumed  

S C A L E  L IMITS F O R  C O N T A C T  I N T E R A C T I O N S  A ( e e ' r T )  
Limits a re  for ~'L~ on ly  For o ther  CaSes see e a c h  re fe rence  

VALUE (TeV) eL_% _DOC'_._. UM_ENT ID TEeN COMMENT 

> 2 . 2  95 ;' BARIEL 86 JADE ~'~L I 
6 

> 3 . 2  95 7 8ARTEL 86 JADE ~LL I 7BARTEL 86 iS at Ecru = 12 -46  8 G e V  rn(Z) = 93 GeV  and  s in2#w = 0 217 
assumed  

S C A L E  L IMITS F O R  C O N T A C T  I N T E R A C T I O N S  A ( ~ u v ~ , e v e )  
Dmlts a re  far ~.~ on ly  For o ther  cases  see e a c h  r e f e r e n c e  

CL % DOCUMENT IO TECN COMMENT _V~.LU_¢ (_rov) . . . . . . . . . . .  

> 3 . 1 0  90 8 JODIDIO 86 SPEC ~.L~R f rom 

81n JODIOIO 86 chitO~By invor lont  In terac t ions  L = (g2 /  %2) IT~L t O.,tjL-tC~p.L) 
(eL'~(~'eL) + ~LR O'#LT(q'eL (eR%,IJR)i wlth g2 /d / r  = I and  (}?LL,~LR) = 
(0, ± I )  a re  taken  No llmits a re  g i ven  for ", ~ with (~LL,~LR) = ( :j: I 0) FOr 
m o { e  gene ra l  const ra in ts  wlth right h a n d e d  ]" neul r inos and  chi rg l l fy  non 
conserv lng  c o n t a c t  in te rac t ions  see their  text  

S C A L E  L IMITS F O R  C O N T A C T  I N T E R A C T I O N S  A ( q q q q )  
Limits a re  for ", ± wi th co lor -s ing le t  Isosca lar  e x c h a n g e s  a m o n g  UL S LL 
a n d  dL'S only See EICHTEN 84 for deta i ls  

VALUE (TeV) eL_% DOCUMENT IO T_ECN COMMENT 
> 0 . 4 1 5  95 9ARNISON 860 UA1 p D  ~ dlJets 

• • • We do  not  use ~he to~lowff,,g d a t a  for a v e r a g e s  tltt ILmlts e tc  • • • 

> 0  400  95 10 ARNISON 86[ UAI  p D  ~ lets inc lus ive 
> 0  370 9.5 11 APPEL 85 UA2 p p  ~ jets inc lus ive 
> 0  275 95 '~2 BAGNAIA 84C UA2 DP ~ let d l je t  

9ARNISON 86D limit Is f rom the study of d l le t  angu la r  d is t r ibut ion In the 
r ange  240 < m(dlJef)  < 300 G e V  at the CERN D p  co I I Ide r  (Ecru = 630 
GeV)  QCD pted lc t~on using ~'ALQ structure tunctlor~ (EtCH'[EN 84)  wi th 
~.QCD = 0 .2  GeV  for the c h o i c e  of Q2 = p /2  g lves the best  fit to the clara 

'~0ARNISON 86E llmlt is f rom the  study of IncTuslve hlgh-pT let dtstr lbut lons at 
the CERN D p  col l lc ler  (Ecru = 546  a n d  630 G o V )  The QCD p red i c t l on  
renorma l l zed  to  the low DT reg ion  g ives  o gooc l  flt to the d a t a  
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LEPTON COMPOSITENESS 

11APPEL 85 l imi t  Is f rom the  s tudy  of I nc l us l ve  h l g h - p  T te l  a l s t r l bu t l ons  at  t he  
CERN p p  co i l i c le r  (Ecm = 630  G e V )  The QCD p r e d i c t i o n  r e n o r m a l l z e d  to 
t he  Iow-p  T r e g i o n  g l ves  a g o o d  d e s c r i p t i o n  of t he  q a t a  

' I2BAGNAIA 84C f lmlf is f rom the  s tudy  of Jet PT a n d  Oiler mass d l s l r l bu t i ons  
a t  l h e  CERN p p  c o l l i d e r  (Ecru = 540 G e V )  The l lmi t  suffers f rom the  
u n c e r t a i n t i e s  in c o m p a r i n g  t he  d a t a  w i th  t he  QCD p r e d i c t i o n  

M A S S  LIMITS F O R  E X C I T E D  e ( e * )  
.\ _ m ( e * ) /  

The l imlts f rom e + e -  e x p e r i m e n t s  w h l c h  d e p e n d  on  ,\ h a v e  a s s u m e d  
t rans l f ion  c o u p l l n g s  w h i c h  a re  c h l r a l i t y  v i o l a l i n g  Howeve r  l h e y  c a n  b e  
i n t e r p t e t e q  as l lmi ls  for ch i ra f f i y  c o n s e r v i n g  i n te rac t i ons  a f ter  m u l t i p l y l n g  
t he  c o u p l l n g  v a l u e  .X by  2 I ' 2  see  Note  

VALUE (GeV) CL % DOCUMENT ID TECN COMMENt 

> 7 5  95 t3 ANSARI 87D UA2 W ~ e ~ i  , .\=1 

> 2 3  95 14 BEHREND 86 CELL e + e -  ~ e ~ e  • 

• • • We d o  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s ,  ffls l lml ts  e l c  • • * 

> 6 3  95  13 ANSARI 87D UA2 W ~ e~= , k=0  3 

> 4 0  95  13ANSARI 870 UA2 W ~ e * ~  , ,~=0 t3  

> 8 4  95 '~4BEHREND 86 CELL e + e  - ~ 3 '7,  , \ : I  
> 6 8  95 14BEHREND 86 CELL e + e  - ~ "~*) ,\=0 7 

n o n e  15 -27  95  15 BONNEAUD 86 DLCO e + e -  ~ e e  ~ ,X > 

0 0 1  
16 GRIFOLS 86 THEe =, .e  ~ ~'#e 

> 7 2  95 17ADEVA 85 MRKJ e + e  - ~ 3..7 ,\=1 
> 2 0  t7 ADEVA 84C MRKJ e + e  - ~ 3"~ X=0 .2  

> 7 0  17ADEVA 84C MRKJ e + e  - ~ 3.3" ,~=1 
> 5 8  95 18ADEVA 82 MRKJ e + e  - ~ .73", X=I  

19 8UKIN 82 CNTR e + e -  ~ ee=I¢ 

n o n e  0 5 - 3  3 20HAYES 82 MRK2 e + e  - ~ e ~ e ~  

21 RENARD 82 THEe ~-2 of e l e c t r o n  

> 3 9 95  22HANSON 73 W)RE e + e -  ~ "T*;' ,X=I 

t3ANSARI 87 Is at  Ecru : 5 4 6 - 6 3 0  GeV  W ~ e~=, ( e  ~ ~ e3 ' )  See the i r  
Fig I for e x c l u d e d  reg ion  ~n the  ~ X - m ( e  ~ )  p l a n e  The llm~ts d e p e n d  on l y  
on  t he  a s s u m p t i o n  ~/ = I a n d  n o n v a n l s h l n g  e ~ e 7  c o u p l i n g  to ensu re  
r a p i d  e • ~ e*) d e c a y  (r/ a n d  )7' • 0) 

14BEHREND 86 l lmi ls  a re  f rom r e a c t i o n s  e + e -  ~ e + e -  e + e -  3. e + e -  3' 7, 
a n d  "I 3. a t  Ecru = 33 - 4 6  8 G e V  See the i r  FIg 5 for e x c l u d e d  reg ion  in 
the  ( . X / n ~ e ~ t ) ) 2 - r n ( e  ~ )  p l a n e  The s e c o n d  a n d  th i rd  l imits a re  for ~L = 
~ g :  1 

15BONNEAUD 86 mass l iml t  is f rom the  DELCO c o l l a b o r a t i o n  a t  PEP Their 
l imi t  is a c t u a l l y  q u o t e d  as a c o r r e l a t e d  u p p e r  b o u n d  on  X as a f u n c t i o n  
of r n ( e ~ )  r/L = ~/R = I a s s u m e d  

'I6GRIFOLS 86 uses ~ , .e  ~ ~,~e a n d  ~ ; .e  ~ u,ue d a t a  f rom CHARM C a l l a  
b o r a h o n  to de r i ve  mass l imlts w h i c h  d e p e n d  on  t he  s c a l e  of c o m p o s i t e -  
hess 

17ADEVA 84 a n d  ADEVA 85 hmlts a re  f rom e - e  + ~ 2"; w i th  e • e x c h a n g e  
~L = ~R = I a s s u m e d  

18ADEVA 82 s lucly e + e -  ~ e + e -  *) e + e -  3.'7, a n d  ~ ~ See the f t  f igure  2 
for d e p e n q e n c e  on  t he  c o u p l i n g  ~L = ~R = I a s s u m e d  

'I9BUKIN 82 is VEPP-2m r ing e x p e r l m e n l  for e + e - ~  e + e - 3 ,  w i th  Ecru = 
0 6 4 - I  4 GeV  O b s e r v e d  no  p e a k  in m ( e  ~)  s p e c t r u m  Set CL = 95% 
hml t  a ( e  ~ +  e - )  / ~ ( e  + e - )  " (0 2 - b ) I 0  - 4  for r n ( e ~ )  = 0 2 - I  0 G e V  )TL = 
~R = I a s s u m e d  

20HAYES 82 Is SLAC SPEAR e x p e r l m e n t  Their t ab les  5,6 g i ve  c ross-sec f lon  
l imits for o r t h o m u o n  a n d  o r t h o e l e c t r o n  for masses in a b o v e  r a n g e  

21RENARD 82 d e r l v e d  f rom 9-2 d o l a  l imits on  mass e n d  c o u p l i n g s  of e ~  a n d  
#v~ See f igures 2 anc l  3 of t he  p a p e r  

22HANSON 73 took  for d e v l o t i o n s  t ram QED in e + e -  ~ 23 The l im l l  ~s for 
~L = r/g = I 

M A S S  LIMITS F O R  E X C I T E D  /~ ( / ~ )  
,\ : m ( # ~ ) / ~ ,  

V_ ALUE (GeV) _ _  CL % DOCUMEN~ 10 TECN 

> 2 3  95 23 BEHREND 86 CELL 

> 4 3  95 23 BEHREND 86 CELL 

• • • We dO not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits. 

> 25 95 24 ADEVA 85 MRKJ 

> 34 95 25 BARTEL 84 JADE 

> 22 95 25 BARTEL 84 JADE 
26 FORD 83 MAC 

> 10 95 27 ADEVA 82 MRKJ 

n o n e  0 6 - 3  3 28 HAYES 82 MRK2 
29 RENARD 82 THEe 

COMMENT 

e + e  - ~ p * ~  

e + e  - ~ p p ~  

~ : 0  6 

limds elc • •. 

e+e - ~ ~ , ~ = 1  

e+e - -- ~ X = 

0 . 2  
e+e - ~ #*~ 

e+e - ~ p#~ 

p~p$ 
e + e  - ~ ~ 
e + e  - ~ .~ 
9-2 at muon 

23BEHREND 86 l lml t  ~s f rom ana lys is  of d a l a  on  e + e  - ~ # + ~ -  # + . u - ~  
# + # - 3 " . 7  a t  Ecru = 33 - 4 6  8 G e V  See the i r  F~g 6 for e x c l u d e d  reg ion  in 
the  ( * / n ' K u ~ ) ) 2 - m ( , u X t )  p l a n e  The s e c o n d  hmit  ~s for qL = ~R = 1 

24ADEVA 85 sJudles e + e  - ~ . u + / ~ - ' ;  • a n d  . u + . u - 7 * )  The hmH ~S for )IL = 

f i r  = 1 
25BARTEL 84 o b s e r v e d  270 / ~ + ~ - ~  even t s  a n d  16 # + p - 2 * )  even t s  D~sln 

bu t ions  a re  cons is ten t  w l t h  QED S e c o n d  l imit  is f rom 2*) even t s  a n d  
assumes #~x Is p o l n t h k e  T~e first hml t  is f rom I*) even t s  a n d  d e p e n d s  on  
'\ ~L = ~/;' = I a s s u m e d  

26FORD 83 a t  PEP MAC (Fcm = 29 GeV)  sel  CL : 90% l imits ( r ( ~ * ~ * ) /  
o ' ( .+ /~  - )  - ( 1 - 2 ) 1 0  - 3  for rn~u~)  = 2 - 1 4  GeV  a n d  a ( ~ * / .  0 / ~ ( . ~ + / ~ - )  
• ( 1 - 2 ) 1 0  - 3  for rn(# ~t) = 2 5 - 2 7  GeV  

27AOEVA 82 l lm# assumes po~nthne .uxt c o u p l i n g  They a lso  set hind 
a(/~#)/n(#+.-) < I% (CL=95%) from .~+~- *) evenls See fhe~r figure 2 

for d e p e n o e n c e  on  the  c o u p h n g  
28HAYES 82 IS SLAC SPEAR e x p e r i m e n t  Their tob ies  5 6 g i ve  cross sec t i on  

l imits for o r t h o m u a n  a n d  o r t h o e l e c l r o n  for mosses =n a b o v e  r a n g e  
29RENARD 82 d e n v e c l  f rom ~-2 d a t a  bruits on  mass a n d  c o u p t l n g s  of e ~ a n d  

/ ~  See f igures 2 a n d  3 of the  p a p e r  

M A S S  LIMITS F O R  EXCITED T ( T * )  
,\ : rn{r~),. ~. 

VALUE (GeV) CL % DOCUMENr_.ID rECN COMME_AIT 

> 2 2 ° 7  95  30 BEHREND 86 CELL e r e  - e T~T ~I~ 

> 4 0 . 8  95  30BEHREND 86 CELL e + e  - ~ ' r ~ r *  
.',=0 7 

• * * We d o  not  use the  f o l l ow ing  c la ta  for o v e r a g e s  flts hmllS e t c  • • • 

> 2 2  95 31BARTEL 86 JADE e + e  - ~ T~T  ~ 

> 4 0  95 31BARTEL 86 JADE e + e  - ~ T r  v~ .X=I 

> 4 1 . 4  95  30BEHREND 86 CELL e + e  - ~ ~',"~ . \= I  

30BEHREND 86 lqmlt is f rom s tudy  of r e a c t i o n s  e + e  - ~ r + r - ~  a n d  
T + T - - ~  at  Ecru = 3 3 - 4 6  8 GeV  The flrst hmf l  is f rom T ~ r ~  ono lys ls  for 
po in t  l i ke  p h o t o n  c o u p l i n g  The s e c o n d  a n d  fh l rd  hinds o re  f rom T T ~k 
ana lys is  wdh  fiL = ~ '  = I See the i r  Fig 6 for the  e x c l u d e d  reg ion  In 
m ( t ~ ) -  ( , \ , ' m ( r ~ ) )  2 p l a n e  

31BARTEL 86 g lves  l o w e r  b o u n d s  on  mass of on  e x c l t e d  T l e p t o n  Flrst 
b o u n d  Is f rom s e a r c h  for e + e - ~  T~I(eT ~ -  wlJh d e c a y  "r~ ~ r ~  
S e c o n d  b o u n d  Is f rom s e a r c h  for e + e  - ~ T ÷ T  ~k- or  ~ - r  x¢+ wl th  
d e c a y  T e ~ r'~ Ecm = 3 0 - 4 6 . 7 8  GeV  See the i r  Fig 6 for e x c l u d e d  
reg ion  in the  m ( T ~ ) - ( . \ / r n ( T ~ ) )  2 D iane  The first l imit  ~s for po in t  l i ke  p h o  
ton c o u p l i n g  a n d  t he  la t te r  o n e  assumes ~L = ~R = t a n d  ', = 1 

MASS LIMITS FOR EXCITED q (q*) 
x - re<q*),,' 

VALUE (GeV) C~ % DOCUMENT ID [ECN 

• • * We do  not  use t he  fo l l ow ing  d a t a  for a v e r a g e s  fits 

COMMENt 

hmlts e tc  • ° • 

> 2 1  1 95 32 BEHREND 86C CELL e ( q ~ )  = - I .  3 CP ~ J 
= 

q g  

> 2 2  3 95 32BEHREND 8bC CELL e ( q * )  = 2 .3 ,  q~  ~ J 
= 

q g  

> 2 2 . 5  95 32BEHREND 8bC CELL e ( q  ~ )  = - 1 : 3  q *  ~ I 
= 

( /3 
> 2 3  2 95 328EHREND 86C CELL e ( q  ~ )  = 2 .3  q ~  ~ J 

= 

q*) 

> 3 9  95  33 BEHREND 86C CELL e "~ e -  ~ q ~ q  I 
i 

(qV~ ~ g q g 3 )  A=I 

32BEHREND 86C s e a r c h  for e + e  - ~ q ~ c / ~  for r rKa  ~)  ". 5 GeV But m < 5 l 
G e V  e x c l u d e d  by  to ta l  h o d r o n l c  cross sec t i on  The hmlts a re  for po in t  I 
l i ke  p h o t o n  c o u p l i n g s  of e x c i t e d  q u a r k s  

33BEHREND 86c  r~as Ecru = 42 5 - 4 6  8 GeV  See the i r  Fig 3 lo t  e i ( c lua lea  I 
r e g l o n  in the  m { q ~ x ) - ( . \ , ' m ( q * ) ) 2  p l a n e  The hind is for .\ = I wHh ~L = fIR I 
= I  

M A S S  LIMITS F O R  C O L O R  O C T E T  LEPTONS ( ( s )  
x = nX(s)., '  

_VALUE (GOV) C ~ . %  DOCUMENt /0 TECN COMMENT 

• • • We d o  not  use t he  fo lbowlng d a t a  for o v e r a g e s  flts hmlts e l c  • • • 

> 1 9  8 95 34BARTEL 87B JADE e e u8 r 8 e + e  - R 
none 5-23 2 95 34BARTEL 87B JADE .~s e+e - ~ ,u,u * 

le ts 
n o n e  9 - 2 1  9 95 34BARTEL 87B JADE z, s e + e  - ~ a c e  

planar le ts 

35 BARTEL 85K JADE e 8 e + e -  .* g g  R 

34BARTEL 87B IS at  Ecru = 46 3 - 4 6  78 GeV  The l imits a s s u m e  4 s pa i r  pro  
a u c t i o n  cross sec t ions  to b e  e i gh t  h ines l a rge r  l h o n  those  of the  
c o r r e s p o n d i n g  h e a v y  l e p t o n  Daft  p r o d u c h o n  Thls o s s u m p h o n  IS not  va l i d  
in g e n e r a l  for t he  w e a k  c o u p l i n g s  a n d  l h e  hml t  on  i' 8 c a n  b e  sensd lve  
lo  Its SU(2)L "~ U(1)y q u a n t u m  n u m b e r s  
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OTHER STABLE PARTICLE SEARCHES 

351n BARREL 85K R can  be  a f f e c t - d  by e + e ~ g g  VlO eq  e x c h a n g e  Their 
hmH rrKee) .- 173 GeV (.~L=95%) at .\ = m(ee) ~M = I (~L = qR = I )  ~S ha l  
l imed a b o v e  b e c a u s e  the cross sechon is senslhve to the prOdUCt ~ILtIR 
which  ShOuld be obsen l  in ord inary  theory wf lh e lec t ron ic  chiroI invorl 

o n c e  

BRAUNSCH 88 
ANBARt 87 
ANSARI 87C 
BARIEL 878 
ARNISON 86D 
ARNISON 86~ 
BARIEL 86 
BEHRENC 86 
BEHRENO 8~C 
BONNEAUD 86 
DERRICK 86 
GRIFOLS 86 
JODIDIO 86 

AlSO 88 
Erratum 

ADEVA 85 
APPEL 85 
BARIEL 85'( 
BERGER 85 
ADEVA 84 
ADEVA 84C 
BAGNAIA 84C 
BARREL 84 
EICHTEN 84 
~ORD 83 
ADEVA 82 
BUKIN 82 

HAYES 82 
RENARD 82 
HANSON 73 

REFERENCES FOR SEARCHES FOR QUARK 
AND LEPION COMPOSITENESS 

ZPHY C37 171 Brounschwe~g Gerhords+ (TASSO Collob ) 
PL 8166 440 *Bogno~Q 8onne, 80~s~on* (UA2 Co~{ob ) 
PL 8195 613 *Bognoia Bonnet+ (UA2 COIIOb ) 
ZPHY C36 15 +Backer Foist, (JADE Collob ) 
PL 8~77 244 +AlbOJOI AIDtOw* (UAt COIIGD ) 
PL 8t72 461 ÷AIDrow AIIkofer* (UAJ Callao ) 
ZPHY C31 359 +Becket Foist Haldt* (JADE Col lab)  
PL 1688 420 +Bulgar Cr~egee Former+ (CELLO Called ) 
PL BtB'~ t78 *8uelge¢ Ctiegee Oo~nlon* (CELLO Co~t~b ) 
PL B177 109 .Courau Johnson Yamamoto+ (DELCO Caliph ) 
PL 1668 463 *Gon Koollman LOPS+ (HRS COIlab ) 
PL 1688 264 +Pe~,s (BARC) 
PR D34 1967 *Bolke Carr Giaal Shlnsky+ (LBL NWES IRIU) 
PR D37 237 jOdlalo BelLe COIl- (LBL NWES rRtU) 

PL 1528 439 +Becke{ BeCket Slendyo (MARK J CoIlab ) 
PL 1608 349 +Bagnolo Banner+ (UA2 Colloi3 ) 
PL 1608 337 +Backer COrdS E~Chler+ (JADE COllOb ) 
ZPHY C2B 1 +Genzel tockos PlelOtZ, (PLUTO COllOb ) 
PRL 53 134 *Barber Becket Beraugo* (MARK J COllab ) 
PRPL 109 13 ~ ÷Barber BeCket+ (MARK J CollOp ) 
PL 1388 4:}0 .Bonnet BathSlOn* (UA2 COIIOb ) 
ZPHY C24 223 .Becket Bowderv Cords+ (JADE Callao ) 
RMP 56 579 +HmChhffe Lone Qu~gg (FNAL LBL OSU) 
pRL 51 257 +Read Smith Motlni+ (MAC COlIOb ) 
PRL 48 967 *Barber Backer Berdugo* (MARK J CoIIOb ) 
SJNP 35 844 +Kuraadze Lelchuk Panin SldOtOV+ (SI8E) 
TrQnslaled from YAF 35 1444 
PR D25 2869 *Perl Alam Boyarski+ (MARK II Collab ) 
PL 1168 264 (CERN) 
LNC 7 587 +LeOng Newman Low+ EMIT HA.~V CEA HAIF) 

OMITTED FROM SUMMARY TABLE 

NOTE ON O T I I E R  STABI.E PAR'I ' I ( ' I .E S E A R C H E S  

Wc collect here those searches xvhtch do not appear m 

an> o F t h e a b o ~ e s e a r c h c a t c g o n e s  T hes cm c l udes ea r ches  

for ccntauros Also show n ~trc hea~ ~ pamcle  searches m 

accclcratorexper lments ,  m cosmlcra}s  and m matter 

Searches are also hsted fi~r light parttdes,  h]ghl> i ()nlTmg 

particles penetrat ing non-ncut rmo-hke parncles and 

tachyons Note thai ax~on, supers}mmetr} H~ggsbosons 

(and tcchntp lons) .o ther  h e a ~  bosons, leptoquarks ramb 

Ions composltcncss,  hca',> neutrino, and hca'~} lepton 

scat cl~es appear m separate sCCtlOOS abo', c 

CENTAURO PRODUCTION CROSS SECTION IN ACCELERATOR 
EXPERIMENTS 
VALUE (crn 2) CL %EVT$ _DOCUMENT ID T_ECN COMNtENT 

• .  • We d o  not ~se the (oUowmg d a t a  tar averages  fits l imits e ic  * * * 

< 0  005n ( n o n d l f f )  95 0 t ALNER 86 UA5 p p  co lhde r  I 
< 1 , 10 -30  0 2ARNISON 83B UAt  DO COIIider 

0 3 ALPGARD 82 UA5 p D  co lhder  

tALNER 86 is CERN COIhder e x p e r i m e n t  at Wcm = 900 GeV Looked for I 
i 

n igh  mult lphCttV lOW EM con ten t  m m e a s u r e d  h igh  PT events f rom on I unb iased  s a m p l e  of 5500 events NO c a n d i d a t e s  observed  
2ARNISON 838 is CERN co lhde r  e x p e r l m e n l  with Wcm = 540 GeV Looked 

tar events with la rge  haaron ic  o~d  lOW e~ec l {omognet~c con ten t  None  

in 48000 low bias events 
3ALPGARD 82 is CERN co lhde r  e x p e n m e n l  with Wcrn = 540 GeV (155 TeV 

~ob equ i va len t )  Observed  no forge c h a r g e d  mu l t ip l i c i t y  events w~th 
photOn muitJphcl ty COhSlstent with zero In 3600 me lashc  events 

OBSERVATION OF CENTAURO-LIKE EVENTS 
A Cen tauro  event  is cha rac te r i zed  by O hod ron l c  event  with htgh mul t i  
phcLtv ~ g h  m e a n  Pr a n d  unusual ly  smotl  p h o t o n  ene rgy  

VALUE EVT$ DOCUMENT tD 7ECN 

• • * We d o  not use the fOl lowing data for overages  Ills Ilmtts etc • • • 

I BORISOV 87 EMUL 

LIGHT (BETWEEN # AND e MASSES) PARTICLE MASS 
VA[UE ( m ~  E V T S  DOCqM_E.NT ID TECN cO_,~_M_E_Nr 

• • • We do  not use the ta l low ing  d a t a  for overages  tits, broils etc  • • • 

none  1 t0-180 0 4 VIERTEL 78 CNTR : 2 • 10 - 5  sec 

none  2-13 0 5 BLAGOV 75 CNTR Splnor : -2 ~ 10 -  t0 

sec 

none  2-10 6 0 5 BLAGOV 75 CNTR Scalar : 2 • 10 -1D 
sec 

none  5-'175 0 COWARD 63 CNTR Spmor r 
2 2  • 10 - t 0  

none  5-175 0 COWARD 63 CNTR Scalar : 
-68 "- 10-10 

none 6 -25  0 8ELOUSOV 60 CNIR Splnor f - 1 v ~ 0  - 8  

none 2 -25  0 GORBUNOV 60 CC Splnor ," 1<10 - 9  

4VIERTEL 78 searches tar /~+ - -  X * i, Finds BR - 8 5 < 10 - 6  =n mass range  
g iven a b o v e  (CL : 90%) Besl l imit BR 5 ~ 10 - 7  (CL = 90%) is f ound  at 

mass : 80 MeV 
5BLAGOV 75 bounds on hfehme depend on moss and improve as mass 

decreases AI 2 GeV the e x p e n m e h l  is sensitive Io r 3 • I 0 - 1 1  sec for 

splnor T "5 " I0-11 sec tot scalar 

HIGHLY IONIZING PARTICLE FLUX 
VALUE 
(number m 2 y;) CL %EVT5 Z)OCUMENT_/~) . [ECN COMMENT 

• • • We d o  not use the fo l low ing d a t a  for averages flts l imits etc  • ° • 

-..0 4 95 0 KINOSHITA 818 PLAS Z.',:~ 30-100 

TACHYON FLUX IN COSMIC RAYS 
See SMITH 77 for a revlew of earl ier cosmic  roy a n d  acce le ra to r  exper l  

men ls  

VALUE 
(numDe( cn '}2 sac sf.] CL %EVT$ pOCUA4E_NT ID TEC__N. C._O_MMEN_T 

• * • We d o  not use the  to~lowlng d a t a  tot ove rages  iris hmlts e tc  • • • 

• - 2 4 , 10 - 9  90 0 6MARINI 82 CNTR v 'C I 2 
-: 2 3 " 10" 10 95 0 7BHAT 79 CNTR 

8 SMIIH 77 CNIR 

9 PRESCOTT 76 CNTR 

6MARINt 82 IS TOF m e a s u r e m e n t  using PEP-counter at sea level  
7BHAT 79 is at O o t a c o m u n d  (2200m a b o v e  sea) No signal  in 3621 hours 
BSMiTH 77 a n a l y z e d  more  l hon  200000 showers(223 days)  wlth E >1014 eV 

scann ing  290'<10 - 6  sac pe r i od  before  e a c h  shower Observed  excess 
46 ± 40 events does not ConShlule stat ist ical ly s igni f icant  e v i d e n c e  

9PRESCOTT 76 reonoWzed C lay  a n d  Crouch(  C C ) 74 d o t e  (Nature 248 
28) Found appa ra tus  ef fec l  cor rec t ion  for whlCh m u c h  reduces  the sla 
tlSllCOl s ign i f i cance at pOSlhVe C C result A~so pe r f o rmed  two new 
exper imen ts  one  using C C appa ra tus  another  with new appa ra tus  
Set u p p e r  hmlt  at CL = 95% of abou t  30 toChyOns per  shower with aver 

a g e  size N = 6 .  105 

TACHYON SEARCHES IN e*  e -  ANNIHILATION 
VALUE CL % EVTS DOCUMENT ID TEen COMMENT 

• • • We dO not use the fo t lowlng da ta  for averages  flts hmllS etc • ° • 

-." 1 • 1 0 - 6  90 0 10 PEREPELITSA 77 CNTR UVeq I 
.. I • 10 5 90 0 e0 PEREPELITSA 77 CNTR I uvea • 15 

t0PEREPELITSA 77 is M lche lson  l y p e  expe r imen t  for pa i r  p r o d u c e d  l achyons  
i1~ e + e -  onn th f lohon  (e + t ram CLJ iso tope)  Above  limits are tot 
n - (e+e  - . l o c h y o n  p a l 0  / n'(e + e -  o 2"~) a n d  UVea is t ochyon  veloc= 
ties t imes earth equa to r  c o m p o n e n t  of ve loc i ty  of p re fer red  re ference 

h o m e  

SEARCHES FOR TACHYONIC DECAY 
(lower I=mfl for mean life) 

See LJUBICIC 75 f igure I for review of ear l ier  expe r lmen l s  

VALUE (y.e_ars) _OOCUMEN7 lO 7ECN CO_M~fENT 

• * * We dO not use the fo l iow lng COte for overages,  flt$ l lmlts e tc  • ° • 

.> 4 6 ' t0 t3 11 LJUBICIC 75 ELEC m ( t o c h y o n )  . I I 
keY 



See key on page 129 
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Stable Particle Full Listings 
OTHER STABLE PARTICLE SEARCHES 

11LJUBiCIC 75 used  l e a d  o x i d e  c a t h o d e  a n d  e l e c t r o n  mu l i t p t l e r  l o o k i n g  to," 
ion izo t lon  d u e  to t a c h y o n l c  d e c a y  ( s p o n t a n e o u s  a c q u i s i t i o n  of e n e r g y )  
of b o u n d - s t a t e  e -  Sensi t ive to p r o p e r  l a c h y o n  mass -1 1 keV  A b o v e  
l imit  is o b t o l n e d  from o b s e r v e d  e -  emiss ion  ro te  3 / h o u r  

PRODUCTION OF NEW PENETRATING NON-u LIKE STATES IN BEAM 

DUMP 

VALUE DOCUMENT ID fECN COMMENT 

• • • We dO no t  use the  f o l l o w i n g  d a t a  for o v e r a g e s ,  fits h i l t s  e ta  • • • 

t2 LOSECCO 81 CALO 28 GeV  p r o t o n s  

12No excess  n e u l r o l - c u r t e f l f  even t s  l e a d s  Io 
a ( p r o d u c t l o n ) × r l ( i n t e r a e l i o n ) ~ : a c c e p t o n c e  - 2 2 6 " ( 1 0  -7`1 c m 4 : ' n u c l e o n  2 
(CL = 9 0 % )  for hgh t  neu t ra l s  A c c e p t a n c e  d e p e n d s  on  m o d e l s  (0 I to 
4 ° I0 -4)  

H E A V Y  PARTICLE P R O D U C T I O N  C R O S S  S E C T I O N  IN e ~ e -  
Rat io to r ; ( e + e  - ~ / 1 + ~ - )  See a lso en t r ies  in q u a r k  s e a r c h  a n d  
m a g n e t i c  m o n o p o l e  s e a r c h e s  

VALUE CL % Evrs DOCUMENT ID TECN COMMENT 

• * • We d o  no l  use t he  f o l l o w m g  d a t a  for a v e r a g e s  Il ls, l imits e t c  • • • 

< 1 6 / I 0  - 2  95 0 13KINOSHIIA 82 PLAS Q = 3 - 1 8 0  m-  1 4 5  

G e V  
< 5 0 \ I 0  - 2  90  0 14BARTEL 80 JADE Q = ( 3 4 5 ) , 3  2 - 1 2  

G e V  

13KINOSHITA 82 is SLAC PEP e x p e r i m e n t  of Wcm = 29 G e V  us lng  l e x a n  a n d  
39Cr p l as t i c  shee ts  sens lhve  to h i g h l y  ~onJzlng p a r t i c l e s  

`14BARTEL 80 is DESY-PETRA e x p e n m e n l  w i th  Wcm = 2 7 - 3 5  G e V  A b o v e  l imit 
~s tar i nc lus i ve  pa i r  P r o d u c l l O n  a n d  r a n g e s  b e t w e e n  1. × 1 0 -  t a n d  
t * '10 - 2  d e p e n d i n g  on  mass a n d  p r o d u c h o n  m o m e n t u m  d is t r ibu t ions  
(See the i r  f igures 9 10 11) 

H E A V Y  PARTICLE P R O D U C T I O N  C R O S S  S E C T I O N  

VALUE (cm 2) EVTS DOCUMENT ID. - [ECN CHG C_O.MMENT ._. 

• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits h i l t s  e t c  • • • 

< ( 0  3 ~ I  3) ;~ t 0  - 3 1  15 CARROLL 78 SPEC m = 2 - 2  5 GeV  
< I .  ~ I 0  - 3 1  0 16LEIPUNER 73 CNTR ± m = 3 - 1 1  GeV  

tSCARROLL 78 IOOK for n e u t r a l  $ = - 2  OJhyperon  r e s o n a n c e  m p p  - -  2K + 
X CROSS sec t i on  var ies  w i th in  a b o v e  h i l l s  over  moss r a n g e  a n d  PlaID : 
5 1 -5  9 G e V , c  

16LEIPUNER 73 IS on  NAL 300 GeV  p e x p e r , m e n t  W o u l d  h a v e  d e l e c l e d  p a r  
t l c les  w i th  l i fe t ime g r e a t e r  t h a n  200 nsec  

H E A V Y  PARTICLE P R O D U C T I O N  C R O S S  S E C T I O N  

VALUE.(cm2, N) EVTS _DOC~JMENT ID T_ECN CHG C O..MMENT 

• • • We do  not  use Ihe  f o l l o w i n g  d a t a  for a v e r a g e s  tits l imits e l c  * • • 

< 2 5 ~ 10 - 3 5  0 17 GUSTAFSON 76 CNTR 0 T • I0  - 7  sec  

17GUSTAFSON 76 is o 300 G e V  FNAL e x p e r i m e n t  l ook ing  for h e a v y  ( m  2 
G e V )  l o n g - l i v e d  n e u f f a l  ha ( i rons  in the  M4 n e u t r a l  b e a m  The a b o v e  tvp  
i ca l  v a l u e  is for m = 3 G e V  a n d  assumes  on  mteroc tJon  cross sec t i on  of I 
m b  Va lues  as a f u n c h o n  of moss a n d  m l e r o c t l o n  cross sec t i on  a r e  
g i v e n  in f igu re  2 

H E A V Y  PARTICLE P R O D U C T I O N  DIFFERENTIAL C R O S S  

VALUE 
(cm2J_sr-GeV) CL % EVTS OOCUM..ENT ID T_ECN CH_G 

• • • We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  tits h i l t s  

< 2 6 v 1 0 - 3 6  90 0 '18BALDIN 76 CNTR - 

< 2 2 >110 - 3 3  90 0 tgALBROW 75 SPEC -t. 

< I I ~ I 0  - 3 3  90 0 19ALBROW 75 SPEC _+ 

< 8 x 10 - 3 5  90 0 20 JOVANOV 75 CNTR _* 
< 1 5 ×10  T M  90 0 2 0 J O V A N O V  75 CNTR +- 

< 6 ~.10 - 3 5  90  0 2 0 J O V A N O V  75 CNTR z 

< I < 1 0 - 3 t  90 0 21 APPEL 74 CNTR ± 
< 5 8 "<t0 T M  90 0 22ALPER 73 SPEC -+ 
< 1 2 <10 - 3 5  90 0 23ANTIPOV 71B CNTR - 

< 2 4 ". I0  - 3 5  90 0 24ANTIPOV 71C CNTR - 

S E C T I O N  

COMME~If. 

e l c  . , .  

Q = I  
m=2 I - 9  4 

G e V  
Q= ± 1  

m = 4 - 1 5  GeY 

Q= +_2 
m = 6 - 2 7  GeV  

m= 1 5 - 2 6  G e V  

Q= _+2 
m = 3 - 1 0  G e V  

Q= _+2, 

m= 1 0 - 2 6  G e V  

m=3 2 - 7  2 G e v  
m=1 5 - 2 4  GeV  
Q = -  

m=2 2 - 2  8 
Q = -  

m = l  2 -1  7 2 1 -4  

< 2 4 v 1 0 - 3 5  90 0 BINON 69 CNTR - Q : -  m = I - I  8 

GeV  
< 1 5 ~ I0  - 3 6  0 25DORFAN 65 CNTR Be Io rge t  

m = 3 - 7  GeV  
< 3 0 y 10 T M  0 25 DORFAN 65 CNTR Fe t a rge t  

m : 3 - 7  G e v  

tBBALDIN 76 [s a 70 G e V  Se rpukhov  e x p e r i m e n t  V a l u e  ~s pe r  AI n u c l e u s  o l  
I# = 0 For o the r  c h a r g e s  in r a n g e  - 0  5 to - 3  0 CL - 90% l lml t  is 
(2 6 .  10 - 3 6 )  / , ( c h a r g e ) !  for moss r a n g e  (2 1 - 9 4  G e V )  • ( c h a r g e )  
Assumes s tab le  p a r t i c l e  i n t e r o c h n g  wi th  m o i l e r  as dO o n h p r o l o n s  

t9ALBROW 75 IS o CERN ISR e x p e r l m e n t  Wlth Ecru = 53 GeV  ', : 40 mr See 
f igure  5 for moss r a n g e s  u p  to 35 GeV  

20JOVANOVICH 75 IS O CERN ISR 2 6 + 2 6  a n d  1 5 + 1 5  G e v  pp e x p e r i m e n t  
F lgure 4 covers  r a n g e s  Q : 1 3 to 2 a n d  m = 3 to 26 GeV Vo~ue is pe r  
GeV  m o m e n l u m  

21APPEL 74 is NAL 300 GeV  p W  e x p e r i m e n t  Studies fo rward  p r o d u c h o n  of 
h e a v y  (Up to 24 G e V )  c h a r g e d  p o r h c l e s  w~th m o m e n t a  2 4 - 2 0 0  GeV  
( - c h a r g e )  a n d  4 0 - 1 5 0  GeV  ( + c h a r g e )  A b o v e  t y p i c a l  v a l u e  is for 75 
GeV  a n d  ~s p e r  GeV  m o m e n t u m  p e r  n u c l e o n  

22ALPER 73 ~s CERN ISR 2 6 +  26 G e V  DP e x p e r i m e n t  D 0 9 GeV  0 2 ,r 
• 065 

23ANTIPOV 71B is from some 70 Gev p experiment as ANTIPOV 71C and 
BINON 69 

24ANTIPOV 71C h i l l  i n fe r red  f rom f lux rot lo  70 G e V  p e x p e r i m e n t  
25DORFAN 65 LS o 30 G e V , c  p e x p e r i m e n t  at  BNL Unlls o re  p e r  GeV  

m o m e n l u m  p e r  n u c l e u s  

L O N G L I V E D  H E A V Y  PARTICLE I N V A R I A N T  C R O S S  S E C T I O N  

VALUE 
(cm2/G__e_V.2 N) CL__%EVT5 _DOCUMENT_ID .TECN CHG COM_MENT 

• • • We do  not  use the  t a l l o w i n g  d o l a  for a v e r a g e s  hls l lmlts ere  • • • 

< 2 5 xl0 -36 90 0 26THRON 85 CNTR - Q: I 

m = 4 - 1 2  

G e V  
< t (.10 - 3 5  90 1 26THRON 85 CNTR + Q= I 

m = 4 - 1 2  

GeV  
< 6 ~ 10 - 3 3  90  0 27ARMITAGE 79 SPEC m = l  87 GeV  
< 1 5 . 10 - 3 3  90 0 27ARMITAGE 79 SPEC m=1 5 - 3  0 

GeV  

0 28 BOZZOLI 79 CNTR _+ Q= 

(2 '3 14.,32) 

< 1 1 ,I0 -37 90 0 29CUTTS 78 CNTR m:4-10 GeV 

< 3 . 0  ~ 1 0 -  37 90 0 30VIDAL 78 CNTR m=4 5 - 6  

GeV  

26THRON 85 is FNAL 400 G e V  p r o t o n  e x p e n m e n l  Mass d e t e r m l n e d  f rom 
m e a s u r e d  ve loc i t y  a n d  m o m e n t u m  Limits o re  tar :- 3 x 10 -9 sac 

27ARMIIAGE 79 IS CERN ISR e x p e r l m e n t  at  Ecru : 53 GeV  Vo~ue is for x = 
0 1 a n d  p ;  = 0 t 5  O b s e r v e d  p o t h o l e s  OI m = 1 87 GeV  a re  f o u n d  OIL 
cons is ten t  w i th  b e i n g  a n h d e u t e r o n s  

28BOZZOLI 79 is CFRN SPS 200 GeV  p N  e x p e r i m e n t  Looks tot p a r h c l e  w i th  
T i a rge r  t h a n  10 - 8  sec See t h e .  f igure  1 t - 1 8  for p r o d u c t i o n  crOSS 
sec t i on  u p p e r  h i l t s  vs moss 

29CUTTS 78 Is /;,Be e x p e r i m e n t  at  FNAL senslhVe to pa r t i c l es  of : 5 ~ 10 - 8  
sec V a l u e ~ s t o r - 0  3 ' x 0 o n d p r = 0 1 7 5  

30VIDAL 78 is FNAL 400 GeV  p ro ton  e x p e r i m e n t  V a l u e  is for ,( = 0 a n d  PT = 
0 Puts l i fe t ime l imit of 5 ' I0  - 8  sac or, p a r t i c l e  in Ih~s moss r a n g e  

L O N G L I V E D  H E A V Y  PARTICLE P R O D U C T I O N  

( o ( H E A V Y  P A R T I C L E )  / ,7(71")) 

VALUE EVT$ DOCUMENT ID rECN CHG COMMENT 

• ° • We do  not  use the  fo i l ow lng  d a t a  for o v e r a g e s  tlts l imits e tc  • • • 

0 31 BUSSIERE 80 CNTR _- Q :  

(2 '3 1 4 3 2) 

3`1BUSSlERE 80 IS CERN SPS e x p e r i m e n t  w i th  2 0 0 - 2 4 0  G e v  p ro tons  on  Be a n d  
AI t a rge t  See the i r  f igures 6 a n d  7 tar cross Sechon raho  vs mass 

P R O D U C T I O N  A N D  C A P T U R E  O F  L O N G - L I V E D  M A S S I V E  PARTICLES 

VALUE (10-36c_.m_.2) EVT$  £)OCUMENf ID T E C N  C.C)MMENT 

• • • We do  not  use the  fO l lowing d a t a  for a v e r a g e s  his l imllS e tc  * • • 

• 20 TO 800 0 32 ALEKSEEV 76 ELEC T:5 ms to I day 

. 200 TO 2000 0 32ALEKSEEV 768 ELEC T:100 ms Io I day 

1 4 TO 9 0 33 FRANKEL 75 CNTR r=50  ms Io 10 hOurS 

• 0 1 TO 9 0 34FRANKEL 74 CNTR T : I  Io 1000 nours 

32ALEKSEEV 76 a n d  ALEKSEEV 76B o re  6 1 - 7 0  GeV  D S e r p u k h o v  e x p e r i m e n t  
Cross sec t i on  ~s p e r  Pb n u c l e u s  

33FRANKEL 75 iS e x t e n s i o n  of FRANKEL 74 
34FRANKEL 74 lOOKS for pa r t i c l es  p r o d u c e d  in th ick  AI ta rge ts  by  3 0 0 - 4 0 0  

G e V ; c  p ro tons  
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HEAVY PARTICLE FLUX IN COSMIC RAYS 
VALUE 
~numOe.r.,cm2"s_ecTsr) C L%EVT$ DO_CUMENL ID [ECN C HG CO M & f E N F _  

• • • We d o  noI  use the  Io f fowing d a t a  tot a v e r a g e s ,  i l ls. l imds, e l c  * • • 

< 1 .4  , 10 - 1 2  90 0 35MINCER 85 CALO 

< 3 .2  \ I 0  - 11  90 0 36NAKAMURA 85 CNTR 

< %7 x 10 - t l  99  

< t ,  ~ 10 - 9  90  

< 3 . 5  x 10 -  11 90 

< 7. ~10 -11  90 

2.  ". 10 -9 

3 . 0  "<tO - 9  

(4 _+ 1)'.~ 10 - 1 1  

< t . 3  <10 - 9  90 

< 1.0 × 1 0  ~9  
< 7. × SO- 10 90 

> 6. × t0 -9 

< 3.0 ,,10 -8 

< 1.5  ~: 10 - 9  

< 3 . 0  ;<10 - 1 0  

< 5 . 0  × 1 0  - t ' ~  90 

37SAKUYAMA 838 PLAS 
0 38BHAT 

0 39 MARINI 

0 40ULLMAN 

0 4[3 ULLMAN 

3 4r YOCK 81 

3 41YOCK 8~ 

3 42 YOCK 80 

3 G O O D M A N  79 
43 BHAT 78 

0 BRIATOR~ 76 

0 YOCK 75 

5 44 YOCK 74 

0 DARDO 72 

0 TONWAR 72 

0 BJORNBOE 68 

0 JONES 67 

m > 1 TeV 

m 
. t . 5 " ~  1 0 - 1 3  

g r a m  

m ~ I TeV 
82 CC 

82 CNTR -+ Q= I .  m 

~ 4  5n '~p)  
81 CNTR P lanck -moss  

1019GeV 
81 CNTR rn=1.  ~ I 0  - f o  

G e Y  or less 
SPRK Z Q= 1, m 

~ 4 . 5 m ( p )  
S P R K  F r a c t i o n a l l y  

c h a r g e d  
SPRK m ~ 4 . 5  n ~ p )  

ELEC m > 5 G e V  
CNTR -+ m • I G e v  

ELEC 
EL~C -+ Q - 7e  or 

. - 7 e  

CNTR m "6 G e V  
CNTR 

CNTR m -10 G e V  

CNTR m - 5 G e v  

ELEC m = 5 - 1 5  G e V  

35MINCER 85 is h i gh  stat is l ics s l u d y  of c a l o r i m e l e r  s igna ls  d e l a y e d  b y  
2 0 - 2 0 0  nsec .  C o l l b r o l i o n  w i th  AGS b e a m  shows l h e y  c o n  b e  a c c o u n t e d  
for by  rare  f l u c l u a t i o n s  in s igna ls  f rom l o w - e n e r g y  h a d r o n s  in t he  shower .  
C~aJm tha t  p rev ious  d e l o y e c l  s igna ls  i n c l u d i n g  BJORN8OE 68, DARDO 72. 
8HAT 82. SAKUYAMA 83B b e l o w  m a y  b e  d u e  to th ls f ake  e f fec t  

36NAKAMURA 85 at  KEK s e a r c h e d  for q u a r k - m a t t e r  These m i g h t  b e  l u m p s  
of s t r a n g e  q u a r k  m o l t e r  w i th  r o u g h l y  e q u a l  n u m b e r s  of u. d, s qua rks .  
These l u m p s  or n u c l e a r i t e s  w e r e  a s s u m e d  to h o v e  m ~ - % 5 ×  4 0 - 1 3  G a n d  
v e l o c l l y / c  of '10-4-~ i0  - 3 .  

375AKUYAMA 83B a n a l y z e d  6000 e x l e n d e d  air  shower  even ts .  I n c r e a s e  of 
d e J o y e d  p o r l i c l e s  a n d  c h a n g e  of l a t e r a l  d i s l r l b u l i o n  a b o v e  1017 eV m a y  
I n d i c a t e  p r o d u c t i o n  of ve ry  h e a v y  p a r e n t  a t  t op  of a t m o s p h e r e .  

38BHAT 82 o b s e r v e d  12 e v e n t s  w i th  d e l a y  ~ 2 . ' < t 0  - 8  sec  a n d  w i th  m o r e  
t h a n  40  pa r t i c les .  1 eV has g o o d  h o d r o n  shower .  Howeve r  a l l  e v e n t s  
o re  d e l a y e d  in on l y  o n e  of t w o  d e t e c t o r s  in ClOud c h a m b e r ,  a n d  c o u l d  
no t  b e  d u e  Io s l rongW f n t e r a c t i n g  mass lve  p a r t i c l e .  

39MARINI 82 a p p l i e d  PEP-counter  for Tar.  A b o v e  l lm i l  is for v e l o c i t y  = 0 .54 
of l ight .  Limit is i ncons i s ten t  w i th  YOCK 80 YOCK 81 even t s  il I so l rop l c  
d e p e n d e n c e  on  zen i th  a n g l e  is a s s u m e d .  

40ULLMAN 81 iS sens i t i ve  for h e a v y  s low s ing l y  c h a r g e  p a r t i c l e  r e a c h i n g  
e a r t h  w i th  ve r t i ca l  v e l o c l f y  1 0 0 - 3 5 0  km/s .  

41YOCK 81 saw a n o t h e r  3 e v e n t s  w i th  Q = +__ I a n d  m o b o u l  4 5 m ( p )  as 
w e l l  as 2 e v e n t s  w i th  m - 5 . 3 m ( p ) .  Q = _+0.75 ¢ 0 . 0 5  a n d  m ;.2 8m(.o). 
Q = _ + 0 . 7 0 _ + 0 . 0 5  a n d  I e v e n t  w i th  m = (9 .3+_3 . ) re (p ) .  Q = 
± 0.89 _ 0 . 0 6  as poss ib l e  h e a v y  c a n d i d a t e s  

42yOCK 80 even t s  o re  w i th  c h a r g e  e x o c l l y  or o p p r o x i m o l e l y  e q u a l  Io un i ty ,  
43BHAT 78 is a t  Kolor  g o l d  f ie lds.  Limit is for "r - I 0  - 6  s e c  
44yOCK 74 e v e n l s  c o u l d  b e  tr i tons. 

CONCENTRATION OF HEAVY (CHARGE+I) STABLE PARTICLES IN 
MATTER 
VALUE DOCUMENt ID 7ECN COMMENT 

• * • We d o  not  use l h e  f o l l o w i n g  d o l a  for a v e r a g e s ,  fits. l imi ls ,  e t c  • • • 

< I .  ~.t0 - 2 9  SMITH 82B SPEC Water .  

m = 3 0 - 4 0 0 r n ( p )  
< 2.  < 10 - 2 B  SMITH 82B SPEC Water .  

m= 1 2 - 1 0 0 0 m ( p )  
< I. ~ I 0  - 1 4  SMITH 82B SPEC Water .  m - I 0 0 0  m ( p )  

< ( 0  2 - 1  ) ~ I 0  - 2 1  SMITH 79 SPEC Wafer .  m = 6 - 3 5 0  
re (p )  

CONCENTRATION OF HEAVY (CHARGE - 1) STABLE PARTICLES 
VALUE . . . . . . . . . . . . . . . .  CL% DOCU_MENT ID [ECN COMMENT ~ - - .  

• • • We d o  not  use l h e  f o l l o w i n g  d o l o  for a v e r a g e s ,  I l ls. ]fruits. e l c  • • • 

< 1 . 2 × I 0  - t 2  p e r  n u c l e o n  68 45 NORMAN 87 SPEC 5 6 . 5 8 F e X -  

45Bound  v a l i d  u p  to m ( X - )  ~ 100 TeV  

LONG-LIVED PARTICLE SEARCH AT HADRON COLLISIONS 
Limits a r e  for cross sec t i on  t imes  b r a n c h i n g  ra l l o  

VALUE 
(f3b nucleo~) CL% E V T $  DOCUMEN~T !D T ECN COMMENT _. 

• • * We d o  not  use l h e  f o l l ow ing  d a t a  for a v e r a g e s ,  fils. l imi ls,  e t c  * • • 

< 2  90 0 46 BADIER 8b BDMP T = ( 0 . 0 5 - I )  X 

10 -Bs  

468ADLER 86 l o o k e d  for l o n g - l i v e d  p a r t i c l e s  a t  300 G e v  7r-  b e a m  c l u m p  
The l im l l  a p p l i e s  for n o n s t r o n g l y  i n t e r a c t i o n  n e u t r a l  or c h a r g e d  p o r l l c l e s  
w i th  mass > 2 G e V  The l imi t  a p p l i e s  for p a r t i c l e  m o d e s .  ~ + T r - .  ~ + # - .  
= + ~ ' -  X. , ' r ~ - , " r  +- e tc .  See the i r  f i gu re  5 for the  c o n l o u r s  of l iml ls  in 
l h e  mass-T p l a n e  lo t  e a c h  m o d e  

REFERENCES FOR OTHER STABLE PARTICLE SEARCHES 

BORIBOV 
NORMAN 
ALNER 
BADIER 
MINCER 
NAKAMURA 
THRON 
ARNISON 
5AKUYAMA 

AlSO 
AlSO 
AlSO 

ALPGARD 
BHAT 
KINOBHITA 
MARINJ 
SMITH 
KINOSHITA 
LOSECCO 
ULLMAN 
YOCK 
BARTEI 
BUS51ERE 
YOCK 
ARMffAGE 
BHAT 
BOZZOLI 
GOODMAN 
SMITH 
BHAT 
CARROLL 
CUTTS 
VtDAL 
VIERIEL 
PEREPELItSA 
SMITH 
ALEKSEEV 

ALEKSEEV 

BALOfN 

BRIATORE 
GUSTAFSON 
PRESCOTT 
ALBROW 
BLAGOV 

FRANKEL 
JOVANOV . 
LJUBJCIC 
YOCK 
APPEL 
FRANKEL 
YOCK 
ALPER 
LEIPUNER 
DARDO 
TONWAR 
ANtIPOV 
ANTIPOV 
BINON 
BJORNBOE 
JONES 
DORFAN 
COWARD 
BELOUSOV 

GORBUNOV 

B7 PL B190 226 +Cherdyntseva* (Pomff.Chacolfaya CoIlob ) 
87 PRL 58 1403 +Gazes. Bennett (LBL) 
86 PL 8180 415 +Ansorge. Asmon. 8oath. Burow* (UA5 CoIlab ) 
86 ZPHY C31 21 +BemPo~ocl. BOUCrOL Collar+ (HA3 Coffab ) 
85 PR D32 541 +Freuclenrelch. Gooclmon+ (UMD. GMAS. NSF) 
85 PL 15¶B 417 +Halle. Tokohoshl. Tonlmori (KEK. TOKY) 
85 PR D31 451 ÷CorOello, Cooper. Telg+ (YALE. FNAL. IOWA) 
85B PL 122B 189 +Asfbury. Aubert. Bocci+ (UAt Collob ) 
838 LNC 37 17 +NuZukl (MEIS) 
83 LNC 36 369 Sakuyomo. Wotonobe (MEtS) 
83D NC 7BA 147 SOkuyomo. Wotonobe (MEI$) 
83C NC 6C 371 Sakuyomo. wofanobe (MEIS) 
82 PL 115B 71 +Ansorge. Asmon. 8e~g~und+ (UA5 Col lob ) 
82 PR D25 2820 ÷Gupfo. Murthy. Sreekanlon+ (TAIA) 
82 PRL 48 77 +Price. Fryberger (UCB, SLAC) 
82 PR 026 1777 +Peruzzl, Plcco~o* (FRAS. LBL. NWES. STAN. HAWA) 
82s NP B206 333 +Bennetl. Homer. Lewin. WOIIOrO. Smlrh (RAL) 
818 PR D24 1707 +Pdce (UCB) 
81 PL t028 209 +Sulok, Gollk. Horstkolle+ (MICH. PENN, BNL) 
81 PRL 47 289 (L(HM. BNL) 
81 PR D23 1207 (AUCK) 
80 7PHY C6 295 ~Conzle~. Lords. Drumm+ (JADE CoIlab ) 
80 NP B174 I +GiocomeHi. Lesquoy* (BGNA. SACL. LAPP) 
80 PR D22 01 (AUCK) 
79 NP B150 87 +Behz. Bobomk+ (CERN. DARE. FOM. MCHS. UTRE) 
79 JP G5 L13 +GoDoiokrlshnon. GuDto Tonwor (TAIA) 
79 NP Bf59 363 ,Busslere. Glocomell i÷ (BGNA, LAPP. SACL CERN) 
79 PR D19 2572 +Ellsworth. fro, Macfoll. Slohon+ (UMD) 
7(;' NP B149 525 +Bennett (RHEL) 
78 Promono 10 115 +Murthy (TATA) 
78 PRL 41 777 +Ch~ong. Johnson. Kyoo. KI+ (BNL. PRIN) 
78 PRI 41 363 +Oulude+ (BROW. FNAL ILL. BAR1 MIT. WARS) 
78 PL 77B 344 +Herb. LeOetmon+ (COLU. FNAL. 5TON, UCB) 
78 LNC 22 235 +Hahn. Schacher (BERN) 
77 PL 67B 471 (ITEP) 
77 CJP 55 1280 +SlOnOll (MANI) 
76 SJNP 22 531 +Zoltsev. Kallnlno. Kruglov+ (JINR) 

Translated from YAF 22 1021. 
768 SJNP 23 633 +Zoitsev. Koltnlno. Kruglov~ (JINR) 

[ransloled from YAF 23 1190 
76 SJNP 22 264 +veHogrodov. Ylshnevskv. Gftshkevlch+ (JJNR) 

T~'onsIole(J from YAF 22 512 
76 NC 31A 553 +Dordo. PIoZZOlL Monnoccht~ (LCGT FRAS. FREI) 
76 PRL 37 474 +Awe. Jones. Longo. Murthy (MICH) 
76 JP G2 261 (ADLD) 
75 NP B97 189 +BorDer+ (CERN. DARE. FOM, LANC. MCHS. UTRE) 
75 5JNP 21 158 ~Komor. Muroshovo. SyrelshChlkOvO+ (LEBD) 

Tronslotecl from YAF 21 300 
75 PR [:)12 2561 +FraIL Resvonls. Yong. Nezrlck (PENN. FNAL) 
75 PL 56B t05 Jovonovtch~,(MANJ, AACH. CERN. GENO. HARV+) 
75 PR O11 696 +POViOVlC. PISk. LOgan (ZAGR. O|TA) 
75 NP Be5 216 (AUCK. SLAC) 
74 PRL 32 428 +BourCluln. Gaines. Leciermon+ (COLU. FNAL) 
74 PR D9 1932 +FrOH. ResvonJs. Yong. NeZdCk (PENN. FNAL) 
74 NP B76 175 (AUCK) 
73 PL 468 265 ÷ (CERN. LIVP. LUND. BOHR. RHEL. 5TOH. BERG+) 
73 PRL 31 1226 +Larsen. Sessoms. 5mlfh. Wlllioms+ (BNL, YALE) 
72 NC 9A 319 *Novorro Penengo. Slit+ (TORI) 
72 JPA 5 569 *Nofanon. 5reekanton (TATA) 
718 NP B31 235 +Oenisov. bonskov. Gorln. Kochonov+ (SERP) 
7SC PL 348 Jb4 ~Denlsov. Donskov. GorJn. Kochonov+ (SERP) 
69 PL 308 540 +DuteIL Kochonov. Khromov. Kutyin÷ (SERP) 
6B NC B53 241 ÷Domgorcl. Hans+n÷ (BOHR. TATA. BERN. BERG) 
67 PR 164 1584 (MICH, WlSC. LBL UCLA MINN. COSU. COLa+) 
65 PRL 14 999 +Eode$. Leclermoh. Lee l l ng  (COW) 
63 PR 131 1782 *GItteJmon. Lynch. Rffson (STAN) 
60 JETP 11 1143 *Rusokov. Torero. Cerenkov (LEBD) 

Translated from ZETF 38 1589 
6[3 JETP 11 51 +SplIlOonov, Cetenkov (LEBD) 

Translated from ZETF 38 69  
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Meson Full Listings 
+ ./1.0 7r-, rl, 0(770) 

UNFLAVORED MESONS 
(S=C=B=O) 

ED 
SEE STABLE PARTICLES 

I G ( J  p) = 1 - ( 0 - )  

ED 
SEE STABLE PARTICLES 

I G ( J  PC) = 1 - ( 0  - + )  

0 
SEE STABLE PARTICLES 

I G ( J  PC) = 0+(0 -+) 

I p(770) I '°(' '  = 
O u r  l a t e s t  m l n l - r e v i e w  o n  lh is  p a r t i c l e  c a n  b e  f o u n d  in 

t h e  1984 e d d ~ o n  

p ( 7 7 0 )  M A S S  

We no l onger  list S-wave Brelt-Wlgner fits. or d a t a  wi th  h igh  
c a m b l n o t o r l a l  backg~ 'ound 

C H A R G E D  O N L Y  
VALUE (MeV) EVT5 DOCUMENt IO TECN CHG COMMENT 
766 .9  -+ 1 . 2 0 I J R A V E R A G E  . . . . . . . . . . . . . .  
767 ¢ 3 2935 I CAPRARO 87 SPEC - 200 r -  Cu 

=., - ~rOCu 
761 -+ 5 967 r CAPRARO 87 SPEC 200 T,- Pb 

- / r 0 p b  
771 _+4 HUSTON 86 SPEC + 202 7r+A 

,-r + ?rOA 
766. _+ 7 6500 2 BYERLY 73 OSPK - 5 71"- p 
766 8 ¢ 1 . 5  9650 3pISUT 68 RVUE - I 7 - 3 2  : ¢ - p  t 

< 1 0  
767. -+ 6 900 'I EISNER 67 HBC - 4 2 ~ -  D, f 

<10  

NEUTRAL O N L Y ,  P H O T O P R O D U C E D  
VALUE (Me=/) EVTS DOCUMENT ID TECN CHG COMMENT __ 
768.'I ± I . 8  OUR AVERAGE 

767 6 ¢  2 .7  8ARTALUCCI 78 CNTR 0 " I P ~  e + e - o  
775 __ 5 GLADDING 73 CNTR 0 2 9 - 4  7 " / p  
767 .0  :t: 4 0 1930 BALLAM 72 HBC 0 2 8 ~ 'p  
770 0 ¢  4 . 0  2430 8ALLAM 72 HBC 0 4 7  3 P  
765 .0 -+10  0 ALVENSLEBEN70 CNTR 0 "yA t < 0 0 1  
767.7  2 : 1 . 9  140k BIGGS 70 CNTR 0 < 4  t ~'C 

~r+~r-C 
765. -+ 5 0 4000 AS8URY 678 CNTR 0 "~ + Pb 

NEUTRAL O N L Y .  OTHER R E A C T I O N S  
VAWE (MEW_____ Ev_r_s DOC__U_MENT ID 
77'1.7 ± 1.2 OUR AVERAGE Error inc ludes  scale factor of 2 

g r a m  b e l o w  
7 7 5 9 _ + I  I 
777 4 - + 2 . 0  

769 0_+3.0  
768 0 - + I  0 
767 -+4 

775.0  _+ 4 0 

773.5  -+ 1 7 
764 0_+3 0 

774 0_+3 0 
775 0-+3 0 
769 2 - + I  5 

4 BARKOV 85 OLYA 
5 CHABAUD 83 ASPK 

2 WICKLUND 78 ASPK 
70000 DEUTSCH 76 HBC 

4100 ENGLER 74 DBC 

32000 6 PROTOPOP 73 HBC 

11200 I JACOBS 72 HBC 
6800 RATCLIFF 72 ASPK 

1700 REYNOLDS 69 HBC 
2250 HYAMS 68 OSPK 

13300 7 PISUT 68 RVUE 

• * • We d o  not  use the fo l l ow ing  d a t a  for averages,  fits 
768 0 ± 4 0 b 8 BOHACIK 80 RVUE 
770 -+ 2 9 HEYN 80 RVUE 
769 5 - + 0 . 7  6 8 LANG 7q RVUE 
770. - 9 8 ESTABROOKS 74 RVUE 

TECN CHG COMMENT 
3 See the  i dea  

0 ~" form factor  
0 17 : r -  p Po lar  

ized 
0 3 4 6  ; r -+N 
0 16 ; ' r+p  
0 6 r + n  

~ + ~ r - p  
0 7 1 ~ + p  f 

< 0 4  
0 2 8  ~ - p  
0 t5  ~-p t 

< 0 3  
0 2 2 6  r - p  
0 11 2 , - r - p  
0 1 7-3 2 , ' r - p  t 

hmlls etc  ° • * 
0 

PIon form factor  
0 
0 17 ,'r- p ~ 

,7"+ ~ -  n 

WEIGHTED AVERAGE 
7717 + 12 (Error scaled b y 2 3 )  

750 700 770 780 

/~0 moss (MeV)  

X 2 

BARKOV B5 0LYA 14 4 
CHABAUD 83 ASPK 81 
WICKLUN0 76 ASPK 0 8 
DEU'SCH 78 HBC 13 9 
ENGLER 74 DBC 14 
PBOTOPOP 73 HBC 0 7 
JACOBS 72 HBC 1 t 
RATCLIFF 72 ASPK 8 0 
REYNOLDS 69 HBC 0 6 
HYAMS 68 OSPK 12 
PISUT 68 RVUE 28 

515 
fConhdence Loyal '< 0 001) 

i i 

790 8 0 0  

tMoss errors e n l a r g e d  by  US to I ' N  1'2 see the no te  wi th the  K~(892) 
mass 

2phase shift analysis Systemat ic  errors a d d e d  co r respond ing  to spread of 
di f ferent flts 

3From tlt of 3 -parameter  relo/ Iv lshc P-wave 8red-Wigner to fo la l  mass distn 
bu l i on  inc ludes  BATON 68 MILLER 67s ALFF-STEINBERGER 66 HAGO 
PIAN 66 HAGOPIAN 66B JACOBS 668 JAMES 66 WEST 66 8LIEDEN 65 and  
CARMONY 64 

4From the  Gounar ls  Sokurol p o r a m e h l z a t l o n  at the  p l a n  form factor 
5From tlJ of 3 p a r o m e l e r  re lohvlshc Brelf Wigner to he l i c l l y  zero Dart of P 

w a v e  in lensl ty  CHABAUD 83 a n d  BECKER 79 i nc l ude  Qato of GRAYER 74 
6From Dole ex t rapo la t l on  
71ncludes MALAMUD 69 ARMENISE 68 BACON 67 HUWE 67 MILLER 678 

ALFF STEINBERGER 66 HAGOPIAN 66 HAGOPIAN 66B JACOBS 668 
JAMES 66 WEST 66 GOLDHABER 64 ABOLINS 63 

8From phase  shlft analysis of GRAYER 74 d a t a  
9HEYN 80 inc ludes  al l  spoce l l ke  a n d  t lmehke F~ va lues unhl  1978 

p0  _ p ±  M A S S  DIFFERENCE 

~/ALUE ( M e V ~  . EVTS DOCUMENT ID TECN CHG COMMENt 
0 .3  - 2 . 2  OUR AVERAGE Error inc ludes  scale factor of I 3 See the icleo 

g r a m  b e l o w  
- 4  0-+4 0 3000 'I0 REYNOLDS 69 HBC - 0  2 2 6 _ r - p  
- 5 _+ 5 3600 10 FOSTER 68 HBC _+ 0 0 0 PD 

2 4 _ 2 'L 22950 i 4 PISUT 68 RVUE ,-r N ~ IJN 
10From q u o l e a  masses of c h a r g e d  a n d  neutra l  modes  
i l t n c t u d e s  MALAMUD 69 ARMENISE 68 BATON 68 BACON 67 HUWE 07 

MILLER 67s ALFF STEINBERGER 66 HAGOPIAN 66 HAGOPIAN 668 
JACOBS 66B JAMES 66 WEST 66 BLIEDEN 65 CARMONY 64 GOL 
DHABER 64 ABOLINS 63 
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Meson Full 
p(770) 

Listings 

WEIGHTED AVERAGE 
O 3  ± 2 2  (,~'ror sca led b y 1 3 )  

REYNOLDS 89 HBC 

~ 1  , ~ \ k  FOSTER 68 HBC ' 1 
PiSUT 88 RVUE I 0 

3 3  
m ~ j  (Conhdence Level m 0 194) 

-15 -I0 -5  0 I0 15 

po - is ± mass d l f te rence  (MeV)  

p(770) RANGE PARAMETER 

The range  p a r a m e l e r  R enters an ene rgy  d e p e n d e n t  correc-  
t ion to the wJdth of the form (I + ~ .9 '2) / (I + q2 R~) 
where  q IS the  m o m e n t u m  of one  of l he  p lans in the  ~'~" rest 
system At resonance ,  ct = qr 

V:tLUE (GeV- r Z _ _  DOCUMENT ID~ _TECN CHG COMMENT 
+ 0 . 9  

5 . 3 _  0 7 CHABAUD 83 ASPK 0 17 = -  D po lar -  
ized 

p(770) WIDTH 

We no l onge r  ils! ,,C-wave Brel l -Wigner flts or d a l e  wl fh hlgF1 
combina lo r~a l  b a c k g r o u n d  

C H A R G E D  O N L Y  

~/ALUE (MeV) EVTS DOCUMENt ID TECN CHG COMMENr 
149.1 ± 2 ,9  OUR FIT . . . . . . . . . .  
149.1 _ 2 . 9  OUR AVERAGE 
155 _+ 11 2935 12 CAPRARO 87 SPEC 200 ~ ' , -Cu 

- Tr0Cu 
154 _+ 20 967 12 CAPRARO 87 SPEC 200 ~ ' -  Pie 

~-- ,-r0 pD 
150. ± 5 HUSTON 86 SPEC + 202 ~ '+A  

7r + ; tea 
146 ± 12 6500 t3 BYERLY 73 OSPK - 5 n ' -  p 
148.2_+ 4 1 9650 14pISUT 68 RVUE - 1 7 - 3 2  E - p  t 

< 1 0  
146 ± 13 900 EISNER 67 HBC - 4 2 E - p .  f 

< 1 0  

NEUTRAL O N L Y .  P H O T O P R O D U C E D  
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
145.7 z 2 .7  OUR AVER-AGE Error Inc ludes  sca le  factor  of-1 6 See the  bcleo- 

g r a m  b e l o w  
150 9 _+ 3 0 BARTALUCCI 78 CNTR 0 "~ p ~ e + e -  p 
147 ± 11 GLADDING 73 CNTR 0 2 9 - 4  7 ~ p  
155.0 ± 12 0 2430 BALLAM 72 HBC 0 4 7 -~p 
145 0 ± 13.0 1930 BALLAM 72 HBC 0 2 8 "yp 
140.0 ± 5 0 ALVENSLEBEN70 CNTR 0 ~ A, f < 0  01 
146 1 _± 2 9 140k BIGGS 70 CNTR 0 < 4  1 "yC 

~'+ ~ ' -  C 
160 0 ± 10 0 LANZEROTTI 68 CNTR 0 "~,o 
130 ¢ 5 4000 ASBURY 670 CNTR 0 "~ + Pb 

WEIGHTED AVERAGE 
1457  ± 2 7  (Error scaled b y 1 6 )  

100 120 140 160 180 

p(770) w id th  neut ra l  on ly  p h o l o p r o d u c e d  (MeV)  

X 2 

BARTALUCCI 78 CNTR 3 1 
GLADO NG 73 CNTR 0 0 
BALLAM 72 H8C 0 6 
BALLAM 72 HBC 0 0 
ALVENSLEBEN 70 CNTR 13 
BIGGS 70 CNTR 0 0 
LANZEROTTI 68 CNTR 2 t 
ASBURY B7B CNTR 9 8 

168 
(Conf,dence Level m 0 OrB) 

I I 

2 0 0  220 

NEUTRAL O N L Y .  OTHER R E A C T I O N S  
VALUE (MeV) E v r s  DOCUMENT IO rECN CHG COMMENt 
153.3 ± 1.5 OUR FIT 
153.3 ± 1.5 OUR AVERAGE 
150 5 _+ 3 0 15 BARKOV 85 OLYA 0 r, form factor  

160 0 I* 4 1 16CHABAUD 83 ASPK 0 17 , - r - p p o l a r  - 4 0  
Ized 

148 0 ± 6 0 17 18 BOHACIK 80 RVUE 0 
152 0 ±  9 .0  13WICKLUND 78 ASPK 0 3 4 6  ~ '±pN  
154.0 ± 2 0 76000 OEUTSCH 76 HBC 0 16 ~ '+D 
157 0 ± 8 0 6800 RATCLJFF 72 ASPK 0 15 T . -p ,  t 

< 0 3  
143.0 _+ 8 0 1700 REYNOLDS 69 HBC 0 2 26 ,- ' r-p 
• • • We do not  use the fo l lowtng  d a t a  for averages  fits l imits e t c  • • * 
155 _ 1 19 HEYN 80 RVUE 0 ~r form factor  
148 0 ± 1 3 47 t8 LANe 79 RVUE 0 
146 ± 14 4100 ENGLER 74 DBC 0 6 ~ ' + n  

7r + ~T-p 
143 ± 13 18 ESTABROOKS 74 RVUE 0 17 ~r- p 

~+Tr-n 
160 0 ± 10 0 32000 17 PROTOPOP 73 HBC 0 7 1 ~+p f 

"<04 
145 0_+12 0 2250 12HYAMS 68 OSPK 0 112 z r - o  
163 0 ± t 5  0 13300 20pISUT 68 RVUE 0 I 7 - 3 2  7 r - p  f 

"<10 
12Wldth errors enlarged by us to 41,,'N 1 2, see the note wllh the K"e(892) 

moss 
13phase shil l  analysis Systemat ic  errors a d d e d  co r respond ing  tO spread  of 

di f ferent fits 
14From fit of 3 p a r a m e t e r  relat iv ist ic P-wave Brelt Wlgner  to to ta l  mass distri- 

bu t ion  Inc ludes BATON 68. MILLER 678. ALFF-STEINBERGER 66 HAGO- 
PlAN 66 HAGOPIAN 660, JACOBS 668 JAMES 66, WEST 66 BLIEDEN 65 a n d  
CARMONY 64 

15From the GounarlS-Sakural pa rame l r i za t i on  of the  p l a n  form factor  
IbFrom fit of 3 -paramete r  relat iv ist ic Brel l -Wigner to hel lc l ty-zero Dart of P 

w a v e  intensi ty CHABAUD 83 a n d  BECKER 79 i nc l ude  clara of GRAYER 74 
17From Dole ex t rapo la t i on  
18From phase  shift Onolysls of GRAYER 74 d a t a  
19HEYN 80 inc ludes  al l  spoce l i ke  a n d  t lmeHke F~- va lues unt i l  1978 
20jnc ludes MALAMUD 69 ARMENISE 68 BACON 67. HUWE 67 MILLER 670, 

ALFF-STEINBERGER 66 HAGOPIAN 66. HAGOPIAN 660 JACOBS 560 
JAMES 66 WEST 66 GOLDHABER 64 ABOLINS 63 

p(770) DECAY MODES 

I" 4 p ( 7 7 0 )  ~ 2~" 

I" 2 p ( 7 7 0 ) -  ~ ~ : ' x  c 

I" 3 p ( 7 7 0 )  o ~ ~ * 7 : -  

I" 4 p ( 7 7 0 ) o  ~ ~ - -  7 r -  "x+ ~ - -  

1" s p ( 7 7 0 ) -  ~ ~ = ' 7  

1" 6 p ( 7 7 0 ) o  ~ e + e  - 

I" 7 p ( 7 7 0 ) ±  ~ ~ ± r /  

1 B p ( 7 7 0 )  o ~ # + p . -  

] '9 p ( 7 7 0 )  o ~ 7 r -  ~ -  "rr o 

1"io p ( 7 7 0 )  ° ~ ~ ' y  

1"11 . , 0 ( 7 7 0 ) ±  ~ 7r±~+~-~o 

[12 p(770)°~ ~r-Tr-~ro~ro 

F r a c t , o n  ( [ ' t / [ ' )  _. _ 
~t00~< 1 0 - 2  

~ 1 0 0 ~ 1 0 - 2  

~100"< I D - 2  

(4 5 - 0  5 )~<10 - 4  

(4 4 2 ± 0  2 1 ) x 1 0  - 5  

S c a l e  

2 2  
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C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f it t o  t h e  t o t a l  w i d t h  a n d  a p a r h a l  w i d t h  
uses 9 m e a s u r e m e n t s  a n d  o n e  c o n s t r a l n t  t o  d e t e r -  
m l n e  3 p a r a m e t e r s  The o v e r a l l  t it has  a X 2 = 10 2 
for 7 d e g r e e s  of  f r e e d o m  

The fo l lowing o f f -d {agona l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e / a h o n  coeff~- 
c m n t s  t6Pl/)Px)/(6P~ 6Pl). in  p e r c e n t ,  f r o m  t h e  fit t o  p a r a m e t e r s  P l ,  
i n c l u d i n g  t h e  b r a n c h i n g  f r a c h o n s ,  x¢ = ] '¢ / r ro ra  m The fit c o n s t r a i n s  
t h e  x~ m th is  a r r a y  1o s u m  to  o n e  

x5 400 
I" 48 - 1 8  

x 2 x 5 

R_ot P (MeV) _ S_cale  
I" 2 p ( 7 7 0 ) =  ~ ~ ± ~ 0  149.1 _+2 9 

I'~ p(770) z ~ ~ ± " y  0 068_+0 007 23 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f it t o  t h e  t o t a l  w i d t h ,  a p a r h a l  w i d t h ,  a n d  
a b ranch ing  r a t i o  uses 11 measurements  a n d  one  
c o n s t r a i n t  t o  d e t e r m i n e  4 p a r a m e t e r s  The o v e r a l l  f i t  
has  a X 2 = 8 1 for 8 d e g r e e s  of  f r e e d o m  

The f o l l o w i n g  o f f -d rogona l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t i o n  coe f f l -  
c m n t s  (~Pi hP~/(SPl 6pj), in  p e r c e n t ,  f r o m  t h e  fit to  p a r a m e t e r s  P l ,  
i n c l u d i n g  t h e  b r a n c h i n g  t r a c h o n s ,  x~ = [ ' i / l ' t o t o  ~ The fit c o n s t r a l n s  
t h e  x~ In th~s a r r a y  fo  s u m  to  o n e  

x 6 - 1 7  
x s - 99  0 
1" 3 - 2 0  0 

x3 x6 x8 

Rate (MeV) 
I"3 p (770 )  ° - "  71"+11" - 153 3 _+ t  5 

r~ p ( 7 7 0 )  ° ~ e + e  - 0 00677 : t :0 .00032  

l 'e  p ( 7 7 0 )  ° ~ / x + / z  - 0 0102 + 0  00 t7  
- 0 002t  

p ( 7 7 0 )  PARTIAL  WIDTHS 

r(==-),) 
VALUE ~kev) DOCUMENT ID tECN CHG COMMENT 
68 ± 7 OUR Fit Error Inc ludes  sca le  toc lo r  of 2 3 
68 _+ 7 OUR AVERAGE Error inc ludes  sca le  factor  of 2 2 See the  Idea- 

g r a m  b e l o w  
8'I 0 : t 4 , 0 - + 4  0 CAPRARO 87 

59 8"4-4.0 HUSTON 8b 

71 0 ~ 7 . 0  JENSEN 83 

WEIGHTED AVERAGE 
88 = 7 ( E t r o r - c a l e d b y 2 2 )  

50  60  70 

i (= = "~) 

SPEC 200 ~ r -A  
~.-  ~-0 A 

SPEC + 202 ~ '+A  
:,I" + ~'OA 

SPEC - t 56 -260  

~r- r, OA 

] 's 

Values above 0t weighted eve:age, error, 
and scale factor ere based upon the data in 
thai Ideogram only They are not neces- 
sardy the same as our "best"  values, 
obta:ned flora a least-squares constra=ned fit 
ut i l iz ing measurements of other (related) 
quantities as 8ddltlOnSl Information 

X2 
CAPRARO B7 SPEC B 8 
HUSTON B8 SPEC 38 

~ JENSEN B3 SPEC 02 

k 98  

I i ~ . - •  (Confl0ence Level -- 0 008) 

80  g o  1OO 110 

2 7 1  

Meson Full Listings 
p(770) 

F ( e + e  - )  

VALUE (kOV) . . . . .  OOCUMENT ID tECN COMMENT 
6.77 : t 0 .32  OUR FIT 
6.77 ~_ 0.10 -+ 0.30 BARKOV 85 OLYA e + e -  

I" 6 

p ( 7 7 0 )  B R A N C H I N G  RAT IOS 

1 " ( p ( 7 7 0 )  ± ~ = _ + = + / r - = ° ) / l ' ( p ( 7 7 0 )  ~ 2 = )  1~i / '11 

_VACUE [units ~O-4J.__. OOCUM[Nr lO r EC_N CHG COMMENt 
<20  FERBEL 66 He [  _+ ,-T - p a b o v e  

2 5  
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e l c  • • • 

35 _+40 JAMES 66 HBC + 2 I ,T+D 

I ' ( p ( 7 7 0 )  ° ~ = ~ ' -  = ~ T r - ) / l ' ( p ( 7 7 0 )  ~ 2 = )  14,,'1"~ 
VALUE (units .f_O- 4~__ C( % .Q_O.CUMENT_ {Q_ TECN CH G C~MMENT 
<15 90 ERBE 69 HBC 0 2 5 -5  B "~ P 
• • • We do  not  use the fo l low ing  Ooto for averages  his hinds, e tc  • • • 
< 2 0  [HUNG 68 He [  0 3 2 4 2  ~ ' - p  
< 2 0  90 HUSON 68 HLBC 0 16 0 ~ ' - /3  
< 8 0  JAMES 66 HBC 0 2 I Tr+O 

1 " ( p ( 7 7 0 )  ° - , .  e + e - ) / I ' ( p ( 7 7 0 )  ~ 2 = )  ] 6 , / l ' r  
VALU E (unlts.rO- 4) Q_OCUMENT l~)_ LE_C.N COF~MENT. _. 

• * • We clo not  use the fo l l ow ing  d o t e  for averages  fits limits s i c  • • • 
0.41 _+ 0 05 BENAKSAS 72 OSPK e + o -  

r ( p ( 7 7 0 ) _ +  ~ = - + ~ ) / r ( p ( 7 7 0 )  ~ 2 = )  i ' 7 / i "  ~ 
V A.tUE [units tO-4) OOCUMENT l~ TECN C HG COMMENT 
<80 FERBEL 66 HBC -+ ~ ± p a b o v e  

2 5  

I "8 / I "  3 r(~-,-~-)/]'(~+ =-) 
VALUE. (unHs TO-4) DO C.UMENT ID.. TECN COMMENT 

+0.11 OUR FIT 0,67 _ 0.44 

+ 0 , t 0  OUR AVERAGE 0,67 _ 0 t3 

0 82 + 0  16 - 36 2'; ROTHWELL 69 CNTR Pho top roduc t l on  

0 56:1:0 15 22WEHMANN 69 OSPK 12 7r -C,  Fe 
0 97 + 0  31 - 33 23HYAMS 67 OSPK 11 ~ - L i  H 

21posslbly large O ~ in ter ference leads us 1o increase the minus error 
22Result conta ins  11 __.41% cor rec t ion  using SU(3) for cent ra l  va lue  The 

error on the co r rechon  tokes a c c o u n t  of possib le p-u,; In ter ference a n d  
the uppe r  l imit  agrees wi th the uppe r  l imit  at u. ~ ~ + / i -  f rom t h l l  expe r  
iment  

23HYAMS 67 s mass resolut ion is 20 MeV The ~ reg ion was e x c l u d e d  

r (p(770)  ° ~ = + = - = e ) / r ( p ( 7 7 0 )  ~ 2 = )  l~ / l "  t 
V AL_UE Ci% OOCUMINt/O tECN CHG COMMENT 

• • • We OO not use the te l /ow ing  d a t a  for averages  fits hmdts e tc  • • • 
~ 0  01 BRAMON 86 RVUE 0 j,,~ ~ ~,~o 
< 0  01 84 24 ABRAMS 71 HBC 0 3 7 r , + p  

24Moqel  d e p e n d e n t ,  assumes I = I 2 or 3 for the 3~T system 

l ' ( } ' / ' Y ) / l ' t o l o l  l ' l o / r  
yALUE fun,ls I_0 - 4) __ DOCUME_NT I.D TECN C HG COMMENT .... 

• • • We do  not  use the fo l l ow ing  d o I o  for overages  flts hmlts e tc  • • • 
3 6_+0 9 25ANDREWS 77 CNTR 0 6 7 - 1 0  "~Cu 
5 4_.+1 I 26ANDREWS 77 CNTR 0 6 7 - 1 0  "~Cu 

2SSoiutlon co r respond ing  to cons t ruchve .~ I) in ter ference The quark  
m o q e l  pred ic ts  a re la t ive d e c a y  phase  of zero 

2°Solution corresponding to des f ruchve ~, is (nter fefence 

l ' O r  + = -  = ° = ° ) / l ' t o t a l  I r2 : ' l  
_VALUE (uniTs ro -4 j__  CL % pQ~__U__ME_NT I0 TECN CHG COMMENT 
• • * We do  not use lhe  fo l low ing  Oata for overages  il ls hinds, e tc  * . . 
< 2  g0 KURDADZE 830 OLYA 0 e "  e -  

,-: + = - ~;o ..re 

CAPRARO 
eRAMON 
HUSTON 
BARKOV 
CHABAUD 
J[NSEN 
KURDADZE 

BOHACIK 
H[YN 
BECKER 
LANG 
RA~TALUCC[ 78 NC 44A $87 

p ( 7 7 0 )  REFERENCES 

87 NP B288 659 +Levy+ (CLER FRAS MILA PISA LCGT TRST+) 
86 PL B173 97 +COSullero$ ~8ARC) 
86 PR 33 3199 +Berg COlllCk Jopckheere. (ROCH FNAL MINN) 
es NP B256 365 ~Chlhngorov ElClelmon Khozln Lelchuk*(NOVO) 
83 NP 8223 1 ~GorlicP Car.ode* (CERN CRAC MPiM) 
83 PR D27 26 +BeTa 81el COlllCkl (ROCH FNAL MINN) 
e3D JEIPL 43 643 +Lelctluk POkhtu$OvO S,dorov Skrlnskil* (NOVa) 

Translated from ZEIPf 43 407 
80 PR D21 1342 +Kut'nelt (sLaV WIEN) 
80 ZPHY C7 169 +Long (GRAZ) 
79 NP 8151 46 *81onot Blum* (MPilVI C[RN ZEEM CRAC) 
79 PR Ol9 956 iMo$ Porofe(:Jo (GRAZ) 

*ao$inl 8ettoluccl+ (DESY FRAS~ 
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Meson Full Listings 
0(770), w(783) 
WICKLUND 78 PR O17 1197 
ANDREWS 77 PRL 38 198 
DEUTSCH 76 NP 8103 426 
ENGL[R 74 PR D10 2070 
ESTABROOKS 74 NP 879 301 
GRAYER 74 NP 875 189 
BYERLY 73 PR D7 637 
GLADDING 73 PR D8 3721 
PROTOPOP 73 PR D7 12B0 
BALLAM 72 PR D6 545 
BENAKSAS 72 PL 39B 289 
JACOB6 72 PR O6 1291 
RAICLIFF 72 PL 388 345 
ABRAMS 71 PR D4 653 
ALVENSLEBEN 70 PRL 24 786 
B~GG6 70 PRL 24 1197 
ERBE 69 PR 188 2050 
MALAMUD 69 Argonne Cant 93 
REYNOLDS 69 PR 184 1424 
ROIHWELL b9 PRL 23 t621 
WEHMANN 69 PR 178 2095 
ARMENISE 68 NC 54A 999 
BATON 68 PR 176 1674 
CHUNG 68 PR 165 t49~ 
FOSTER 68 NP 86 107 
HUSON 6B PL 288 20B 
HYAMS 68 NP B7 t 
LANZEROTTI 68 PR 166 1365 
PISUT 68 NP B6 326 
ASBURY 678 PRL 19 865 
BACON 57 PR 157 1263 
EISNER 67 PR t64 t699 
HUWE 67 PL 24B 252 
HYAMS 67 PL 24B 634 
MILLER 678 PR 153 1423 
ALFF 66 PR 145 1072 
FERBEL 66 PL 21 111 
HAGOPIAN 66 PR 145 1128 
HAGOPIAN 568 PR I,$2 t163 
JACOBS 668 UCRL 16877 
JAMES b~ PR 142 896 
WEST 66 PR 149 1089 
BLIEDEN 66 PL t9 444 
CARMONY 64 PRL 12 254 
GOLDHABER 64 PRL 12 336 
ABOLINS 63 PRL 11 381 

ERKAL 85 
RYBICKI 85 
KURDADZE 83 

ALEKSE[V 82 

BERG 80 
BALTAY 788 
QUENZER 78 
MONTONEN 75 
CARROLL 74B 
HABER 74 
NOROBERG 74 
SPITAL 74 
CHARLESW 73 
BAILLON 72 
BA$DEVANT 72 
DRIVER 72 
EISENBERG 72 
GRAYER 72 
GRAYER 72B 
TAKAHASHI 72 
BLOODWO 71 
OEERY 71 
BINGHAM 70 
GALLOWAY 70 
AUGUSTIN 698 
AUGUSTIN 69C 
HAISSINSKI 69 
JUHALA 69 
MILLER 69 
MaTT 69 
RODS 69 
SCHARENG 69 
BLECHSCH 68 

AlSO 67 
BOESEBECK 68 
DONALD bBC 
JOHNSON 66 
JONES 68 
KEY 68 
LAMSA 6B 
MARATECK b8 
ALLIES 678 
BANNER 67 
BARLOW 67 
BAION 67 

AlSO 67B 
CLEAR 67 
DANYSZ 67g 
FRENCH 67 
POIRIER 67 
ACCENSI 66 
BALTAY 66~ 
CAMBRIDGE 66 
CASON 
DEUTSCH 66 
ALYEA 66 
ARMENISE 65 
CLARK 65 
GUIAY 65 
ZDANIS 66 
BONDAR 64 

+Awes DlebOlO Greene Kromer Pawllcki (ANL) 
+Fukushlmo HarVey LObkOWlCZ May+ (ROCH) 

Oeutschmonn+ (AACH BERt BONN C[RN÷) 
+K~aemer Tootf WeJssef DlOZ+ (CMU CASE) 
• Marfln (DURH) 
• Hyams Blum Dlell+ (CERN MPIM) 
+Anthony Coffin Meanley Meyer Rice+ (MICH) 
+Russell Tannenboum Weiss Thomson (HARV) 

Protobopescu Gorn/ost Gall ler l  Flaile+ (LBL) 
• Chaclwlck Binghom Mllburn+ (SLAC LBL TUFT) 
+Cosine Jean f ~ r l e  Jull lan Laplonche+ (ORSA) 

(SACL) 
+Bulos Carnegle Kluge Lelth Lynch+ (SLAC) 
~BOrnham Butler Coyne Golclhabet Hall+ (LBL) 
+Becket Bertram Chen Cohen (DESY) 
+Braben CIIffl Gabot~uter Kltchlnge (DARE) 

(German Bubble C~amt>er Col lab ) 
+Scnlein (UCLA) 
+Albrighf Braclley Brucker Harms+ (FSU) 
÷Chase Earles Getmer Glass welnsteln+(NEAS) 
+ (HARV CASE SLAC CORN MCGI) 

• GhlclJnl Forlno+ (BARI BGNA FIRZ ORSA) 
• Laurens (SACL) 
+Dohl KUz Milber (LRL) 
• Govdlel Labrosse Montanet+ (CERN CDEF) 
+Lubath Slx VeilIet+ (ORSA MILA UCLA) 
+Koch Potler Wilson VonLindeln+ (CERN MPIM) 
+Blumenthal [hn Faissler* (HARV) 
+RODs (CERN) 
+BeCket Bertram JOOS Jordan+ (DESY COLU) 
+FIckinger Hlll HOpkins Robinson+ (BNL) 
4JOhnson Kleln Peters SOhni Yen+ (PURD) 
+Marault Oppenheimer Schultz WN$On (COLU) 
+Koch Pelletl Potter VonLinaem+ (CERN MPIM) 
+Gulay Johnson Loeffler+ (PURD) 

A~Sle lnberger  Berley+ (COLU RUTG) 
(ROCH) 

+Selove Ahttl Baton+ (PENN SACL) 
• Pan (PENN LRL) 

(LRL) 
+Krayblll (YALE BNL) 
+Boya Erwin Walker (WISC) 

(CERN Mlsslng MOSS Sbectrometer Col lab ) 
• LanDer Rmclflelsch Xuong Yager (UCB) 
+Brown Kaclyk Shen. (LRL UCB) 
+LanCler MehlhoD Nguyen Yager (UCSD) 

- - -  O T H E R  R E L A T E D  P A P E R S  - - -  

ZPHY C29 486 +Olsson (WlSC) 
ZPHY C28 56 *Sokrelcla (CRAC) 
JETPL 37 733 +Lelchuk POkhtuZOVO+ (NOVa) 
Translatea from ZETFP 37 613 
JETP 66 . $ 9 1  ~Kartamyshev Makorln+ (KIAE) 
Itan$lotecl from ZETF 82 1007 
PRL 44 706 +Chancl161~ Blei+ (ROCH FNAL MINN) 
PR O17 62 +Coutis Cohen Csorna+ (COLU RING) 
PL 7bB 612 +Ribes Rumpf Bertrand Bizot C~ase+ (LALO) 
LNC 12 627 +RoDs Tc~nqvlsf (HELS) 
PR D10 t430 eMotthew$ Walker+ (SLAC DUKE WISC TNIO) 
PR DI0 1387 ~HOOOU$ Hui$1zer Klstlokowsky Levy+ (MIT) 
PL 5t8 106 +Abramson Anarews Hal'S/*y+ (CORN RASH) 
PR O9 126 +Yennie (CORN) 
NP B66 263 Chorlesworth Emms Bell+ (RHEL BIRM bURN) 
PL 388 566 +Carnegie Kluge Leith Lynch RatcJlff+ (StAC) 
PL 418 178 +Froggott Petersen (CERN) 
NP 838 1 eHelnloth Hahn* Hofmann Rotnje+{DESY HAMB) 
PR O6 15 ~Ballam Dogon+ (REHO SLAC TELA) 
NP 860 29 +Hyams Jones Wellhamm~r BIum.(CER'N MPIM) 
Phll Cant 6 +Hyams Jones SChleln+ (CERN MPIM) 
PR 06 t266 +Bal=$h* (TOHO PENN NDAM ANL) 
NP 835 133 Blooaworlh Jackson Prenllce Yoon (INTO) 
PR D3 635 *Blswo$ CosOn Groves Johnson+ (NDAM) 
PRL 24 956 +Freller Moffell Ballom+ (LRL SLAC TUFT) 
PR DI 3077 +Matt Alyea Lee Mortln Prlckett 0ND) 
LNC 2 214 +Letrancols Lehmann Matin+ (ORSA) 
PL 288 608 ÷Bizot Buon Haisslnskl Lalanne+ (ORSA) 
Argonne Ca l f  373 (ORSA) 
PR 184 1461 +LeaCOCk Rhocle Kopelman Libby+(lSU COLa) 
PR 178 2061 *L~chlman Wll lmonn (PURO) 
PR t77 1966 +Ammar OOVlS KtO[DOC Slate+ (NWES ANL) 
NP 810 663 +PlSut (CERN CMNS) 
Argonne Cant 306 Scharengulvel (PURD) 
NC 63A 1046 B~ecrlschmldt OowO Elsnere (DESY MCH6) 
NC 62A 1348 Blechschmldt 
NP 84 501 +Oeut$chmann+ (AACH BERt. CERN) 
NP 86 174 +EclworOs Fro~esen Bettlni+ (LIVP OSLO PADO) 
PR 176 1661 ~POlrler BISwos GUIOy+ (NOAM PURD SLAC) 
PR 166 1406 ~Bteulel Caldwel l  Eisner Hatting+ (CERN) 
PR 166 1430 ~Prenlice Cooper Manner+ (TNTO ANL WISC) 
PR 166 1396 +Coson Blswas Deraao Groves+ (NDAM) 
PRL 21 1613 +HogOplan+ (PENN LRL COLa PURD TNTO+) 
NC 60A 776 Alles Bar*Ill r.fench Frisk+ (CERN BONN) 
PL 26B 300 +Fayoux Homel Zsembe~y Cheze+(SACL CAEN) 
NC 60A 701 +Llllestol Monlanef+ (CERN CDEF JRAD LIVP) 
PL 26B 419 +Lauren$ Relgnler (6ACL) 
NP 83 349 Baton Laurens Relgnler (5ACL) 
NC 49A 399 +Johnston Coober Manner+ (TNTO ANL wise)  
NC 51A 801 +French Simak (CERN) 
NC 52A 438 +Klnson McDOnalcl R~dlfO,-Cl* (CERN BIRM) 
PR t63 1462 +Bl~was Ca$on Detaclo Kenney+ (NDAM PENN) 
PL 20 657 +Aries Bar*lit French Frisk+ (CFRN) 
PR 146 1t03 +Fronzini LUI/eP4 Severien$ Tycko+ (COLU) 
PR 146 994 (CamDriclge Bubble Chamber Col lab ) 
PR 148 1282 (WISC) 
PL 20 82 Deulschmann Stelnberg+ (AACH BERL CERN) 
PL 16 82 +Crlttenclen Mortln Rt~o~e+ rIND) 
NC 37 361 (SACL O,~SA BARI BGNA) 
F~ 13RB 1656 +ChHslenson Cionln TurlOy (PRIN) 
NC 39 381 +Lannutli Full (FSU) 
PRL 14 721 +Maaansky Kraemer+ (JHU BNL) 
NC 31 729 • (AACH ~IR~ BONN DESY LO~C MPIM) 

GUIRAGOS 63 PRL 11 86 Guiragoss1on (LRL) 
SACLAY 63 Blend Cant 1 239 (SACL ORSA BARI BGNA) 
KENNEY 62 PR 126 736 +Shephala Gall (KNTY) 
SAMIOS 62 PRL 9 139 ~Bachman Lea* (BNL CUNY COLU KNTY) 
XUONG 62 PR 128 1849 +Lynch (LRL) 
ANDERSON 61 PRL 6 365 +Bang Burke Cormony SChmllz (LRL) 
ERWtN 61 PRL 6 628 +Mofcrl Walker West (wise)  

IG(jPC) = 0 - ( 1 -  ) 

~(783) MASS 

~/AL.UE (MeV) ..... EVTS DOCUMENT /D TECN COMMENT 

78%99 _+ 0.13 OUR AVERAGE Error inc luc les  s c a l e  fac to r  of 1 5 See the  
l ( l e o g r a m  b e l o w  

78 t  78_+0 10 8ARKOV 87 KMD e + e  - ~ # + T r - x 0  
782 2 ± 0 4 KURDADZE 838 OLYA e + e -  
783 3 -+0 4 CORDIER 80 W I R E  e + e  - ~ , - : +T r - r ,  0 
782 5 ± 0 8 33260 RODS 80 RVUE 0 0 - 3  6 DO 
782 6 ± 0 8 3000 8ENKHEIRI 79 OMEG 9 - 1 2  ,"r ± p 
781 8 ± 0 6 1430 COOPER 788 H8C 0 7 - 0  8 . 0 p ~  5~" 
782 7 ± 0 9 535 VANAPEL 78 HBC 7 2 DO ~ PD~-' 
783 5 ± 0  8 2100 GESSAROLI 77 HBC 11 ~ ' - p ~  ~','r 
7 8 2 . 4  ± 0 5 7 0 0 0  1 KEYNE 76 CNTR ;~-  p ~ u :n  
782 5 _+0.8 418 AGUtLAR- 728 H8C 3 9 4 6 _ K - p  
783 4 ± 1 0 248 BIZZARRI 71 HBC 0 0 p p  ~ K + K -  u.: 
781 0 _+ 0 6 510 BIZZARRI 71 HBC 0 0 p p  ~ k~klu: 
7 8 3 . 7  _-+-I 0 2COYNE 71 HBC 3 7  x + p  
784 I ± 1 2 750 ABRAMOVI 70 HBC 3 9 ~ ' - P  
7 8 3 . 2  _+I 6 3BIGGS 708 CNTR < 4 1  "~C ~ ~ r + ~ - C  
782 4 ± 0 5 2400 81ZZARRI 69  HBC 0 0 p p  

I O b s e r v e d  by  l h r e s h o l d  c ross lng  tec i~n ic lue  Moss reso lu t l on  = 4 8 MeV 
FWHM 

2From b e s t - r e s o l u h o n  s o m p l e  of COYNE 71 
3From ~,/J i n t e r f e r e n c e  in the  7 r+~  - moss s p e c t r u m  o s s u m l n g  u,, wJdJh 

12 6 MeV 

WEIGHTED AVERAGE 
781 99  ± O 1 3  [Error 8cafed b y 1 5 )  

.t .  

5I", 
BIGGS 

S 81ZZARRI 

7 8 0  782  784  7 8 0  

2 
X 

BARKOV 87 KM0 4 2 
KURDABZE 83B OLYA 0 3 
CORDER 80 WIRE 10 8 
BOOS 80 RVUE 0 4 
BENKHEIR[ 79 OMEG 0 8 
COOPER 788 HBC 0 1 
VANAPEL 78 HBC 0 B 
GESSAROLI 77 HRC 3 B 
KEYNE 76 CNTR 0 7 
AGUILAR- 72B HBC 0 4 
BIZZARR] 71 HBC 2 0 
BIZZARRI 71 HBC 2 7 
COYNE 71 HBC 2 9 

I ABRAMOVI 70 HBC 
708 CNTR 
69 HBC 0 7  

30 0 
(Can t ,den t ,  Level -- 0 005)  

I 

7 8 8  

~ ( 7 8 3 )  moss (MeV)  

w(783) WIDTH 

VALUE (MeV) . . . . .  EVTS DOCUMENT ID TECN COMMENT 

8°45 -+ 0 .09  OUR AVERAGE 
8 4 ± 0 o i  4AULCHENKO 87 SPEC e + e  - T . + ~ - : ¢  0 
8 . 3 0 ± 0  40  8ARKOV 87 KMD e + e  - ~ , - r+~ ' -~r  0 
9 8 -+ 0 9 KURDADZE 838 OLYA e + e -  
9 0 _+0 8 CORDIER 80 W I R E  e + e  - ~ ~-+~r-~-0 
9 1 ± 0 . 8  BENAKSAS 728 OSPK e + e  - 

10 .5  ± 1 5 BORENSTEJN 72 HBC 2 18 K - p  
7 7 0 ± 0  9 ± 1  15 940 BROWN 72 MMS 2 5  ~ r _ - p ~  n M M  

10 3 :t 1 4 510 BIZZARRI 71 HBC 0 0 p p  ~ KtKt~:  
9 5 ± 1 0 4270 COYNE 71 HBC 3 7 ~ ' + p  

• • • We d o  not  use t he  f o l l ow ing  cJoto for a v e r a g e s ,  fits l lml ts  e l c  • • • 
12 0 - 2 0 1430 COOPER 788 HBC 0 7 - 0  8 p p  ~ 5 x  
9 4 --.2 5 2100 GESSAROLf 77 HBC 11 , - r - p  ~ w~r 

10 22 ± 0 ° 4 3  20000  5KEYNE 76 CNTR ~ ' - p  ~ ~,n 
13 3 ¢ 2  418 AGU&AR 72B HBC 3 9 4 6  K - p  
12 .8  :I: 3 0 248 81ZZAR'RI 71 HBC 0 0 p D  ~ K + K - u :  

4Re lahv ls t l c  Bre]t W iene r  i n c l u a e s  r o d i o l l v e  c o r r e c t i o n s  
5Observec l  by  t h r e s h o l d  c ross ing  f e c h n l q u e  MOSS reso lu t i on  = 4 8 MeV 

FWHM 



See key on page 129 

r`1 u:(783) -*. ~+'rr- ~o 

I" 2 ~(783) ~ ~'+~r- 

I'~ ~ ( 7 8 3 )  ~ ~ o ~  

F A ~ : ( 7 8 3 )  - , -  n e u t r a l s  

( e x c l u d i n g  ~-o.,y ) 

I" s w(783) --,,. "rr+ ~r-"y 
1"~ ~ ( 7 8 3 )  -~  "n-o~-o',( 

r 7 ~ ( 7 8 3 )  ~ i l ~ '  

r ~  ~ ( 7 8 3 )  ~ e + e -  

F~ u ; ( 7 8 3 )  - , -  / x + / x  - 

1"1o ~ , ' ( 783 )  - +  ~/~r ° 

r`1~ ~ ' ( 7 8 3 )  ~ 33" 

F`12 w ( 7 8 3 )  ~ ~ ' o / x + p . -  

I"`13 ~ ( 7 8 3 )  - *  ~ + ~ - - ~ o ~ - o  

w ( 7 8 3 )  D E C A Y  M O D E S  

F r a c t i o n  ( £ J l ' )  S c a l e  

(89 3 ± 0 6 ) x t O  - 2  i t 

< 17o_+ 13 

( 8 0 :i: 0 9 ) x 1 0  - 2  

oo _+I~, >×Io-~ 

< 4 x l O  - 2  

< 8 ×10  - 3  

( 8 : t 40  )x10 -4 

( 7 05:t: 0 25)x`10 - s  t 2  

< 2 × t 0  - 4  

9 6 :i: 2 3 )x lO -5 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f it t o  6 b r a n c h i n g  ra t ios  uses 23 m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e f e r m l n e  4 p a r a m e -  
ters The o v e r a l l  f i t  has  o X 2 = '16 4 for 20 d e g r e e s  
of  f r e e d o m  

The f o l l o w i n g  o f f - d l a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t i o n  coe f f i -  
c i e n t s  (hx~ ~x/~/(Sx~ ~Xl), in  p e r c e n t  f r o m  t h e  fit t o  t h e  b r a n c h i n g  
f r a c h o n s ,  x~ -= [ ' # / r t o ta  I The fit c o n s t r o l n s  t h e  x~ w h o s e  l a b e l s  
a p p e a r  =n thlS a r r a y  to  s u m  to  o n e  

x 2 - 39 
x 3 6 - 3 
x 4 - 5 4  0 - 8 5  

x`1 x~ x 3 

~ ( 7 8 3 )  B R A N C H I N G  R A T I O S  

r ( n e u t r a i s  ) l r Q r  + r r -  f r o )  (I'3+1",1111"`1 
VALUE EVT$  DOCUMENT lO TECN COMMENT 
t)T~01 ± 1)~-007 OtiR FIT . . . . . .  
0. t05  ± 0.009 OUR AVERAGE 
0 15 __.0,04 46 AGUILAR 72B HBC 3 9 4 6  K - p  
0.10 ± 0 . 0 3  19 BARASH 670 HBC 0 0  p lo  
0 1 3 4 ± 0 . 0 2 6  850 DIGIUGNO 668 CNTR 14  r . - . o  
0 0 9 7 ± 0 . 0 1 6  348 FLATTE 66 HBC 18  K - p  

+ 0 . 0 5  JAMES 66 HBC 2 1 ~ ' + p  0 06 - 0  02 
0 08 ± 0 03 35 KRAEMER 64 DBC I 2 ~ ' ,~d 
0 1'I ~ 0  02 20 BUSCHBECK 63 HBC 1̀ 5 K - p  

r ( T r +  r -  ) l l ( r +  = - 7r o) I '21r`1 
See also I (,'r + ~ - ) / I  ,olal 

VALUE DOCUMENT ID TECN COMMENT 

n on "+0 .0032  OUR FIT Error Inc ludes  scale factor  of 1 3 0 . ~ 4 . ~  - 0 . 0 0 2 9  

0no~, + 0.005 . . . .  - 0.004 OUR AVERAGE 

0 0 2 1  + 0  028 ORATCLIFF 72 ASPK 15 7 r - p  n21'e 
- 009 

0028 ± 0006 BEHREND 71 ASPK Photoproduclion 

n o o  + 0 009 7 ROOS 70 RVU~E 
0 ~ ' ~ -  0 .01 

bS lgn lhcont  in ter ference effect observed  NB of ~ ~ 3~" comes  from an 
ex t rapo la t i on  

7ROOS 70 c o m b i n e s  ABRAMOVICH 70 a n d  BIZZARRI 70 

l ' ( r o " f ) / l ' ( T r *  r -  ,1"o) l ' J l ' ` 1  
VALUE DOCUMENT ID TECN COMMENT 
0 _ 0 9 0  ± 02510 ou~ ilv . . . . . . . . . . . . . .  
0.090 :t 0 . 0 t 0  OUR AVERAGE 
0 084 ± 0 013 KEYNE 76 CNTR ,"r- p ~ ~ n 
0 109 ± 0 025 BENAKSAS 72C OSPK e + e -  
0 081 ± 0 020 BALDIN 71 HLBC 2 9 ~r + D 
0.13 ± 0 . 0 4  JACQUET 69B HLBC 

I ' ( = "  r -  " y ) / i ' ( ' r i "  + r -  r ° )  I '~ /1" ,  
VALUE CL% DOCUMENT lO TECN COMMENT 
< 0 . 0 5  90 FLATTE 66 HBC 1 8 K-~O 
• • • We dO not  use the  fo l l ow ing  d o l o  for averages  fits l imits e t c  • • • 
< 0  066 90 KALBFLEISCH 75 HBC 2 2 K-¢3 
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co(783) 

I'(71"* ~ - / r ° I r ° ) l l ' t o t o l  I 13:1 
yALUE Cunlts_fO_~ 4) CL% DO C.~JMENT !_D. TEC.N CHG COMMENT 

• • • We cio not  use the l o l l o w l n g  d o l a  for overages  fits hinds e tc  * • • 
< 2  90 KURDADZE 83D OLYA 0 e ÷ e "  ~ J 

~+  :r'- ~0~0 i 

r(u+.-)/l (~-+ rr- ~-o) I ~,,. i, 
V_.4LUE [units 10 -3 )_  CL% Q_O. CUMENT ID TECN COMI~ENT 
< 0 . 2  WILSON 69 OSPK 12 = - C  o Fe 
• • * We d o  not  use l he  fo l l ow ing  d a l a  for overages  flts hm11$ etc  * • * 
< 1 7 74 FLATTE 66 HBC 4 8 K -  D 
< 1 2 BARBARa 65 FIBC 2 7 K -  D 

r ( r e o = o ' y ) / i ' C T r O " f )  i 6/ ' i  3 
VALUE CL % DOCUMENT /D TECN COMMENT 
< 0 o i  BARMIN 64 HLBC 1 3-2  8 = - p  

• • • We do  not use lhe  fo l l ow ing  d a t a  for averages  hls Jlmlls e tc  * • • 
<018 95 KEYNE 76 CNTP ~ - D  ~ ~ n  
<015 90 BENAKSAS 72C OSPK e+e - 
<014 BALDIN 71 HLBC 29 ."r+p 

[ r ( , n , )  + rC,7~ol~/ r (~ + ~ -  ~o1 (l ,+l  , o ) i i ,  
VALUE CL % DOCUMENT ID TECN COMMENT 
~.0 0 t 7  90 FLATTE 66 HBC I 8 K - p  
• * • We do  not use the fo l l ow ing  d a t a  for averages  fits l imits e tc  • • • 
< 0  045 95 JACQUEI 698 HLBC 

l ' ( ~ n e u t r a l s ) / l ' ( c h a r g e c l )  ( I  3+1 4 ) I ( I  r + l ' 2 + l  5) 
VALUE DOCUMENT ID rECN COMMENT 
0 .099 : t  0.007 bUR FIT " - 
0o124 :t 0 o 0 2 1  FELDMAN 67C OSPK 'I 2 = -  p 

l'(rrO 7rC,'y)ll'(Tr + ~r - 7rO) i'61 i'̀ 1 

VALUE CL % DOCUMENT ID TECN 
<008 95 JACQUET 69B HLBC 

r (~ 'Y) / r (T r ° ' l ' )  rT/r3 
VALUE DOCUMENT/D rECN COMMENT 
0.010 ~ 0.045 APEL 720 OSPK 4 -8  ,-i'- p ~ n3-# 

I ' ( ' l l '%t i  * ~ll - ) / l ' i o i a  I I t 2 1 r  
V_ALUE {un#s rO - 4 )  . . . .  DOCU_MENT IO [ECN C O_.MMENT _. 
0 . 9 6 ± 0 . 2 3  DZHELYADIN 818 CNTR 25-33 z r - p  ~ ~.n 

l ' (  e + e -  ) / l ' t o t a i  1"8/1 
_V.ALUE (vnlrs .10 - 4 )  . EVTS ~)OCU_MENT ID T_ECN C.OM. MENr .... 
0.705 _+ 0.025 OUR AVERAGE Error inc ludes scale factor  of I 2 
0 72 ± 0  03 BARKOV 87 KMD e + e  - .~ = + ~ - , - r 0  I 
0 64 ± 0 04 KUI~)ADZE 83B OLYA e + e -  
0 675 _+ 0 069 CORDIER 80 WIRE e + e -  ~ 3rr 
0 8 3  ± 0 10 BENAKSAS 728 OSPK e + e -  ~ 3~ 
0 77 _+0 06 8AUGUSTIN 69D OSPK e + e  - ~ 2~ 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits hmits, e t c  • • • 
0 65 _+ 0 `13 33 9 ASTVACAT 68 OSPK Assume Su(3)+mlxmg 

8Rescaled lay us to co r respond  to ~ w id th  8 4 M e v  J 
9Not resolved from # d e c a y  Error stat ist ical on ly  

l ' ( n e u t r a l s ) / l ' f o t a  I ( 1 3 + I ' 4 ) / I  
VALUE EVTS DOCUMENT /O rECN COMMENT 
o.o9o _~ o-.606 o u r  m 
0 . 0 7 9  ± 0 0 0 9  OUR AVERAGE 
0 073 _* 0 018 42 BASILE 728 CNTR 1 67 ,~" " p 
0 075_*0 025 BIZZARRI 71 HBC 0 0  DD 
0079 ± 0019 OEINET 69B OSPK 15 ~- p 
0084 ± 0015 BOLLINI 68C CNTR 2 1̀ ~- p 

l ' ( / r  + l l ' - ) / l ' l o l a  I I 2 / I  
See also I Q r +  ~ r - ' ) / l ( ~ ' + . -  =o) 

VALUE DOCUMENT ID TECN COMMENT 
+ 0 . 0 0 2 8  0o0170 _ 0.0026 OUR FIT Error inc ludes  Scale foc lor  of I 3 

+ 0.0026 O.0150 _ 0.0025 OUR AVERAGE Error inc ludes  sca le  factor of I '1 

0 023 ± 0 005 BARKOV 85 OLYA e ~ e -  
0 0`16 *0 009 - 0  007 QUENZER 78 CNTR e + e  - 
0 0122 _+ 0 0030 ALVENSLEBEN7`1C CNTR P h o t o p r o d u c h o n  
0 013 + 0  012 - 0 009 MOFFEIT 71 HBC 2 8 4 7 5 P 

• • • We d o  not  use the fo l low ing  d a t a  for overages tits limits etc  • • • 
0040 -+0001 IOWICKLUND 78 ASPK 346 ,-r~N 

00080 +~)_ - 0028002 I`1BIGGS 708 CNTR 42".C..~ ,'r* =-C 

`10From a m o d e l - d e p e n d e n t  analysis assuming c o m p l e t e  c o h e r e n c e  
11Re-evaluated under  I ( = + : r - ) / l ( = + T : - =  0) by  BEHREND 7`1 using more  

accu ra te  ~ o i, p h o t o p r a d u c l i a n  cross sect ion robe 
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1 ('rrO~O'y)/l (neutra ls)  re/( i ,3,F4 ) 
VALUE CL ~. OOCUMEN, ,O TECN COMMENt 

• * * We dO not  use fhe f o l l o w i n g  d a t a  for a v e r a g e s  flts l lmlts e f c  • * * 
0 22 ± 0 07 12 DAKIN 72 OSPK 1 4 ~ ' -  p ~ n MM 

--'0 19 90 DEINET 698 OSPK 
12See I (=o. , , ) /  ( n e u t r a l s )  See I ( = c ' ) ) / I  ( n e u t r a l s )  

1 ( 7r ° "y ) / r (neut ra ls )  r3/ ( r3+r4 ) 
VALUE CL% DOCUMENt ID rECN COMMENT 

• • • We d o  h a l  use the  f o l l o w i n g  d a f o  for Qve rages  hts [ imits e l c  * • • 
0 78_+0 07 13DAKIN 72 OSPK 1 4  = - . - p ~  n M M  

">0 81 90  DEINET 698 OSP.K 
13Error SfOflstlcol on l y  Au thors  OJDtalrl g o o d  fit a lso a s s u m i n g  7r0-~ as the  

on l y  n e u l f a l  d e c o y  

] ' ( X } ' y ) / l ' t o t a  I I ' 7 / ] "  
yALUE (vn#s FO- 4 ) .  _DOCUMENT/D TECN ~OMMENT 

• • • We d o  not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  firs hmlfs, e t c  • * • 

0_+'~ ~ 14ANDREWS 77 CNTR 6 7 - 1 0  ~ C u  
B ~ 

3 
29 0- - .7  0 15ANDREWS 77 CNTR 6 7 - t 0  " tCu  

14So}ulJon c o r r e s p o n d i n g  to c o n s t r u c l i v e  ~.~[) i n t e r f e r e n c e  The q u a r k  
m o d e l  p r e d i c t s  a r e l a t i ve  d e c o y  p h o s e  of zero 

15Solut ion c o r r e s p o n d i n g  to d e s t r u c t i v e  ~ p i n t e r f e r e n c e  

[-( 7ro~ + u - )I]'(~ + u- ) r12/r9 
VALUE EVIS DOCUMENT ID TECN COMMENT 

• • • We d o  no t  use the  f o l l o w i n g  d a l a  for ave . 'oges  fits l imits, e t c  • * * 
1̀ 2 ± 0 6 30 16 DZHELYAOIN 79 CNTR 2 5 - 3 3  r , - p  

16Supe rseded  by  DZHELYADIN 818 resul t  a b o v e  

AULCHENKO 
BARKOV 

8ARKOV 
KURDADZE 

KURDADZE 

DZHELYADIN 
CORDIER 
RObS 
BENKHEIRI 
DZHELYAD~N 
COOPER 
QUENZER 
VANAPEL 
WICKLUND 
ANDREWS 
GESSAROLI 
KEYNE 

AlSO 
KAL8FLEISCH 
AGUILAR 
APEL 
BAStLE 
8ENAKSAS 
BENAKSAS 
BORENSTEIN 
BROWN 
DAKIN 
RArCLIFF 
ALVENSLEBEN 
5ALDIN 

BEHREND 
BIZZARRI 
COYNE 
MOFFEIT 
ABRAMOVI 
BIGGS 
BIZZARRI 
RObS 

87 
87 

85 
83S 

83D 

818 PL 1028 296 
80 NP 8172 13 
80 LNC 27 321 
79 NP 8150 268 
79 PL 848 143 
788 NP 8146 t 
78 PL 768 512 
78 NP 8133 245 
78 PR D17 1197 
77 PRL 38 198 
77 NP 8126 382 
76 PR D14 28 
738 PR D8 2789 
75 PR D11 987 
72S PR D6 29 
728 PL 418 234 
72S Phll Conf 153 
72S PL 428 507 
72C PL 428 511 
72 PR DS 1559 
72 PL 428 117 
72 PR D6 2321 
72 PL 38B 345 
71C PRL 27 888 
71 SJNP 13 758 

W(783) REFERENCES 
PL 8t86 432 *Dollnsky Druzhlnln DubtOVln+ (NOVa) 
JEIPL 46 t64 ÷Vosserman Vorobev Ivanov ( N o v a )  
rronslolecl from ZETFP 46 132 
NP 82S6 365 +Chll lngatov Elaelmon Khazln Lelchuk+(NOVO) 
JETPL 36 274 +Pakhtusova Slclorov+ (NOVa) 
Translated from ZEIFP 36 221 
JETPL -13 643 +Lelchuk Pakhtusova SICIorov Skrlnskll+ (NOVa) 
Translated from ZETPF 43 497 

+Golovkln Konstontlnov+ (SERP) 
÷Oelcourt Eschsfruth Fulda+ (LALO) 
+Pelllnen (HELS) 
+Elsen$teln+ (FPOL CERN CDEF LALO) 
+ GoIovk]n Gdtsuk+ (SIERP) 
+Gurtu+ (TARA CERN COEF MADR) 
*Rlbes Rumpf 8erlrand 8LZOt Chose+ (LALO) 

VonApeldoorn Grundeman Hortlng+ (ZEEM) 
*Ayres D[ebolcl Greene Kramer Pawllckl (ANL) 
+Fukushlma Harvey LoDkowicz Moy+ (ROCH) 
+ (BGNA FIRZ GENO MILA OXF PAVI) 

+Blnme Corr Debenhom GorPutt+ (LOIC SHMP) 
Blnnle Cart Debenham Duane+ (LOIC SHMP) 

+Strand Chapman (BNL MICH) 
Agullor Benlfez Chung Eisner SOmlo$ (BNL) 

+Auslander Muller 8ertoluccl+ (KARL PISA) 
+8olllnl Broglin DalplOZ Frabettl+ (CERN) 
+Cosine Jean Marie Jull lan (ORSA) 
+Cosine Jean Ivlorle Jull lan LooIonche+ (ORSA) 
+Danbulg KalPtleisch+ (BNL MICH) 
+DownINg HOIIOWay Huld Bernsteln+ (iLL ILLC) 
+Hauser Krels~er Mlschke (PRIN) 
+Bulbs Carnegie Kluge Leith Lynch+ (SLAC) 
+Becket Busza Chen Cohen+ (DESY) 
+Yergokov TrebukhovBky ShlShOv (ITEP) 

Translated from YAF 13 1318 
71 PRL 27 61 +Lee NordPerg Wehmonn+(ROCH CORN FNAL) 
71 NP 827 140 +Monlanet NIIsson D Ancllou+ (CERN CDEF) 
71 NP 832 333 +Butler Fang Landau MacNoughtOn (LRL) 
71 NP 829 349 eBlnghom Fretter+ (LRL UCB SLAC TUFT) 
70 NP 820 209 Abramowch Blumenfela Bruyant+ (CERN) 
70B PRL 24 1201 +Clifft Gabothuler Kl lching Rand (DARE) 
70 PRL 25 1385 +Clopeftl Dare Gasp+re GulClonI.(ROMA SYRA) 
70 DNPL,, R 7 173 (CERN) 

Proc Oo;esbury Study Weekend No I 

DOLINSKY 86 
KUROADZE 83 

BARTKE 77 
EMMS 75~ 
RObS 75 
ESIABROOKS 74S 
GREGORIO 74 
KRAMER 74 
EISEN~BERG 72 
ABRAMS 71 
ANGELOV 71 

8ARDADIN 71 
8LOODWO 71 
CHAPMAN 71 
FIELDS 71 
MATTH[WS 718 
CASON 70 
DANBURG 70 
FLATTE 70 
GOLDHABER 708 
HAGOPIAN 70 
OANBURG 69 
ER'WIN 69 
MILLER 69 
STRUGALSKI 698 
KEY 68 
PISUT 68 
WEHMANN 68 
HERrZBACH 67 
BINNIE 65 
MILLER 658 
2DANIS 65 
ARMENIEROS 63 
8ARMIN 63 
GELFAND 63 
MURRAY 63 
ALFF 628 
ARMENTEROS 62 
STEVENSON 62 
MAGLICH 61 
PEVSNER 61 
XUONG 6t 

- - -  OTHER RELATED PAPERS - - -  

J 'r//(958) J IG(J pc) = 0+(0 - +) 

Our latest mini-review on this porhcle can be found In 
the 1984 edition See also the mini-review under non- 
qq  candidates 

17"(958) MASS 

VALUE (MoV) EVT$  DOCUMENT IO rECN COMMENr 
957 .50  +_ 0 . 2 4  OUR AVERAGE 

AUGUSTIN 690 PL 288 513 
BIZZARRI 69 NP 814 169 
DEINET 698 PL 30B 426 
JACQUET 698 NC 63A 743 
WILSON 69 PrlvOfe Carom 

Also 69 PR t78 2095 
ASIVACAT 68 PL 278 45 
BOLLIN[ 6BC NC 56A 531 
BARASH 678 PR 156 1399 
FELDMAN 67C PR 159 12t9 
DIGIUGNO 661 NC 44A 1272 
FLArTE 66 PR 145 1050 
JAMES 66 PR 142 896 
BARBARa 65 PRL 14 279 
BARMIN 64 JETP 18 1289 

r lans lated from ZETF 45 1879 
KRAEMER 64 PR t368 496 +Madansky Flelds+ 
BUSCHBECK 63 Siena Conf 1 166 +CZQPp+ 

956  3 _+_1.0 143+_12 GIDAL 87 MRK2 e + e  - 
e +  e -  ; ? = + ~ r  - 

957 46  ± 0 . 3 3  DUANE 74 MMS ~ r - p  ~ n MM 
9 5 8 . 2  =:0 5 1 4 t 4  DANBURG 73 HBC 2 2 K - p  ~ ' iX  o 
958 ± I 400  JACOBS 73 HBC 2 9 K - p  ~ ~.X o 
9 5 6 . 1  +_1 1 3415 BASILE 71 CNTR 1 6  ~ r - p ~  n X  0 
957 4 ± 1 4 535 BASILE 71 CNTR 1 6 x ' - p  ~ n X  o 
957 +_ 1 RITTENBERG 69 HBC 1 7 - 2  7 K - p  

r / ' (958)  WIDTH 

We i n c l u d e  d i r e c t  m e a s u r e m e n t s  of the  7/ '(958) to ta l  w l d t h  
a n d  'y'~ po r t l o l  w i d t h  t o g e t h e r  w i th  t he  m e a s u r e d  b r a n c h i n g  
fo l ios in t he  tit for t he  po r t l o l  d e c o y  rotes +Benoksas Buon Gracco HaJsslnskl+ (ORSA) 

+Foster Govl l lel  Montanel+ (CERN CDEF) 
+Menzlone Muller Bunlalov+ (KARL CERN) 
+Nguyen Khac Haatufl HolstelnsllCl (EPOL BERG) 

(HARV) 
Wehmann+ (HARV CASE SLAC CORN NEGI) 
Astvacoturov Azbmov Baldln+ (JINR MOSU) 

+Buhler Dolplaz Mossam+ (CERN 5GNA STRB) 
+Kitsch Miller Ion (COLU) 
+Frail Glee$on Holpern Nussbaum+ (PENN) 
+PeruZZl Trolse+ (NAPL FRAS TRST) 
• Huwe Murray 8utlon Stlafer Solmffz+ (LRL) 
+KraybJll (YALE BNL) 

8arbaro Gall ler l  Trlpb (LRL) 
+Dolgolenko Krestnlkov+ (ITEP) 

(JHU NWES WOOD) 
(VIEN CERN ANIK) 

VALUE (MeV) [VT$ DOCUMENT ID TECN CHG COMMENr 
0 . 2 0 7  ~: 0 . 0 2 0  OUR FIT Error i n c l u d e s  s c a l e  fac to r  of 1 3 . . . . . . .  
0 .28  - . 0 .10  '1000 BINNIE 79 MMS 0 x r - p  ~ n MM 

1t' (958 ) DECAY MODES 

S c a l e /  
Fraction ( l ' / r )  Conf  Lev 

I" I T/ '(958) .-*. ~ + ? r - 1 7  (44 1 ± 1 6 ) × 1 0  - 2  

[ '2 T / ' ( 9 5 8 )  ~ ~T°~T°) 7 (20 5 ± I 3 ) × 1 0  - 2  S=I 2 

I" 3 r / ' ( 9 5 8 )  - * .  ~ +  ~1"-'*y ( i n c l u d i n g  p o , y )  

[ '4 T / t ( 9 5 8 )  --~ " y ' {  ( 2 . 1 6 ± 0 . 1 6 ) × 1 0  - 2  S = 1 4  

[ '5 171 (958 )  ~ ~ / '  ( 2 9 9 = 0  3 0 ) × 1 0  - 2  

PL 8174 453 +Oruzhlnln OuDi'ovln Eldelman+ (NOVa) 
JETPL 37 733 ÷Lelchuk Pakhtusova+ (NOVa) 
Translotecf from ZETFP 37 613 
NP 8118 360 + (AACH BERL BONN CERN CRAC LOIC+) 
NP 898 1 ÷Klnson Stacey 8e11 Dale+ (BIRM DURH RHEL) 
NP 897 165 (HELS) 
NP B81 70 +Hyoms Jones Slum+ (CERN MPIM) 
NC 20A 437 (ICTP) 
PRL 33 505 +Ayres Dlebold Greene Pawllckl+ (ANL) 
PR D5 15 +Ballom Dagan,  (REHO SLAC TELA) 
PR D4 653 ÷Bornham Butler Coyne Golclhober Hall+ (LBL) 
SJNP 12 427 +Gramenltsky Kanaslrsky Keratschew+ (JINR) 
Translalecl from YAF 12 788 
PR D4 2711 BardOdln Olwlnowska Hofmokl+ (WARS) 
NP 835 133 81oodworth Jackson Ptentlce Yoon ONTO) 
PR D3 38 *Fortney FOWler (DUKE) 
PRL 27 1749 +Cooper Rhlnes AllisOn (ANL OXF) 
PRL 26 400 +PterlllCe Voon Carroll Walker+ (TNTO WISC) 
PR DI 851 +Andrews Biswas Groves Harrlngton+ (NDAM) 
PR D2 2564 +Abollns Oahl Davies HOCh Klrz+ (LR1.) 
PR DI 1 (LRL) 
Phll Conf 59 (LRL) 
PRL 25 1050 +Hagoplan Bogarf Selove (FSU PENN) 
UCRL 19275 Thesis (LRL) 
NP 89 364 +Walker GOShOw Welnbefg (WISC PRIN VAND) 
PR 178 2061 +Llchtman Wll lmann (PURD) 
PL 298 532 +Chuvllo Fenyves+ (WARS JINR BUDA) 
PR 166 1430 +PrenflCe Cooper Manner+ ON10 ANL WlSC) 
NP B6 325 +Roos (CERN) 
PRL 20 748 ~Engels+ (HARV CASE SLAC CORN MCGI) 
PR 155 1461 ~Kraerner Madanskl Zdanls+ (JHU 8NL) 
PL 18 348 +Duane Jane Jones4 (LOIC MCHS) 
CU 237.,Nevls 131 |heSlS (COLU) 
PRL 14 721 +MQdons~y Ktaemer+ (JHU BNL) 
Siena Canf 1 296 +Edworcls Jacobsen+ (CERN CDEF) 
Siena Conf 1 207 +Dolgolenko Krestnlkov+ (ITEP) 
PRL 11 436 +Mlller NussPaum Ralau+ (COLU RUTG) 
PL 7 358 +Ferro LUZ.ZI Huwe Sharer SOlmlIz~, (LRL) 
PRL 9 325 Afff Stelnbih'ger Berley Call+y+ (COLU RUTG) 
CERN Conf 90 +Budcle+ (CER'N CDEF EPOL) 
PR 125 687 +Alvarez Maglich Rosenfeld (LRL) 
PRL 7 178 +Alvarez Rosenfeld Slevenson (LRL) 
PRL 7 421 +Ktaemer Nussbaum Richardson, (JHU) 
PRL 7 327 +Lynch (LRL) 
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Listings 
n'(958) 

r 6 ' r / ' ( 9 5 8 )  --,. 3";r 0 ( 1 53 ::t 0 2 6 ) x  10 - 3  S=1 4 

r 7 zy(958) .-~ p 0 , y  (30.1 ___I 4 ) x 1 0  - 2  

r s r / ' ( 9 5 8 )  ~ ~ T + ~ ' - e + e  - < 6 x 1 0 - 3  

I" 9 ~ y ( 9 5 8 )  ~ ~ r+~r  - < 2 x t o - 2  

1"io ~ / ' ( 9 5 8 )  --* ~ ' +1v -~1  "° < 5 ×~o - 2  

r. 7 / ' ( 9 5 8 )  --~ l r + ' / r + 3 T  - ' / r -  < t × I 0  - 2  

['12 r/'(958) ~ ~r*~r+~r-~ -- neutra ls< i × 1 0 - 2  CL=95% 

r~3 T/'(958) -,,- ~ + ~ + ~ - - ~ r - ~ r O  < I ×10-2 
r~4 ' r / ' (958)  -.. 611" < I × I0 - 2  
l'~s ~ / ' ( 958 )  ~ ~ O e + e -  < 4 3 × I 0 - 2  
r16 r / ' ( 9 5 8 )  ~ T / e + e  - < I ~ ~I0 -2 
r .  r / ' ( 9 5 8 )  --~ 7~0p 0 < 4 × t 0  - 2  

I's8 "q'(958) --~ l,t+/.t-~ ( I 06:tO 27)'<10 -4 

r w ~/'(958) --~ 7 ~  - < 1 .5  "<t0 - 5  CL:90% 

I'20 r / ' (958)  ~ "/r0..u.+/J. - < 6 .0  ×10 - 5  CL=90% 

I'21 7 / ' ( 9 5 8 )  ~ 3"y < 9 4 ×10 -5 

I'22 7 / ' ( 9 5 8 )  ~ 71"°')'~( < 7 6 ×40 -4 

['23 ~ / ' ( 958 )  ~ ~ ' °? r °  < 9 . 2  × I 0  - 4  

J'24 7"/ '(958) ~ 4 ~  0 < 4 7 × 10 - 4  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  fd t o  t h e  t o t a l  w l d t h ,  a p a r t i a l  w i d t h ,  2 
c o m b l n a l l o n s  of  p a r t i a l  w i d t h s  o b t a i n e d  f r o m  
i n t e g r a t e d  c ross  s e c t i o n ,  a n d  16 b r a n c h i n g  r a l l o s  
uses  37 m e a s u r e m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e t e r -  
m i n e  7 p a r a m e t e r s  The o v e r a l l  f it has  o X 2 = 27 5 
for 31 d e g r e e s  of  f r e e d o m  

"/he f o l l o w i n g  o f f - d l a g o n a l  a r r a y  e l e m e n l s  o r e  t h e  c o r r e l a h o n  coe f f l -  
c l e n t s  {~Spj [p l ) / (~Sp l  ~Sp/), In p e r c e n t ,  f r o m  t h e  fit l o  p a r a m e t e r s  P l ,  
i n c l u d i n g  t h e  b r a n c h i n g  f r a c t i o n s ,  x i =- r l / l ' t o t a l  The fit c o n s t r o l n s  
t h e  x~ w h o s e  l a b e l s  a p p e a r  in th is  a r r a y  to  s u m  to  o n e  

x 2 57 
x 4 - 1 8  23 
x s -- 22  32 7 
x 6 21 35 8 11 
X 7 53 - 3 6  - 1 4  27 - 1 4  
F 39 - 1 3  73 2 - 4  24 

X1 X2 x4 Xs X6 x7 

R__a_t e ~MeV) Scale  
I" I 7 ' / ' ( 9 5 8 )  --~ 7 T ' ~ - ~  0.091 S0  0 t 0  1 1 

r 2 r / ' (958) ~ 7rO?£Or/ 0 .042 ± 0 005 1 4 

r4 r / ' ( 9 5 8 )  --~ ~/'"y 0 00447 : t :0 .00029 1 t 

r s 7/'(958) ~ co"}/ 0 0062 ± 0 . 0 0 0 9  1 2 

I" 6 r / ' (958) - ,  37ro 0 0 0 0 3 2 = 0 . 0 0 0 0 6  1 1 

1 7 ~ ' ( 9 5 8 )  ~ pO,y 0 062 ± 0 006 1 3 

1 'y (958)  PARTIAL WIDTHS 

r(~,-),) i4 
.VALUE (keV) EV_ T$ DOCUMENT ID ~ECN COMMENT 
4.47 ± 0.29 OUR FIT Error inclucles sca le  fac tor  of 1 1 
4.7 :t :0.6 : t 0 . 9  1 4 3 : t 1 2  GIDAL 87 MRK2 e + e  - 

e +  e -  ~1,r+ ~ - 
• * * We clo not  use the fo l l ow ing  clara for overages ,  fits, l lmits, e t c  • • • 
4 0 ± 0 9 I BARTEL 85E JADE e + e -  ~ e + e -  23 

ISys temat ic  error no t  e v a l u a t e d  

~'(958) r0)rc~,'y)/r(tota0 

Thls c o m b l n a t i o n  of a par t ia l  wlOtn wdn  the  par t ia l  wlc l th Into 
"Y3' a n d  wi th the  to ta l  w id th  Is o b t a i n e d  from the i n teg ra ted  
cross sec t lon  Into c h a n n e l  I In the  ~'y ann lh l l a t l on  

r('yV) × r(po,y)Irtotoi r4r,/r 
_VAL.~IE.(keV) EVTS DOCUMENT ID TECN COMMENT 
1.35:1:0.08 OUR FIT Error Incluales sca le  factor  of I 2 
1.32 ± 0.08 OUR AVERAGE Error inc ludes  scale fac tor  of 4 2 
1 3 5 ± 0 . 0 9 ± 0 . 2 1  AIHARA 87 TPC e + e  - ~ I 

e+  e - p ' 7  
I 

I 13 ± 0 . 0 4 ± 0 , 1 3  867 ' : t 30  ALBRECHT 878 ARG e + e -  ~ e + e - p 3  I 

1 . 5 3 : t 0 . 0 9 ± 0 . 2 1  ALTHOEF 84E TASS e + e  - ~ e + e - . o ~  
I 141-0 .08:1 :0  11 BERGER 848 PLUT e + e  - ~ e + e - p 3  
1 8 5 : t 0  31:1:0 24 43 BEHREND 83B CELL e + e  - ~ e + e - p 3  
1 73 :t 0 34 _ 0 35 95 JENNI 83 MRK2 e + e -  

e+  e -p -~  
1 4 9 : t 0 , 1 3 _ + 0  027 243 BARTEL 82S JADE e + e  - ~ e + e - p 3  . 

l'(~'y) × I'(~'°~'°~)Irtotal r4 rJu"  
VALUE (keV) DOCUMENT lO TECN COMMENT 
0.91 ! 0 , 0 9  OUR FIT Error Inc ludes sca le  factor  of 'I I 
1.03 ~ :0 .08z0 .11  ANTREASYAN87 CBAL e + e  - 

e+  e -  ~r,o~ro 

T/ ' (958)  G PARAMETER 

IMATRIX ELEMENTI2 = (1 + (~y)2 + c x  2 
VALUE DOCUMENT ID TECN COMMENT 
--0.061 -+ 0.012 OUR AVERAGE 
- 0 058 ± 0.013 ALDE 86 GAM4 38 7r- D ~ n~77r 0r.° 
- 0 ,08  ± 0 03 KALSFLEISCH 74 RVUE 77' ~ ~ ' , +  7r- 

I ' / ' ( 958 )  B R A N C H I N G  RATIOS 

I'(?r + ~'-  T/(neutral d e c a y ) ) / r t o t a  I 7 0 9 r l / r  
VALUE EVTS DOCUMENT IO TECN COMMENT 
0.313 _+ 0.011 OUR FIT 
0.314 :t 0.026 281 RITTENBERG 69 HBC 1 7-2  7 K - D  

I'(~I "+ ' x -  neut ra ls) / l ' to ta  I ( 7091"i+ 291F2+ 91"5)/I' 
VALUE EVT$ DOCUMENT tO TECN COMMENT 
0.399 :t 0.009 OUR FIT 
0.36 :t 0.05 OUR AVERAGE 
0 ,4  ± 0  1 39 LONDON 66 HBC 2 2  K - p  
0 35 -+-0,06 33 BADIER 658 HBC 3 K-.O 

l ' ( 'x  + ~'-  r / ( cha rged  d e c a y ) ) / l ' t o t o  I 291Fi/ I "  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.128 ±0 .005  OUR FIT 
0.116 : t0.013 OUR AVERAGE 
0 . 1 2 3 Z 0 , 0 1 4  107 RiTTENBERG 69 HBC I 7-2 7 K - D  
0 I ~ 0 04 10 LONDON 64 HBC 2 2 K -  p 
0 07 = 0 , 0 4  7 8ADIER 65S HBC 3 K - D  

[I'(~'o~'0r/ ( c h a r g e d  d e c a y ) )  + r(,.,: ( c h a r g e d  d e c a y )  "/')kl'total 
( 2911 '2+  ~l's)/l" 

VALUE EVTS DOCUMENT ID TECN COMMENT 
0.087 ± 0.005 OUR FIT Error inc ludes  scale fac lo r  of 1 1 
0.045 - 0.029 42 RITTENBERG 69 HBC 4 7-2  7 K -  p 

l ' ( n e u t r a l s ) / r t o t o l  ( 7091"2+ I ' 4+  0 9 1 " s ) / r  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.170 ± 0.009 OUR FIT Error inc ludes  scale factor of q I 
0.187 *-0.017 OUR AVERAGE 
0 185 ± 0 . 0 2 2  535 BASILE 71 CNTR 1 6 t r - p  ~ nX o 
0 . 1 8 9  :t 0 026 123 RII"TENBERG 69 HBC 1 7-2 7 K -  D 

r(p °')')/['total l'7/r 
VALUE EVT$ DOCUMENT ID TECN COMMENT 
().301 Z0.014 OUR FIT . . . . . . . . . . . . .  
0.319 ± 0.030 OUR AVERAGE 
0 . 3 2 9 : t 0  033 298 RITTENBERG 49 HBC I 7-2 7 K - p  
0 2 + 0, I 20 LONDON 66 HBC 2 2 K -  p 
0 34 ~: 0 09 35 BADIER 658 HBC 3 K - D  

r(p°V)/r(~" ~" n) r,/(r~+r2) 
VALUE DOCUMENT ID TECN COMMENT 
0.467 : t0.031 OUR FIT 
0.31 --.0.15 DAVIS 68 HBC 5 5  K - D  

[ ' ( ~ o  e +  e - ) / l ' t o t a  I | '15/1" 
VALUE DOCUMENT IO TECN COMMENT 
<0.013  RITTENBERG 65 HBC- 2 7 K -  D 

I'(7/e + e - )/rtoto I 1-16/i 
VALUE DOCUMENT ID TECN COMMENT 
<'0.011 . . . .  RITTENBERG 6 5  HBC 2 7 K - p  

l ' (  ~ '°  P°  ) / l ' to to l  I'17/I" 
VALUE OOCUMENT ID TECN COMMENT 
< 0 . 0 4  RITTENBERG 65 HBC 2 7 K-~D 
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I'(~-+ ~- e + e - ) / l ' t o t o  I I 'B / [ "  
VALUE DOCUMENT ,O rECN COMMENT 
< 0 . 0 0 6  RITTENBERG 65 HBC 2 7 K -  p 

[ ` ( 6  ~r ) / l ' t o t a l  | ' t 4 / [ `  
VALUE DOCUMENT ID rECN COMMENT 
<0.01  LONDON 66 HBC C o m p i l a t i o n  

I'(~'7)/[`(7r"/r- r/) F~/[`I 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.068 ± 0.008 OUR VII ~ i r o r  Inclu-~es sca le  f - - a c t o r  of I I - -  
0.068 ± 0.013 68 ZANFINO 77 ASPK 8 4 ~r- p 

[`(p0"Tl/[[`O+~r-,O + I"(~'o~'on). [`(,,.,'7)J 1"7/(r,.r2.r~) 
VALUE DOCUMENT ID TECN COMMENT 
0.446 ± 0.029 OUR FIT 
0 . 2 5 ± 0 . 1 4  DAUBER 64 HBC 1 95 K - p  

l'(7"7)l[`total I'4/[' 
VALUE EVTS DOCUMENT IO TECN COMMENT 
0.0216 ± 0.0016 OUR FIt' Error inc ludes  sca le  fac tor  of 1 4 
0.0196 ± 0.0015 OUR AVERAGE 
0 . 0 2 0 0 = 0  0018 2STANTON 80 S P E C  8 4 5  = p .  I 

n r  + r -  2~, 
0 .025  ± 0 . 0 0 7  OUANE 74 MMS ~ r - p  ~ n MM 
0.0171 ± 0 0033 68 DALPIAZ 72 CNTR 1 6 ~ r - p  ~ nX  0 

+ 0  008 31 HARVEY 71 OSPK 3 65 ~ r - p  ~ nX  o 0 020 - 0 . 0 0 6  

• • • We d o  not  use the  fo l l ow ing  c la lo  for averages  flts l imits, e tc  • • * 
0 018 ± 0  002 6000 3APEL 79 CNTR 15-40 ~ r - p  

21ncludes APEL 79 result 
3Data  is i n c l u d e d  In STANTON 80 eva lua t i on  

I"(71" + ~'-)/rtota I [`9/r 
VALUE CL % DOCUMENT ID rECN COMMENT 
< 0 . 0 2  RITTENBERG 69 HBC 1 7-2  7 K - D  
• • • We d o  not  use the  f o l l ow ing  d a t a  for overages ,  fits, l imits e tc  • • • 
< 0  08 95 DANBURG 73 HBC 2 2  K - p ~  %X o 

rOr*  ~ - -  ~ o ) / r t o t a  ~ [ ` ~ o / r  
VALUE CL % 0OCUMENT 10 TECN COMMENT 
< 0 . 0 5  RIITENBERG 69 HBC 1 7 -2  7 K - p  
• " • We d o  no t  use the foHowlng d a t a  for averages ,  fits l imlts, e tc  • * • 
< 0  09 95 DANBURG 73 HBC 2 2 K - O  ~ %X 0 

l'(Tr + 7r + ~ T - / r -  n e u t r a l s ) / [ ` t o t a  I 1"~2/[` 
VALUE CL • DOCUMENT 10 TECN COMMENT 
<0.01  95 DANBURG 73 HBC 2 2 K - p  ~ %X ° 
< 0 . 0 t  RITTENBERG 69 HBC 1 7-2  7 K - p  

I'(~* 7c + "n"- "n'-  ~ ° ) / 1  to ta  ~ r~/l" 
VALUE DOCUMENT/0 rECN COMMENT 
<0.01  RITTENBERG 69 HBC 1 7 -2  7 K - p  

I'(/l "+ 7r" ~- ~-)/l'tota I ['./r 
VALUE DOCUMENT ,o rECN COMMENT 
<0.01  RITTENBERG 69 HBC 1 7 -2  7 K - p  

l ' ( p O ' 7 ) / F ( ' l r  + ~ r - ' 7  ( i n c l u d i n g  p O 3 , ) )  r 7 / r s  
VALUE EVTS DOCUMENT ID TECN COMMENT 
1.08 :t 0.08 OUR A V E R S E  . . . . .  

1 . 1 5 ± 0  10 473 OANBURG 73 HBC 2 2 K - D ~  ~.X ° 
'~ 01 ± 0 .15  137 JACOBS 73 HBC 2 9 K - p  ~ ~.X o 
0 . 9 4 ± 0  20 AGUILAR 700 HBC 3 9 - 4 6  K - p  

l'(~o~ror7 (3fro d e c a y ) ) / r t o t o  j 319[`2/F 
VALUE EVTS DOCUMENT 10 TECN COMMENT 
0.065 ~ 0 . 0 0 4  OUR FIt Error Inc ludes  sca le  fac tor  of 1 2 
0.11 ± 0 .06 4 8ENSINGER 70 DBC 2 2 ~ +  d 

[ ' ( p O ' 7 ) / I ' ( 7 r +  7 r - ~ / ( n e u t r a l  d e c a y ) )  I ' 7 /  709Fi 
VALUE EVTS DOCUMENT 10 TECN COMMENT 
0.96 z 0.07 OUR FIT 
0.99 = 0.4t  OUR AVERAGE 
0 92 ± 0 .14  473 OANBURG 73 HBC 2 2 K - p  ~ %X 0 
%11 : t 0  18 192 JACOBS 73 HBC 2 9  K - p  ~ %X 0 

l ' ( ' 7 ' 7 ) / l ' ( ~ r 0 ~ ' 0 ~ / ( n e u t r a l  d e c o y ) )  I "4 /  7091"2 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.149 ~'0,012 OUR FIT Error inc ludes  sca le  fac tor  of 1 5 
0.188 ± 0 , 0 8 8  16 APEL 72 OSPK 3 8 ~ r - p  ~ n X  o 

r(.+.-'7)Ii'('7"7) rl,/r. 
VALUE (un#s ~0 - 3) E V T S  DOCUMENT ID TECN ~_QMMENT 
4 . 9 ± 1 . 2  33 VIKTOROV 80 CNTR 2 5 3 3  "~ ' -p  ~ 2#'~ 

I'( ~DZ ÷ ~-)/l'toto l 
VALUE (umr$ 10- 5_)__ 
< 4 . 5  

l'(Tc°g+ P-)/r,o,o, 
w -  s) y_AL_UE_Cug..#s 

< 6 . 0  

[̀ O~ro)/rOro~ron) 
VALUE (units f0 - 4 )  
74 ± 12 OUR FIT 
74 ± 12 OUR AVERAGE 
74 ± 15 
7 5 ± 1 8  

r('7'7)IrO-o~-on) 
VALUE 

CL% 
90 

CL% 
90 

DOCUMENT ID 
OZHELYADIN 81 

DZHELYADIN 81 

DOCUMENT ID 

l 'w/[` 
!E¢N_ ~ O M M E N T  
CNTR 30 " x - p  ~ ~ ' n  

I"2o/I" 
r.EOy ~OMMENT 
CNTR 30 e - p  ~ r / 'n 

[ ' 6 / [ ' 2  
TECN C.qM_M_EN'f . . . . .  

ALOE 
81NON 

DOCUMENT 10 

87c GAM2 38 ~ ' - p  ~ n + 7 'S 
84 SPEC 30-40  : r - p  ~ 6")' 

rdr2 
7ECN COMMENT 

0.106 ± 0.008 OUR FIT Error Inc ludes  sca le  fac tor  of 1 5 
0.112 ± 0 . 0 0 2 ± 0 . 0 0 6  ALDE 87c GAM2 38 ~ - P  ~ n + -~ 's J 

rC~.~)/r(~ =o~) [`~'r2 
VALUE DOCUIVlENT I n [EC_N. COMMENT 

0.146 ± 0.014 OUR FIT 
0.147 ~ 0.016 ALDE 87C GAM2 38 ~ - p  ~ n + "y s J 

I'(3'7)/I'(~'o 7c0 r/) r21/r2 
_VALUE (units tO-4 )  CL % _D~-U.ME _N[ !D__ TECN (~OMMENT 

- J < 4 . 6  90 ALOE 87C GAM2 38 ~ r - p  ~ n + "f s 

[`0-o'7'7)Ir(~o=o,0 ['22/[`2 
VALUE ~Unlrs fO-4~ ...... ~L % DOCUMENT IO [E.~_N (~OMMENT 
<37  90 ALDE 87C GAM2 38 " ~ - p  ~ n + "~ 's J 

[`(ro~-o)irO-o~-o,O r.l[`2 
VA_LUE (units 10 - 4 )  CL~ .DO(~UMENT ID TEr~N COMM_ [NT . . . . . . .  
<45  90 ALOE 87C GAM2 38 r -  p ~ n + '7 's 

] ' ( 4 r o ) / r ( = o = o ,  0 r24/r2 
VALUE (units I 0 - 4 )  ~ %  DOC~UMENT_./D_ [E~_N_ (~OMMENT 
<23  90 ALDE 87C GAM2 38 ~ ' - p  ~ n + "y s 

7 / ' ( 9 5 8 )  C ' N O N C O N S E R V I N G  D E C A Y  P A R A M E T E R  

See the  no te  on 7/ d e c o y  pa ramete rs  in the  Stab le  Part ic le 
Full Llstlngs for de f ln l t i on  of this p a r a m e t e r  

D E C A Y  A S Y M M E T R Y  P A R A M E T E R  FOR ~'~ ~ I " - ' 7  
VALUE EVTS DOCUMENT 10 7ECN COMMENT 
-- 0.04 ± 0.04 OUR AVERAGE 
- 0 . 0 1 9 2 0  056 AIHARA 87 TPC 2~ ~ " r r+~r -7  
- 0  0 6 9 : t 0 . 0 7 8  295 GRIGORIAN 75 STRC 2 1  ~ - p  

0 .00  = 0 10 103 KALBFLEISCH 75 HBC 2 2 K - D  
0 07 ± 0 .08  152 RITTENBERG 65 HBC 2 I - 2  7 K - p  

AIHARA 87 
ALBRECHT 878 
ALDE B7C 
ANIREASYAN 87 
GIDAL 87 
ALOE 86 
BARTEL 8SE 
ALTHOFF B4! 
BERGER 848 
8iNON 84 
BEHREND 83S 

AJSO 82C 
JENNI 83 
BARTEL 82S 
DZHELYAOIN 8t 
STANTON 80 
VIKTOROV 80 

APEL 79 
BINNIE 79 
ZANRNO 77 
GRIGORIAN 75 
KAL6FLEISCH 76 
DUANE 74 
KALBFLEISCH 74 
DANBURG 73 
JACOBS 73 
APEL 72 
DALPIAZ 72 
8ASILE 71 
HARVEY 7t 

1 7 ' ( 9 5 8 )  REFERENCES 

PR D35 2650 * (TPC Two-Gamma Collab ) JP 
PL 6199 457 ,Anclom Blnder÷ (ARGUS ColIQb ) 
ZPHY C36 603 ~.BJnon Bdckman÷ (LANL BELG SERP LAPP) 
PR 036 2633 +Barters Bess+t+ (Crystal Boll Callao ) 
PRL 59 2012 +8over Butler Cora$ Abrams* (LBL ~.AC HARV) 
PL 6177 115 +Blnon Brlcman+ (~ERP BELG LANL LAPP) 
PL 1608 421 * (JAD£ Collab ) 
PL 1478 487 (TASSO COqob ) 
PL ~426 125 (AACH BERG OESY GLAS HAM8 UMO S~EG~') 
PL 'MOB 264 +Donskov Dutell÷ (SERP BELG LAPP CERN) 
PL 1256 518 *D Agostlnl+ (Drsy KARL MPIM LALO LPNP+) 
PL 1146 378 Bef~rencl+ (DESY KARL MPIM LALO LPNP+) 
PR D27 1031 +Burke Telnov Abrams Blocker+ (SLAC LBL) 
PL 1136 190 +Cord$~. (DESV HAMB HEID LANC MCHS+) 
Ft. I056 239 +Golovkln Konstanflnov÷ (SERP) 
PL 92 B 353 +Edwards LegOcey+ (OSU CARL MCGI TNTO) 
SJNP 32 520 +Goiovkln Dzl'~elyodln ZOltSev Mukhln+ (NOVa) 
Tronslcted from YAF 32 ~005 
PL 83B 131 
PL 836 141 
PRL 38 930 
NP 691 232 
PR 011 987 
pRL 32 425 
PR Dq0 916 
PR 08 3744 
PR D8 18 
PL 406 680 
PL 42B 377 
NC 3A 371 
PRL 27 885 

+Augensteln BeCtoluccl (KARL PISA S~ERP WIEN) 
*Cart Debenture Jones Koraml Keyne+(LOIC) 
~.Brockmon* (CARL MCG4 OHIO INTO) 
+LOdOg6 Moil+me RudnK:k+ (UCLA) 
+Strand Ct~pmon (BNL MICH) 
+61nnle Camlllerl CarT* (LOIC SNN~) 

(BNL) 
+Kolbflelsch Borensteln Chapman+ (BNL MICH)JP 
+Chang Gauthier+ (BRAN UMD SYRA TUFT)JP 
+Au$1ander Muller Bertolucci+ (KARL PISA) 
+Frobe111 Mossom Novofflo Zlchlchl (CERN) 
,Bolllnl DOIDIQZ FrobettI+ (CERN BGNA. 5TRB) 
+Mofqult Peterson Rt~oade$+ (MINN MICH) 
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 7'(958), fo(975) 

AGUILAR 700 PRL 25 1635 
BSNSINGER 70 PL 33B 505 
RITIENBERG 69 UCRt 18863 Thesls 
DAVIS 68 PL 27B 532 
LONDON 66 PR 143 1034 
BADIER 65B PL 17 337 
RITTENBERG 65 PRL 15 556 
DAUBER 64 PRL 13 449 

AlSO b4S Dubno Cant I 418 

- -  OTHER 

BICKERSTAPF 82 ZPHY Ctb 171 
ABRAMS 79S PRL 43 477 
DZHELYADIN 79S PL 8SB 379 
CERRADA 77 NP B126 189 
DELAGUILA 77 PR 016 2833 
GESSAROLI 77 NP B126 382 
LEDNICKY 77 E2 10521 22 23 
BALIAY 74B PR D9 2999 
GAULT 74 NC 24A 259 
KALBFLEISCH 73 PRL 31 333 
AGUtLAR 72S PR D6 29 
BINNIE 72 PL 39B 275 
BLOODWO 72B NP B39 525 
RADER 72 PR D6 3059 
BAROADIN 71 PR D4 2711 
BASILE 71S NP B33 29 
OGIEVETSKY 71 PL 35B 69 
DUFEY 69 PL 29B 605 
MOTT 69 PR 177 1966 
BARBARa 68 PRL 20 349 
BARLOUTAUD 68 PL 2bB 674 
BOLLINI beD NC 58A 289 
COHN b6 PL 21 347 
MARTIN 66 PL 22 352 
KIENZLE 65 PL 19 438 
TRILLING 65 PL 19 427 
GOLDBERG 64 PRL 12 546 
GOLDBERG 64B PRL 13 249 
KALBFLEISCH 64 PRL 12 527 
KALBFLEISCH 648 PR'L 13 349 

Agullor Benltez Bossono Samlos Born*l+ (BNL) 
+Erwln Thompson Walker (WISC) 

(LRL) I 
+Ammot Moll Pagan Derrick* (NWES ANL) 
eRou Golclberg tlchtmon÷ (fiNl SYRA)IJP 
*Demoulin Borloutoucl+ (EPC4. SACL AMSI) 
+KoibtlelsCh (LR!. BNL) 
÷Slaler S~lth Stork Ilcho (UCLA) JP 

Dauber SIoter Smith Stork TlChO (UCLA) 

RELATED PAPERS - - -  

*McKelIQI (MEL8) 
*Alam Blocker BoyorskJ+ (SLAC LBL) 
+Golovkin Grlrsuk KaChOnOV+ (SERP) 
+wagner BlockZlll+ (CERN AMST NIJM aXE) JP 
+Doncel (BARC) JP 
* (BGNA FIRZ GENO MILA OXF PAVI) 

(JINR) JP 
÷Cohen Csorno Hoblbl Kolelkor+ (COLU SING)JP 
*Jones Scaclron Thews (DURH lOIC ARIZ) 
*Chapman+ (BNL MICH LBL) JP 

Agullar Benltez Chung Eisner Samlos (BNL) 
+Camlllerl Duone Gorbutt Burton÷ (LOIC SHMP) 

Bloodworlh Jackson Prenllce Yoon (TNTO) 
+Abollns Dahl Danburg Dovles HOCh+ (LBL) 

Borcladln Otwlnowsko Hotmokl+ (WARS) 
÷Bollinl DOlplOI Frobetll÷ (CERN BONA SIRS) 
+tybor Zaslovsky (JINR) 
+GObbl Pouchon CnoPSe (ETH CERN SACL} IJP 
+Ammor Davis Kropoc Slate÷ (NWIES ANL) 

Barbara Goiherl Moflson Rltlenberg+ (LRL) I 
+ (SACL AMST BGNA REHO EPOL) I 

+Buhler Dolplaz Mossom+ (CERN BGNA STR'B) 
+McCulloch Bugs Condo (ORNL IENN UCND) 
+Crlttenclen SchrOecler (IND) ( 
+Magllch levrot Lelebvres+ (CERN) 
+Brown GoIdhobet KOClyk SConlo (LRL) 
+Gunclzlk LlChtman Connolly Hart+ (SYRA BNL) 
+Gunclzlk Leltner Connolly Harry. (SYRA BNL) 
+Alvorez Barbara Golllerl+ (LRL) JP 
+DOhl RittenlDQrg (LRI.) JP 

J f°(975) J was S(975) l~(J PC) = 0+(0 ++) 

For early work using BreiI-W=gner or scaltenng length 
parametnzahon ~n hls to the KK mass spectrum, see 
reference sechon and our 1972 edd~on 

See also the mlnl-revsew under non-qQ condldafes 

f0(975) MASS OR REAL PART OF POLE POSITION 

POLE POSITION DETERMINATIONS 
VALUE (MeV) DOCUMENT ID rECN COMMENT 

9 7 5 . 6  = 3.1 OUR AVERAGE Error inc ludes  s c a l a f a c t o r  o f ~  
978 _+ 9 ABACHI 86B HRS e + e  - ~ Tr+T, - 
974 0 -- 4 .0  GIDAL 81 MRK2 J,'C d e c a y  
986. -+ 10 AGUILAR 78 HBC 0 7 p p  ~ K~K~ 
969 0-+ 5 0 LEEPER 77 ASPK 2 - 2 4  ~ - p  
987 ± 7 BINNIE 73 CNTR 7r- p ~ n MM 

• • • We do  not use the fo l low ing  d a t a  for overages  flts l lmlts e tc  • • • 
985 0 ± 39 0 i ETKIN 82B MPS 23 ,-r- p ~ n2K~ 

1012 -+ 6 2GRAYER 73 ASPK 17 7 r - p  ~ "= ,+ / r - n  
1007 ± 2 0  2HYAMS 73 ASPK 17 T r - p  ~ r , + ~ c - n  
997 -+ 6 2pROTOPOP 73 HBC 7 ~ ' + p  

~ +  OT, + ,-r- 

+ 9 IETKIN 82B quo tes  errors _ 39 MeV We use - 39 MeV in the a v e r a g e  

21ncluded in AGUILAR 8ENITEZ 78 fil 

MASS DETERMINATIONS 
(Real Dart of mass matr ix  e i genva lue )  

VALUE (MeV) DOCUMENT ID TECN 

• * * We d o  not  use the fol lowJng d a t a  for overages  fits limits, e l c  • * • 
985 3 TORNQVIST 82 RVUE 
975 3 ACHASOV 80 RVUE 

3 C o u p l e d  c h a n n e l  analysis with f inite w id th  correct ions 

f0(975) WIDTH OR IMAGINARY PART OF POLE POSITION 

POLE POSITION DETERMINATIONS 
(Cor responds to half  w lq th  not full w t d t h )  

~/ALUE (MeV) DOCUMENT ID TECN COMMENT 

16.8 -+'--'2.8 O'(JR AVERAGE 
29 _+ t3 ABACHI 86B HRS e + e  - . ~ + ; ' r -  
14 0 -_ 5 0 GIDAL 81 MRK2 J .' d e c a y  
t5  0-+ 4 0 LEEPER 77 ASPK 2 - 2 4  : r - p  
24 -+ 7 BINNIE 73 CNTR ~ - p  ~ n MM 

• * • We do  not use the fo l low ing d a t a  for overages tits Jlmlls etc  • • • 

141 0 ETKIN 82B MPS 23 ;-p ~ n2K~ 
60 0 _  + 10.0 
50 ~ 40 4 AGUILAR- 78 HBC 10; p p  - -  ~ ( ~  
16 _ 5 5 GRAYER 73 A$PK ;'r- p ~ = ~ -  n 
15 _+ 5 5HYAMS 73 ASPK 17 ~ - p - ~  - : + ' ~ - n  
27 _+ 8 5 PROTOPOP 73 HBC 7 , " r *p  

rr+ p ~ +  ;T - 

4From c o u p l e d  c h a n n e l  hi to the HYAMS 73 a n d  PROTOPOPESCU 73 d a t a  
With 0 s imul taneous fit to the ,,r Tr phase shifts inelast ic i ty a n d  to the K~jK~j 
invor lar l l  mass 

51ncludeq in AGUILAR-BENITEZ 78 hl 

FULL WIDTH DETERMINATIONS 
(From imag ina ry  par t  of moss matr ix e l g e n v o l u e )  

~/ALUE (.M_eV) . DOCUMENr ID TECN 

• • • We qo  not use the fo l low ing d a t a  for averages  fits hmlts etc  • • • 

~400 6 TORNQVIST 82 RVUE 
70 to 300 6 ACHASOV 80 RVUE 

6 C o u p l e d  Channe l  analysis with f inite width cor rechons 

I" 1 fo(975) -*. K~' 

I" 2 /o(975) ~ "n'tr 

]'3 fc(975) - -  T/r/ 

f0(975) DECAY MODES 

Froct,on (I ZI ' )  _ 

(78 1_+22 ;)~<i0-2 

f0(975) BRANCHING RATIOS 

I'(-A- t r) / i ' tota I 1"2/I" 
VALUE DOCUMEN[ ID TECN COMMENt 

+ 0 . 0 2 7  OUR AVERAGE 0.781 _ 0.023 

0 67-+ 0 09 LOVERRE 80 HBC 4 7 : - p  ~ KKN 

0 81 + 0 09 CASON 78 STRC 7 ~ - p  ~ n2K~ 
-0 04 

0 78-+0 03 WETZEL 76 OSPK 8 9  : r - p ~  n2K~ 

f0(975) REFERENCES 

ABACHI 868 PRL 57 1990 +Derrick BIockus+ 
EIKIN 82S PR D2S 1786 +Foley Lal+ 
TORNQVtST 82 PilL 49 624 
GIDAL 81 
ACHASOV 80 

LOVERRE 80 
AGUILAR 78 
CASON 7B 
LEEPER 77 
WETZEL 76 
BINNIE 73 
GRAYER 73 
HYAMS 73 
PROTOPOP 73 

AU 87 
AKESSON 86 
MENNESSIER 83 
BARBER 82 

(PURD ANL INE: MICH LBL) 
(BNL CUNY tUFT VAND) 

(HELS) 
PL 1078 153 +Golclhober GUy Millikan Abrams* (SLAC LBL) 
SJNP 32 566 +Devyonin Shestakov (NOVa) 
translafedd from YAF 32 1098 
ZPHY Cb 187 .Armenteros Dionlsl* (CERN CDEF MADR STOH) IJP 
NP B140 73 Agudar Bemtez Cerroclo*(MADR BOMB CERN+) 
PRL 41 271 +Boumbough Bishop BISWOS+ (NDAM ANL) 
PR 016 2054 +Butlram Crowley Duke Lamb Peterson (ISU) 
NP B115 208 .FreuOenrelch Beusch+ (ETH CERN LAID) 
PRL 31 t534 +Cart Debenhom Duane Gafbutt*(LOIC SHMP) 
lollanOSSee +Hyoms JOneS Blum Dletl KOCh+ (CERN MPIM) 
NP B64 t34 +Jones Wellhommet Slum Dleth (CERN MPIM) 
PR D7 1 2 8 0  Protopopescu GO,nlost GOlllefl FIOtle* (LBL) 

OTHER RELATED PAPERS 

PR D35 1633 *Morgan Pennlngton (DURH RAL) 
NP B264 t54 +Albfow Almened* (Axial r-lelcl Sbec Col'oh ) 
ZPHY C16 241 (MONP) 
ZPHY C12 t +Dalnfan Broclbeck Brookes*(DARE LAND SHEF) 

ETKIN 82c PR D25 2446 
ACHASOV 81 PL 102B 196 
AGUILAR St ZPHY CI0 299 
ROUSSARIE 81 PL 105B 304 
WICKLUND 80 PRL 45 1469 
ACHASOV 79 PL 88B 367 
APEL 79S NP B160 42 
BECKER 79 NP B15t 46 
CORDEN 79 NP S157 250 
ESTABROOKS 79 PR D19 2678 
GREENHUT 79 PR D20 2326 
POLYCHRO 79 PR D19 13t7 
8ALAND 78 NP B140 220 
FROGGATI 77 NP B129 89 
MARTIN 770 NP B121 514 
PAWLICKI 77 PR 015 3196 
BRANDENB 76C NP 8104 413 
BUTTRAM 76 PR D13 1153 

+Foley Lal* (BNL CUNY ILFT VAND) 
• Devyon n ShestQkov (NOVa) 

AguiIOr Ben,fez Done Mar*in (MADR DURH) 
+Burke Abrams Alam* (SLAC LBL) 
• Awes Cohen DlebOIcl Pawhckp (ANL) 
+Devyanln ShestokOv (.NOVa) 
• Auslanaer MU let Rerok, (KARL PlSA) 
+Blonar Blum* (MPIM CERN ZEEM CRAC) 
+Dowell Garveyo (BIRM RHEL TELA LOWC) JP 

(CAR~) 
,Inlemanr, (SEIO) 
PolychronoKos Cason BIShOp+ (NDAM ANL) 

• Grofci* (MONS BELG CERN LOlC LALO) 
• Petersen (GLAS NARD) 
+Ozmullu Squires (DUKE) 
+Ayres Cohen Diebo.cl Kromer Wickluncl (ANt ) t .  

Btonclenburg Cornegle Coshmore* (SLA.~) 
• Crowley Duke Lomb LeePer Pelerson (ISU) 
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Meson Full Listings 
°/'o(975), ao(980) 
CERRADA 
FLATTE 
WILKINS 
MORGAN 
PAWLICK~ 
BALLAM 
GRAYER 
MORGAN 
DIAMOND 
FUJII 
OCHS 
BASDEVANI 
DAMER~ 
DUBOC 
FLATIE 
GRAI"~R 
WILLIAMS 
ALSTON 
BADIER 
BATON 
8EUSCH 
HYAMS 

AlSO 
OH 
AGU/LAR 

AlSO 
HOANG 
HOANG 
ALITTI 
LAI 
PHELAN 

AlSO 
BARLOW 
8EUSCH 
DAHL 
CRENNELL 
HESS 
BALTAY 
BARMIN 
81Gf 
81NGHAM 
ERWIN 
WANG 

76 PL 628 353 ÷GonzolezA~royo Ruble Ynduraln(CERN MADR) 
768 PL 638 228 (CERN) 
76 PR D13 1831 +Albrlghl Hagaplon Hagop~an Lannutti (FSU) 
75 Aigonne Cant 45 (RHEL) 
75 PR D12 63'~ +Ayres D~ebOld Greene Kramet Wlcklund(ANL) 
74 NP 876 375 +Chaclwlck Blngnam Ffelter+ (SLAC LBL MPIM) 
74 NP B7S 189 +Hyoms 81um Dlet1+ (CERN MPIM) 
74 PL StB 71 (RHEL) 
73 PR D7 1977 +Slnkley+ (WISC DUKE COLa TNTO OHK~) 
73 NC 13A 311 *Kate (TOKY) 
73 Thes~s (MPIM) 
72 PL 418 178 +Froggon Pelersen (CERN) 
72 NC 9A I +Borzatto Goussu+ (GENO MILA SACL) 
72 NP 846 429 *GolclDerg Makowsk~ DanalO+ (LPNP LIVP) 
72 PL 388 232 +Alston GOrnlasl Barbara Gallleri+ (LBL) 
728 Phll Cant S +Hyams Jones Scrltein+ (CERN MPIM) 
728 PR D6 3178 (FSU) 
718 PL 358 152 Alston Gamiest Barbara Galtieri+ (LBL) 
70 NP 822 512 +Bonnet Drevlllan Baubllller+ (EPOL IPNP) 
70 PL 33B 528 +Laurens Reignmr (SACL) 
70 Phil Cant 185 (ETH CERN) 
708 Phil Cant 41 +Koch Bausch+ (CERN MPIM ETH LOIC HAWA) 
70 NP 822 189 Hydros KOCh Potter VonLindem~ (CERN MPIM) 
70 PR DI 2494 +Gorhni(el Morse Walker Prentice (WISC TNTO) 
69C PL 298 241 Aguilar 8enilez Barlaw+ (CERN CDEF) 
69 NP 814 195 Agudar Benllez Borlaw, (CERN CDEF) 
69 NC (~tA 325 (ANL) 
bgS PR 184 1363 ~EorIIy PhelOn Roberts* (ANL ILLC) 
b88 PRL 21 1705 +Barnes Crennell Flommia Galaberg+ (BNL) 
08 Phil Cant 303 (8NL) 
68 Thesis (ANL STLO) 
68 PRL 21 316 Hoong EQrtly Phelon+ (ANL CHIC NDAM) 
67 NC S0A 701 +Llllestol Montanet+ (CERN CDEF IRAD LIVP) 
67 PL 258 357 +Fischer Gabbt Astbury+ (ETH CERN) 
67 PR 163 1377 +Hardy Hess K~rz Miller (LRL) 
66 PRL 16 1 0 2 5  +Kolbflel$cn LOI Scoff Schumann+ (BNL) 
66 PRL 17 1109 +Dahl Hardy Klrz Miller (LRL) 
64 Oubna Cant 1 40~ +Lacn Ctennell Oren Slump+ (YALE BNL) 
64s Dubno Cant I 433 +Dolgalenko Yerofeev Krestni+ (ITEP) 
62 CERN Cant 247 +Brandt Carrara+ (CERN) 
62 CERN Cant 240 +Blocne (EPOL CERN) 
b2 PRL 9 34 +Hayer March Walker Wangler (WISC 8NL) 
61 JETP 13 323 +Veksler Vrona÷ (JINR) 

Translated tram ZETF 40 464 

I a°(980) J was 5(980) IG(J PC) = I-(0 ++ ) 

Our Iolest mmH'evlew on this parhcle con be found in 
the 1984 edition 

ao(980 ) MASS 

T/~ FINAL STATE ONLY 
VALUE (MeV~ E V T $  DOCUMENt lO TECN CHG COMMENT 

983.3 _+ 2 • 6  OUR ~.VERAGE Erro~ Inc ludes sca le  factor  of 1 2 

976 _+ 6 ATKINSON 84E OMEG ± 25-55  ~ p  
~ = n  

986 _+ 3 500 I EVANGELISTA81 OMEG 12 7r- p 
~ = p  

990 0 -+ 7 0 145 i GURTU 79 HBC _+ 4 2 K -  D 

977 .0  + 7 0 GRASSLER 77 HBC 16 ~,:~p 
p'q 37r 

972 _+ 10 150 DEEOIX 72 HBC _+ 0 7 ~ p  ~ 7= 

• • • We d o  not use the ta l low ing  d o t e  for averages  fits l imits e tc  • • * 

980 _+ 11 47 CONFORTO 78 OSPK - 4 5 ,~'- D - -  
p X -  

978 0 _+ 16 0 50 CORDEN 78 OMEG _+ 12-15 = - p  
n~2~r 

989 0 -+ 4 0 70 WELLS 75 HBC - 3 1-b  K - p  

970 0-+15 0 20 8ARNES 69C HBC - 4 - 5  K - D ~  
' ~ 2 ~  

980 -+ 10. CAMPBELL 69 DBC -+ 2 7 : ¢ + d  
980 0 _+ 10 0 15 MILLER 698 HBC - 4 5 K -  N 

f i= '~ 
980 0 ± 1 0  0 30 AMMAR 68 HBC _+ 5 5  K - p ~  

~rt2= 
IFrom f~(1285) d e c a y  

KK ONLY 
yALUE__(_Me v) Errs 

976° -+ 6° 316 
DOCUMENT ID rECN CHG COMMENT 
DEBILLY 80 HBC -+ t 2 -2  p O  

h(1285)  ~: 
• * • We d o  not use the fo l low ing d a t a  for averages,  flts l lmlts etc  • • * 
1016. ± 10. 100 2 ASTIER 67 HBC -+ 0 0 DD 
1003.3 _.¢ 7 0 143 3 ROSENFELD 65 RVUE _+ 

2ASTIER 67 Inc ludes d a t a  of BARLOW 67 CONFORTO 67 ARMENTEROS 65 
3plus systemat ic  errors 

a0(980 ) WIDTH 

r/'rr FINAL STATE ONLY 
y~tLUE (MeV) EVrS DOCUMENT ID rECN CHG COMMENT 
57 _+ 11 OUR AVERAGE 

62. -+ 15 500 4 EVANGELISTA81 OMEG 12 = - p  
T} ;T, O 

60 0_+20 0 145 4GURTU 79 HBC ± 4 2  K - p ~  
~. ~2~" 

44 0 z 22 0 GRASSLER 77 HBC - 16 ~r ~ p 
p ~ 3 ~  

• • • We d o  not use the fo l low ing d a t a  for overages  tits l imits etc  • • • 

60 + 50 - 30 47 CONFORTO 78 OSPK - 4 5 r, - D 
p X -  

86 n + 6 0  0 ~ - 5 0  50 CORDEN 78 OMEG _ 12-15 ~,',-p 
n~2Tr 

80 to 300 5 FLATTE 76 RVUE - 4 2 K- p 
~. ~ 27r 

n+25 00 16 ~ _ 16 70 WELLS 75 HBC 3 I - 6  K - p  
~ 2~ 

30 -+ 5 150 DEFOIX 72 HBC _+ 0 7 p p  ~ 7Tr 
40 ± 15 CAMPBELL 69 DBC 2 7 ~T + d 
60 0-+30 0 15 MILLER 698 HBC - 4 5  K - N  

r} ;T. ~, 
80 0_+30 0 30 AMMAR 68 HBC _+ 5 5  K - p  . 

'~ ~ 2:'r 
4From f i (1285) d e c a y  
5Uslng a two-channe l  resonance  p a r a m e t n z a h o n  of GAY 768 d a t a  

K~' ONLY 
VALUE_(MeV) EVTS DOCUMENT ID rECN CHG 

• • • We d o  not use m e  fo l low ing d a t a  for averages flts l imlts etc  • • • 
~ 2 5  100 6 ASTIER 67 HBC _+ 

57 0 -+ 13 0 143 7 ROSENFELD 65 RVUE 

6ASTIER 67 inc ludes d a t a  o! BARLOW 67 CONFORTO 67 ARMENTEROS 65 
7plus systemat ic errors 

(:70(980) DECAY MODES 

]'1 a0(980 ) ~ ~zr 
r2 00(980) ~ p~- 
]'3 a0(980 ) ~ KK 
['4 a 0 ( 9 8 0 ) -  ~'r / ' (958) 
r8 a0(980) ~ -~-y 

ao(980) £(1)£('y~')IF(total) 

]'(r#Tr) × l '( ') ' ' i ' ) l] 'totai r l l ' s t r  
VALUE (keV) DOCUMENt IO TECN COMMENT 

0 07 + 0 . 1 0 -  . . . . . .  0.19 _+ . - 0 . 0 7  ANTREASYAN86 CBAL e + e  - ~ e ~ e - ~ r 0 ~  

ao(980 ) BRANCHING RATIOS 

[ ' (p ~ ) / r ( T / = )  r 2 / r  , 
VALUE CL % DOCUMENT ID TECN CHG COMMENT 

• • • We d o  not use the fo l low ing  d a t a  fat overages  fits l imits e l c  • * * 
• < 0 . 2 5  70 AMMAR 70 HBC -+ 4 1,5 5 K - p  

~ 2 ~ "  

r(K~/r(r/~) r j r l  
VALUE DOCUMENt ID rECN CHG COMMENT 

• • • We d o  not use the fo l low ing d a t a  for averages,  flts l lmlts e tc  * • • 
0 7 _+0 3 8CORDEN 78 OMEG 12-15 ~ - D  -o 

nr}2~- 
0 25 _+ 0 08 8 DEFOIX 72 HBC ¢ 0 7 p ~ 7= 

BEfore the d e c a y  of f i (1285) 

ANTRtEASYAN 86 PR D33 1847 
ATKINSON 84E PL 1388 459 
EVANGELJSTA 81 NP B178 197 
DEBILLY 80 NP 8176 1 
GURTU 79 NP B151 181 
CONFORIO 78 LNC 23 4r9 
CaReEN 78 NP 8144 253 
GRASSLER 77 NP 8121 '189 
FLATTE 76 PL 63B 224 
GAY 768 I>I. 638 220 
WELLS 75 NP BlOt 3 3 3  
DEFOfX 72 NP 844 125 
AMMAR 70 PR D2 430 
BARNES 69C PRL 23 610 

ao(980 ) REFERENCES 

÷Aschman Basset 81enlelne(Crvstal Ball Called ) 
(BONN CERN GLAS LANC MCHS LPNP*) 

+ (BARI BONN CEliN DAR! UVP+) 
+BrlonCl Dubac Levy4. (CURl LAUS NEUC GLAS) 
• Gavlltel 81okzlJl+ (CER'N ZEEM NIJM OXF) 
+Conforlo Keyt (RHEL TNTO CHIC FNAL+) 
+Corbetl Alexander+ (BIRM R'HEL TELA LOWC) 
+ (AACH BERL BONN CERN CRAC HELD+) 

(CERN) 
+Chaloupka B]okzijl Helnen+(CERN AMST NIJM) JP 
+Rodo~Iclc Roscoe Lyons (OXF) 
+Nosclmento Bizzarri+ (CDEF CERN) 
+KraDoc Dovls÷ (KANS NWES ANL WISC) 
+Chun 9 Eisner Bossono Goldbefg+ (BNL SYRA) 
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Meson Full Listings 
ao(980), 4 (1020) 

CAMPBELL b9 PRL 22 1204 +LlChtman LOeffler. (PURD) 
MILLER 69S PL 298 255 +Ktomor Cormonv+ (PURD) 

AISO 69 PR 188 2011 Yen Arnmann Cormony Eisner* (PURl3) 
AMMAR 68 PRL 21 1832 +Davis K¢opoc Oerrlck Fleld$~ (NWES ANL) 
ASIIER b7 PL 258 294 +Montanel Baubilher Duboc¢(CDEF CERN IRAD) 

Includes data Of BARLOW 67 CONFORTO 67 and ARMENTEROS 65 
BArrOW 67 NC .~OA 701 +tliles%oi MOnlanet+ (CERN CDEF IRAD LIVp) 
CONFORTO 67 NP B3 469 +Marechol+ (CERN CDEF IPNP LIVp) 
ARMENTEROS b5 PL 17 344 +Edwards Jacobsen+ (CERN COEF) 
ROSENFELD 65 Oxford Cant 58 (LRL) 

i ~)(1020) I I G ( J  "~c) : 0 - ( I - - )  

~ ( ' I 0 2 0 )  M A S S  

We o v e r a g e  moss a n d  w ld fh  va lues on ly  w h e n  the  sysfemahc 
errors hove  b e e n  e v a l u a l e d  

VALUE (MeV)_ EVTS DOCUMENt tD TECN COMMENT 

10-~9.414 ~_0.010 OUR AVERAGE Error inc ludes  sca le  factor of 4 2 
1019 8 +-0 7 ARMSTRONG 86 OMEG 85 ~ * , ' D P  ~ I 

,T + , p 4 K p  
1019 7 _+1 0 BEBEK 86 CLEO e+e - - -  Y(4S) I 
1049 7 ~ 0 3 2042 DAVENPORt 86 MPSF 400 p A  ~ 4K X 1 t019 411 ±0 008 642k IDIJKSTRA 86 SPEC 1_00-200 ,-'rZ 

p p K ± .  on 
Be 

1019 7 ± 0  1 ± 0  1 5079 ALBRECHT 85D ARG e + e  - 
hadrons  

10fig 3 _+ 0 1 1500 ARENION 82 AEMS 1, B Dolor 
DO ~ KK 

t 0 t 9  67 ±0 17 25080 2pELLINEN 82 RVUE 
1019 8 +-0 2 -+0 5 766 IVANOV 81 OLYA 1 - 1 4  e + e  - 

K+K - 
1049 54 _+0 12 1100 BARKOV 79B EMUL e + e  - 
t 019 .52  _+0 13 BUKIN 78C OLYA e + e  - 
1019 4 _+ 0 5 337 COOPER 788 HBC 0 7-0 8 p p  

1018 9 _+0 6 800 COHEN 77 ASPK ,6"~,'r'~ N --  
K + K - N  

t019 .7  - 0  5 454 KALBFLEISCH 76 HBC 2 18 K - O  
KKn 

1019 4 +_ 0 8 984 BESCH 74 CNTR 2 " . , p -  
OK + K -  

1020 3 ¢ 0 . 4  100 8ALLAM 73 HBC 2 8 - 9 3  ~ P  
1019 4 -_0 7 81NNIE 73B CNTR , " r - p  ~ ,:,n 
t019 6 ± 0  5 120 3AGUILAR 72B HBC 3 9 4 6  K - D  

~ K + K  - 
1 0 1 9 9  _+05  100 3 AGUILAR- 72B HBC 3 9 4 6 K - 0 ~  

K - p K + K  - 
1020 4 _+ 0 5 131 COLLEY 72 HBC 10 K + p  

K + p,> 
1019 9 +-0 3 410 STOTTLEMYER71 HBC 2 9 K - p  

"-. ~KK 

• • • We do  not  use lhe  fo l l ow ing  d a t a  for overages  fits l imits e tc  • • • 
t020 1 ± 0  11 5526 4ATKINSON 86 OMEG 20-70 "~p I 
t020 9 +_0 2 4FRAME 86 OMEG 13 K + O  I 

,.',K+ p 
102t 0 _ 0  2 4ARMSIRONGB3B OMEG 18 5 K - D  

K - K  + % 
1020 0 ± 0 5 4 ARMSTRONG 838 OMEG 18 5 K -  p 

K - K  + 
t019 7 ±0 3 4BARATE 83 GaLl  190 ; r - B e  

2;~ X 
4020 0 ±1 0 383 4BALDI 77 CNTR 10 T , -D  

T¢ - q,p 
JWe lgh led  a n d  sca led  o v e r a g e  of 12 measurements  of DIJKSTRA 86 I 
2pELLINEN 82 rev iew ~ncludes AKERLOF 77 DAUM 81 8ALDI 77, AYRES 74 J 
DEGROOT 74 

3Mass errors e n l a r g e d  by  us to [ N 1'2 see the  no te  wi th the K~(892) 
mass 

4Syslemal lC errors not  e v a l u a t e d  

¢(4020) WIDTH 

We o v e r a g e  moss a n d  w id th  va lues on ly  w h e n  the  systemat ic  
erorrs have  b e e n  e v a l u a t e d  

VALUE (MeV) E V r S  DOCUMENt ID TECN COMMENt 

-~ _~ o.os OUR FI~ " " 

4.41 ± 0.05 OUR AVERAGE 
4 45-_0  06 271k DIJKSTRA 86 S P E C  100 , ' r -Be 
4 5 -+ 0 7 1500 ARENTON 82 AEMS 11 8 po la r  p p  ~ KK 
4 2 -+0 6 766 51VANOV 81 OLYA 1 - 1 4  e + e  - 

K ~ K -  

4 .3  t O  6 5CORDIER 80 WIRE e + e  " o :r + : r - - C  
4 5 8 z 0  55 1100 5BARKOV 79B EMUL e + e  - 
4 36_.0  29 3681 568UKIN 780 OLYA e + e  - 
3 6  ± 0 8  337 5COOPER 78B HBC 0 7 - 0 8 ~ ) p  . K ~ K ~  
4 5 -+ 0 50 1300 5 ? AKERLOF 77 SPEC 400 p A  o K + K -  X 
4 4 +_ 0 6 984 58ESCH 74 CNT,~ 2 ~. P - -  GK " K -  
3 81 ~_0 37 COSME 74B OSPK e r e  
3 8 +_ 1 5 100 5 8ALLAM 73 HBC 2 8-9  3 ", p 
4 5 +_1 1 BINNIE 738 CNTR = - p  -- , . n  
4 6 _+1 7 120 5AGUILAR 72B HBC 3 9 4 6  K - D  

\ K * K  
4 7 _~ 1 9 100 5 AGUILAR 728 HBC 3 9 4 6 K p 

K - p K - K  • 
3 8 ± 0 7 454 5 BORENSTEIN 72 HBC 2 ,8 K - D  . .  KKn 
5 0 +_ 1 8 131 5COLLEY 72 HBC 40 K * D  . .  K ~ D  , '  
4 67 ± 0  72 681 58ALAKIN 71 OSPK e + e  - 
4 09 +_ 0 29 81ZOT 70 OSPK e ~ e- 
4 2 _+ 1 4 150 5 AUGUSTiN 69 OSPK e + e-  
• • • We dO not  use the fOl lowing d o l o  fat overages  h% hmlls etc  • • • 
8 9 ±0 3 ?FRAME 86 OMEG 13 K ~ D  * ". .K+D 
4 5 .+ 0 8 500 5 7 AYRES 74 ASPK 3-6  : r -  p . -  K*  K -  n 

K D -- K + K -  '~ / 
;0  

4 2 t l  3 170 57DEGROOI 74 HBC 4 2  K - D  - -  \ K  ~ K -  
5Wldlh errors e n l a r g e d  by  us Io 41 N r 2 see the note wi th the K~(892) 

mass 
6Number  of events inc ludes  a smal l  b a c k g r o u n d  con t r l buhon  
7Systemahc errors not e v a l u a t e d  

~ ( 1 0 2 0 )  D E C A Y  M O D E S  

] ' t  q , ( 1 0 2 0 )  ~ K ~ K -  

12 , h ( 1 0 2 0 )  ~ /~/C~ 

I" 3 0(1020) ~ ,-r- ~- ~o 

I a ,,.,(I020) ~ ~7 

I" s e,(1020) ~ e + e 

1~ ¢ , ( I 0 2 0 )  ~ /~-/~- 

17 0 ( 1 0 2 0 )  ~ 7r°~i  

I" 8 o ( t 0 2 0 )  -- Tr- 7r - 

19 O ( t 0 2 0 )  ~ ~'~'-h 

l ' ro  q , ( t 0 2 0 )  ~ ~ . ' f  

I t I  , ; , ( 1 0 2 0 )  ~ flTr ° 

1 r2 , h ( 4 0 2 0 )  - -  p ~  

['13 q , ( I 0 2 0 )  ~ / r * / r  ~ ~ -  ~ ' -  7r 0 

1~4 < , ( t 0 2 0 )  - -  ~ * ~ ' - ~ + T r -  

I t s  , : , ( 1 0 2 0 )  ~ t ) ~  

116 , , , ( 1 0 2 0 )  ~ f i e *  e -  

l r7 O ( 1 0 2 0 )  -- q'(958)~.' 

I'~8 q,(1020) ~ ~°n°3 

F r o c h o n  ( 1 / I  ) 

( 4 9 5  ± I  0 ) ' 1 0  - 2  

( 3 4 4  -+09 ) ' I 0  - 2  

19 +_I 2 )~,0- 2 

1 28_+0 06)'10 -2 

3 11 : 0 10) • 10 " 4 

2 48 _+ 0 34) • 10 - 4  

1 3 1 ± 0  13)"  10 -3 

8 _+45 ).1o.~ 
• - 7 10 3 

5 10 .2 

Scale...' 

Cant L e v  

S:1 3 

S=1 3 

S:1 3 

S=l  1 

8 : t  5 

CL=90% 

2 • 10 . 2  

-. 10 " 10 . ` ]  

8 7 • 10 - 4  CL=90% 

(12 9 ± 0  7 ) - , 0  . 2  

.- 4 1 • 10- 4 CL=90% 

1 " 10 - 3  CL=90% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  overQI I  fit Io  t h e  ID io t  w i d t h ,  o p o t h o l  w i d t h  a n d  
9 b r a n c h i n g  rahos  uses 48 m e a s u r e m e n t s  a n d  o n e  
c o n s t r a i n t  t o  d e t e r m i n e  6 p a r a m e t e r s  The o v e r a l l  fit 
h a s  o X 2 : 43  6 tar 43 d e g r e e s  o( f r e e d o m  

The f o l l o w i n g  o # - d / o g o ~ o l  a r r a y  e l e m e n t s  o r e  t h e  c o r r e l a t i o n  c o e t f l  
c l e n t s  ,;)D~ "~Pl. (;~P, ;)Pl)" in  p e r c e n t  f r o m  t h e  hf to  p a r a m e t e r s  P, 
i n c l u d i n g  t h e  b r a r l c h l n g  t r a c t i o n s  xj I f  | ~otaI The fit c o n s t r a i n s  

t h e  x~ in th ls  a r r a y  Io  s u m  to  o n e  

x 2 43 
x 3 4q 37 
x 4 3 3 1 
X15 0 0 57 0 
I 0 0 13 0 23 

XI X2 X3 X4 X15 

1" 1 O ( t 0 2 0 )  ~ K ' K -  

I 2 , ~ ( 1 0 2 0 )  ~ K ~  
13 , h ( I 0 2 0 )  ~ ~ - ~ - ~ o  

I a O ( 1 0 2 0 )  ~ ~ 

Rale ( M e V )  

2 18 ± 0 05 

1 52 = 0 04 

0 08 ± 0 05 

0 0567 _+ 0 0028 

0 570 :, 0 030 

S c a l e  

12 

12 

~3 

l i  
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Meson Full Listings 
¢(1020) 

~ ( I 0 2 0 )  PARTIAL  WIDTH 

l ' ( p ' t r )  1"t5 
VALU_E_ (Me_V) _ ._ DOCUME.hlr tO_ [ECN_ CO_MMENr_ . . . . . .  
0 570 ± 0.030 OUR FIT 
0.57 -+0.03 JULLIAN 76 OSPK e + e  - 

~ ( I 0 2 0 )  BRANCHING RATIOS 

[ ' (K + K- ) / l ' t o to  I 
VALUf EVT5 DOCUMENT tO TECN COMMENT 
0.495 ± 0.010 OUR FIT Error =ncludes sca le  factor  of 1 3 
0.497 ± 0.019 OUR AVERAGE 
0 .45  ¢ 0 05 321 KALBFLEISCH 76 HBC 2 18 K - p  
0 49 ± 0 06 270 DEGROOT 74 HBC 4 2 K -  p ~ '~,*~ 
0 540 ± 0 .034  BALAKIN 71 OSPK e + e -  
0 486 ± 0 .044  CHATELUS 71 OSPK e + e -  
0 48 ± 0 04 252 LINDSEY 66 HBC 2 7 K -  O 

| ' ( K ~ / ~ ) / r t o t a  I 

l '~/I" 

l '~/l" 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0,344 ¢ 0.009 OUR FIT Error i nc ludes  sca le  factor  of 1 3 
0,304 .*-0.026 OUR AVERAGE Error =ncludes sca le  fac tor  of 1 7 See the  

i d e o g r a m  b e l o w  
0,310_+0 024 DRUZHININ 84 CNIR e + e  - ~ I~K~ 
0 .27  ± 0 03 133 KALBFLEISCH 76 HBC 2 18 K - p  
0.257 ± 0 . 0 3 8  BALAKIN 71 OSPK e + e  - 
0 .40  ± 0  04 167 LINDSEY 66 HBC 2 7 K - D  

WEIGHTED AVERAGE 
0 3 0 4  ~: 0 028  (Error sca led by  17) 

Values above of weighted average, error, 

0 1  0 2  0 3  

t'C~K~)/~ ..... 

end scale factor ere base~ upon the data in 
th~s ideogram only They are not neces- 
ssrdy the same as our "best"  values, 
obts,ned from s least-squares constrained fit 
utHzzmg measurements of other [related) 
quantities aS additional informstloP 

X2 

DRUZHININ 84 CNTR 0 1 
KALBFLEtSCrl 71~ HEC 1 3 
BALAKIN 71 OSPX 1 5 

- ~  LtNOSEV ~e HBC 5 8, 

8 6  
l ~ {Conhdence Level - 0 035) 

0 4  0 5  0 6  

[r(Tr+ 7r- ~'0) + [ ' (p~) ] / r l o ta l  ( r 3+ r , s ) / r  
VALUE OOCUMENT 'O TECN C~MENT 

0.148 ± 0.010 OUR Fit Error inc ludes  sca le  fac tor  of I 7 
0 . 1 3 9  ¢_.0.007 8pARROUR 768 OSPK e + e  - 

aUsJng fa ta l  w id th  4 1 MeV The 3~r m o d e  is more  than  80% p~r at  the 
90% c o n f i d e n c e  leve l  

I'(K~ K~) II '( KT 0 I '2/(7t+I'21 
VALUE EVTS DOCUMENT ID TECN COMMENT 

n +0 .010  OUR FII" Error inc ludes  sca le  factor  of 1 2 0.41~ - 0 . 0 0 9  

0.45 ± 0.04 OUR AVERAGE 
0 44 ± 0 07 LONDON 66 HBC 2 2 K -  O 
0 4 8 ¢ 0  07 52 8ADIER 658 HBC 3 K - p  
0 4 0 ± 0  '10 10 SCHLEIN 63 HBC 2 0  K - p  

[r(~'+ ~-- =o) + l'(pTr)]/r(KTO (l's+l'ts)/(rt+l'2) 
VALUE DOCUMENg t O  TECN COMMENT 
().177 ¢0 .014  OUR FIT Error Inc ludes  sca le  fac tor  of 1 7 
0 24 ± 0.04 OUR AVERAGE 
0 .237_+0 .039  CERRADA 77B H0C 4 2 K - D ~  '~3,"r 
0 30 ± 0  15 LONDON 66 HBC 2 2  K - p  

[r(~" + ~r- ~-o) + r (o~ ' ) ] / r (K~K~)  ( r : r t s l / r ~  
VALUE DOCUMENT tD TECN COMMENT 
0--*43 ± 0.04 OUR FIT Error inc ludes  sca le  fac tor  of 1 7 
0.49 ± 0.05 OUR AVERAGE 
0 56¢.+.+0,13 BUKIN 78C OLYA e + e  - 
0 .47  ± 0 .06  COSME 74 OSPK e + e  - 

l ' ( /Z  +/.L- )ll'tota I l 'o . /F 
VALUE un~  ~0-4)  . . . . .  pOCUMENT IO T_E~.N COMMENT 
2.48 + 0.34 OUR AVERAGE 
2 69 ± 0 .46  HAYES 71 CNTR Pho fop roduc t l on  
2.17 ± 0 60 EARLES 70 CNTR 6 0 8remsstr 
2 34 ± 1.01 M a Y  69 CNTR Pho fop roduc t i on  

l'(}TT)/l'total I'./I' 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0~'128-~-+ 0.()0(J6 OUR FIt:-Error ,nc lud~s  sc~aie i a c t o r o f  1 ~ - -  - -  
0.0128 ± 0.0007 OUR AVERAGE Error ~ncludes sca le  factor of 1 2 
0 . 0 t 3 0 ± 0  0006 ODRUZHININ 84 CNTR e + e  - ~ 33, 
0 014 ± 0  002 t0DRUZHININ 84 CNTR e + e  - ~ 63' 
0 0088 ± 0 0020 290 KUROADZE 83C OLYA e + e -  ~ 33 
0 0 1 3 5 ± 0 . 0 0 2 9  ANDREWS 77 CNIR 6 7 - 1 0  3'Cu 
0 015 ± 0  004 54 OCOSME 76 OSPK e + e  - 

9From 23 d e c a y  m o d e  of ~7 
10F;om 3~ 0 d e c a y  m o d e  of 

r ( ~ -  ~'- " r ) / r tota l  1",/I" 
VALUE CL 9* DOCUMENT ID IECN COMMENT 
< ~ . ~ C  --  9~- COS~E 74 bsP~ e + ~ -  - -  
• • • We d o  not  use the  t o l l ow lng  d a t a  for overages  fits, l imi ts  e tc  * • * 

< 0  06 90 KALBFLEISCH 75 HBC 2 2 K - D  
< 0  04 LINDSEY 65 HBC 2 7 K - p  

l'(u,., "y)ll'lola I I'i0/I" 
VALUE DOCUMENT lO TECN COMMENT 
~0.05- -  - i.INDS~EY - -  6 6  HBC 2 7 K - p  

I'(p "( ) /F lora  I I'~2/F 
VALUE DOCUMENT ID TECN COMMENT 
<0 .02  LINDSEY 66 HBC 2 7 K -  D 

l ' ( e+  e - ) / l ' t o t a  I 1'~,/1" 
yALUEUE_(un_IrS ~ - 4 )  - -  DOCUMENt IO_ TECN C_OMMENT 
3.11 ¢0 .10  OUR AVERAGE 
3 0 0 ± 0  21 8UKIN 78C OLYA e + e  - 
3 .10 ± 0 14 11 PARROUR 76 OSPK e + e  - 
3 3 ± 0 . 3  COSME 74 OSPK e + e  - 
2 81 ¢ 0 25 BALAKIN 71 OSPK e + e  - 
3 .50  ± 0 .27 CHATELUS 71 OSPK e + e -  

11Using to ta l  w id th  4 2 MeV They d e t e c t  37r mocle a n d  observe s lgn i f lcant  
in te r fe rence wi th  ~ ta l l  This is a c c o u n t e d  for in the  result q u o t e d  a b o v e  

I ' ( ' t r 0 " y ) / I ' t o t a  I 
VALUE (u_nlr$ t O -  3~ E V T S  _D~UMENT ID ]'ECN COMMENT 
1.31 ± 0.13 OUR AVERAGE 
1 30 ± 0 13 DRUZHININ 84 CNTR e + e  - ~ 3~' 
I 4 ± 0  S 32 COSME 76 OSPK e + e  - 

l ' ( / r  ~ 11-- ) / [ ' t o t a l  
VALUE_(_un/IS I0--4~__ CL% DOqLIMENT I D__ [ECN COMMENT 

['7/1" 

r e / I "  

+ 0 . 5  OUR AVERAGE Error inc ludes  sca le  factor  of 1 5 0.8 - 0 . 4  

0 . 6 3 : 0  3 ;  '2GOLUBEV 86 CNTR e + e  - 

9 4 : Q I .  03__ 12VASSERMAN 81 OLYA e + e  - 1 

• • • We d o  ha l  use the fo l l ow ing  d a t a  for averages  firs l imits e tc  • • • 
< 6  6 95 BUKIN 78B OLYA e + e  - 
< 4 . 0  95 JULLIAN 76 OSPK e + e -  
< 2  7 95 ALVENSLEBEN72 OSPK 3C 

12Using ] (e  + e - ) / I  iota I = 3.1 x t0  - 4  

r(K~ K~) / r (K+ K - )  
VALUE EVTS DOCUMENT 10 TECN COMMENT 

] ' 2 1 [ ' i  

0.694 ¢ 0 . 0 2 8  OUR FI! Error Inc ludes  sca le  factor  of 1 2 
0.736 ± 0.030 OUR AVERAGE 
0 7 0 ± 0  05 BUKIN 78C OLYA e + e  - 
0 82 ± 0 08 LOSTY 78 Hac 4 2 K - . o  ~ ~,', 

h y p e t o n  
0.71 ± 0 .05  LAVEN 77 HBC 10 K - p  ~ K ÷ K  - ~. 
0 71 ± 0 . 0 8  LYONS 77 HBC 3 -4  K - p  ~ * ~  
0 8 9 ± 0  10 144 AGUILAR- 72B HBC 3 9 4 6  K - p  

[ ] ' ( = +  71"- = o )  . U ( O = I ~ I ' ( K + K  - 1  (1"3+[ ' ,15)/ ["  t 
VALUE EVT$ DOCUMENT IO TECN COMMENT 
0 . 2 9 9  ± 0.025 OUR FIT Error inc ludes  sca le  factor  of 1 7 
0.28 ± 0.09 34 AGUILAR 728 HBC 3 9 4 6 K -  p 

r '(~ e + e -  ) / [ ' total  r ~Mr  
VALUE (units f O-4~) E V T S  _DOCUMENT ID TECN COMMENT_ . . . . . .  

i . ~  + 0 . B  7 GOLUBEV 85 CNTR e + e  - ~ " T ' y e + e  - 
"~ - 0 . 6  
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See key on page 129 Meson Full Listings 
h ](]  70) 

rQ/ ' (958) 'y) / r lo ta l  r1711' 
VALUE ~unlt$ FO~4~.~. CL% O0~UMENT ID T ECN ~OMMENT 

<4 .1  90 DRUZHININ 87 CNTR e + e -  

l'(~ro~0~,)/r~oto~ FIBII' 
VALUE_(~_S 10-  3) CL % pOCUMEN~ ID TECN COMMENT 
< I  90 DRUZHININ 87 CNTR e + e  - ~ 53 

rQr + ~'+ "Tr- ~r- ~To)II'(K+ K- )  I'13/I'i 
0 04 CL for Io with ~ ~ K + K -  = 0 47 0 09 CL for lr~ for numi to to~ 

VALUE CL % DOCUMENT ID 7ECN COMMENT 
< 0 . 0 2  95 AGUILAR 728 HBC 3 9 4 6 K - /3  

I ' ( '7r* 11"- 7r + 7 r - ) / r t o t a  I I ' 141r  
VALUEd_n/IS t 0 -  4) . _~Z % pO~'UM_fN'/ JD TE~N EOMMENT 
< 8 . 7  90 COROIER 79 WIRE e + e  - ~ 4:r 

l'(p~T)l{r(~T + ?i'- ~T o) + ['(T/~/) + I'(/)~T)! l'15/(r:~+r4+l'15) 
VALUE CL % DOCUMENT ID TECN COMMENT 

• • • We d o  not use the fo l low ing d a t a  for overages  fits. l lml ls,  e tc  * • • 

> 0 . 8  90 JULLIAN 76 OSPK e + e  - 

DRUZHININ 87 
ARMSTRONG 86 
ATKINSON 86 
BEBEK 86 
DAVENPC~T 86 
DUKSTRA 85 
FRAME 86 
GOLUBEV 86 

ALBRLCH1 85D 
GOLUBEV 85 

DR'UZHININ 84 
ARMSTRONG 83B 
BARATE 83 
KURDADZE 83C 

ARENTON 82 PR 025 2241 
PELLINEN 82 PS 25 599 
DAUM 81 PL I008 439 
IVANOV 8t PL 1078 297 

AlSO 82 Private Carom 
VASSER~AN 8t Pt. 998 62 
CORDiER 80 NP B172 13 
BARKOV 79B IYAF 79 93 
CORDIE~ 79 PL BIB 389 
BUKIN 785 SJNP 27 521 

translated from YAF 
BUKIN 78C SJNP 27 516 

Translated from YAF 
COOPER 78S NP 8146 1 
LOSTY 78 NP 8133 38 
AKERLOF 77 PRL 39 861 
ANDREWS 77 PRL 38 198 
BALDI 77 PL 6BB 381 
CERRADA 77B NP 8126 241 
COHEN 77 PRL 38 269 
LAVEN 77 NP B127 43 
LYONS 77 NP 8125 207 
COSME 76 PL 638 352 
JULLIAN 76 1blllSi 2 8t9 
KALBFLEISCH 76 PR D13 22 
PARROUR 76 PL 638 357 
PARROUR 766 PL 63B 362 
KALBFLEISCH 75 PR D1t 987 
AYRES 74 ~ 32 1463 
BESCH 74 NP B70 257 
COSME 74 PL 4BB t55 
COSME 74S PL 4BB 159 
DEGROOI 74 NP B74 77 
BALLAM 73 PR 07 3150 
BINNIE 73S PR DB 2789 
AGUILAR 72S PR [36 29 
ALVENSLEB~EN 72 PRL 28 66 
BORENSTEIN 72 PR 05 1559 
COLLEY 72 NP 850 1 
BALAKIN 71 PL 348 328 
CHATELUS 71 EAL 1247 Thesis 

AlSo 70 PL 32 416 
HAYES 71 PR D4 89q 
STOTTLEMYER 7t 
8JZOT 70 

AlSO 69 
EARLE5 70 
AUGUSTIN 69 
MOY 59 
LINDSEY O6 
LONDi~N 66 
BADIER 658 
LIND~EY bB 

LINDS~Y 65 data Included In LINDSEY b6 
SCHLEIN 63 PR'L 10 368 +S~oter Smith Stork 11ChO 

~ I 0 2 0 )  REFERENCES 

ZPHY C37 1 •OubrovLn Eldelmon Golubev+ (NOVO) 
PL 166B 245 ~BIOOClWOrth Carney+ (ATHU BARI BIRM CERN) 
ZPHY C30 521 • (BONN CERN aLAS LANC MCHS LPNg÷) 
PR~. 56 ~93  • (CLEO Collob ) 
PR 33 2519 (TUFT ARIZ FNAL FSU NOAM VAND) 
ZPHY C31 375 +Bolley• (ANIK BRIS CERN CRAC MPIM RAL) 
NP 8275 667 +Hughes Lynch M(nto McFadz~KJn+ (GLAS) 
SJNP 44 409 +Druzhlnln IvanchenkO Per*veal*hiS*v÷ (NOVa) 
Translaled from YAF 44 633 
PL 1538 343 +Drelcher~ (ARGUS ColladD ) 
SJNP 41 756 +Druzhlnln Ivanchenko Pet'yshkln+ (NOVa) 
Tran$1oted from YAF 4t 1t83 
PL t44B t36 •GOlubev Ivanchenko Peryshkln+ (NOVa) 
NP B224 193 + (BARI BIRM CERN MILA LPNP PAVI) 
PL 121B 449 +Boreyre Bonamy+ (SACL LOIC SHMP IND) 
JETPL 38 366 +Lelchuk Root* (NOVa) 
Translated Item ZETFP 38 306 

+Avres Diebold May Swallow+ (ANL LLL) 
+Roos (HELS) 
+8arOsley+ (AMST fiRIS CERN CRAC MPIM+) 
• KurOodze lelChUk SiClO~OV SKrlnSky+ (NOVa) 
Eldelman (NOVa) 

+Kurdadze Sidorov Skrlnsky+ (NOVO) 
• Delcourt EIchstrulh Fulda+ (LALO) 
+Zolotofev Makatlna MlShOkOVO+ (HOVe) 
+Delcourl E=ch$trulh Fulda+ (LALO) 
+Kurdadze ,~dOlOV Skrlnsky+ (NOVa) 
27 985 
• Kurdaclze Serednyakav SidorOv+ (NOVa) 
27 976 
+Gurtu+ (TATA CERN CDEF MADR) 
+Holmgren 81okZill+ (CER'N AMST NIJM OXF) 
+AOey Blntlnger Dllzler÷ (FNAL MICH PUR~) 
+Fukushimo Harvey Lobkowlcz l ~ y +  (ROCH) 
+Bohrlnger Dorsaz Hungerbuhler+ (GEVA) 
• BlocKzlJI H~Inen+ (AMST CERN NIJM OXF) 
• Avres Diebold Kramer PowlIckl WICKIunC[ANL) 
+Otter Klein+ (AACH 8ERL CERN LOIC WI~N) 
• CoOper Clark (OXF) 
+Courau Dudelzak Or+loud Jean MOrlO~ORSA) 

(ORSA) 
+Strand Chapmen (BNL MICH) 
+GrelauO Cosme Courau Dudelzak+ (ORSA) 
+at* laud Cosine Courau DudelZak+ (ORSA) 
• Strand Cf~opmon (BNL MICH) 
+Diebold Greene Kramer Levine+ (ANL) 
+Hoffmann Kose Krautschnelder Paul+ (BONN) 
÷Jean Marie Julllan Laplanche+ (ORSA) 
+Jean Marie Julllan Laplanche+ (ORSA) 
+Hoogland Jongeions Metzger+ (AMST NIJM) 
• Chadwlck Elsenberg Blngham+ (SLAC LBL) 
+Carr Debenham Duane• (LOIC SHMP) 

Agullar Benftez Chung Elsne~" SOmlos (BNL) 
• Becket B~ggs Binkley. (MIT DESY) 
+Donburg KolbflelscH• (BNL MICH) 
+JoDes Rlddllord Grifllths+ {BIRIVl aLAS) 
+Budker PokhtuSova Sldofov Skrlnsky+ (NOVa) 

(STRB) 
BIzet Buon Chatelus Jeonlean+ (C~A)  

• lmloy Joleph Kelzer Stein (CORN) 
ORe 2504 t70 Thesis (UMD) 
RL 32 416 +Buon Cnalelus JeonJean+ (ORSA) 
Llverpoo[ Sym 69 Perez y Jorbo 
PRL 25 1312 +FoIs|Iet Getmer LUtZ May Tong+ (NEAS) 
RL 2BB 517 +BIzet Buon Delcourt Holsslnskl+ (ORSA) 
Tl~e$1S (NEAS) 
PR 147 913 +Smith (LRL) 
PR 143 1034 +ROU GolOberg Llchtman+ (BNL SYRA) 
PL 17 337 +Demoulln Bodoulaud+ (EPOL SACL AMST) 
PRL 15 221 •Smith (LRL) 

(UCLA) 

GEORGIa 85 
ROOS 80 
BARFALUCCI 78 
COURANI 77 
EVANGELISIA 77 
BIZZARR[ 74 
BALAKIN 72 
BASILE 72 
BENAKSAS 72C 
ALVENSLEBEN 7 Ig 
DIBIANCA 71 
sIZe1 708 
HYAMS 70 
SCOTTER 69 
ABRAMS 68 
ASTVACAT 68 

AISO 67 
BINNIE 68 
BOLLINI 68S 
MOSTEK 68 
WEHMANN 68 
ABRAMS 67 
BARLOW 67 
CHASE 67 
DAHL 67 
HERFZBACH 67 
KHACHAI 67 
GRAY 65 
UND~EY 606 
BARBARa 65 
BERLEY 658 
MILLER 65fi 
ARMENTEROS 538 
GELFAND 635 
BERTANZA 62 

- -  OTHER RELATED PAPERS 

PL 1.528 428 Geotglopoulos• (TUFt ARIZ FNAL FSU NDAM+) 
LNC 27 321 *Pelllnen (HELS) 
NC 44A 587 +Boslnl BerlOluCCi* (DESY FRAS) 
PR b i b  I +MokdlSl Morshok Pelerson I~Jddlck+ (MINN) 
NP 8127 384 * (BARI BONN CERN DARE aLAS*) 
NC 20A 393 •Clopetfl DIonlsi Dote GOSDero• (ROMA) 
PL 408 431 +Bokln Pakhtusovo SiclOrov* (NOVa) 
NP 844 605 +Dolploz Ffobetll Zfcnlchle (CERN BGNA STRB) 
PL428 5 t i  +Cos/'ne JeonMOfle Julllon Laplanche+(C~A) 
PRL 27 441 +Backer Buszo Ctlen~ (MIT DESY) 
NP B35 13 +Elnscnlag Endorf [ngler FiSK÷ (CORN) 
LNC 4 1273 *Doicourt Jeanjean Lalanne~ (ORSA) 
NP 822 189 +Koch Potter VonLlndern+ (CERN MPIM) 
NC b2A 1057 •ElskJne Paler, (BJR/~ G[AS LOIC MPIM aXE) 
PR t75 t697 ÷Glosser Kehoe SechlZotn Wolsky (UMD) 
PL 278 45 A|tvocoturov Azlmov Boldln+ (JINR MOSU) 
PRL 19 Bb9 Asbury BeCker Berlrom Tlng+ (DESY COI.u) 
PL 278 106 *Duone Farual Horsey* (LOIC RHEL) 
NC 5hA 1171 ~8uhle! Da~plaz Mossam+ (CERN BGNA STRB) 
PRL 20 1 0 5 7  +{isenhondler McClelrbn MIsTry~ (CORN) 
PRL 20 748 +Engels+ (HARV CASE S~.AC CORN MCGI) 
MD TeCh ReD 720 lhesls (UMD) 
NC 50A 701 +LIIleStOI Montanel+ (CERN CDEF IRAD LIVP) 
PRL f8 7t0 +RomweN Welhsle#~ (CEA NEAS) 
PR t63 1377 +Hardy Hess Klrz Miller (LRL) 
PR t55 1461 +Kroemer ModonSkl Zdonls• (JHU BNL) 
PL 248 349 KhochoturYon Azlmov BoIdln Belousov+ (JINR) 
PRL t7 501 +Hogerly ~iZzonl Clap*fir* (SYRA ROMA) GJP 
PL 20 93 •Smith (LRL) 
PRL 14 279 Barbara Golllen TflOp (LRL) 
PR 139B t097 *Geifond (BNL COLU) 
CU 237,'Nevls t3t Thesis (COLU) 
Siena Cant 2 70 +Edwards Astler• (CERN CDEF) 
PRL "11 438 +Miller Nussboum K~rSCh+ (COLU RUtG) 
PRL 9 180 •Brlsson COnnolly Hart+ (BNL SYRA) 

I h4(1t70) I 
was H(1190) J 

I 

IG(J pC) = 0 - ( I * - )  

hi(1170 ) MASS 

V_ALUE (MeV) DOCUMENt/D 

1172 ~~-0 oUR-AVERA~B -- - 
'1160 :~ 50 ANDO 87 
1190 ~ 60 I DANKOWY 81 

IUses the m o d e l  of BOWLER 75 

TECN CHG COMMENT 

SPEC 0 8 ~T/3 ~ 37rn I 
SPEC 0 8 ~'/3 ~ 3 ~ n  

hi ( t170 ) WIDTH 

VALUE (MeV) DOCUMENT IO 

335 ± 26 OUR AVERAGE 

340 ± 30 ANDO 87 
320 - 50 2 DANKOWY 81 

2Uses the m o d e l  of BOWLER 75 

TECN CHG COMMENT 

SPEC 0 8 ~ p  ~ 37rn [ 
SPEC 0 8 7r/3 ~ 3 = n  

hi(1170 ) DECAY MODES 

r I h~(1170) ~ p ~  

h~(1170) BRANCHING RATIOS 

r ( p  7r)/rtotal l y  I 
VALUE DOCUMENT ID TECN CHG COMMENT 
BEEN- ANDO "" 87 SPEC 0 8~rp- 3 ~,"n 
SEEN ATKINSON 84 OMEG 20-70 ~p 

~ + 1,r- ~o/3 
SEEN DANKOWY 81 SPEC 8 r,/3 ~ 37rn 

h1(1170 ) REFERENCES 

ANDO 87 Hadron Cant ÷Imol IrK3bo (KEK) 
ATKIN~N 84 NP 8231 15 + (BONN CERfq GLAS LANC MCHS LPNP+) 
DANKOWY 81 PRL 46 580 D O n k O W y C h +  (TNIO BNL CARL MCGI OHIO) 
BOWLER 75 NP 897 227 *Game A~Icnlson Domton (OXF DARIE) 
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Meson Full Listings 
b (1235) 

w a s  B ( t 2 3 5 )  J 
lG(j~c) = 1 + ( 1 + -  7 

b ~ ( 1 2 3 5 )  M A S S  

~/ALUE (MeV) EVT5  DOCUMENT ID T[C__N CHG COMMENr 

1232.6 ± 3 0 OUR AVERAGE Error i nc ludes  sca le  factor  of 1 5 See the 
i d e o g r a m  b e l o w  

1222 z 6 AIKINSON 84[ OMEG ± 25-55  "~p 
~ X  

1237 _+ 7 ATKINSON 84E OMEG 0 25-55  ~ p  --  
u;~'X 

1239 ± 5 EVANGFLISTA81 OMFG - 12 : r - p  

1234 0_+ t5  0 105 BLOODWO 80 HBC 8 2 K - D  
1240 0 ? 15 0 225 8ALTAY 78B HBC ~ 15 , ~ + p  

p4r ,  
1251 0 ± 8 0 450 GESSAROLI 77 HBC 11 t r - p  

7 r - ~ p  
1245 0 ± 11 0 890 FLATIE 76C H8C - 4 2 K - p  

1222 ; 4 1400 CHALOUPKA 74 HBC 3 9  T-,-p 
1220 ~ 7 600 KARSHON 74B HBC + 4 9 ~+p 
1235 ± 15 AFZAL 73 HBC + t l  7 ~ ' + P  
1268 _+ 16 AFZAL 73 HBC 11 2 ;~ ' -p  
1243 _ 6 1163 t OTT 728 HBC + 7 1 T : ~ p  
1240 0 ± 2 0  0 ANDERSON 708 CNIR O 5-18 ~p 
1236 0 _+ 15 0 HOOGLAND 70 DBC 3 0 K -  d 
1220 ± 2 0  CHUNG 68 HBC 3 2 4 2  ~T-p  

• • • We d o  not  use the fo l l ow ing  d a t a  for overages ,  fits l imits e l c  • • • 
12t3 ± 5 AIKINSON 84C OMEG 0 2 0 - 7 0 ~ p  
1271 _~ 11 COLLICK 84 SPEC + 200 , 'r+Z 

Z~r~ 
1208 0 ~ 18 0 360 GAVILLET 788 HBC + 4 2 K - p  Dock 

w o r d  
1228 _+ 5 2 FRENKIFL 72 HBC ± 0 0 p p  5:r 

1From fit of the  moss sDectrun~ 
2Fd reclu~res an addd~ona l  J = t -  resonance  at  1256 MeV w id th  129 

MeV 

WEIGHTED AVERAGE 
12326  ± 3 0  (Error sca led by  15) 

" - - , %  + 

..•C/ 
x 2 

Wj~ ATKJNSON B4" OMEG 31 
j ' ~  ~ ATKINSON B4E OMFG 0 4 

~ ~ EVANGFLISTA 81 OMEG 1B 
~ ' ~  81000W0 80 HBC O 0 
I ~ BALTAY 78B HBC 3 2 
I L~f~. " ~  GESSAROL 77 HBC 5 3 

_ ~ FLATTE 76C HBC 13 
I"~" V/ ~ CHALOUPKA 74 HBC 7 0 

,~_ ~ KARSHON 74B HBC 3 Z 
~ AFZAL 73 HBC 0 0 

J V ~, I AFZAL 73 HBC 4 9 
I ~,..~ ~ o. 7~8 .~c 3o° 
/ ~.." | ~ ANDERSON 708 CNTR 
I ~ ~ HOOGLAND 70 DBC 0 1 

~ CHUNG 68 HBC C 4 

3~" 
! ~'~/, I ~ ' I " ~ '  (C°lnf'd . . . .  Level -- O 006) 

1,80 ~200 ~220 ~2.0 12~0 ~280 ~300 ~20 
DI(1235) mass (MeV)  

b ~ ( 1 2 3 5 )  WIDTH 

VALUE _(MeV_)_ EVT$  OOCUMENr I D rECN CHG C_OM~4ENr 

150 ± 7 O U R  A V E R A G E  

170 ± 15 EVANGELISIA81 OMEG - 12 ,~-D 
~/ r ,p  

t50 0 ± 50 0 105 8LOODWO 80 HBC - 8 2 K -  p 
170 0 ± 5 0  0 225 BALTAY 788 HBC + t5  ~ , + p  o 

p4,'r 
155 0_+32 0 450 GESSAROLI 77 HBC - 11 ~ - p - -  

~ - ~ p  
182 0 ± 45 0 890 FLATTE 76C HBC - 4 2 K -  p --  

135 ± 20 1400 CHALOUPKA 74 HBC - 3 9 ~ -  p 
156 ± 2 2  600 KARSHON 748 HBC + 4 9  ~ ' + p  
120 _+ 50 AFZAL 73 HBC + 11 7 ;T.*p 
130 ± 50 AFZAL 73 HBC - 11 2 = - p  

+ 2 3  1163 3arT  728 HBC + 7 1 ~r+p  134 - 26 
132 0 ± 20 0 HOOGLAND 70 DBC - 3 0 K -  d 
150 ± 20 CHUNG 68 HBC - 3 2,4 2 T r - p  

° • • We do  not  use the fo l l ow lng  d a t a  tar overages  fits l imlts e tc  • • * 
231. ± 14 ATKINSON 84c OMFG 0 2 0 - 7 0 ~ p  
232 _+ 29 COLLICK 84 SPEC + 200 tr + Z --  

Z t r ~  
163 0 ± 5 0  8 360 GAVILLET 788 H8C + 4 2  K - p b o c k  

word 
126 ± 10 4 FRENK/EL 72 HBC ± 0 0 p p  57r 

3From hi of the moss spec t rum 
4See no te  under  the FRENKIEL 72 moss a b o v e  

b r ( 1 2 3 5  ) D E C A Y  M O D E S  

r r  b ~ ( 1 2 3 5 )  ~ = ~  

I 2 b , ( 1 2 3 5 )  ~ 7 1 - + ~ - ~ ' - ~ r  ° 

I 3 b ~ ( 1 2 3 5 )  ~ K K  

r4  b ~ ( 1 2 3 5 )  ~ ~ ~  

1'~ b ~ ( 1 2 3 5 )  ~ 7r,,', 

I" 6 b ~ ( 1 2 3 5 )  ~ q ~  

1 7 b , ( 1 2 3 5 )  ~ ( K K )  ± ~-o 

r 8 b ~ ( 1 2 3 5 )  ~ /(°sk~rr-+ 

1~, b , ( 1 2 3 5 )  ~ / ~ / ~ r r t  

1~o b , ( 1 2 3 5 )  ~ r / p  

l ' t t  b , ( 1 2 3 5 )  -- 7r±~F 

b ~ ( 1 2 3 5 )  PARTIAL  WIDTHS 

VALUE (kev)  DOCUMEN_t ID 

230 0 -+ 60 0 COLLICK 
rECN CHG COMMENT 

84 SPEC + 200 ~r+Z 
Z ~  

1"11 

b ~ ( 1 2 3 5 )  D - w a v e / S - w a v e  R A T I O  IN D E C A Y  O F  b ~ ( ' 1 2 3 5 )  - ~  w ' K  

VALUE EVT$  DOCUMENT ID TECN CHG COMMENr 

0.260 ± 0.035 OUR AVERAGE 
0 235 ± 0 047 ATKINSON 84C OMEG 20-70 "~ p 

0 4 + 0  1 GESSAROLI 77 HBC - 11 = - D  
-0 1 :r- u.p 

0 21 _+ 0 08 CHUNG 758 HBC + 7 1 , T * p  
0 3 ± 0 1 CHALOUPKA 74 HBC - 3 9 -7  5 7r- p 
0 35 _+0 25 600 KARSHON 748 H8C + 4 9  , T ' p  

b , ( 1 2 3 5 )  B R A N C H I N G  RAT IOS 

r( •- =- 7r- =o)/[ (~ =) r2/ , i  
VALUE DOCUMENT ID TECN CHG COMMENT 

< 0  5 ABOLINS 63 HBC + 3 5  t r + p  

l (KT0/]'(~' ~') r3/rt 
VALUE CL% DOCUMENt IO TECN CHG COMMENT 
< 0 . 0 2  DAHL 67 HBC - 1 6 - 4  2 7 r - p  

• • • We do  not  use the fo l l ow ing  d a t a  for overages  fits hmits e tc  • * • 
< 0  08 95 BIZZARRI 69 HBC ± 0 0 ~ D  
~ 0  10 90 8ALTAY 67 HBC 0 0 OD 

r(/1- = ) / r ( ~  =)  r d rt  
VALUE CL % DOCUMENT ID rECN CHG COMMENT 

<0.15  90 OIT 72B HBC + 7 I t r + p  
° • • We d o  not  use the fo l Iow lng  d a t a  for averages  flts hmits e t c  • • • 
< 0  3 ADFRHOLZ 648 HBC 4 0 , - r+p 

rE= ~,,)/]'(~' ~-) I d r ,  
VALUE. CL % DOCUMENT tD rECN CHG COMMENr 

<0.015  DAHL 67 HRC 1 6 - 4  2 i r - p  
• • • We d o  not use the  fo l l ow ing  d a t a  for overages  fits llmffs efc  • • • 
<-0 04 95 BIZZARRI 69 HBC ± 0 0 ~ p  

rCn~')/r(,. 70 ro/r, 
VALUE CL % DOCUMENT IO fECN CHG COMMENT 
<0°25  90 BALIAY 67 HBC ± 0 0 ~ p  

l ((KK) ± ~ - 0 ) / r ( =  ~-) r , / r l  
VALUE CL % DOCUMENr iD TECN CHG COMMENr 

• ~0 .08  90 8ALTAY 67 HBC _+ 0 0 p p  

I'(/~K~ 7r -: )/I'(=/1") l ' s / l ' r  
VALUE CL % DOCUMENT IO TECN CHG COMMENT 
<0 .02  90 BALTAY 67 HBC ± 0 0 P D  



See key on page 129 

r(KtKt~± )lr(<<,~r) 
VAt UE CL % 

< 0 . 0 6  90 

i ( i Tp ) / r (~ '~ r )  
VALUE 

< 0 , ~  

DOCUMEN~ tO TEeN CHG COMMENT 

BALTA~ 67 HBC z 0 O D D  

1",!1t 1''1 

DOCUMENT ID TECN COMMENT 

ATKINSON 84D O M E G  2 0 - 7 0  "i D 

I''1011''1 

b~(4235) REFERENCES 
ATKINSON 84C NP B243 'I + (BONN CERN GLAS LANC MCHS LPNP+ 
AEKINSON 840 NP B242 269 + (BONN CERN GLAS LANC MCHS LPNP~ 
AIKINSON 84f PL t3BB 459 • (BONN CERN GLAS LANC MCH$ LPNP+ 
COLLICK 84 PIlL 53 2374 +~ppeLmann Berg+ (MINN ROCH FNAL 
EVANGELISTA81 NP B~78 197 + (BARI BONN CERN DARE LIVP÷ 
BLOODWO 80 LNC 27 SSB BIOOdWOffh+ (BIRM CERN GLAS MSU LPNP 
BALTAY 7B~ PR D17 62 +COutls Cohen Csorno* (COLU BING 
GAVILLET 78s PL 78B '158 +Dlonlsl Gultu+ (CERN AMST NIJM OXF) 
GES~AROLI 77 NP B426 382 + (BGNA FIRZ GENO MILA OXF PAVI 
FLATTE 76C PL 64B 225 +Gay Blokzlll Metzger+ (CERN AMST NIJM OXF) 
CHUNG 75B PR D'1'~ 2 4 2 6  +PtotOpoDescu Lynch flatte+ (BNL LBL uCSC 
CHALOUPKA 74 Pt 5'1B 407 +Ferrondo Laity Montonet (CER'N 
KARSHON 74B PR Dt0 3 6 0 8  •MlkenDerg Eisenbllrg Plfluck Ronoli (REHO) 
AFZAL 73 LNC 4BA 6'I *Bossier* (DURH GENO DESY MILA SACL 
FRIENKIEL 72 NP 847 64 +GheSqule ie Llllestol Chung+ (CDEF CERN 
OTT 72B LBL 4B47 Thesis (LBL) 
ANDERSON 708 PR D4 27 +Gustovson JOhnSon+ (SLAC CIT UCSB NEAS 
HOOGLAND 70 PL 33B 631 (SABRE ColiOb 
BIZZARRt 69 NP B'14 '169 *Foster Gavlllet Montonel. (CERN CDEF 
CHUNG 6B PR '16,5 '1491 *Oohl Kirz Miller (LRL) 
BALTAY 67 PRL t8 93 +Fionzlnl Sevorlens Yeh Zanello (COLU) 
DAHL 67 PR '163 1377 +Hardy Hess Klr2 Miller (LRL) 
ADERHOLZ 648 PL `10 240 (AACH BERL BIRM BONN HAMB LOIC+) 
ABOLINS 63 PRL 'I'1 38~ +Lander Mehlhol~ N.guyen Yoger (UCSO) 

- - -  OTHER RELATED PAPERS 

WaNG 81 PRL 46 974 +Key Fnsken Chne+ (TNTO YORK PURD) 
DUBOVlKOV 75 SJNP 20 229 +Erofeev (ITEP) JP 

Translated from YAF 20 428 
BALLAM 74 NP B76 3 7 . 5  tChOdWiCk Bingf~om Frefler+ (SLAC LBL MPIM) 
ARMENISE 73 NC '17A 707 ÷Forlno CarlaCCl+ (BARI BGNA FIRZ) 
ARMENISE 738 LNC 8 425 +FOrlno COdOCCi+ (BARI BGNA FIRZ) 
ARNOLD 73 LNC 6 707 +Engel Escoubes Kuitt Llorel POIy÷ ($1RB) 
CASON 73 PR D7 '197'1 ÷BlSwos Kenney Madden÷ (NDAM) 
CASON 738 NP B64 '14 +Madden BIShOp BlSWOS Kenney+ (NDAM) 
CHUNG 73 PL 47B 526 +Profopopescu Lync~ Flatte+ (BNL LBL UCSC)JP 
COHEN 73C PR D8 23 +Ferbel Siottery (ROCH) 
SISTERSON 72 NP B48 493 +HOrrl$on H~yda Johnson+ (HARV) 
DEVONS 71 PRL 27 4 6 1 4  IKozlOwski HOrWilZ+ (COLU SYRA) 
CASO 70 LNC 3 707 +Conte Iomoslnl+ (GENO HAMB MILA SACL) 
CASON 70 PR D'1 851 +Andrews Biswas Groves Hordnglon+ (NDAM) 
EROFEEV 70 SJNP '11 450 +Vellltsky Wlaalmlrsky Grlgotev+ (IIEP) 

Translated from YAF 1'~ 805 
HONES 70 PR D2 827 +Coson BlSWOS Holland Kenney+ (NDAM) 
MIYASHITA 70 PR DI 77'1 ÷VonKrogn KODelmon LIDby (COLD) 
PaLS 70 NP B25 ~09 +Boeckmonn CffDo+ (BONN DURH EPOL TORI) 
WERBROUCK 70 LNC 4 '1267 +Rinoudo+ (TORI NUM BONN LBL) JP 
ASCOLI 6BB PRL 20 '141'1 +Crowley Mortoro Shapiro (ILL) JP 
BOESEBECK 68 NP B4 5 0 ' 1  +D~utSchmann+ (AACN BERL CERN) 
CASO 68 NC 54A 9B3 ÷Conte Cords Dlaz+ (GENO HAMB MILA SACL) 
LEE 67 PR '159 '1'156 +Moebs Roe SlnClOlr VonderVelde (MICH) 
54.ATIERY 67 NC 50A 377 +Kroyblll Formon Feibel (YALE ROCH) 
GOLDHABER 65 PRL tS '118 +Goldhal:>or KoOyR Shen (kl~) 
CARIVIONY 64 Pl~L '12 254 +Lander RindflelSch Xuong Vogel (UCB) JP 
BONDAR 63B PL ,5 209 +OOddt (AACH BIRM HAMB LOIC MPlM) 

lf0('1240) I was gs('1240) J I 
IG(J PC) = 0+(0 ++) 

OMITTED FROM SUMMARY TABLE 

Seen in p h a s e  shift  analysls of K~K~ syslem N a m e d  g s  

Dy ETKIN 82C Needs conh rmahon  

f0(i240) MASS 

VALUE (MiV~__ . . ~)_O.C_UMEN[ #D TEeN CNG COMMENT 
~1240,0 ~ ~10 ± 20 EIKIN 8-2C MPS 0" 23 ~ -  p 

n2K~ 

f0('1240) WIDTH 

_V_ALUE (MeV) ._ D(~_C_[JMENT ID TECN CHG COMMEN~ 

140,0 = '10 ± 20 ETKIN 82C MPS 0 23 ~, - p 
n2K~ 

ETKIN 
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Meson Full Listings 
b 1(1235), fo(1240), a 1(1260) 

fo(t240) DECAY MODES 

f0(4240) ~ KK 

fo('1240) REFERENCES 
82C PR D25 2446 +FOley Lot+ (BNL CUNY TUF| VAND) JP 

J a,(t260) 
was A~(t270) I 

IG(jPC) = l (I + +) 

N O I E  ( ) N  a 1 ( 1 2 6 0 )  

T h e  ] ' , )F Ig -s land l l l ~  ql.lt,'%lltHI t.',H1LL.'I Ili11~ ill,.., IL.'",onJI/L'C 

p;.uanlct , . is  ,.H 1.he u i( 12601 ha'., been t ' l :u l l ] cd  h\ t,.~ul no\', 

e l l ) e l  I l l lCl l ts t)ll T --* U i f 126(!h'  --- pTri, ( \1 B R E (  "t I I  ,~f~t ~, 

B t N I ) ~ T  R t  ( I,,~/I1 111.~( :  ~ , ( ' t t \ I l I ) K I - ~ f ~ )  l h ¢ ~ ¢ r  

dcc,ib da l J  h<i~¢ been Ic '<Ul, i l \ lcd b \  [ i f ) \ \  I .ER Xf~ ,l i l t[ 

J ( ) R \ ( , ) \  [ ~ T  ~'~ \ \ l i t ) l e s t ) l E e  l i l t '  , l l ' lp , i lcUl l  InCOIlkl '>tc' l lCiC', 

q u o t e d  h) l  I h c  II1,1~, ~, <uld \ \ l d l h  b }  Ll~.llli~ I h ¢  '~<1111¢ I M l : . l n l C h -  

I1; . i l lOl l  [t) l , i l l  ¢ \ p ¢ I  I l l l cn l '~  I i1(~1 i n c i u d i n g  I h c  \ ¢1 } i c c c n l  

t l d l d  t)[ B . \ N I )  ,'47 ~\]lt)k¢ d a l , i  a l e  t .o l l '~ lS lc I l l  \ t l l h  lilt." (; lJlCl ~, 

( B - \ R I % I I  ~ l i  t : l ( ' l \ \ l  f (R ,'4, <̀  ̀and  I ( ) R N ( . ) \  I N I  X" tin,." 

d t l l c i c l l l  , l l l , l ] \ i+ lu I t i ln l~ ,  l h l k  cxp la l i l , ~  l h c l l  , , [ l~,] i l lx d i l l c i c n l  

i l l { |~ ~, \ dlLi¢~, 

The  allal ',sc-k ol  the h a d l o n l c , i l h  p lOt iuccd  a I ( l ] (~ l l )  ,lit" 

~,,1II/I]<11 l() t he  I V ) \ \  I 17R Nf~ ,ill<ilk~.c~, ]I~ i ) l dC I  l i t  h , i \ ¢  

c l l n l p a l d b ] ¢  d,l l~i \ t c  l ike f i le  B O X \  [ . l -P,  N6 \ , l i l l e  111 the  

,1\Cl;.1~,111~ t o T c l h ¢ l  \ \ l l h  l i l t '  d, i l<i l i o n 1  h 0 t h t ) l l l c  I ' uo t i uc l l tH1  

a l l h o u T h  l l l c J l l k l l l l l  o [  l u l l h C l  C l n l l , l l l i \  CI'IL'cl~ 

( I ( ) R N Q V I ' ~ I  ~7)plCktllll,lbl\ \~ou ld  I1/tlc',1~,7 the II1<1~.~, 

L ' X I I J t I L d  l i t l l l l  bo l l1  d , l l J  ~.¢1 ~, 

In al l  th¢+e <ill<lit ~,¢k the ii1,i~,~, i'~ d c l ] n c d  ,l~ the ¢ t le tu \  

t \ h c t c  II~c 7rtJ ptla~¢ \ h i l t  l~<ikkL'k t)(I l IOl  ,Ik l i l t '  %~-n l , l l l l \  

p t l l e  p o k l l i o n  \ l t h t l t i T ] l  t he  ] , i t l¢ I  I1,1', t i le  th¢<~i¢ l lc , l l  

d t l \ a l l L i T c  i l l  ~,ll i l j ')]¢ I , i t t t i l l / d t l t l n  It ik h i l l \  h l l lO IC k ¢ l l k l t i \ ¢  

l.ti lhc  J I I J l \ l i c  t t ) l l l l l l L I J t i O l l  dc l ] ned  b\  11~¢ ekpi¢~w.~m t lket]  

FOl a b l o o d  i ¢ , , O l l , l l l t ¢  hkL'  l h ¢  <~ i ( lS(~l i t  l h ¢  p o l e  i ' l ( i k l t l ( l l l  

a n t i  I h ¢  t) l i  i11,i~,'~ \< l i l l e  t h f l ¢ l  L O i l k l d C l , l b ] \  Io i  t i l e  , , , in lc  

a n d l  b l i c  It)l111 

4 1 1 h o t l y h  I h c  T d a L i  , l i t "  c k p C t l c d  to  bc  1¢~k ,lllL'c N d  b \  

b d c k T i O L i l l d  t h , i n  t h e  h , i d l t ) n l c  d , i l , i  l h c \  LiD i l / c h l d e  ' , \~-  

{C l l l , l l l e  t l l l t . C l l , l l l l l l e k  t)i Iv, t) k l l /d~.  ( i t  I h ¢ ~ ¢  i l l , l \  bC ,1 c iH i -  

| a l l l l n i l l . l tH1  d t i ¢  to  I ~ ,-rf I i l l ( i l l ,  ~ pF.I, ~\ll~cll ,i ltl l(~tl{'_h 

l O l h l d d ¢ I I  b t  1)( \ (  c o u l d  be p lCke l l t  ,11 I h ¢  I l l ' .  l e \ c l  \ i x , ,  

t h e  d¢c;. l \  n l o d ¢  ~/i  (12f~O) ~ (~- , - r lk . t~ , i \c  ~ I¢ , ld ' ,  t~ the  ~,til!~ 

]~-  t ] n a l  ~ i ; i l¢  a n d  i11,i) ~ h T h l ] \  i l i a \ i l l \  ti le' \ ' tE l , l o t t o !  

u i ( 1 2 6 ( ) )  p a l a F l l C l c I s  , l l i h o u T ] l  I I ic  ¢ltL'cl l '~ l¢ ' , t l l l l , lb l~ I', 

nL 'T l l g l b ]¢  Sl i lc¢ 111¢ b i ; l n c : h i l l  7 t ' l , iL l iO l l  ik o n l x  I! ( I l l ]  . (i l l~ , ]  

( I . O X ( ~ 4 ( R [  {,;21 l i l t  T h c i e  i~ ,1il ~ I ( i  \ 1 ¢ \  l i l / c C i t j l : / l \  

See also the min i - rev iew under  non qc1 c a n d i d a t e s  



2 8 4  

Meson Full Listings 
a ](1260), f2(1270) 
duc to the v, eak-mtczactlon form factor al the II -a i (1260) 

t iahMtton (usuall~ pal;.mlL'tl I/ec1 b} the parameter \ ;ts 
\ 

I t  s h o u l d  a l s o  lee noted that al though a c o n s i s t e n t  m a s s  

\a lue  can be obtained f lora both r deca} and hadromc pro- 

LJLI(.IIt)I1 ddhl the ~"~dth c \ t ]a£ ted  f]om r dcca} data ~s con- 

sldc~abl) latgct than that flora had ton tc  p~oducllon Th~s 

]ncuns~stCnL.~ cannot  bc t c s o h c d  b} the uncc t t amt )  duc Io 

the ,.',.cak-mlc~act~on t'ol rn {'aC[Ol dfscussed abo ' ,c  

1 he had~otncall~ p toduccd  a t(1260) data arc domina t ed  

b.'. the results o r t v . o  h~gh-stallstlcs c \pmm~en t s  dcahng  

v, nh dd'fl dun', c ([) \ t  :M 8(). 81 B) and chargc-c \changc  

([)4NKCI)\t,. 'Y('H 81) p t o d u c n o n  o f  the 3rr s}stcm m a-p 

mlc~actu.)m, l h c  bchaxlot  o r l h c  I *3,0 4 ( # n ' ) a m p h t u d c  

requHcs the presence o f  both a Deck backg~ ot, nd and a 

]csonar~cc [ m agrccnlcnt  v..~lh em her slud~es o f  d~fl'rach,, c 

p r o d u c n o n o n  n u c l c ~ ( P E R N E G R  78)] The resonance  

patamctc]  s arc ob tamcd  b} fitting tile intense} and lcJatl,, c 

phases o1" the pal nal-v.ax c anal.',s~s to a phenonlcnoh)g~cal 

a m p h t u d c  conta in ing  the resonance  and the Deck back- 

g round  rcscat tcred lhtough a rcsonancc  (BOWLER 75 

B 4 S D E V . \ N T  77) In the con l c \ t  ol ' thl5 anal )s i s  thc Deck 

backgfound ~s responsible  tbt making the peak m the 

1 ~.%0- tntcnsH~ appear  some 1 I0 McV bclo'.', the most  

hkcl) l c s o n a n c e  m a s s  In  o u t  p f c \  i o u s  c d l l l O n s  ',.",c 

- +  .3 ob t amcd  an axcragc for the a 1(1260) mass  o f  1 _ 7 ) _ _ 8  

McV using thc hadtomcall.x ptodLtced data alone Nolo. 

ho'.~,c~.ct that m a backv, ardl) produced 3~ s ' .s lcm m /', p 

" - - r r  " rr-a" a ,.or} h)v, mass.  1041 • 13 MeV 

(G-~\"ILLET 77) has bccn ~cportcd 

ar(1260 ) MASS 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 
1 2 6 2  _+ 23 OUR AVERAGE . . . . . . .  
1235 ± 40  I BOWLER 86 RVUE 
1240 0 - - 8 0 . 0  2DANKOWY 81 SPEC 0 8 4 5  ~ ' - p ~  

n3~" 
1280 0 -- 3 0 . 0  2DAUM BIB CNTR 63 ,94  ~ ' - p  

p 3 ~  
• * • We d o  no t  use t he  f o l l o w l n g  d a t a  for a v e r a g e s  fits l imits e t c  • * * 
1166 -- 18 -- 11 3 BAND 87 MAC r + 

~. ÷ ,-.r + / r -  p 
1164 :1:41 ± 2 3  3BAND 87 MAC r + 

1250 :i: 40  t TORNQVIST 87 RVUE 
1046 _+11 3 4 ALBRECHT 86B ARG r + 

/r + 7r + ? r -  Z, 
1056 -- 20 ± 15 3 4 RUCKSTUHL 86 DLCO r + 

~i-+ :~ + T, - i, 
1194 - -14  - -10  3 4 SCHMIDKE 86 MRK2 r + 

?r + :¢ + 7 r -  ip 
1041 0 -. 13 0 5 GAVILLET 77 HBC + 4 2 K - p  

"37r  

1See ri"lJrll r e v i e w  
2Uses t he  m o d e l  at BOWLER 75 
3From r ~ oI  + -~ d e c a y s  
4 1 n c l u a e d  lit BOWLER 86 a n d  TORNQVIST 87 rev iews  
5 p r o d u c e d  in K -  b a c k w a r d  s c o t t e r l n g  

a,(1260) WIDTH 

VALUE ~MoV_) DOCUMENT IO TECN CHG COMMENT 
330 +_ 40 OUR AVERAGE 
400  -- 100 6 BOWLER 86 RVUE 
380 0 ¢ 1 0 0  0 7DANKOWY 81 SPEC 0 8 4 5  ~ - D ~  

n37r 
300 0 - -  50 0 TDAUM 81B CNTR 6 3 9 4  , " r - p  

p3a" 

• • • We do  not  use t i le  f o l l ow ing  d a t a  for a v e r a g e s ,  fits l imits e t c  • * * 
405  -- 75 -+25 BAND 87 MAC T + ~ I 

;¢ + 7 :+ / r - -  i, f 

419 - -108  -+57 BAND 87 MAC T + ~ J 

600 -- 100 6 TORNQVIST 87 RVUE J 
521 -- 27 89ALBRECHT 868 ARG r + ~  I /r + / r  + 7r -  i, 

+ 132 
476 .  - 120 -+ 54 B 9 RUCKSTUHL 86 DLCO T + 

/r + ~ + ,-.r- l, 

462 -- 56 -- 30 8 9 SCHMIDKE 86 MRK2 T + ~ J 

2 3 0 . 0 - -  50 0 +0GAVILLET 77 HBC + 4 2 K - p ~  
"¢3rr 

6See min l  r ev i ew  
7Uses the  m o d e l  of BOWLER 75 
8From T ~ a I + I, d e c a y s  
9 1 n c l u d e d  Jn BOWLER 86 a n d  TORNQVIST 87 rev iews  

1 0 p r o d u c e d  In K -  b a c k w a r d  s c a t t e r i n g  

ar (1260)  DECAY MODES 

['t a1(1260) --" P ~  
1" 2 a , (1260)  ~ KK 
13 a , (1260)  ~ ~(Tl'~)S.wave 
I" 4 ai (1260  ) ~ rr' 7 

ar(1260 ) PARTIAL WIDTHS 

r(=y) 
}IALUE (keY) _DOCUI~ENT ID _ TECN 
640.0-+  246 .0  ZIELINSKI B4C SPEC 

COMMENT 
200 ~ + Z  ~ Z3:¢ 

I" 4 

a+(1260) BRANCHING RATIOS 

rCTr¢=~l~wav,)/r(o rO 
VALUE DOCUMENT ID rECN 
0.00-3 :t:0~()03 . . . .  11 t.ONGACRE 82 RVUE 

11Uses m u l f l c h a n n e i  A l t ch l son -Bow le r  m o d e l  (BOWLER 75)  
GAVILLET 77, DAUM 80 a n d  DANKOWYCH 81 

1"3/1" t 

Uses d a t a  f rom 

BAND 87 
TORN•VIST 87 
ALBRECHt 86s 
BOWLER 86 
RUCKSTUHL 86 
SCHMIDKE 86 
ZIELINSKI 84C 
LONGACRE 82 
DANKOW¥ 81 
DAUM BtB 
DAUM 80 
GAVILLET 77 
BOWLER 75 

BARISH 88 
PERNEGR 78 
BASOEVANT 77 
ADERHOLZ 64 
GOLDHABER 64 
LANDER 64 
BELUNI 63 

a~(1260) REFERENCES 

PL B198 297 +Compares1+ (MAC CollOb ) 
ZPHY C36 695 (HELS) 
ZPHY C33 7 +DOnker Gobrlel+ (ARC-US Collob ) 
PL B182 400 (OXF) 
PRL 56 2132 ÷Stroynowskl+ (DELCO Col lab ) 
PRE 57 527 +ADcoms Molteuzz~ Atoll:let+ (MARK II COllOID ) 
PRL .52 1195 .Berg ChonaleO CibOnglr+ (I~R~*CH MINN FNAL) 
PR D26 83 (BNL) 
PRL 46 + 5 8 0  DOnkowych+ (rNTO BNL CARL MCGI OHIO) 
NP 8182 269 eHerlzDerger+ (AMBT CERN CRAC MPIM OXF+) 
PL BgB 281 +HerlzDerger+ (AMST CERN CRAC MPIM OXF+) JP 
PL 698 119 +Blockzi]l Enge l~+  (AMST CERN NIJM OXF)JP 
NP B97 227 +Game Aitchlson Dainio~ (aXE DARE) 

- -  OTHER RELATED PAPERS - - - -  

PRPL 157 1 +Stroyr;owskl (CIT) 
NP 8134 436 +Aebl$cher+ (ETH CERN LOIC MILA) JP 
PR D16 657 +Berger (FNAL ANL) JP 
PL 10 226 • (AACH BERL 81RM BONN DESY HAMB÷) 
PRL 12 336 +Brown Kaayk Shen+ (LR'L UCB) 
PRL 13 346A +ADoRns Carmony Henarlcks Xuong+ (UCSD) JP 
NC 29 896 +Florlnl Herz Negrl Rottl (M(LA) 

J f2(1270) I 
N a m e d  f b y  SELOVE 6 2  

I G ( j P C )  = 0 + ( 2 + * )  

f2(1270) MASS 

VALUE (MeV) E V j  DOCUM~_NT ID LECN COMMENT ___ 
1274.2 -- 1.3 OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of 1 2 
1283 _+ 6 400 __.50 ALDE 87 G A M 4  100 r r - p  ~ 4~r0n J 
1274 -- 4 AUGUSTIN 87 DM2 J/~ ~ " ~ x + ~ r  - 

r 1288 0 - _ 1 2  0 ABACHI 86B HRS e + e  - ~ x '+ :¢  - 
1270 0 -- 10 0 1665 BREAKSTONE 86 SFM p p  ~ p p r r + ; ' r  - 
1283 0 -+ 6 0 I LONGACRE 86 MPS 22 : , r - p  ~ n2K~ 



See key on page 129 
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Meson Full Listings 
f 2(1270) 

1276 0 ¢  7 0 COURAU 84 DLCO e + e  - 
e+e-~+~- 

1273.3 ± 2.3 CHABAUD 83 ASPK t7 "X-D polarized 
1280 0 ± 4 0 CASON 82 STRC 8 ~ '+p ~ p~'+2~ro 
1281 0 ± 7 0 GIDAL 81 MRK2 J/~ decoy  
1282 0 ± 5.0 CORDEN 79 OMEG 12-15 ~ - p  ~ n2~ 
f284 0 ± 10 0 16000 DEU'~SCH 76 HBC 16 x + p  
1269 ± 4 101( APEL 75 CNTR 40 ~ - p  ~ n2~ "0 
1272. :t: 4 4600 ENGLER 74 DBC 6 ~r+n ~ ~ ' + ' x - p  
1258 0 :t: 10 0 600 TAKAHASHI 72 HBC 8 ~ r - p  ~ n2x  
1277.0 _+ 4 0 5300 FLATTE 71 HBC 7 0 ~ '+p  
1275 0 ± 13 0 ARMENISE 70 HBC 9 ~ ' + n  ~ px + x -  
1261. :t: 5 1960 2 ARMENISE 68 DBC 5 1 ~r+ n ~ p'x + 

M M -  
1270 ± 10 360 2ARMENISE 68 DBC 51  ~ + n  ~ D~r o MM 
1265 ± 8 BOESEBECK 68 HBC 8 ~ '+p 
1268 0 ±  6.0 3JOHNSON 68 HBC 3 7 - 4 2  1'r-D 
1276. ± t i  RABIN 67 HBC 8 5 ,"r~p 
• • • We do not use the fol lowing aa ta  for averages flls llmlls, etc • • • 
1284 0 ± 30.0 3k BINON 83 GAM2 38 "~ -p  ~ n2~7 
1280.0 _+ 20 0 3k APEL 82 CNTR 25 ~ - p  ~ n21r 0 

IFrom o part ia l -wave analysis of dora uslng <3 K-maJrlx formallsm with 5 
2Doles 

Mass errors enlarged by us to t / N  I ;2,  see the note with the K'~(892) 
mQSS 

3JOHNSON 68 Includes 8ONDAR 63, LEE 64 DERADO 65, EISNER 67 

~ ( 1 2 7 0 )  WIDTH 

VALUE (MeV) EVTS DOCUMENT ID 

184.9 + 5.4 - 2.4 OUR FIT Error includes scale factor 

183.9 + 5.1 - 2.8 OUR AVERAGE Error includes scale 
gram below 

TECN COMMENT 

of 15 

factor of 1 7 See the Idea- 

150 ± 2 0  400 -+50 ALDE 87 GAM4 100 ~ ' - p  ~ 4=0n 
186.0 + 9 .0  - 2.0 4LONGACRE 86 MPS 22 T r - p  ~ n2K~ 

179.2 +_ b ~ 5 CHABAUD 83 ASPK 17 7 r - p  bolorlzecl 

160 0 ± t t  0 DENNEY 83 LASS 10 7r+N 
t96 0-¢" t0 0 3k APEL 82 CNTR 25 " x - p  ~ n2'n,-0 
t52 O± 9.0  CASON 82 STRC 8 ~ + ~  p~ '+2~ "0 
2 1 6 . 0 ± 1 3 . 0  CORDEN 79 OMEG 12-15 ~ ' - p ~  n2~" 
190 ± 10 101< APEL 75 CNTR 40 x - p  ~ n2~ro 
192 ±16 .  4600 ENGLER 74 DBC 6 7 r + n ~  ~ ' + / r - p  
183.0 ± 15 0 5300 FLATTE 71 HBC 7 "n'+D ~ A++ f~  
196 0 ± 1 8 . 0  STUNTEBECK 70 HBC 8 "n'-D 5 4  ~'+-c/ 
216. +20  1960 6ARMENISE 68 DBC 5 1 ~ + n  ~ p~r+ 

M M -  
128 :t:23. BOESEBECK 68 HBC 8 ~r+p 
176.0-+13 0 7 JOHNSON 68 HBC 3 7 - 4 2  ~ ' -O  
155. -+ 17 RABIN 67 HBC 8 5 x + p  
• • • We do not use the fol lowing data  for overages, fits limits, etc • * • 
196.0 ± 34 0 1665 8REAKSTONE 86 SFM p p  ~ DDTr+Tr-  
240 0 ± 4 0 . 0  3k BINON 83 GAM2 38 ~ ' - p  ~ n2~ 
186.0 :t: 27 0 GIDAL 81 MRK2 J/~ decay  
187 0 ± 3 0 . 0  650 6ANTIPOV 77 CIBS 25 ~ ' - p  ~ p3~  
225 0__38 0 16000 DEUTSCH 76 HBC 16 ~r+p 
166 0 -+ 28 0 600 6 TAKAHASHI 72 HBC 8 7r- D ~ n2~ 
173.0 :t: 25 0 ARMENISE 70 HBC 9 "n'+n ~ p~r+~1"- 

4From a podlal  wove analysis of dote  uslng o K matrlx formalism wlth S 
Doles 

5CHAaAUD 83 analySlS incluaes HYAMS 75 
bWldfh errors enlarged by us fo 4 r / N  I/'2 see the note will~ the K~(892) 

moss 
7JOHNSON 68 Incluaes BONDAR 63, LEE 64 DERADO 65 EISNER 67 

f 2 ( 1 2 7 0 )  D E C A Y  M O D E S  

F r a c t i o n  [~|'~'[') S c a l e  

11 f2(1270) ~ '11"7r (85.8 +2.0  ) × t 0 -  2 - 1 . 0  

1" 2 f 2 ( 1 2 7 0 ) - - , . 2 " t r ~ 2 x  - ( 2.8 ± 0 4 ) × 1 0  - 2  12 

I" 3 f2(1270) ~ 7 T + ~ ' - 2 7 r  0 ( 6.4 +1.2 )×i0_ 2 I 1 -24 

r, f2(1270)~KK ( 4 . 2  _+~ 0 )×1o-2  37  

Fs f 2 ( 1 2 7 0 )  - , .  K ~ K - ' n  "+ + C C  < 3 × I 0  - 3  

l' o f 2 ( 1 2 7 0 )  ~ 17?r'/I- < 8 6 ×10 - 3  

]'7 f 2 ( 1 2 7 0 )  ~ 77)7 ( 4 .5  =1  0 )×10  - 3  2 4  

re  f 2 ( 1 2 7 0 )  -=" 77 ( 1 4 9 ± 0 . 0 8 ) × 1 0  - 5  

1" 9 f 2 ( 1 2 7 0 )  ~ 47rO ( 3 0  _ 1 3 ) × t 0 - 3  t 3  

WEIGHTED AVERAGE 
183 g + 51 - 2 8 [Error scaled by 17) 

4- Values above of weighted average, error 
end scale factor are based upon the data =n 
thl= ~deogrem only They ere not neces- 
$ell[y the same as our "best" values 
ob!amed from a least-squares constrained fit , /  

~' utdumg measurements of other (related) 
"/~ quanhIJes as eddlhonal mlorrnahon 

X 
I ALDE 87 GAM4 2 9 

LONGACHE 88 MPS 11 
CHA8AUD 83 ASPS( 0 5 
DENNEY 83 LASS 4 7 
APEL 82 CNTR 15 
CASON 82 STRC 12 6 
CORDEN 79 OMEG a 1 
APEL 75 CNTR 0 4 

~, ENGLER 74 OBC 0 3 i V ,  l 
4 - - ~ |  FLATTE 71 HBC 00 

~ STUNTEBECK 70 HBC 04 
• / -  ~ ~J  ARMENISE 88 DBC 28 

~ ~ BOESEBECK 88 HBC S 9 
/ . ~ ~ JOHNSON 68 HBC 04 

~ X RABiN 67 Hac 29 

v 42 1 
~ . J  ~ N (Conhd . . . .  Level < O O01) 

50  100 150 2 0 0  250 3 0 0  

f2(1270) w,dth (Mev)  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An o v e r a l l  ht to  the to ta l  wldth,  4 p a r h a l  wldths,  a n d  
6 b r a n c h i n g  rahos uses 46  m e a s u r e m e n t s  a n d  o n e  
cons t ro ln t  to  d e t e r m i n e  8 p a r a m e t e r s  The o v e r a l l  fit 
has a X 2 = 1'13 8 for 39 d e g r e e s  of f r e e d o m  

The fo l l ow lng  o f f - d l a g o n a l  ar ray  e l e m e n l s  o re  the  c o r r e l a h o n  coef f i -  
cmn ts  ~apl 6 p ? / ( ~ p ~  601) in pe r cen t ,  f rom the fd to  p a r a m e t e r s  p j ,  
i nc lud lng  the  b r a n c h i n g  t ract lons,  x I J'H"J'total The flt cons t ra ins  
the  x~ ~n th~s a r ray  to sum to o n e  

x 2 9 
X 3 90 34 
X 4 8 0 40 
x 7 2 0 8 0 
X e 24 2 - 22 2 I 
X9 0 0 8 0 0 0 
I' 83 8 74 - 7  3 29 0 

x l  x 2 X 3 X 4 x7 x e X 9 

Rale (MeV_)_) ....... Scale 

+29 l" I f 2 ( 1 2 7 0 )  ~ /1"11" 158.6 - 0  5 

l'2 f 2 ( 1 2 7 0 )  ~ 2 ~ r + 2 7 r  - 5 3 -+0 7 12 

F z f2(1270) -* ~+'x-2-trO 11 9 +2 5 -46 11 

+ 2 0  I"4 f 2 (1270 )  ~ KK" 7 8 - t  0 3 8 

I'7 f 2 (1270 )  ~ 1'717 0 83 ± 0 19 2 4 

rs f2(1270) -*" 7 7  0 0 0 2 7 6 ± 0 . 0 0 0 1 4  

I"9 f 2 (1270 )  ~ 4 "/I"° 0 55 + 0  24 -0 23 13 

f 2 ( 1 2 7 0 )  PARTIAL WIDTHS 

VALUE (MeV) . DOCUMENT ID TECN COMMENr 

158.6 + 2.9 - -0 .5  OUR FIT 

157.0 + 6 . 0  - 1.0 8 LONGACRE 86 MPS 22 = -  p ~ n2K~ 

r (K~ f,~ 
VALUE~MeV) DOCUMENT ID rECN COMMENr 

7.8 + 2 . 0  OUR FIT Error includes scale factor of 3 8 - I . 0  

9.0 + 0 . 7  8LONGACRE 86 MPS 22 ; ' r -D n2K~ - 0 . 3  
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Meson Full 
./2(1270) 

Listings 

~(~) 
VALUE ( M e v )  DOCUMENT ID TECN 

0.83 = 0.19 OUR FIT Error inc ludes  sca le  fac lo r  of 2 4 
COMMENT 

I 0 t 0 . 1  8LONGACRE 86 MPS 22 :r p ~ n2K~ 

~(-~) 
VALUE (keY)  DOCUMENt ID TECN COMMENT 

2.76 Z 0 14 OUR FIT 

2.76 t 0 . 1 4  OUR AVERAGE 

3 2 ± 0 1 +_ 0 4 9 AIHARA 868 TPC 

2 5 ~ 0 1 = 0 5 BEHREND 84B CELL 

2 85 = 0 25 :': 0 5 BERGER 84 PLUT 
2 70 ± 0 21 COURAU 84 DLCO 

2 52 = 0 13 = 0 38 SMITH 84C MRK2 

2 3 -+ 0 2 ± 0 5 FRAZER 83 JADE 

2 7 = 0 2 = 0 6 EDWARDS 82T CBAL 
3 2 = 0 2 = 0 6 BRANDELIK 818 TASS 
3 6 = 0 3 = 0 5 ROUSSARIE 81 MRK2 
2 3 z 0 8 10 BERGER 80B PLUT 

e + e  - 
e+  e -  ,,T "* ~ - 

e + e  
e+  e -  ,-r ~ ~-, - 

e + e  - ~ e+e- -2 ; , r  
e + e -  

e - e  ;T + ,"r - 
e + e  - 

e - e - K + K  
e + e -  o 

e + e - ~ + 7 r  - 
e + e  "- ~ e + e - 2 ~ r 0  
e+e - ~ e+e-2T, o 
e+e - ~ e+e-2=o 
e+e - 

• • • We do  no l  use the fo l low ing  d a t a  for averages  fits hmlls etc  • • • 

+~46  -+06 t tEDWARDS 82F CBAL e+e- ~e+e-2;'ro 29 

8 F r o m  O parTIal wove  analysis of d a t a  using o K matr ix formal ism with 5 
po les 

9RadlahVe cor reohons mod i f y  the par t ia l  widths for ins tance the 
COURAU 84 va lue  b e c o m e s  2 66-_ 0 21 in the COICU~ahon of LANDRO 86 

t0Usmg mass w id th  a n d  BR(f2(1270 ) o 2~r) from PDG 78 
111f hel lClfy : 2 assumpt ion  IS not m a d e  

/z (1270)  BRANCHING RATIOS 

I (2 / r  * 2 / r - ) / l  (Tr ~r) I 2/1"I 
VALUE EVTS DOCUMENT /D TECN COMMENT 

+0 .004  OUR FIT Error mc ludes  sca le  factor  of 1 2 0 . 0 3 3  _ 0 . 0 0 5  

0.033 _+ 0.004 OUR AVERAGE Error inc ludes  scale factor of 1 1 

0 024 _+ 0 006 160 EMMS 75D DBC 4 = + n  .o P f2  
0 051 ___ 0 025 70 EISENBERG 74 HBC 4 9 ~ + p  ~ ~,~ + f2 
0 043 + 0  007 - -  011 285 LOUIE 74 HBC 3 9 ~ , - p  -o n f  2 

0 037 -+ 0 007 154 ANDERSON 73 DBC 6 ,~ + n .~ P f2  
0 0 4 7 ± 0  013 OH 70 HBC 126  ~ - p ~  

r,-:-n 

r(Tr+ ~ -  27ro)/[ (~'~') r d r ,  
Should b e  Iwlce 1 ( 2 / r + 2 , ' r - ) / i ( = , - r )  ff d e c a y  is p p  (See ASCOLI 68D ) 

VALUE EVT$ DOCUMENt ID TECN COMMENT 

on?=. + 0 . 0 t 5  O U R  FIT Error inc ludes  scale factor of I I 
~ ' ~  - 0 . 0 3 0  

0. t5  = 0  06 600 EISENBERG 74 HBC 4 9  ~r+p  ~ A + + f  2 
• • • We d o  not use the f o l l owmg  d a t a  for averages  his h i l l s  e l c  • • * 

0 07 EMMS 75D DBC 4 r, ~" n ~ o f  2 

I ( K K ) / I  (/r/r) 1"4/1" t 
We o v e r a g e  on ly  exper imen ts  wh ich  e l lher  take in lo a c c o u n t  f2(1270) 
O2(1320 ) m le r f e rence  exphc l l l y  or demons t ra te  thOl O2(1320 ) Droduc  
hart IS n e g h g i b l e  

VALUE EVTS DOCUMENT ID TECN COMMENT 

n + 0 . 0 1 t  OUR FII Error inc ludes  sca le  factor  of 3 7 0 . , 49  _ 0.007 

+ 0 0027 
0.0345 - ~ 0 0 2 9  OUR AVERAGE 

0 037 + 0  008 - 0 021 ETKIN 82B MPS 23 ;'r- p ~ n2K~j 

0 045_+0 009 CHABAUD 81 ASPK 17 ;'r,-D po la r i zed  
0 036 +. 0 005 12 COSTA 80 OMEG t - 2  2 ~ -  P 

K + K - n  
0 039 = 0 008 LOVERRE 80 HBC 4 T : - p  ~ K K N  
0 030 _+ 0 005 13 MARTIN 79 RVUE 
0 027 +_ 0 009 14 POLYCHRO 79 STRC 7 ; ' : - p  -~ n2K~ 
• • • We do  not use the fo l low ing  d o t o  for averages  fits l imits e tc  * * * 

0 025_+0 015 EMMS 750 DBC 4 ~ + n  ~ O f  
0 031 _4"0 012 20 ADERHOLZ 69 HBC ~ 7 : + p  ~ K ' ~ K - ~ + D  

12Re e v a l u a t e d  by CHABAUD 83 
13Includes PAWLICKI 77 d a t a  
14Takes rnto a c c o u n t  the /2(1270) - f~(1525) in ter fe rence 

1 ( K ~ K  - /r" + C C )/1"(/r~-) r 5 / ] "  1 

VALUE C t  % DOCUMENT ID rECN COMMENT 

<0 .004  95 EMMS 75D DBC 4 ~T+n - .  P/2 

I ( ~ / r / r ) / l " ( / r  = )  i 6/1 t 
VALUE C t  % DOCUMENT ID rECN COMMENT 

-:0.010 95 EMMS 75D DBC 4 ~r+n ~ Dr2 

J7 

I 

]'8 

r(,7~)/I C/r/r) [,/1"t 
VALUE CL % DOCUMEN7 /D TECN COMMENT 

• • • We d o  not use the fo l low ing da ta  fat overages  hls rlmll$ etc  • * • 

<:0 05 95 EDWARDS 82E CBAL e + e  - . e + e - 2 ~  
~ 0  016 95 EMMS 750 DBC 4 ~ + n  ~ P f2  
- 0 09 95 EISENBERG 74 HBC 4 9  ; 'r+D * "~÷+/2 

I ( T / T } ) / l  t o l a l  l ' 7 / l "  

VALUE (unfls t O - 3 )  D O C U M E N T  ID  TECN CC)MM_ENr 

4 5 ~: 1.0 OUR FIT Error inc ludes  sca le  factor  of 2 4 

3.1 = 0 8 OUR AVERAGE Error mc ludes  scale fac lor  of I 3 

2 8 : 0 7 ALDE 86D GAM4 100 ~r- D ~ 4") 
5 2 _= I 7 81NON 83 GAM2 38 :'r- O ~ 4~ 

I (71"/r)/l'lotat I 1/1 
VALUE EVTS DOCUMENT /D TECN COMMENT 

,, +0 .020  OUR FIT 
. 8 ~ 8  _ 0 0 1 0  

0.837 _+ 0 020 OUR AVERAGE 

0 849 -+ 0 025 CHABAUD 83 ASPK 17 ~ - p  po la r i zed  
0 85 ~0 05 250 BEAUPRE 71 HBC 8 ,'T+D ~ %++/2 
0 8 = 0  04 600 OH 70 HBC 126 , - r - p  ~ 

~ + ~ - n  

I ' 9 / T  
f v r s  DOCUMENT ID TECN COMMENT 

OUR FIT Error rnc ludes scale l ac l o r  of I 3 

400=50 ALDE 87 GAM4 100 ~-D~4TrOn 

l '(4/r°)/l ' lofal 
VALUE 

0 0 0 3 0  _+ 0 0 0 1 3  

0.003 = 0.001 

ALDE 87 
AUGUSTIN 87 
ABACH~ 8bS 
AIIIARA 86S 
ALDE 86D 
BREAKSTONE 86 
LANDRO 86 
LONGACRE 86 
BEHREND 84B 
8ERGER 84 
COURAU 84 
SMITH 84C 
BINON 83 

AlSO 83S 

CHABAUD 83 
DENNEY 83 
FRAZER 83 
APEL 82 
CASON 82 
EDWARDS 82~" 
EIKIN 82B 
BRANDELIK 818 
CHABAUD 81 
GIDAL 81 
ROUSSARIE 81 
BERGER 808 
COSTA 80 
LOVERRE 80 
CORDEN 79 
MARTIN 79 
POLYCHRO 79 
PDG 78 
ANtlPOV 77 
PAWUCKI 77 
DEUISCH 76 
APEL 75 
EMMS 75D 
HYAMS 75 
EISENBERG 74 
ENGLER 74 
LOUIE 74 
ANDERSON 73 
IAKAHASHI 72 
BEAUPRE 71 
FLATtE 71 
ARMENISE 70 
OH 70 
STUNrEBECK 70 
ADERHOLZ 69 
ARMENISE 68 
ASCOLI 68D 
BOESEBECK 68 
JOHNSON OB 
EISNER 67 
RABIN 67 
DERADO 65 
LEE 64 
BONDAR 63 
SELOVE 62 

fz(1270)  REFERENCES 
PL Bt98 280 +BInOn Brlcmon* (LANL BRUX SERP LAPP 
ZPHY C36 369 +Cosme+ (LALO CLER FRAS PAPa 
PRL 57 t090 +Derrick BIOCkUS* (PURD ANL INO MICH LBL) 
PRL 57 404 +Alslon Garnlosl* (TPC Two Gamma Collob 
NP 8269 485 +BlnOn Brlcmon÷ (BELG LAPP SERP CERfl 
ZPHY C31 18,5 + (ISU BGNA CERN DaRT HElD WARS 
PL B172 445 +Mark Olsen (UTRO) 
PL B177 223 iEtkm+ (BNL BRAN CUNY DUKE NDAM 
ZPHY C23 223 (CELLO Collab 
ZPHY C2b 199 *Klovnlng Burger+ (PLUTO Collop 
PL 147B 227 *Johnson Sherman Atwood Balllon+ (CIT SLAC 
PR D30 851 .Burke Abrams Blocker Levi+ (SLAC LBL HARV 
NC 78A 313 *Donskov Duteil+ (BELG LAPP S~RP CERN 
SJNP 38 561 Brnon Gouanefe* (BELG LAPP SERP CERN 
ttan$1ofed from YAF 38 934 
NP 8223 1 +Gorlich Cerroda* (CERN CRAC MPIM 
PR D28 2726 *Cranley Tlreslone Chapman+ (IOWA MICH) 
Aachen Conl (UCSO) 
NP B201 197 *Augensteln+ (KARL PISA SERP WIEN CERN) 
PRI. 48 1310 +Biswos BoumPaugh Bishop+ (NDAM ANt) 
PL 110B 82 +Partridge Peck+ (CIT HARV PRIN STAN SLAC) 
PR D25 178b +Foley Lot+ (BNL CUNY TUFT VAND) 
ZPHY C10 117 +Boernet+ (TASSO Collob ) 
APP 812 575 +NlCZyporuk Becket+ (CERN CRAC MPIM) 
PL I07B 153 +Goldhaber Guy Mllhkan Abrams+ (SLAC LBL) 
PL I05B 304 +Burke Abrams Afore+ (SLAC LBL) 

DESY 80 34 +Genzer+ (AACH BERG DESY HAMB UMD+) 
NP B175 402 Costa De Beauregard* (BARI BONN CERN+) 
ZPHV C6 187 +Armenteros DlOnlSl+ (CERN CDEF MADR S[OH) 
NP B157 250 +Dowell Gan,,ey* (81RM R'HEL TELA LOWC) 
NP B158 520 +Ozmullu (DURH) 
PR D19 1 3 1 7  PotychrOnokos Cason Bishop+ (NDAM ANL) 
PL 75B BrJcmono (Particle Data Group) 
NP B119 45 *Busnello Domgoafd Kienzle+ (SERP GEVA) 
PR D~5 3196 +Ayres Cohen Diebold Kramer Wicklund (ANL) 
NP B103 426 Deutschmann* (AACH BERL BONN CER%I+) 
PL 57B 398 -Augensteln÷ (KARL PISA SERP WlEN CERN) 
NP B96 155 ÷Klnson Stocey Valruba+ (81RM DURH RHEL) 
NP B100 205 -Jones Weilhammer Blum Dlell+ (CERfl MPIM) 
PL 52B 239 +Engler Honer Ka,'shon+ (RIEHO) 
PR DI0 2070 *Kraemet loaf/ weisser D~az* (CMU CASE) 
PL 48B 38:5 +Alittl Gondois ChaloupkQ+ (SACL CERN) 
PRL 31 562 +Engler Kraemer toatt Dioz+ (CMU CASE) 
PR DO 1266 +Barlsh+ (TOHO PENN NDAM ANL) 
NP B28 77 oDeutschrnonn Graessler+ (AACH BERL CERN) 
PL 34B 551 .AlstonGamlost Baroaro Galtierlt (LBL) 
LNC 4 tgq *Gl~ldlni Faring Carloccl* (BARI BONA FIRZ) 
PR 01 2494 +Garfmkel Morse Walker Prentice (WISC INTO) JP 
PL 32B 391 +Kenney Deerv Blswas Cason+ (NDAM) 
NP BIt 259 +Bortsch+ (AACH BERt CERN JAGL WARS) 
NC 54A 909 +Gnldlnl Forlno+ (BARI BGNA FIRZ ORSA) 
PRE 2t 17t2 +Crowley Morlara* (ILL) 
NP B4 501 +Deutschmonn+ (AACN BERL CERN) 
PR 170 1651 +Polder Bpswas Gutoy* (NDAM PURD SLAC) 
PR Ib4 1699 *JOhnSOn Klein Peters Sonnl Yen+ (PURD) 
lhesls (RUTG) 
PRL 14 872 +Kenney POffler Shephard (NOAM) 
PRL 12 342 +Roe Sinclair VanderVelde (M~CH) 
PL 5 153 * (AACH BIRM BONN DESY LOIC MPIM) 
PRL Q 272 +Hogopion Beady Baker LePoy (PENN) 



See key on page 129 
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Meson Full Listings 
n(1280), ,/1(1285) 

J }/(t280) I w a s  }/(t275) ~G('rc) = 0+(0-+) 

S e e  a l s o  t h e  m m l - r e v m w  u n d e r  n o n - q q  c a n d i d a t e s  

~ ( t 2 8 0 )  M A S S  

VALUE (MeV)  .._ DOCUMENT ID IECN C O M M E N T .  . _ _  

1279 _+5 ANDO 86 SPEC 8 ~ r - p  ~ n Y / ~ + ~  - 
• • • We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  Ells. l lml ts  e t c  • • • 
~ 1 2 7 5  STANION 79 CNTR 8 4  ~ - p  ~ n q 2 x  

~ ( 1 2 8 0 )  W I D T H  

VALUE (MeV)  _ DOCUMENT I0  LECN C O  M_MENr 

32-_.t0 ANDO 86 SPEC 8 ~ - p  ~ n~/,"r+~ - 
• * • We  d o  h a l  use t he  f o l l o w i n g  d a l a  for a v e r a g e s  fits, l imits e t c  • * ° 
~ 7 0 .  STANION 79 CNTR 8 4 , ~ ' - p  ~ n ~ 2 ~  

T / ( 1 2 8 0 )  D E C A Y  M O D E S  

I" I T / ( 1 2 8 0 )  ~ ao(980)'rr 

1" 2 ~ / ( 1 2 8 0 )  ~ "r/Tr+/r - 

r 3 7/(1280) ~ 3'3' 

~ / ( 1 2 8 0 )  B R A N C H I N G  R A T I O S  

I ' ( 0 o ( 9 8 0 )  7 T ) / I ' t o t a  I 11 /1 '  
VALUE DOCUMENT ID rECN COMMENT 

LARGE ANDO 86 SPEC 8 ~ r ~ p  "-~ n~:¢+.~  ~ 
LARGE STANTON 79 CNTR 8 4 E -  p ~ n~2~r 

~ / ( 1 2 8 0 )  I~(I)  r ( " y ' y ) / I ' ( t o t a l )  

r(rnr~ ~-)  × ]'(":'y)II ,o,a~ ['2u8/r 
VALUE(keY)  DOCUMEN~ IP TECN COMMENT 

• • * We d o  no t  use the  f o l l o w i n g  d a t a  for a v e r a g e s  flJs l lmlts,  e l c  • • • 
< 0  3 ANTREASYAN87 CBAL e + e -  ~ e + e - ~ " ~ "  I 

7 / ( 1 2 8 0 )  REFERENCES 

ANT~'EASYAN 87 PR D36 2633 +Barrels 8esset* (Crystal BOll Col lob ) 
ANDO 8b PRL 57 129b +Imale (KEK KYOI NIRS SAGA TOKY ]SUK+) IJP 
SIANTON 79 PR!. 42 346 +Stockman# (OSU CARL MCGI TNTO) JP 

I/'t(t285) I was D(1285) IG(jPC) = 0 + ( 1 + + )  

f r ( 1 2 8 5 )  M A S S  

VALUE (M__e_V)_ F_VTS _DOC.. UMENT ID.__ 7ECN C O.MMENr . . . . .  

1283.4 -+ 0 .9  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 5 See t he  
i d e o g r a m  b e l o w  

1279 ± 6 ± 1 0 1 6 ± 6  BECKER 87 MRK3 e + e  - ~ ¢,KK~r 
1286 ± 9 GIDAL 87 MRK2 e + e -  

e + e - ~ - + =  - 
1280 ± 4 ANDO 86 SPEC 8 x - p  ~ n i l / r + =  - 
1277 0 _+ 2 0 420 REEVES 86 SPEC 6 6 D p  ~ K K l r  X 
1285 0 -+ 2 0 CHUNG 85 SPEC 8 : ¢ - o  ~ NKK~"  
1279 0 +_ 2 0 604  ARMSTRONG 84 OMEG 85 7" p ~_ KK~r ~ 'D  

D P  ~ K K ~ r D D  
1287 0 ± 5 0 353 BITUKOV 84 8PEC 32 ~ ' - p  

K + K -  "K 0 n 
1286 0 :t 1 .0  CHAUVAE 84 SPEC ISR 31 5 p p  

t 2 7 8  ± 4 EVANGELISTA81 OMEG 12 r . - p  ~ 9,-TO 
t 2 7 5  0 +_ 6 0 31 BROMBERG 80 SPEC t00  ~ -  p ~ K K ~ X  
1283 0 _+ 3 0 103 DIONISI 80 HBC 4 ~ - p  ~ KK,- rn  
1288 0 ± 9 0 200 GURTU 79 HBC 4 2 K - D  ° n ~ 2 ~  
1295 0 ± 12 0 85 CORDEN 78 OMEG 12-15  r r - p  . n 5 ~  
1282 0 -+ 2 0 320 NACASCH 78 HBC 0 7 0 76 p p  ~ K K 3 ~  
t 2 7 9  0_+ 5 0 210 GRASSLER 77 HBC 16 r . : p  
1292 -+ 10 150 DEFOIX 72 HBC 0 7 p p  ~ 7Tr 
1286 _+ 3 180 DUROC 72 HBC I 2 p p  o 2K4,'r 
1303 0 _+ 8 0 BARDADIN 71 HBC 8 ; ' : +p  ~ p6,'T 
1283.0 +_ 6 0 BOESEBECK 71 HBC 16 0 ;Tp - p5r, 
1270 0 _ ~ I 0 . 0  CAMPBELL 69 DBC 27 ; r + d  
1285 -+ 7 LORSTAD 69 HBC 0 7 LOP 4 5 b o d y  
1290 -+ 7 D ANDLAU 68 HBC 1 2 p p  5-6 b o d y  
1283 0 ± 5 0 DAHL 67 HBC 1 6 - 4  2 7r p 

• • • We d o  h a l  use Ihe  t a l l o w i n g  d a t a  tar a v e r a g e s  fits hmlts e l c  • • • 
~ 1 2 7 9  1 TORNQVIST 82B RVUE 
~ t 2 7 5  0 46 2STANTON 79 CNTR 8 5  : - p  -~ n 2 ~ , 2 ~  

1271 0 ¢ t 0  0 34 CORDEN 78 OMEG t 2 - 1 5  : - p ~  
K + K - ~ , n  

1280 _+ 3 500 31HUN 72 MMS 1 3 4  T r - p  
IF rom a u m l a n z e d  q u a r k  m o d e l  c a l c u l a h o n  
2From p h a s e  shi l l  ana lys is  of ~ + ~ -  system 
3Seen in the  miss ing mass s p e c h u m  

WEIGHTED AVERAGE 
1 2 8 3 4  ~ O 9  (Error sce ted  by  15]  

• 1. 2 
x 

! v BECKER B7 MRK3 
H I GIDAL B7 MRK2 

' ~  ANDO B6 SPEC 0 7 
.4-  v REEVES BS SPEC ~0 1 

~1- CHUNG B5 SPEC O l 
.~.  v ARMSTRONG B4 OMEG 4 8 

L BITUKOV B4 SPEC 0 5 
CHAUVAT B4 SPEC 6 g 

i ~ EVANGEUSTA ~1 OMEG 18 
BBOM~ERG 80 SPEC 19 
DIONISI SO HBC 0 0 
GURTU 79 HBC 
CORDEN 78 OMrG 
NACASCH 78 HBC 0 5 
GRAS8LE~ 77 HBC 0 8 
DEF01X 7; ~ HBC 
OUBOC 72 HBC 0 8 
8ARDADIN- 71 HBC 6 0 
BOESEBECK 71 HRC 0 0 
CAMPBELL B9 DeC 
LORSTAO 69 HBC 0 1 
D ANDLAU S8 HBC O 9 
DAHL 67 HBC 0 0 3~ 

(C nhclence Levol ~ O 002)  , 
1260 1280 1 3 0 0  1320 1340  

f i (1285)  mass (MeV)  

f i ( 1 2 8 5 )  W I D T H  

On l y  e x D e n m e n t s  g i v ing  w id th  error less t han  20 MeV a re  
k e p l  for a v e r a g i n g  

.VALUE. (MeV)  E V E S  DOCUMENT ID rECN COMMENT 

24 .6  z 1 6 OUR AVERAGE Error i n c l u d e s  sca le  t a c l o r  of 1 3 See the i d e a  
g r a m  b e l o w  

14 + 20 - 1 4  = 1 0  16_+6 BECKER 87 MRK3 e + e  - .~ . ,KK,~  

19 _+ 5 ANDO 86 SPEC 8 : r -_p -o n~Tr~',-r - 
32 0 -+ 8 0 420 REEVES 86 SPEC 6 6 p p  ~ K K : r  X 
2 2 . 0 -  + 2 0 CHUNG 85 SPEC 8 : r - p  . N K K : r  
32 0-+ 3 0 604 ARMSTRONG84 OMEG 85 , " r~p  o K K ~ ; T p  

P D  o KKT, p p  
24 0 -+ 3 0 CHAUVAT 84 SPEC ISR 31 5 p p  
26 -+12 EVANGELISTA81 OMEG 12 r , - p  ~ ~lr, p 
29 0_+10 0 103 DIONISI 80 HBC 4 • p ~ K K ; T n  
25 0 _ + t 5  0 200 GURIU 79 HBC 4 2  K - D  .~ nr72.~ 
28 3 ± 6 7 320 NACASCH 78 HBC 0 7 0 76 p p  . K K 3 =  

j 24 0 ± 1 8  0 210 GRASSLER 77 HBC 16 ~ : p  
10 0 ± 10 0 BOESEBECK 71 HBC 16 0 = p  ~ 05~, 
30 0 - + t 5  0 CAMPBELL 69 DBC 2 7  = + d  

J • • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e tc  * • . 
4 1 0 . 0  4STANTON 79 CNTR 8 5 : : - p  ~ n2-:2:T 

28 ± 5 150 5 DEFOIX 72 HBC 0 7 ~ p  .o 7;;, 
46  _+ 9 180 5DUBOC 72 HBC 1 2 D p  .o 2K4= 
37 -+ 5 500 OTHUN 72 MMS 1 3 4  ~ - p  
60 _+ 15 5 LORSTAD 69 HBC 0 7 DD 4 5 b o d y  
35 0 _~ 10 0 5 DAHL 67 HBC 1 6 - 4  2 : - -  p 
4From p h a s e  Shltt ana lys is  of ~ ~*;T, system 
5Reso luhon  is not  u n f o l d e d  
6Seen irl t he  m=ssing mass s p e c t r u m  
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Meson Full Listings 
f1(1285) 

WEIGHTED AVERAGE 
2 4 0  ± 10  (Error scaled b y 1 3 )  

"t" 

, ( 

I 

NACASCH 
v~, GRASSLER 

BOESEBECK 
-v " CAMPBELL 

| • 

0 20  

2 
X 

8ECKER 87 MRK3 
ANDO 86 SPEC 12 
REEVES 88 SPEC 0 9 
CHUNG 85 SPEC ' 7 
ARMSTRONG 84 OMEG B 1 
CHAUVAT B4 SPEC 0 0 
EVANGELISTA 81 OMEG 0 0 
DIONISI 80 HBC 02 

79 HRC 
78 HBC O 3 
77 HBC 
71 HBC 21 
B9 DBC 

12 B 
(Cor'hdence Level I O 128) 

I 

40 6 0  80 

t~(1285) w~dtn (MeV)  

f 1 ( 1 2 8 5 )  D E C A Y  M O D E S  

F r a c h o n  0"/0 
I'~ / ~ ( 1 2 8 5 )  --* K / ( ' / r  ('11 2 ± 2  9 ) × 1 0  - 2  

I'2 f,(1285) ~ p ' / l ' ~  ( 4 0  ± 7  ) ~ 1 0  - 2  

l ' 3  f , ( 1 2 8 5 )  "-'- T~/1"'fl" (49 Z 6  )×10 -2  
T" 4 I , ( 1 2 8 5 )  --~ (3o (980) / i "  (36 ± 7  ) < 1 0  - 2  

| 'S f , ( 1 2 8 5 )  --- 2 " ; r + 2 x  " -  O n c l u d m g  p O z r + ~ - - )  

] ~  f , ( 1 2 8 5 )  ~ K I C * ( 8 9 2 )  

I'7 f , ( 1 2 8 5 )  - , ,  4"n'o < 7 ×iO -~  

r 8 f , ( 1 2 8 5 )  ~ ?~" < 6 Y 1 0 - ~  

F9 f , ( 1 2 8 5 )  ~ 77" 

S c a l e /  

C o n f  L e v  

S=t i 

CL=95% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f it t o  2 b r a n c h i n g  rahos  uses 6 m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e t e r m i n e  3 p a r a m e -  
ters The o v e r a l l  ht  h a s  a X2 = 4 6  for 4 d e g r e e s  of  

f r e e d o m  

The f o l l o w i n g  o f f - d~agona l  a r r a y  e l e m e n t s  a t e  t h e  c o r r e l a t i o n  c o e f l l -  
c~ents  ~x~ ~x ) / ( ~x i  ~xt), in p e r c e n t ,  f r o m  t h e  f i t  t o  t h e  b r a n c h l n g  
f r a c h o n s ,  x~ - l'~/|'~o~o~ The f l t  c o n s t r a i n s  t h e  x~ w h o s e  l a b e l s  

a p p e a r  in th is  a r r a y  to  s u m  to  o n e  

X 2 59 
X 3 23 - 9 2  

x t  x2 

I'(r/?r ~r) × 
_VALUE (~eV) 
< 0 . 6 2  

fr(1285) £(1)£('y'y)Ir(total) 

F( ~' ?)/l'lota I 1" 3 I'R/I" 
CLS OOCUMEm Jo IECN COMMENI 

95 GIDAL 87 MRK2 e + e -  
e + e - ~ r + =  - 

F(rnr~) × r(~*)l['Toto, r~z'9/r 
VALUE_ (~e_y) O OCUMENT IO rECN COMMEN/ 
4 . 6 ± 0 . 1 2 ± 0 . 8 3  . . . .  GIDAL 87 MRK2 e + e  - 

e + e -  ~ r + ~  - -  

f 1 ( 1 2 8 5 )  B R A N C H I N G  R A T I O S  

The f,(1285) b r a n c h i n g  ratios fit is m a d e  wi th  fhe assumpt ions 
that  the  f I(1285) ~ 47r d e c a y  is oi l  / )~'~ a n d  that  the Try" 
pai r  has I = 1 

r(pTr~)Ir(KKTr) r2/r, 
VALUE OOCUMEN/.ID _ rE_CN COMMENT 

• * * We d o  not  use the  fo l l ow ing  d a t a  for overages  firs l imits, e t c  • • • 
< 4 . 0  T DONALD b9 HBC 1 2 p.o ~ 5x -+ 
< 2  0 DAHL 67 HBC ) T ± p  ~ (K/~ ¢ 7r + X 

7This is for I (p°Tr + : r - ) / I ' ( K K ~  ° )  

r(Kk'~)/r(~ ~r 70 | ' r / r 3  
VALUE DOCUMENT tO [[CN COMMENT 
[3~23 ± 0"06 o u r  FIT E~ror inc ludes  sca le  factor of 1 1 
0.23 ~ 0.06 OUR AVERAGE Error inc ludes  sca le  factor  of 1 2 
0 4 2 ± 0  15 GURTU 79 HBC 4 2  K - p  
0 5 ± 0  2 CORDEN 78 OMEG 12-15 ~ - D  
0 2 0 - - . 0 . 0 8  8 DEFOIX 72 HBC 0 7 p.o ~ 7~ 
0 16 _~ 0 08 CAMPBELL 69 DBC 2 7 Tr+ d 

SKK system c h o r a c l e n z e a  by  fhe l = I th resho ld  e n h a n c e m e O f  (See 
under  00(980)) 

I(ao(980) Ir )/r(~ 7r 7r ) I'4/I'3 
VALUE DOCUMENT IO rECN COMMENT 

0 ~  O U R  A V E R A G E  " ' "  - 0 . t l  
0 7 2 ¢ 0  t5 GURTU 79 HBC 4 2  K - p  

+ 0  3 COBDEN 78 OMEG 12-15 = - p  0 6  -02 
I 0 ± 0  3 GRASSLER 77 HBC 15 .~ '¢p 

I '( p "X'a')/I'(r/ '~" - 7r-  ) 3 [ ~, 2/~i 2 .  s 
VALUE DOCUMENT ID /ECN COMMEN[ 
0.41-± 0 . 1 2  O U R  FIt '- 
0 . 4 t  = 0.12 OUR AVERAGE 
0 3 2 ± 0  20 GURTU 79 HBC 4 2  K - p  
0 4 6 ± 0  15 GRASSLER 77 HBC 16 7 r e d  

I'(K~'*(892 ))/l'tofa, rdr 
VALUE DOCUMENt ID TECN COMMEN/ 
NOT SE~E'N ~ I - -ACASC~ 78 HBC 0 7 0 ~ 6  DD'~-KT(3= 

l ' ( p O n  ' 7 r - ) / l ' ( 2 7 r -  2 / r -  ( i n c l u d i n g  p O ~ +  ~ - - ) )  1 1 2 / I s  
VALUE OOCUMEN~.ID rECN COMMEN/ 
1.O ± 0 .4  . . . . .  GRASSLER 77 HBC 16-G-eV ~" :): P 

r(p = =)I r(r}= =) r2/r3 
VALUE CL % DOCUMENT ID TECN COMMENT 

• • * We d o  not  use the  fo l l ow ing  d a t a  for overages,  fits i lmits, e l c  * * • 
<20.4 95 9COBDEN 78 OMEG 12-15 ~ ' - p  

9Note that  CORDEN 78 ancl GRASSLER 77 ore in d i sag reemen t  

l ' ( 4 ~ o ) / ] ' t o f a l  I'7/[" 
XALUE (yJ_~ To-4)__._ _DOCUMENT ID [ECN ~:pMMENT . . . .  
<7  ALDE 87 GAM4 100 : ¢ - p  ~ 4T~0n J 

ALDE 87 PL B198 286 
BECKER 87 PRL 59 186 
GIDAL 87 PRL 59 2012 
ANDO 86 PRL 57 1296 
REEVES 86 PR 34 1960 
CHUNG 85 PRL 55 779 
ARMSTRONG 84 PL 146B 273 
BITUKOV 84 PL 1448 133 
CHAUVAI 84 PL 1488 382 
TORNQVlST 828 NP 8203 268 
EVANGELISTA 81 NP 8178 197 
BROMBERG 80 PR D22 1513 
DIONISI 80 NP 8169 1 
GURIU 79 NP 8151 t81 
SIANTON 79 PRL 42 346 
CORDEN 78 NP B144 253 
NACASCH 78 NP 8135 203 
GRASSLER 77 NP 8t21 t89 
DEFOIX 72 NP 844 125 
DUBOC 72 NP 846 429 
THUN 72 PRL 28 1733 
8ARDADIN 71 PR 04 2711 
BOESEBECK 71 PL 348 659 
CAMPBELL 69 PRL 22 1204 
DONALD 69 NP 811 ,551 
LORSTAD 69 NP B14 63 
O ANDLAU 68 NP B5 693 
DAHL 67 PR 163 1377 

f i ( 1 2 8 5 )  REFERENCES 

+Binon Brlcmane (LANL BRUX SERP LAPP) 
• (MARK III Collob ) 

+Bayer 8uNer Carols Abrams+ (LBL SLAC HARV) 
+imai+ (KEK KYOT NIRS SAGA TOKY TSUKe) IJP 
eCnung crlnenden+ (ELOR BNL IND SMAS)JP 
±Fernow Boehnleln÷ (BNL FLOR IND SMAS)JP 
÷BloOaworfh Bums(. (AIHU BARI 81gf~4 CERN) JP 
+Dorofeev Oz~elyaOln Golovkin KuJlk+ (SERP) 
÷MetE?el Bonlno÷ (CERN UDCF UCLA SACL) 

(HELS) 
• (BARI BONN CERN DARE LIVPe) 

+Hogger?y Abrams Dzlerbo(Cil PNAL ILLC INO) 
÷Govlllet# (CERN MADR CDEF STOH) 
÷Govlllel Bioktljl÷ (CERN ZEEM NIJM OXF) 
+Brockmon+ (OSU CARL MCGI INTO) JP 
±Colbert Alexander+ (BIRM RHEL TELA LOWC) JP 
+Defolx Dobrzynskl+ (PARr MADR CERN) 
÷ (AACH BERL BONN CERN CRAC HEID÷) 

+Nasc~mento B~zzard~ (CDEF CERN) 
+Goldberg Makowskl Donola+ (LPNP LIVP) 
+Blleaen Finocchiaro Bowen+ (STON NEAS) 

Borda~ln OtwJt~owsko Hofmokl+ (WARS) 
(AACN BERL BONN CERN CRAC HElD WARS) 

+l lchtmon Loeffie¢ + (PURD) 
÷Edworcls Buron Benlnl÷ (LIVP O$~O PADO) 
+D Andiou Astlet+ (CDEF CERN) JP 
+Asflet BarlOW+ (CDEF CERN IRAD LIVP)UP 
+HOrCfy HeSS KlrZ MNrer (LRL) IJP 
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Meson Full Listings 
f1(1285), 7r(1300), a2(1320) 

• - - -  OTHER RELATED PAPERS 
ASIAN 85 PR D32 2255 
AIKINSON 84~ PL 138B 459 
GAVItLE! 82 ZPHY C16 119 
DEBILLY 80 NP 8176 I 
iRVING 78 NP B139 327 
HANDLER 76 NP B110 173 
VUILLEMIN 76 NC 33A 133 
VUILLEMJN 75 LNC t4 t65 
WELLS 75 NP 8101 333 
BERENYI 72 NP B37 62~ 
CHAPMAN 72 NP B42 1 
GOLDBERG 71 LNC ~ 627 
AMMAR 70 PR D2 430 
OIWINOWSK169 PL 29B 520 
DEFOIX 68S PL 28B 353 
BARROW 67 NC 50A 701 
DANDLAU 65 PL r7 347 
MILLER 65 PRL 14 1074 

+Carnegie Dtlnwoodle+ (SLAC CARL CNRC) 
(8aNN CERN GLAS LANC MCHS LPNP+) 

+Armentetos* (CERN CDEF PADO ROMA) 
eBrlonO Duboc Levy+ (CURl LAUS NEUC GLAS) 
+Sepangl (LIVP) 
+Piano Brucker Koller÷ (RUTG STEV SETO) 
+ (LAUS NEUC LPNP LIVP GLAS) 
+ (LAUS NEUC LPNP UVP GLAS) 

+RQOojIclc ROSCOe Lyons (OXF) 
÷Pfentice Sleenbelg Yoon Walker (TNIO WISC) 
*Church LVS Murphy Ring VandetVei(~e (MiCH) 
+Makowskl TOUChOrd Donolcl+ (IPN LIVP) 
+Kropac Davis+ (KANS NWES ANL WISC) 

(WARS) 
+River Slau~ Conforto÷ (CDEF IPNP CERN) 
+LIIlestol Montonet÷ (CERN CDEF IRAD LIVP) 
~BOnOW Adamson.* (CDEF CERN #RAD LWP) 
+Chung Dahl Hess Ho~Oy Kirz+ (L~L UCB) 

I'x(t300) J ,~(/c) = ~-(o-+) 

~r(1300) MASS 

VALU. r (M~_V 2 OOC__UM. ENT /D TECN COMMEN~. ._ 

• • • We do  no t  use the  f o l l o w i n g  d a t a  for ave~oge$  fits l imits e t c  • • • 
t t 9 0  ± 3 0  ZIELINSKI 84 SPEC 200 ~ + Z  ~ Z3r ,  
1240 -+30 BELLINI 82 SPEC 40 ~ - A  - -  A3~" 
1273 0 ± 50 0 t AARON 81 RVUE 
1342 ± 20 BONESINI 81 OMEG 12 ~ ' - p  ~ D3~" 

~ t 4 0 0  DAUM 81B SPEC 6 3 9 4  7 r - p  
IUses m u l h c h a n n e l  A [ fch lson  Bowler  m o d e l  (BOWLER 75) Uses d a t a  f rom 
DAUM 80 a n d  DANKOWYCH 81 

• "(1300) WIDTH 

VALUE (MeV) DOCUMENT ID rECN COMMENt 

• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits I lmllS e t c  • • • 
440 ± 80 ZIELINSKI 84 SPEC 200 7 feZ ~ Z3~', 
360. :t 120 BELLINI 82 SPEC 40 ~r-A ~ A3~r 
580 0 ± 100 0 2 AARON 81 RVUE 
220 ± 70 BONESINI 81 OMEG t2  : ~ - p  ~ p3~r 

~ 6 0 0  DAUM 81B SPEC 6 3 9 4  : , r - p  
2Uses m u i h c h a n n e l  A l tch~son-Bowler  m o d e l  (BOWLER 75)  Uses daJa  from 

DAUM 80 a n d  DANKOWYCH 81 

zr(1300) DECAY MODES 

I" I ~(1300) -, p~ 

['2 E(4300)-~ ~(1400)~ 

I" 3 E(1300) ~ ~(~)~wove 

-X(1300) BRANCHING RATIOS 

rOr(Tr~%wove)/r(p ~r) r3/rl 
VALUE DOCUMENT ID TECN 

• • • We do  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s ,  fits I lmds e l c  • • • 
2 t 2  3 AARON 81 RVUE 

3Uses m u l h c h o n n e l  Ailcl3ison Bowler m o d e l  (BOWLER 75) Uses data from 
DAUM 80 and DANKOWYCH 81 

ZIEL[NSKI 
BELLINI 
AARON 
8ONES~NI 
DANKOWY 
DAUM 
DAUM 
BOWLER 

"X(1300) REFERENCES 

84 PR D30 1855 ~flerg Chandlee Clhonglr+ (ROCH MINN r.NAL) 
82 PRL 48 1697 ÷Frobetti Ivonshln Lltkln+ (MILA BGNA JINR) 
81 PR D24 1207 +Longacre (NEAS BNL) 
81 PL 103B 75 ~Donalae (MILA LWP DARE CERN BARI BONN) 
81 PRL 46 580 Dankowych+ (tNTO BNL CARL MCGI OHIO) 
81s NP B'182 260 +Hertzberger+ (AMST CERN CRAC MPIM OXFe) 
80 PL 898 281 ~Hertzberget+ (AMST CERN CRAC MPIM OXF÷) 
75 NP B97 227 *Game Airc/li$on Dalnlon (OXF DARE) 

I a= (1320 )  J 
was A 2 ( t 3 2 0  ) 

IG(J pc) = t - ( 2  + +) 

a2(1320 ) MASS 

3~ MODE 
VALUE (Mev) . EVTS DOCUMENT ID TECN CHG COMMENT 

1310.7 .-. 1.3 o u r  AVERAGE Error i n c l u d e s  sca le  fac to r  of 1 3 See the  
i d e o g r a m  b e l o w  

1310 -* 2 r EVANGEL(SrA81 OMEG - 12 ~ - p  
3~'P 

1317 0 ± 2 0 25000 r DAUM 80C SPEC 63 94 , ~ - p  
37rp 

1320 0 ± 1 0  0 1097 r BALTAY 78s HBC + 0  15 7 r + p  
p4Tr 

1306 0 ± 8 0 FERRERSORIA 78 OMEG - 9 ~ - p  ~ p37r 
1348 -+ 7 1600 'r EMMS 75 DBC 0 4 ~ + n 

p(3~)o 
1298 __ 8 1200 I WAGNER 75 HBC 0 7 =+p 

A+  + (37r)O 
t 315  ~ 5 IANTIPOV 73C CNTR - 2 5 4 0  , " r - p ~  

p~Tt " 
1306 -. 9 t 5 8 0  CHALOUPKA 73 HBC 3 9  ,"r-p 
t307  _+ 7 160 BLOODWO 72 HBC + 5 45 T r+p  

p 3 r ,  
1304 0 _+ 4 5 360 BARNNAM 71 HBC + 3 7 7 r + p  

(3r,) + D 
1307 z 5 10000 BINNIE 71 MMS ; , ' r -p  n e a r  02 

tl'~r eSho ld  
430q +- 5 5000 BINNIE 71 MMS ~ - p  n e a r  02 

t h resho ld  
1299 0 ± 6 0 28000 BOWEN 71 MMS 5 =-p 
1300 ± 6 0 24000 BOWEN 71 MMS + 5 , T + p  
1309 OZ 4 0 17000 BOWEN 71 MMS 7 ~ , - p  
1306 .0  ± 4 0 941 ALSTON 70 HBC + 7 0 ~ ' + p  

3Trp 
1313 0 _- 7 0 280 BOCKMANN 70 HBC 0 5 ~ ' + p  
1310 0 t 14 0 EISENBERG 69 HBC + 4 3 5 3 3"P 
1311 0 ± b 0 260 ARMENISE 6BB DBC 0 5 1 r +  d 
1320 = 10 120 BOESEBECK 68 HBC 0 8 , l " + p  
• • • We d o  not  use l h e  fo l l ow ing  c la lo  for o v e r a g e s  fits hmlts e l c  • * * 
1343 0 __ I I  0 490 BALTAY 78B HBC 0 15 ~r+p 

A3=', 
1285 0 _~ 9 0 CORDEN 78B OMEG - 12 15 7 r - p  . 

37r n 
tFrom a fit to JP = 2 e OTr porho(  w a v e  

WEIGHTED AVERAGE 
1 3 7 0 7  ± 1 3  (Error sca led  by  13 )  

X 
"~  EVANGEL,STA 81 OMEG 0 I 
v "4- DAUM B0C SPEC 10 0 
v Y I BALTA v 78B HBC C g 

,B O .E0  O3 
I EMMS 75 OBC 

WAGNE;~ 75 HBC 2 5 
ANTIPOV 73C CNTR 0 8 
CHALOUPKA 73 HBC 0 3 
BL00DWO 72 HBC 0 3 
BARNHAM 71 HBC 2 2 
BINNIE 7~ MMS 0 5 
BINNIE 71 MMS 0 1 
BOWEN 71 MMS 3 8 
BOWEN 71 MMS 3 2 
BOWEN 71 MMS 0 2 
ALSTON- 70 HBC 14 
BOCKMANN 70 HBC 0 1 

EISENBERG 59 HBC 
ARMEN;S5 6BB DBC 0 0 
BCESEBECK B8 HBC 0 8 

2~ j , ~ . ~ (c~.f,~ .... Le.,-ooB.I 
1280 1300 fS20 ~S40 1360 

o2(1320)  moss (MeV)  3Tr m o d e  
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a2(1320) 

K - * / ~ j  M O D E  

VALUE (MeV) EVTS DOCUMENT/D TECN CHG COMMENT 
1318.2  ~ 0 .7  OUR AVERAGE 
1330 0_+11 0 1000 23CLELAND 828 SPEC + 30 ;r,+D -~ 

K~K+p 
1319 0 _-- 5 0 4700 2 3 CLELAND 828 SPEC + 50 ~T + p 

K~K+p 
1324 0 -+ 6 0 5200 2 3 CLELAND 828 SPEC -. 50 E- p 

1320 0 _+ 2 0 4000 CHABAUD 80 SPEC 17 ~ - A  
~ - A  

1312 0 : 4 0 11000 CHABAUD 78 SPEC - 9 8 : r - p  .. 
K- K~p 

1316 0 = 2 0 4730 CHABAUD 78 SPEC - 18 8 T . -p  

1324 0 _*. 5 0 350 HYAMS 78 ASPK + 12 7 t r , -D  - -  
K + K~p 

1318 -+ 1 24MARTIN 780 SPEC - 10 : r - p  

1320 0 ± 2 0 2724 MARGULIE 76 SPEC -- 23 = . - p  
K - ~ p  

1313 0 _+ 4 0 730 FOLEY 72 CNTR - 20 3 # ' - D  
K -  K~D 

1319 0 -+ 3 0 1500 4GRAYER 71 ASPK - 17 2 # - D  --  
K - K ~ D  

2From O ht to JP = 2 + pa r t i a l  w a v e  
3 N u m b e r  Of even t s  e v a l u a t e d  by  us 
4Systemat iC error  in moss s c a l e  s u b t r a c t e d  

~l ~r MODE 
VALUE (MeV) EVT5 DOCUMENT /D TECN CHG CC)MMENT 
1334 ,0  _+ 2 , 6  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 9 
1336 2 ± 1 7 2561 DELFOSSE 81 SPEC + = . : p  ~ p~.-+q 
1330 7 = 2  4 1653 DELFOSS~ 81 SPEC F.=p ~ P~.+-9 
1323 =8 1000 5KEY 73 OSPK - 6 . ' r -p  

p ~ - r /  

• • • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  hts hmds e t c  • • • 
1324 :': 8 6200 56CONFORTO 73 OSPK - 6 ~ - D  ~ P 

M M -  

5E~'ror ~nc ludes 5 MeV s y s l e m a h c  mass sca le  error  
6Miss ing moss w i th  e n r i c h e d  MMS = 9 : r -  r/ = 2"t 

a = ( 4 3 2 0 )  W I D T H  

37 r  MODE 

VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
~00.6 -+ 2 . 2  OUR AVERAGE 
97 _~ 5 7EVANGELISTA81 OMEG - 12 ~-D 

3Trp 
96 0_+ 9 0 25000 7DAUM 80C SPEC 6394 ~-p-. 

3=p 
110 0 _+ 15 0 1097 7 BALTAY 788 HBC ~0 15 ,'r ~' p 

p4"r: 
112 _+18 1600 7EMMS 75 DBC 0 4 ~.*n~ 

p(3,-r)0 
122 ± 1 4  1200 7 8 WAGNER 75 HBC 0 7 ~ + p ~  

+ + (3~-)0 
115 _ 15 7 ANTIPOV 73C CNTR - 2 5 4 0  , ~ - p  

p~,'T - 
99 -+ 15 1580 CHALOUPKA 73 HBC -- 3 9 Tr-jO 

111 4 ± 18 0 360 BARNHAM 71 HBC + 3 7 ~ * p  
(3,-r) + p 

72 -+ 16 5000 81NNIE 71 MMS T r - p  n e a r  O 2 
Ih resho Id  

105 0 ± 5 0 28000 8OWEN 71 MMS - 5 ~ - p  
99  0 _  + 5 0 24000  8OWEN 71 MMS + 5 , - r+p 

103 0 ± 5 0 17000 8OWEN 71 MMS .- 7 , - r - p  
79 0 -+ 12 0 9 4 t  ALSTON 70 HBC + 7 0 ~',+~ - 

3Tr, p 
96 0 ± 16 0 260 ARMENISE 688 DBC 0 5 1 ~" (~ 

• • • We d o  no t  use l h e  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
115 0 -+ 14 0 490 8ALTAY 78B HBC 0 15 7 r + p  

A3,'r 
15G 0 _+ 20 0 CORDEN 78S OMEG - 12 15 : r -  p 

3,-rn 
100 iO000 BtNNtE 71 MMS - , ' r - p  near 02 

t h r e s h o l d  

7From o fit to JP = 2 + l)T, pa r t i a l  w o v e  
8Wldrh  errors e n l a r g e d  by  us to 41 ,,N 1 2 see  l h e  n o t e  wHh the  K~(892) 

moss 

K-+ K~s M O D E  
_V:~LUE (MeV) EVfS DOCUMENT ID TECN CHG COMMENT 
109 .8  +_ 2 . 4  OUR AVERAGE 
121 0 _+ 51 0 1000 9 10 CLELAND 828 SPEC + 30 , - r+p  o 

112 0 - + 2 0  0 4700 910CLELAND 828 SPEC + 50 , - r÷p  
K~K+ r) 

120 0 -+ 25 0 5200 9 t0 CLELAND 828 SPEC - 50 ; ' r -  p 

106 0 _+ 4 0 4000  CHABAUD 80 SPEC - t7 , ' r - A  -o 

t26  0 z 11 0 11000 CHABAUD 78 SPEC - 9 " 

101 0 ±_ 8 0 4730  CHABAUD 78 SPEC - 18 8 ; ' r - p -  
K- ~ o  

110 0_+18 0 350 HYAMS 78 ASPK + 1 2 7  = ~ ' p ~  
K + K~p 

1t3 -+ 4 9 t t M A R T I N  780 SPEC t0  ~ - O - -  
K~ jK -o  

105 0 .+_ 8 0 2724 rr  MARGULIE 76 SPEC 23 , - r - p  
K- K~p 

113 0-+19 0 730 FOLEY 72 CNTR - 203 F . - p ~  
K-K~D 

123 0 + _ t 3  0 1500 11GRAYER 71 ASPK 1 7 2  ~ ' - p  
K-K~jD 

9Erom o fir to JP = 2 ~ pa r t i a l  w o v e  
10Number  of even t s  e v o l u o t e c l  by  us 
11Widrh errors e n l a r g e d  by  US to 41 N 1 2 see the  n o t e  w i th  fhe K~(892)  

moss 

~/TT MODE 
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
113 _+ 4 OUR AVERAGE 
112 2 = 5  7 2561 DELFOSSE 81 SPEC + , ~ t p  . p,-r-+T t 
116 6 -+ 7 7 1653 DELFOSSE 81 SPEC ; r -+p  - -  p ; ' ; ~  ~ 
108 ~ 9  1000 KEY 73 OSPK - 6 ~ - p  

D ~ - ~  
• • • We do  not  use the  f o l l ow ing  d a t a  to( o v e r a g e s  fits I lmds e l c  • • • 
104 _+ 9 6200 t2 CONFORTO 73 OSPK - 6 ;r, p ~ p 

M M -  

t 2 M o d e l  d e p e n d e n t  

0 2 ( 1 3 2 0  ) DECAY MODES 

I t a2(1320) ~ P~ 

|'2 o2(1320 ) ~ Kk" 

I" 3 02(1320 ) ~ r/Tr 

14 02(4320 ) ~ ~,TrTr 

l '  s a 2 ( i 3 2 0  ) ~ ~r" 7r- ~To 

I" 6 0 2 ( 1 3 2 0  ) ~ 7 r - t r - 7 ~  - 

] 7 0~(1320) -- ~-+ ~, 

1" 8 O 2 ( 1 3 2 0  ) ~ ~ ' ( 9 5 8 ) 7 r  

19 o 2 ( 1 3 2 0 )  ~ - 'y3 

Frachon (I ~,,'I ) 

(70 I - + 2  7 ) - 1 0  - 2  

( 4 9 t 0  8 ) . 1 0  - 2  

(14 5 - + I  2 ) . 1 0  - 2  

(10 6 _+ 3 2). 10 - 2 

8 4 . 1 0  - 2  

( 2 7_+0 6 ) .  10 - 3  

2 , 1 0  - 2  

( 8 2 _ + 1  0 ) , 1 0  - 6  

Scale,," 

ConE Lev 

S=i 2 

S=I 3 

CL=97% 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  e v e r e t t  h,t 'tO 5 b r a n c h i n g  r o h o s  u s e s  18 m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r o l n l  to  d e t e r m i n e  4 p o r o m e -  

te rs  The  o v e r a l l  f i t h a s  a \ 2  = 9 3 for  15 d e g r e e s  of  

freedom 

The  f o l l o w i n g  o f f - d i a g o n a l  a r r a y  e l e m e n l s  a r e  t h e  c o r r e l a h o n  c o e f f i -  

c i e n t s  ~x~ ~ , x j ( ~ x ,  ;)x)) i n  p e r c e n t ,  f r o m  t h e  Elf t o  t h e  b r a n c h i n g  

f f a c t l o n s  x~ [ i ] ' total The  ht c o n s t r a i n s  t h e  x~ in th is  a r r a y  t o  s u m  

to  o n e  

x 2 I 
x 3 I 0 2 
x 4 89 24 46 

Xl X 2 X3 

O 2 ( 1 3 2 0  ) P A R T I A L  W I D T H S  

r(~-+~) 
VALUE (~eV) DOCUMENT/D TECN CHG COMMENT 
2 9 5 ,  _+ 6 0 .  CIHANGIR 82 SPEC + 200 = + A  
• • • We d o  nor  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  hls hm l t s  e l c  • • • 
461 ±110 12MAY 77 SPEC -+ 9 7  ~A  

~(~) 
VALUE (keY} Evrs DOCUMENT tO TECN CHG COMMENT 

+ 0 . t t  0 , 9 0 _  0 . t 0  OUR AVERAGE 

0 90_+0 27 _+0 15 56 13ALTHOFF 86 TASS 0 e + e  - - 
e +  e -  3;T 

1 14_+0 2 0 : t 0  26 14ANTREASYAN86 CBAL 0 e + e "  - -  
e + e -  ~on 

1 06_+0  ' I S " t 0  19 6[RG~R 84C PLUT 0 e ~ e  - 
e + e -  3,1" 

0 81 z 0  19 "00  42 35 138EHREND 838 CELL 0 e ~ e  - 
11 e +  e -  3,-r 

0 84 z 0 07 -+ 0 15 t3 FRAZER 83 JADE 0 e + e -  - -  
e + e - 3 ~  

0 77 -+ 0 18 t 0 27 22 14 EDWARDS 82F CBAL 0 e*e- 
e +  e -  ~-or} 

13From l , ; r  d e c o y  m o d e  
14From q=o d e c o y  m o d e  

17 

19 
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a~ (1320 )  BRANCHING RATIOS 

I ' (KTOII '(p rr) 1'2/1'̀ 1 
VALUE EVTS DOCUMENT ID TECN CHG COMMENT .... 

0.%70 ± 0.~2 our n~ 
0.078 ± 0.0t7 CHABAUD 78 RVUE 
• • • We do  ha l  use the fo l low ing d a l e  for overages  tits Iim=ts e l c  • • • 
0 0 5 6 ± 0  014 50 15CHALOUPKA 73 HBC - 3 9  ~ ' - p  
0 0 9 7 ± 0  018 1t3 1̀5 ALSION- 71 HBC + 7 0  ~ + D  
0 0 6  ± 0 0 3  15ABRAMOVI 708 HBC - 3 9 3  , ~ - p  
0 0 5 4  ±_ 0 0 2 2  1̀5 CHUNG 68 HBC - 3 2  ~ ' -  p 

t B l n c l u d e d  ~n CHABAUD 78 revlew 

r(~rr) / [ ,  (p~r) + r(KTO + r(rpr)  i r3/'(rt+r2+r3) 
VALUE EVTS DOCUMENT IO TECN CHG COMMENT 

0.162 ± 0.0~12" OUR FIT 
0140  ± 0.028 OUR AVERAGE 
0 1 3  ± 0 0 4  ESPIGAT 72 HBC + 0 0  D p  
0 15 Z 0  04 34 BARNHAM 7t HBC + 3 7  tr,+D 

I ' ( r / r ) / l ' ( p  7r) I'3/1"I 
VALUE EVT5 DOCUMENF /D TECN CHG COMMEN_T 

0.207 +- 0.018 OUR FIT 
0 .213  ± 0.020 OUR AVERAGE 
0 18 ±0 05 FaRINa 76 HBC ~1 , " r - p  
0 2 2  ± 0 0 5  52 ANTIPOV 73 CNTR - 40 ,~ ' -p  
0 2 1 1  ± 0 0 4 4  149 CHALOUPKA 73 HBC - 3 9  ~ - p  
0 2 4 6 ± 0  042 167 ALSTON 7t HBC + 7 0  ~ r+p  
0 25 +_0 09 15 BOCKMANN 70 HBC + 5 0  Tr+D 
0 23 ± 0 08 22 ASCOLI 68 HBC - 5 ~ - D  
0 12 ± 0  08 CHUNG 68 HBC - 3 2  ~ , - p  
0 22 ± 0 09 CONIC 67  HBC - 11 0 ~',- D 

F ( f l ' ( 9 5 8 )  ~ r ) / r t o l o ,  1 B / r  
VALUE CL % DOCUMENT ID ~ECN CHG COMMENT 

<0 .02  97 8ARNHAM 7'I HBC + 3 7  ~ + p  

1"(r/ ' (958) ~r ) / l ' ( p  ~') 181i'`1 
VALUE CL % DOCUMENT ID TECN CHG COMMENT . . . .  

" "  + '0.03 BOCKMANN 70 HBC 0 5 0  = + p  0.04 _ 0.04 

• • • We do  not use the fo l low ing  d a t a  tar overages  fits limits, e l c  • • • 

<0 0'11 90 EISENSTEIN 73 HBC 5 ~-p 
<0 04 ALSTON 7'1 HBC + 7 0 ,'r+D 

l ' (KTO/[r(p~r ) + r(KK) + l ( rp r ) i  l '2/(rl+r2+]'3) 
VALUE EVrS DOCUMENT tO TECN CHG COMMENT 

().054 ± 6.009 OIJR FIT 
0.048 ± 0.012 OUR AVERAGE 
0 05 _+0 02 TaCT 73 HBC ~" 5 ,'r+p 
0 09 ±0 04 TaCT 73 HBC 0 5 ~'+p 
0 03 ± 0  02 8 DAMERI 72 HBC '11 ~ r - D  
0 0 6  ± 0 0 3  17 BARNHAM 71 HBC + 3 7  = :+p  
• • • We do  ha l  use the fo l l ow lng  d a t a  for overages  tits l imits e l c  * • • 

0 0 2 0  ± 0 004 1̀6 ESPIGAT 72 HBC ± 0 0 p p  
16Nol a v e r a g e d  b e c a u s e  of d i s c r e p a n c y  b e t w e e n  masses from K K  a n d  p~: 

modes  

r (=  + r -  r r - ) / r (p  r) i'6/1'̀ 1 
VALUE CL % DOCUMENT ID rECN CHG COMMENT 

<0.12 90 ABRAMOVI 70B HBC - 3 9 3 7 r - p  

1'(~" ± " y ) / l ' t o t a  i 1"7/I 
VALUE DOCUMENT ID [ECN COMMENT 

• • • We d o  not use the fo l low ing  d a t a  for overages  fits l imits etc  • * * 

0 0 0 5 + 0 _  005003 1̀7 EiSENBERG 72 HBC 4 3 5 2 5 7 5  "~p 

`17plan-exchange m o d e l  used in this es t imat ion 

r (,,., r ~r)/t'(p rr) r4/rt  
VALUE EVTS DOCUMENI IO IECN CHG COMMENT 

0.15 *- 0.05 OUR FIT Error inc ludes  scale factor  of ,I 3 
0 . t5  ± 0.05 OUR AVERAGE Error inc ludes  scale factor of 1 3 See the idea  

g r a m  b e l o w  
0 2 8  ± 0 0 9  60 DIAZ 74 D8C 0 6 ~ + n 
0 1 8  _+ 0 0 8  J8 KARSHON 74 HBC Avg of a b o v e  

two 
0 1 0  _+ 0 0 5  279 CHALOUPKA 73 HBC - 3 9  / : -  D 
• • • We do  not use the fo l low ing d a t a  for overages fits l imits e l c  • * • 
0 2 9 ± 0 0 8  140 18 KARSHON 74 HBC 0 4 9  ~ + p  
0 ~ 0 ± 0 0 4  60 1̀8 KARSHON 74 HBC + 4 9 ~ p  
0 '19 ± 0 0 8  DEFOIX 73 HBC 0 0 7  p p  

I8KARSHON 74 suggest an add i t i ona l  / = 0 state strongly c o u p l e d  1o ~ r ~  
wh ich  c o u l d  exp la in  d i sc repanc ies  in b r a n c h i n g  ratios a n d  masses We 
use a cen l ra l  va lue  a n d  a sys lemahc  sp read  

Meson 
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Full Listings 
a  (1320) 

WEIGHTED AVERAGE 
0 1 5  + 005 (Error scaled b y 1 3 )  

I 

0 O2 O4 

Values aE{}ve of weighted average error 
and ScB!e factor are based upon the data in 
this ideog'am only They are not 'leces- 
softly the same as our "Des:" values, 
0btaired from a least-squares c0rsHained fit 
uhhzlng measu'ements of 0thor (related) 
Quantities as 8ddltl0r8 i'~f0rmBtlOr 

X 2 

DIAZ 7 t, DBC 2 0 
KARSHCN 74 HBC 0 1 
CHALOUPKA 73 HBC 10 

32  
(Confidence Level = O 199) 

I I 

0 6  0 8  
(~ ,-r r ) / i  0, ...r) 

a2(1320  ) REFERENCES 

AL|HOFF 86 ZPHY C31 ,~37 4Bach Foste~ Bernorch+ (TASSO COilQb ) 
ANTREASYAN 86 PR 033 t847 *Aschman Besset Blenlem.>(Ctystal Ball CoIlab ) 
BERGER 84C PL 1498427 +KIOVnlng Burger+ (PLUTO Collop ) 
BEHREND 83a PL 1258518 +D Agoshni+ (DESY KARL MPIM LALO LPNP+) 
FRAZER 83 Aachen Cant (UCSD) 
CIHANGIR 82 PL t`178123 *Berg BLel Chondlee* (FNAL MINN ROCH) 
CLELAND 828 NP 8208 228 +Oelfosse Oorsoz GIOor(DURH GEVA LAUS Pitt) 
EDWARDS 82~ PL 110882 +Portrrclge Peck+ (CIT HARV PRIN STAN SLAC) 
DELFOSSE 81 NP 8183349 *Gulsan Martin Muhlemonn We,~+(GEVA LAUS) 
EVANGELISIABt NPBt78 t97 * (6ARI BONN CEC?N DARE LIVP*) 
CHABAUD B0 NP St75 t89 +Hyo*'tlS POpOCIOpOulOu* (CERN MPIM AMST) 
DAUM 80C PL 898 276 ,Hertzbeiger+ (AMSr CERN CRAC MPIM OXS+) JP 
BALlAY 7aS PR 0t7 62 *Cauhs Coher" Csorna* (COLU SING) 
CHABAUD 78 NP 8t45 340 +HyDroS Jones WellhOmmer 81um+(CERN MPIM) 
CORDEN 78B NP 8138235 +Corbett Alexander* (BIRM RHEL IELA LOWC) 
FERRERSORIA 78 PL 748287 .tredle* (ORSA CERN CDEF LPNP) 
HYAMS 78 NP 8146303 .Jones Wedhammer Slum+ (CERN MP~M AIEN) 
MARLIN 780 PL 74fi 417 ,Ozmutlu 8aldl Bohrlnger DOrSaz*(DURH GEVA) JP 
MAY 77 PR O161983 *APromson Andrews Busnello* (ROCH CORN) 
FaRINa 76 NC 35A 468 tGessaroh, (BGNA FIRZ GENO MILA OXF PAVI) 
MARGULIE 76 PR D`14 667 +Kromer FOley ,eve L naenbourn+ (8NL CUNY) 
EMMS rB PL 588117 +Jones Kmson Slacey Bell+ (BIRM DURH RHEL)JP 
WAGNER 78 PL 5BB 201 +TObOk Chew (LBL) JP 
D[AZ 74 PRL 32260 *D,bloncd Fickmger Ande(son+ (CASE, CMU) 
KARBHON 74 PRL 328,52 +Mikenberg Pmuck E,senbe'g c?ona1* (REHO) 
ANTIPOV 73 NP 863 175 +ASCOh BuSh*liD FOCOCCi+ (CERN SERP) JP 
ANTIPOV 73C NP 863153 *ASCOh BUSh*liD FOCOCC,+ (CERN SERP) JP 
CHALOUPKA 73 PL 448 2 1 ` 1  +Dot3rzynsk l  FertandO LOStV+ (CERN) 
CONFORTO 73 PL 458 154 +MoDlev Key* (EFI FNAL INTO WISC) 
DEFOIX 73 Pl 438 ` 1 4 1  *Dobrzynsk Esplgot Noscimento+ (CDEF) 
EISENSTEIN 73 PR D7278 *Schultz ASCO, loftredoo (ILL) 
KEY 73 PRL 30 503 +Confotto Mobley+ (lNIO EEl FNAL wise) 
TaCT 73 NP 863 248 *muan Molar+ (NIJM BONN DURH TORI) 
BLOODWO 72 NP 837 203 BIoodworth Jackson Prentice Yoon (INTO) 
DAMERI 72 NC 9A 1 +BorzaHo GOUSSU* (GENO MILA SACt) 
EtSENBERG 72 PR O5 15 +8allom Pagan* (REHO SLAC IELA) 
ESPIGAI 72 NP 836 93 -Ghesqulere L111e51ol Monlanet (CERN CDEF) 
;OLEY 72 PC? DO 747 o.ove Ozakl Plainer Llndenbaum* (BNL CUNY) 
ALSION 71 PL 348 `150 Alston Garnlosl Barbara BUN Defenzo+ (LRL) 
BARNHAM 7' PRL 26 t494 *Abrams Bull*( Coyne GoIdhaber Hall+ (LBL) 
BINNI[ 7'1 PL 368 257 +COmlllerl Duone FOrUql Burton* (LOIC SHMP) 
BOWEN 7̀1 PC?L 26 `1663 *Cortes ~oisslet Shed*n+ (NEAB STON) 
GRAYER 71 PL 348 333 ,Hvoms JaPes Schleln Slum+ (CERN MP.M) 
ABRAMOVI ?08 NP 823 466 Abfomovich Blu~enfeld Bruyant~ (CERN) JP 
ALSTON 7C PL 33B 607 AIslon Ga,nlost 8arbOiO Buhl Derenzo* (LRL) 
BOECKMANN 70 NP B`16 22t *Moior* (BONN DURH NIJM EPOL IORI) 
EISENBERG 69 PRL 23 1322 *HQbe" BOIlam CPOdwlCk~ (REHO SLAC) 
ARMENISE 688 PL 26B 336 +Farina Cartaccl+ (BAR' BGNA FIRZ O~SA) 
ASCOLI 68 PRL 20 `1321 +Ctdwley Morlaro Shapiro Bridges* (ILL) JP 
BOESEBECK 68 NP B4501 *Oeutschmann* (AACH BER, CFRN) 
CHUNG 68 PR `165 t491 +DOhl K,rz Miller (lPl) 
CONTE 67 NC 5`1A 175 *tomosm, CordS* (GENO HAMS MILA SACL) 

- -  OTHER RELATED PAPERS 
JENNI 83 PR D27 1031 +Bulke lelnov Abrams BIOCker* (SLAC .El) 
BEHREND B2C PL `1`148 378 + (DESY KARL MPIM .ALO LPNP*) 
DAUM BiB NP B`182 269 +Hertzberger4 (AMST CERN CRAC MPIM OXF+~ 
BALIAY 78! PRL 40 87 ~Cauhs KoCelkar (COLU) .P 
COC?DEN 78C NP 8`136 77 *Doweu Gdrvey+ (BIRM RHEL TELA LOWC) JP 
MARLIN 78a NP 8140 158 *Ozr"~utlu Baldl Bor'hnger Dorsoz*(DURI'I GEVA) 
CERRADA 778 NP B`126241 ~BIOCkZlll He,hen* (AMST CERN NIJM axe) 
PAWLICKI 77 pc? D`183196 *Ayres CoheP DlebOla Kramer WlCkldnd (ANL)IJ 
HANDLER 76 NP B110 173 +P'ono Brucker Ko.ler. (RUTG St.cv SETO) 
ABASHIAN 75 PRL 34 69q .Beam*, Brass ELsensle,n* ~ILL ANL ISL) 
LOSTY 75 PL 568 90 +ChalOupka Montonet GondOlS- (CERN SACL) JP 
UNDERWOOD75 PRD11 2345 *Conforlo Key~ (EF~ ¢NA~ TNTO WlSC~ 

AlSO 73 PL 458 `154 Confotto Mobley Key+ (EFI FNAL "NTO WISC: 
AlSO 73 PRL 3{} 503 Key Coqforto MOPleVo ('NTO EFI ~NAL WISE) 

DIRER 74 NP Bag i +Rudolph+ (AACH BERL BONN CERN HELD} JP 
rNOMPSON 748 NP B69 38' +BoQewdz GQIOOS MCllwOln* (PURD) .P 
THOMPSON 74D PR D9 ~60 *GOldOS Mcllwam Wlurnann (PURD) JP 
AMMANN 73 PR D7 `1348 +Carrnony Gorf,nket Gutav MII~eTo (~UC~D IUPU) 
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a 2(1320), h 1(1380), fo(1400) 
ANKENBRA 
ANTIPOV 
CASON 
ANKENBRA 
BERENYI 
DIEBOLD 
LA~ILA 
MORS~ 
AGUILAR 
BEKEIOV 

BJNNIE 
CRENNELL 
FARBER 
FOLEY 

73 PR DB 2785 AnkenlDronat Brobson CUnenden Heinz. (IND) 
735 NP 863 141 +ASCOh 8usnello Facaccl+ (CERN SERP) JP 
738 NP 864 14 +Madden Bishop Blswo$ Kenney+ (NDAM) 
728 PRL 29 t688 AnkenlDrondt 8;olD$on Ctltlenaen Heinz+ (IND) 
72 NP B37 621 +Plentice SteenlDerg Vaon Walke[ (TNTO WlSC) 
72 Batavia Conf 3 t (ANL) 
72 PRL 28 t491 +Young (IOWA) 
72 NP 843 77 +Oh Walker JOhnsfan Yaan (WISC TNTO) 
718 PR D4 2583 Agullar Benltez Eisner Klnson (BNL) 
71 SJNP 4 765 *SomPkowsky Konavalov KtutSChlnln+ (ITEP) JP 

Translaled from unknown laurnol 
718 PL 3bB 537 +Comdlerl Duone Foruql Burton* (LOIC SHMP) 
71 PL 355 185 *Gordon LOI Scarf (BNL) 
7t NP B29 237 +OePlnto Blswas Casan Peary Kenney*(NDAM) 
71 PRL 26 4r3 +Love Ozokl Plainer LlnOenlDaum+ (BNL CUNY) 

LYNCH 71 UCRL 20022 (LBL) 
AlSO 1971 Amsterdam Conference 

RINAUDO 71 NC 5A 239 + (TORI BONN DURH NIJM EPOL) JP 
ASCOL ~ 70 PRL 25 962 *Brockway Crawley Elsensteln Hanff+ (ILL) JP 
BASIL[ 70B LNC 4 838 +Oalplaz FralDetti Massam+ (CERN BGNA STRB) 
BAUD 705 Phd Cane 311 (CERN BOson Spectrometer ColloiD ) 
BAUD 70C PL 31B 401 (CERN Boson Soectromeler Colloid ) 
BAUD 70D PL 315 397 (CEM~I 6oson Spectrometer Collob ) 
BUTLER 70 UCRL 19845 Thesls (LRL) 
CAROLL 70 PRL 25 1 3 9 3  *FHelDough Gorflnkel Morse Oh+ (WISC TNTO) 
CASO 70 LNC 3 707 +Cant* Tamoslnl~ (GENO HAM8 MILA SACL) 
DIAZ 70 NP 816 239 +Gavillet LolDrosse Mantanet÷ (CERN CDEF) JP 
DZIERBA 70 PR D2 2544 +Shephatd BiSWOS Cason Johnson+ (NDAM) 
GARFINKEL 70 PL 338 536 +Ammonn Cormony Yen (PURD) JPC 
JOHNSTON 70 NP 524 253 +Key Prenllce Yoan Garfinkel+ (ENID WISC) 
KRUSE 70 Phil Cant 359 (ILL) JP 
SUTHERLAND 70 PhJI Canl 369 (GLAS) 
ADERHOLZ 69 NP B1t 259 +Ba,'tsch+ (AACH BERL CERN JAGL WARS) 
AGUILAR 69S PL 29B 62 Agullar BenUez 8arlow+ (CERN CDEF LIVP) 
AGUILAR b9C PL 295 241 Agullar Bemlez Barlow+ (CERN COEF) 
ANDER~N b9 PRL 22 1390 +Collins+ (BNL CMU) 
ARMENJSE 69 LNC 2 501 +Ghidinl Farina Cattaccl ,  (BARI BGNA FIRZ) 
CHIKOVAN 59 PL 285 526 (CERN Missing Mass Spectlameler Collob ) JP 
CRENNELL 69 PRL 22 1327 +Karsi'ton LoI+ (BNL) IJP 
DONALD 69B NP 8'12 325 *Edwards Faste~ Maale (LIVP) 
VETLIT..~Y 698 SJNP 9 596 +Gtlgorev Grishln* (iT[P) 

translated from YAF 9 101B 
BALLAM 68 PRL 21 934 +Brady ChOawick Fries Gulragosslon* (S~.AC) 
BENZ 68 PL 28B 233 (CERN M~sslng Mass Spectrometer Colloid ) 
CASO 68 NC 54A 983 +Cant* Cards Dloz+ (GENO HAMB MILA SACL) 
CRENNELL 5BC PRL 20 1318 +Karshan Lot Scour Skllhcam (8NL) 
DONALD 68 Pt 265 327 +Froaesen Beftlnl+ (LIVP OSLO PAPa) 
FRIDMAN bB PR 167 1268 +Nk3urer Micholan Dud* l+ (HEID STRB) 
JUNKMANN 65 NP 58 471 +Coccanl. (AACH 8ERL BONN CERN WARS) 
KEY 68 PR 166 1430 *Prentice Cooper Manner+ (TNTO ANL WlSC) 
LAMSA 68 PR 166 1395 +Cason Biswos Delodo Groves+ (NDAM) 
VONKROGH 68 PL 27B 253 +Miyash~ta Kapelmon DDIDv (COLD) 
ARMENIS[ 67 PL 258 53 +Forlno+ (BARI BGNA F~RZ ORSA) 
8ALTAY 67c PL 258 160 +Klrsch Kung Yah ROIDIn (COLU BNL RUTG) 
8ARLOW 67 NC 50A 701 +Llllestol Montonel+ (CERN CDEF IRAD LIVP) 
BARTSCH 67 PL 25B 48 *Deutschmonn Grole÷ (AACH BERt C[RN) 
BEUSCH 67 PL 258 357 +Fischer GOlDb~ AstlDury+ (ETH CERN) 
CASON 67 PRL 18 880 ~tomsa B~swas De~'odo Groves+ (NDAM) 
CHIKOVAN 67 PL 258 44 (CERN Missing MOSS Spectrometer COllOID ) 
CHUNG 57 PRL 18 ~i00 +Dahl Hardy Hess Kirz Miller (LRL) 

AlSO 558 UCRL Ib832 Thes~s Hess (LRL) 
COHN 57 NP 81 57 +McCulIoch Bugg Condo (ORNL TENN) 
CONFORTO 67 NP B3 469 °MareChoh (CERN CDEF IPNP LIVP) 
DAHL 57 PR t63 1377 ~Hardy HeSS KIIZ Mdler (LRL) 
DANYSZ bTB NC 51A 80t +FrenCh Slmak (CERN) 
SLATTERY 57 NC 50A 377 +KroviDIII Forman FerlDe~ (YALE ROCH) JP 
BARNES bb PRL 16 41 +Fowler lai Orenstein+ (BNL CUNY) 
EHRLICH 66 PR t52 1t94 +Selove Vuto (PENN) 
FERB[L 66 PL 21 111 (ROCH) 
LEVRAT 56 PL 22 714 (CERN Missing MOSS Soectromeler Collop ) 
ABOLINS 65 Athens C o n e  +Cormony Lander XuOng Yoger (UCSD) I 
ADERHOLZ 65 PR 138B 897 (AACH BERL ~RM BONN HAMS lOIC MPIM) 
ALITTI 65 PL 15 69 +Baton Dolor Crussord+ (SACL BGNA) JP 
CHUNG 65 PRL t5 325 +Dohl Hardy Hess JOCOlDS KIrZ (LRL) 
FaRINa 65e PL 19 68 *Gessoroll+ (BGNA 8ARI FIRZ ORSA SACL) 
LEFEBVRE 65 PL 19 434 (CERN M=ss~ng Mass SOechomefer CollalD ) 
SEIDLITZ 65 PRL 15 2r7 +Dahl Mlfle¢ (LEt.) 
ADERHOLZ 64 PL 10 226 + (AACH BERL 81RM BONN D[SY HAMB+) 
CHUNG 64 PRL 12 621 +DaM Hardy Hess KallDhelsch Klrz (LRL) 
GOLDHABER b4B Dubna Cone 1 480 *GoldhalDer O Halloran Shen (LRL) 

Also 54 PRL ~2 336 GoldholDel B~'own Kadyk Snen+ (LRL UCB) 
LANDER 64 PRL 13 346A *AIDoIins Cormony Hendrlcks Xuong+ (UCSD) 

hi (1380)  WIDTH 

VALUE DOCUMENt ID TECN 

80 ± 30 ASTON 88C LASS 
COMMENT 

t l  K - D  
K~K-+~ -T- 

h, (1380)  DECAY MODES 

I"i h~(1380) ~ K / ~ ( 8 9 2 )  + c c 

ASIAN 

hr(1380 ) REFERENCES 

88C PL 5201 573 *AWajl Bienz+ (SLAC NAGO CINC TOKY) 

Ifo(1400) I = +) 
was e(t300) ~G(j% o+(o  . 

Our latest mlnl-revlew on this particle can be found in 
the 1984 ed=t=on 

See also the mml-rewew under non-qq candldates 

fo(1400) MASS 

VALUE (MeV)  DOCUMENt ID rECN COMMENT 

• * • We d o  not use the fo l low ing  d a t a  for averages,  fits l imits etc  • • • 
1420 0 -+ 20.0  AKESSON 86 SPEC p / 3  ~ p p , - r  + 7 r -  
1220.0 _+40 0 ALDE 86D GAM4 100 = - p  ~ n2r/ 
1463 0 _+ 9 0 ETKIN 825 MPS 23 r , - D  ~ n2K~ 
1470 0_+10 -+20 IETKIN 82C MPS 23 r,-D~ n2 
1425 _+ 15 WICKLUND 80 SPEC 6 ; r N  ~ K + K - N  

~1300  POLYCHRO 79 SERC 7 ; ~ - D  ~ n 2 / ~  
IFII inc ludes  in ter fe rence wlth the f0(1240) resonance  

fo(1400) WIDTH 

VALUE (MeV)  OOCUMENT ID r.cCN COMMENT 

* " * We d o  not use the fo l low ing d a t a  for averages  fits hmlts etc  • • • 

4b0 0 z  50 0 AKESSON 86 SPEC D P  ~ P P ~ ' + ~ ' -  
320 0 ± 40 0 ALDE 86D GAM4 100 =', - / : )  ~ n2r/ 
118 0 + 1 3 8  0 - 16 0 ETKIN 82B MPS 23 ,'1"-/3 ~ n2K~ 

140 0 ± t0 _+ 20 2 ETKIN 82C MPS 23 ,-r - p ~ n 2 K ~  
160 -+ 30 WICKLUND 80 SPEC 6 TrN ~ K + K - N  

~ I $ 0 .  POLYCHRO 79 STRC 7 ~ r - p  ~ n2K~ 
2Fd inc ludes in ter ference wdh lhe  f0(1240) resonance  

f0(1400) DECAY MODES 

Fraction (I'/I ')_ 

rl to(1400) ~ ~-rr c~,3.~,_+~ ~).Io-2 

I" 2 f0(1400) ~ K~' ( 7 5_+0 9)-,"10 -2 
r3 /0(1400) ~ r/r/ 

I h,(1380) I 'Go/c) = °-(1÷-) 
OMITTED FROM SUMMARY TABLE 

Seen in parhal-wave analysis of the K~K±~ :z: system 
Evidence for K- K + K'+K decays (ASTON 88C) Needs 
conhrmohon 

hr(1380)  MASS 

VALUE DOCUMENT ID TECN COMMENT 

1300 _+ 2-0 --  ASE~I~ -88C LASS 14 K -  D 

f0(1400) BRANCHING RATIOS 

l'(Tr l r ) / l ' to ta  I l ' J r  
VALUE DOCUMENT ID rECN COMMENT 

0 a ~ . + 0 . 0 t 9  . . . .  - 0 . 0 1 5  GORLICH 80 ASPK 17 18 ~ ' - p  po la r i zed  

• • • We d o  not use the fo l l ow lng  d a t a  for averages  fits l imits etc  • • • 
0 93 LOVERRE 80 HBC 4 ~ ' - p  ~ K K N  
0 73 HYAMS 75 ASPK 17 2 a - - p  ~ n~r+ r , -  

r(K~9/r(==) r2n't 
VALUE DOCUMENt  ID rECN COMMENt  

0.08 _+0.01 COSTA 80 OMEG 10 ~ - p  ~ K ÷ K - n  

I 



See key on page 129 

AKESSON 86 NP 8264 154 
ALDE BbD NP 8269 485 
ETKIN 820 PR D25 1786 
ETKIN 82C PR D25 244b 
COSTA 80 NP 0175 402 
GO~'LJCH B0 NP B174 16 
LOVERRE B0 ZPHY C6 187 
WlCKLUND 80 PRI. 45 1469 
POLYCHRO 79 PR D19 1317 
HYAMS 75 NP BIO0 205 

AU 87 

f0 (1400)  REFERENCES 

+AlbrOW Almehed.~. (Axial Field Spec COllOID ) 
*Blnon Brlcmon+ (BILG LAPP SERP CERN) 
+Foley Lot* (BNL CUNY TUFT VAND) 
~Foley Lot÷ (BNL CUNY TUFT VAND) 

Costa De Eeauregord+ (BARI BONN CERN*) 
÷NiczyDoruk+ (CRAC MPIM CERN ZEEM) 
+Aimenleroi  Dlonl$1~ (CERN CDEF MADR STOH) IJP 
÷Awes Cohen DieiDold Pawilckl (ANL) 

PoiychrOnQko$ Ca$on B[$hoD~. (NDAM ANL)IJP 
*Jones Weilhomme~ Blum Dieti+ (CERN MPIM) 

- - - -  OTHER RELATED PAPERS - -  - -  

PR O.15 1633 *Morgan Pennlngto['1 (DURH RAL) 

4(1420) [ : 
was E(1420) ,~(j,,c) 0+(1++) 

] h e  I P(  - I - -  s t a i c ( D l ( ) N I S l  80 A R M S T R O N ( i  

84. ( i l l ) k I .  871'1) appea l s  it) haxc  a d o n l l n a n t  q u a s H w o -  

bud} S - ~ a x c d e c a y  m o d e l n i o  K*(892)K Thespln-parlty 

dcte~ n~lnatlOll is based on the anal} sis o f  the  KK~r Dahtz  

plot (DIONISI  80 . \ R M S T R O N G  84). or on the obscrxa-  

l ion o f  the / I ( 1420 )  in 7 7 *  reac t ions  ',',here one  p h o t o n  is 

ot ' f  f l i t  m a s s  shel l  ( G I D . \ L  87B) 

Pariial-v,a, .c anal , . scs  o r t h e  /xK~r S}slcm m fins m a s s  

region ( I )ROTOI~OPES( 'L:  87) find a phase  x a r t anon  for 

the 1P( -= 0 -  - ,  tathc~ than  for tt~c I + + .  waxc  x~tth a 

subs tan t ia l  c o u p h n g  [o a0(980)~r [see lhe r/(I 430) m m ~ -  

i e \  l e \  ~, ] 

f r (1420 )  MASS 

VALUE (MeV.) EVT$ DOCUMENT /D TECN COMMENT 

1422.4 ~: 1.8 OUR AVERAGE Error I n c l u d e s  s c a l e  fac to r  of 1 4 See t he  
i d e o g r a m  b e l o w  

+ 1 0  0 111 +31 BECKER 87 MRK3 e + e  - .  ~K~'~" 1442 z 5 0 _ 1 7  - 2 6  

1423 +- 4 GIDAL 870 MRK2 e + e -  ~ 
e + e -  KK~" 

1417 0 ± 1 3  0 ~3 AIHARA 86c  TPC e + e  - 
e + e -  KK~T 

1425 0 ± 2 0 1520 ARMSTRONG84 OMEG 85 ~T+p r)P 
(~'+ D) (KK~)  

1422 .0  ± 3 0 CHAUVAT 84 SPEC ISR 3~ 5 p p  
1440 0 ± 10 .0  IBROMBERG 80 SPEC 100 , " r - p  

KKIrX 
1426 0 +- 6 0 221 DIONISI 80 HBC 4 E - . O  

KK~r n 
1417 5 _+ 4 NACASCH 78 HBC 0 7 . 0 7 6  ~ p  
1398 _. 10 170 DEFOIX 72 HBC 0 7 Lop ~ 7T 
1406 ± 7 280 DUBOC 72 HBC 1 2 0 p  ~ 2K4,"r 
1420 _+ 7 310 LORSTAD 69 HBC 0 7 p p  
1420 ~ 20 DAHL 67 HBC I 6 - 4  2 ~, - p 
1423 0 ± 10 0 FRENCH 67 HBC 3 - 4  DD 

IMass  error  i n c r e a s e d  to a c c o u n t  for a0(980 ) mass cu t  u n c e r t o i n f l e s  

f , (1420)  WIDTH 

_VALUE (Met.') EVTS DOCUMENT ID TECN COMMENT 
5 5 . 2  __ 3 .3  OUR AVERAGE . . . .  

40 + 1 7  +31 
- 13 ± 5 1 t l  BECKER 87 MRK3 e + e  - ~ K K ~  J - 26 

35 n + 4 7  
~ - - 2 0  0 13 AIHARA 86C TPC e + e -  ~ e + e - K K ~ r  l 

62 0 ± 5 0 1520 ARMSTRONG 84 OMEG 85 7r ÷ p.  p p  
(, "r+ ,D)(KKvr) 

47 0 -+ 10 0 CHAUVAT 84 SPEC ISR 31 5 Pr )  
6 2 . 0 + _ 1 4  0 BROMBERG 80 SPEC 100 7 r - p  ~ KK~'X 
40.0+_ 15 0 221 DIONISI 80 HBC 4 ~ - 0  ~ KK=,n 
53 _+ 20 0 NACASCH 78 HBC 0 7 0 76 ~)D 
50 ± 10 170 DEFOIX 72 HBC 0 7 ~ p  ~ 7~ 
50 __ 12 280 DUBOC 72 HBC I 2 Lop ~ 2K4~r 
60 ± 20 3 t 0  LORSTAD b9 HBC 0 7 p p  
60 0+_20 0 DAHL 67 HBC 1 6 - 4 2  r , - p  
45 .  +- 20 FRENCH b7 HBC 3 - 4  p p  
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Meson Full Listings 
f0(1400), f l(1420) 

WEIGHTED AVERAGE 
1422 4 + 1 8 (Error Ilclllecl by 1 4) 

I BEC(ER 
, ~  GIDAL 

AIHARA 
ARMSTRONG 
CHAUVAT 

J BI~OMBERG 
DlONiSl 
NACASCH 

| DEFOIX 
I OUBOC 

. LORSTAD 

FRENCH 67 HBC 

1380  

X 2 

87 MRK3 
BVB MRK2 0 0 
88E TPC 0 2 
84 OMEG 17 
84 SPEC 0 0 
80 SPEC 3 I 
80 HBE 0 3 
78 HBC 15 
72 HBC 6 0 
72 NBC 5 5 
~9 HBC 0 1 
87 HBC 

O0 

184  
(Cant dance Level ~ [3 04B) 

I 

1 4 0 0  1420 1 4 4 0  1460  1480  

h(1420) mass (MeV) 

#'i('1420) D E C A Y  MODES 

]'I f , (1420) -.- KK~(892)  + c c 
]'2 f I (1420) ~ KK~" 
]'3 f , (1420) --,. ~'vrp 
F4 f , (1420) -,. a0(980)vr 
l'~ #,(1420) ~ ~77r~ 
]'6 f,(1420) ~ 471" 
I"7 f,(1420) ~ "y'y 

f r (1420) I ' ( I )  r ( ' ) ,  ~ , ) I  [ ' ( to ta l )  

I ' (K~'=)  × l ' ( 'Y" f ) / r ta fa i  1"21",t1" 
-VALUE (keY) CL% DOCUMENT ID rECN COMMENr 

3 ° 2 ± 1 . 4 Z 0  6 2GIOAL 870 MRK2 e + e  - ~ e + e - K / ( T ,  
• * • We d o  no l  use the  f o l l ow lng  c iata tar a v e r a g e s  fits l lmlts e fc  • * • 

< 8  0 95  JENNI 83 MRK2 e + e  - ~ e + ; e - K K v r  
2Assuming  a p p o l e  form fac to r  

f , ( 1420 )  B R A N C H I N G  RATIOS 

I ' (K~ iC(892 )  + c c ) / I ' (KK•)  1"i/i, 2 
VALUE DOCUMENT ID rECN COMMENT 

• • • We d o  not  use the  f o l l ow lng  d a t a  for a v e r a g e s  fits l lmlts e fc  • * • 
0 7b_+0 06 BROMBERG 80 SPEC 108 : r - r )  ~ KKvrX 
0 8 b ± 0  12 DIONISI 80 HBC 4 . ' r - r )  ~ KKEn 

l'(Tr ~ -p ) / r (K~ '= )  I 3/'] l 
VALUE ... . . . . .  CL % DOCUMENT ID rECN COMMENT 

• • • We do  no t  use the  t o l l o w l n g  d a t a  for a v e r a g e s  fits Jlmlfs e l c  • • • 

< 0  3 95 CORDEN 78 OMEG 12 -15  = - D  
< 2 . 0  DAHL 67 HBC 1 6 - 4 2  ; ' : - D  

r(;? = 7r) / r (K~'~r)  i s , r 2  
VALUE el% DOCUMENT ID TEeN COMMENT 

• • * We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits / imlts e tc  • • • 
< 0  6 90 GIOAL 87 MRK2 e + e -  

e+  e -  )?~ + ,-r - 
< 0  5 95 CORDEN 78 OMEG 12-15  : r , - p  

1 5 +- 0 8 DEFOIX 72 HBC 0 7 ~ D  
< t  5 95 FOSTER 68B HBC 0 0 r )P 

F ( o o ( 9 8 0 ) T r ) / l ( ~ T ~ ' )  14 I s 
VALUE . . . . . . .  DOCUMENT ID rECN COMMENT 

• * * We do  not  use the  f o l l ow ing  Clara for a v e r a g e s  fits l imits e fc  • * • 
Nor seen  in e i t he r  m o d e  ANDO 86 SPEC 8 ~ D 
NOt seen  in e i t he r  m o d e  CORDEN 78 OMEG 12-15  : r - D  
0 4 _+ 0 2 DEFOIX 72 HBC 0 7 DD o 7;T 

l ' (47T)II '(KK~(892) + C C ) I 6/1 ) 
VALUE _ _ .  el% DOCUMENT /D TEeN COMMENT 

• • • We d o  not  use l r le  f o l l ow ing  d a t a  for a v e r a g e s  firs l imits e t c  • • . 
<O 90 (25 DIONISI 80 HBC 4 r r , - p  



294 

Meson Full Listings 
/i(1420),  7(1430) 

I (KK'; ' r) / [ I  (KK*(892)  + C C ) + I (ao(980)/r ) ]  
VALUE DOCUMENF ID TECN COMMENT 

• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e l c  * • • 
0 6 5 - + 0  27 3 DIONISI 80 NBC 4 ~ - p  

3 C a l c u l a l e a  us ing I ( K t 0 / I  ( l~:r)  = 0 24 -+ 0 07 tar ao(980)  f rac t ions  

1 (a : (980)~ r ) / r (KK* (892)  + c c ) 
VALUE CL % DOCUMENT ID TECN COMMEN~ 

• • * We do  not  use the  f o l l ow ing  d o l a  for o v e r a g e s  fits l imits e t c  • • • 
• - 0  04 68 ARMSTRONG 84 OMEG 85 ; , r+p  

1 2 / 0  I+1"41 

r,l/I''1 

8ECKER 
GIOAL 
GIDAL 
AIHARA 
ANDO 
ARMSIRONG 
CHAUVAT 
JENNI 
8ROMSERG 
DIONISI 
CORDEN 
NACASCH 
DEFOIX 
DUBOC 
LORSTAD 
FOSTER 
OAHL 

AISO 
FRENCH 

PROTOPOP 

f~(1420) REFERENCES 

87 PRL 59 '186 • (MARK III COUOb ) JP 
87 PRL 5~ 20'12 ÷Boyel Buffer COlds Abrams+ (LBL S4.AC HARV) 
87B PRL 59 2016 +Bovel 8utle~ Co/cls Abrams+ (L~L SLAC HARV) 
86C PRL 57 2500 +AlSton GOrnlOSl+ (TPC rwo Gamma Col lab ) JP 
86 PRL 57 '1296 *Imai+ (KEK KYOT NIRS SAGA TOKY TSUK+) 
84 PL 1468 273 +81oocJwort l~ 8urns+ (ATHU 8ARI 81RM CERN)JP 
84 PL '1488 382 +Merltel 8or~ino+ (CERN UDCF UCLA SACL) 
83 PR D27 '1031 ~Burl(e le lnov Abrams 81ocker~ (SLAC LBL) 
80 PR D22 4513 +Hagged'/ Abrams Dzierba(Cff FNAL ILLC IND) 
80 NP B`169 t +Govfllet+ (CERN MADR COEF STOH) IJP 
78 NP 8t44 253 ~Co~belt A lexande l l  (81RM RHEL TELA LOWC) 
78 NP B135 203 +Oefoix Oobrzynski+ (PARI MADR CERN) 
72 NP 844 ' 1 2 5  +Na$Clmento 81izaril+ (CDEF CERN) 
72 NP 846 429 +Golclberg Makowski DonoIo. (LPNP UVP) 
6g NP 814 63 iD  Andlau AStleri (COEF CERN) JP 
688 NP 88 `174 *Gavl l le l  Loblosse Montonet+ (CERN CDEF) 
67 PR t63 1377 *Hardy Hess Kirz M,Ilei (LRL) liP 
65 PRL `14 1074 Miller Chung DOnl Hess HOr~y KIrz+(LRL UCS) 
07 NC 52A 438 tKinson McDonald Riclallord+ (CERN 81RM) 

- ,-- OTHER RELATED PAPERS 

878 '~adron Cant Protopopescu Chung (BNL) 

17(14301 I was /.(1440) ,%F) : o+(o -+) 

See a l s o  t h e  m i n i - r e v i e w  u n d e r  n o n - q q '  c a n d i d a t e s  

l h0  t]f ~t o b ~ c r \  a t E ( I n  of  i l  11]C~OI1 ~,~. i t h  / (s / P (  = 

0 " () I n  l h c  1 4 0 0  McV m a s s  Ic ' l~ . l t )n  '.~,ilS f11;.IdC ~.t I l h  11/) 

annlhl la l i tHl~, dl Ic'$1 (FJ \ I L [ . ( ) N  67) In Ihc chailnc'l 

~/{ 14h))--~ ~ ~r II ~ i ~  ~0c'il Io ttcc':.i) oqual l  b i n lo  L/0fL)80)Tr 

arid ~ "(89211k 

l h v  ~/(14.'4()) i~ I lo~ oh~ci'~od nl o l hc r  hadronlc" rcac- 

Ill)f1:,, i11 a pal t l , i l - t~, i \  c i l f l ; i l )~l~ o [ I h c  ~/~-- ~" $).~1cnl, mon- 

l] In/l l l t~ lhc dcca\  v/( 1 4 t ( ) ) ~  <~0(98())~ ( 4 ~ 1 ) ( )  8fir and i11 El 

13,l l l i , i l -~d\ c ~n, i l )  51~, urH~c ~ A  ~r s \s lcn l  ( P R ( ) T ( ) I ) O  - 

I)t{%( [ ~7) l i  i~ al~o ohsc i~cd in () (;c,V IV~ iiili11}1111iI1(1fl 

(RFE \ ' I {S  <'461 11 I~, Ilo',~,~.'\U'l I1()t ol'~',,L'l'\c'd In lhc ~T- 

cm~.l lcd ~cac'l]on k / ) - - , . /~Ai r~ al I1 (;cV:'{ ( -~S lOX 

~?) Nt)tL' thai  all thc~>c' results (o \ccpt  B .k l l . l  C)N 67) arc 

olHii l l iCtt in l)C'i l l) l lL' ld llllc'r~l~:llo115, In c'onli;.t~,l I() IIIc~C 

t t )nth l lon~, - \R,MSTR(+)N( ;  ~ 7  ~luctb iilL~ J ~  ~r t cn l ra l  pro-  

t iUcllOll in ~r" / )  ~ ~- " ( A k  ~r)/) and lrp --*./)(J~#~-~)/'J ;.11 ~ 

( K ' \ ; (  oh} nol  ~oc" lhc ~/(14301 I~til lhc / I (14 ] l } )  ~ t l ic t l  i,, 

J ' O l i l / t t  le t  I'lC I l l a l l l l $  t . t ) l l p l L ' d  l o  #~ " ( ~ c 1 2 } ~  T h l ~ ,  I ~, I n  J l l l C  

~ i l h  eallic.i ic~ulL$ ( D I O X I % I  80. I )EFC) IX  ?] .  D L ' B ( ) (  7 ]  

I ( t R O T  \1 )  69 clc ) Nt)lc" Ihai  thcs0 c':Jrhor (Jala ~vcic" 

d o n l m a l c d  hx c'c'ntial plocc'ssc'~ 

l l l c  ~/( 14301 i~ ; lNo pr0,~t'nl ii~, ,3 h io3d  cnhan( :on lcn l  in 

the' 1. '~ r ; id la l i~c  dcc'ab I R I { ' I I M . \ N  g$) In lhc ~ -  

c J l , t l l f l e J ,  J lov , , , . " ,C l  I tS  m a s s  is  h l g h c i  t h a n  obscr\cd m 

J l i l L h o l l l L  I I l | C l ; I c | l t ) l l ' , ,  d n d  I'{% \ ~ , l ( l l J l  I% Ji l l l~L' l"  ] l  h~l~, t ' )L 'cn 

~,hu~n ( ] ( )K I  ~7) thal  ,1 P,~o-Bl¢l l - \Vlgncl  f it (v, l lh 

'11-=1420 Me\: and 11 15C)(/ ~.'|C\') would gixc a hcttcu 

dcsC'l lpl iol ]  t)l" lhc dald ~lolct)~ el the ~/~ ~ ~r ChallilCI 

peak5 ai 1.~9() \ l c V  ,i~ ~c']l a~ iho p i t t  channel  ( T ( ) K I  871 

In Ihc i)lC~,t'ill M!.Utllion ~c' li~l I.illdCl ~/(14]0) all Ihc 

rt'~U]l~ oh l , i lncd on lhc 0 ~Mc 'n l  ii1 lhc l .~O-  146() \ I c V  

II1~1%% I C ~ I t ) I I  

7/(1430) MASS 

PRODUCED BY HADRON BEAM 
VALUE (MeV)_ E V T S  DOCUMENT ID IECN COMMENT 

142'I 9 -+ I •5  OUR AVERAGE 
1420 -+5 ANDO 86 SPEC 8 zr,'-o ~ n~/,"r~;'r - i 
1424 0 _+ 3 0 620  REEVES 86 SPEC 6 6 p p  ~ K K ~  X I 
1421 0 ± 2 0 CHUNG 85 SPEC 8 ~ ' - p  ~ K K z r n  
1425 -+ 7 BAILLON 67 HBC 0 0 D P  ~ KK~',~ 

PRODUCED IN J;,'~(iS) DECAY 
.VALUE (Me_V) EVT$ DOCUMENT ID TECN C_OMMENT 

1451 9 -+ 2 .5  OUR AVERAGE Error inc luc les  Sca le  f a c l o r  o l  I f 
1454 -+ 3 WISNIEWSKf 87 MRK3 J.,'~ ~ KKzr'~ J 
1444 0-+ 7 0 AUGUSTfN 85 DM2 J..'~ ~ K ~ K - ~ O ' I  I 1454 0 -+ 5 0 AUGUSTIN 85 DM2 J..~ K~K_+ ~:i: 

20 0 174 EDWARDS 82E CBAL J,'~. ~ K + K - ' ~ , ° ' , ,  1440 0 - + 15 0 

* 10 0 SCHARRE 80 MRK2 J ~. ~ K~K ¢ ,-r ~ 1440 0 15 0 

• • • We do  not  use l h e  f o l l ow ing  d a t a  for a v e r a g e s  f i ts  l imits e t c  • • • 
1420 0 - + 1 5  0 - + 2 0  0 tR ICHMAN 85 MRK3 J..~ ~ ~ ' + ~ r - 2 ~  

IThiS p e a k  m the  ")p c h a n n e l  m a y  not  b e  r e l a t e d  Io l h e  ~/(1430) 

~('1430) WIDTH 

VALUE (MeV)  EVT$ DOCUMENT lO TECN COMMENT 

• • * We d o  not  use the  f o l l ow ing  d a l a  for o v e r a g e s  1its l imits e t c  * • * 
160 _+ 11 WISNIEWSKI 87 MRK3 J,~ ~ KKTr~  

31 _+ 7 ANDO 86 SPEC 8 z r - O  ~ n~ /~ '+~  - 
60 0 - 10 0 620 REEVES 86 SPEC 6 6 PP  -o KKJr X 
95 0 -+ 10 0 AUGUSTIN 85 DM2 J ¢ ~ K + K - l r o ~  
92 0 - + t 6  0 AUGUSTIN 85 DM2 J:'~ K~K-+ ~ = ' ~  
60 0 _+ 10 0 CHUNG 85 SPEC 8 T . - p  ~ KK~rn  

133 0 - + 5 5  _-30 2RICHMAN 85 MRK3 J..~ ~ zr+zr -2"~ 
+ 20 0 174 EDWARDS 82E CBAL J ~  ~ K + K - r , ° ~  55 0-30 

+30 00 SCHARRE 80 MRK2 J'~ ~ K~K-+;'r~ 50 O_ 20 
80 -+ 10 BAILLON 57 HBC 0 0 pD 

2This p e a k  in the  ~t~ c h a n n e l  m a y  not  b e  r e l o l e d  to the  ~7(1430) 

'q(1430) DECAY MODES 

I~ 7(1430) ~ K/C~(892) + C C 

I" 2 ~(1430) ~ KK~ 

I" 3 ~(1430) -- ~p 

I'4 ~(1430)--,. ao(980)~ 

I s ~(1430) ~ ~ 

16 ~(1430) ~ 4~ 

]7 7(1430) ~ ~ 
I 8 ~(1430) ~ po~ 

T/(1430) ] '( i)r(-yT)/rctotal) 

r (K~ '~)  × r (T~,) / r tota l  r 2 r , / r  
VALUE (keY)  CL % DOCUMENt ID. . rECN_ COM_MENT 

• • • We d o  na t  use the  f o l l o w l n g  d a t a  for a v e r a g e s  flJs l lmlt$ e l c  • * • 
• : I 6 95  AIHARA 86D TPC e + e -  

e +  e - K ~ K : ~  ~ ":~ 
~ 2  2 95 ALTHOFF 858 TASS e + e  - o e ÷ e - K - K ~  
-:'8 0 95 JENNI 83 MRK2 e + e  - - -  e + e - K K T r  
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n(|430), f2(1430 ), p(1450) 

l'(~/'n'~') X I '( 'y'y)IItota i l 'sl '7/ I  
VALUE (keY) DOCUMENt ID iECN COMMENt 

• • * We d o  n o l  use t h e  f o l l o w i n g  d a l e  for o v e r a g e s  flts l imi ts,  e t c  * * • 
<0 3 ANTREASYAN87 CBAL e + e  - - e + e - z / ~ ' , ~  

r(po-y) x r (T~) / l to ,c l ,  x'~x',/l 
VALUE (keY) CL % DOCUMENT ID TECN COMMENT 

• • • We d o  no t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  his h inds  e f t  • * • 
.'.1 5 95 ALTHOFF 84E TASS e + e  - .o 

e +  e -  r, + ,-r- ~ 

17(1430 ) B R A N C H I N G  RAI IOS 

1"(KTC~(892) + c c ) / I ' (KK, '~)  11/ r2  
VALUE DOCUMENT ID rECN COMMENT 

0,50 ± 0 . t 0  BAILLON 67 HBC 0 0 DP 

l ' ( r }  7r ~ ) / 1  (KKTr) 1"5/1" 2 
VALUE CL% DOCUMENT ID rECN COMMENT 

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imi ts  e f c  * • • 

< 0  S 90 EDWARDS 83B CBAL J..,~ ~ r / ~ = ~  
< I  1 90 SCHARRE 80 MRK2 J ~ . ~ ; ' r ~  

]'(ao(980)~)/l'(KKTr) F4/12 
VALUE DOCUMENT ID rECN COMMENT 

• • • We dO noI use the f o l l o w i n g  d a f a  for averages fllS IlmllS efc • • • 
~0 75 3 REEVES 86 SPEC 6 6 p p  . KKx: X 

3Assumlng fhol lhe 00(980 ) decays only info KK 

l ' ( K ~ k ( 8 9 2 )  + C c ) / [1 " (KTC~(892)  + c c ) + I ' (Oo(980) ' t r ) ]  
l'r,/(l 1 +14)  

VALUE CL % DOCUMENT ID rECN COMMENT 

• • • We d o  n o t  use  t h e  f o l l o w i n g  dc l lc l  for a v e r a g e s  fits l im i ts  e t c  • • • 
< 0  2,5 90 EDWARDS 82E CBAL J ~ ,  ~ K ' K  -~'0") 

ANTREASYAN PR D36 2633 
WISNIEWSKI CALT 68 1446 
AIHARA PRL 57 51 
ANDO PRL 57 1296 
REEVES PR 34 1960 
ALTHOFF ZPHY C29 189 
AUGUSTIN Mor1ond XX 1 479 
CHUNG PRL 55 779 
RICHMAN MalJand XX Cant 
ALIHOFF PL 147B 487 
EDWARDS PRL 51 859 
JENNI PR D27 1031 
EDWARDS PRL 49 259 

AlSO PRL 50 219 
SCHARRE PL 97B 329 
BAILLON NC 50A 393 

ARMSTRONG 
PROIOPOP 
T O K I  

DIONIS[ 
DEFOIX 
DUBOC 
LORSTAD 

r / ( 1 4 3 0 )  REFERENCES 

87 *Bartels Besset+ (Crystal 8all Co l lob  ) 
87 (MARK III COIleD ) 
86D +Alston GamlOSl* (TPC Two G a m m a  Coi led ) 
86 +Imal+ (KEK KYOT NIRS SAGA TOKY TSUK+) 
86 +Crlung Cm lenden+  (FLOR BNL IND SMAS) 
8SB +BiounschWelg KlrSChfink÷ (lASSO COIleD ) 
85 .Ca lca te r ra  Cosine+ (ORSA CLER PADO ERAS) 
85 *Fernow Soehnleln+ (BNL FLOR IND SMAS) 
85 (CIT) 
S 4 E  (lASSO COIIQb ) 

83B +Poltr ldge Peck* (CIT HARV PRIN STAN SLAC) 
83 +Buike Telnov Abrams Blocker.  (SLAC LBL) 
821 +Partqdge Peck÷ (CIT HARV PRIN BrAN SLAC) 
83 EDwards Padrlclge+ (C11 HARV PRIN STAN+) 
80 +rr l l l lng Abrams A lam Blockef .  (SLAC LBL) 
67 .Eclwatcls D And lou  Astler+ (CERN CDEF IRAO) 

- - - -  OTHER RELATED PAPERS - 

87 ZPHY C34 23 *Blooaworth*  (CERN BIRM 8Agl ATHU LPNP) 
878 Hod lon  Cant Protopopescu Chung  (BNL) 
87 Hadron Cant (TOKY) 
80 NP 8t69 1 .Gavl l le t+ (CERN MADR CDEF SlOH) 
72 NP B44 125 .Nosc lmen to  Blzzartl* (CDEF CERN) 
72 NP B46 429 +Goldberg  Makowskl DonalO+ (LPNP LIVP) 
@9 NP B14 63 +O And lou  Astler+ (CDEF CERN) 

IJP 
JP 

J f2(1430 J P(J% : 0+(2*+) 
OMITTED FROM SUMMARY TABLE 

'[his entry lists nea rby  peaks  obse rved  in the D-wave of 
t h e  KK a n d  ;i",+ T . -  s y s l e m s  

f 2 ( 1 4 3 0 )  MASS 

VALUE (Me'*,') DOCUMENT ID TECN CO.I~fMENT 

• • • We d o  h a l  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fllS I lm i l s  e l c  • • • 
1421 z 5 AUGUSTIN 87 DM2 j , ~  ~ ~ T , + ~ - -  
t 4 8 0  0 ± 50 0 AKESSON 86 SPEC D O  - P P  , ' r+ : ' r -  

1436 0 +26 0 DAUM 84 CNTR 17-18 ~--P - 
- t 6  0 K + K - n  

1412 0 _+ 3 0 D A U M  84 CNTR 63 , T - p  * K~jK~n 
K + K - n  

1439 0 + 5 0 1 BEUSCH 67 OSPK 5 7 12 ~ -  p ~ K~jK~n 
- 6 0 

1Not seen by WETZEL 76 

f2 (1430)  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We d o  h a l  use  t h e  f o l l o w i n g  dcl lc l  for a v e r a g e s  fits l imi ts  e f c  • • • 

30 ± 9 AUGUSTIN 87 DM2 J ' "  ~ "~, 'T+~ - 
150 0 ± 40 0 AKESSON 86 SPEC DR o ppTr, + 7:,- 

+ 5 6  8 D A U M  84 CNTR 1 7 - t 8  , ' r - p  
81 0_29 K - K - n  

t 4  0 ± 6 0 D A U M  84 C N I R  63 = - p  ~ / ~ / ~ n  
K O K - n  

+ 1 7  00 2BEUSCH 67 OSPK 5 7  t2  ~ p ~ K~jK~jn 43 0 18 

2NoI  s e e n  b y  WETZEL 76 

f2 (1430 )  DECAY MODES 

11 f2(1430) ~ KK 
I" 2 f2(1430) ~ ~T"n" 

f 2 ( t 4 3 0 )  REFERENCES 

AUGUSTIN 87 ZPHY C36 369 ,Cosine+ (LALO CLER FRAS PADO) 
AKESSON 86 NP B264 1 M  +Albtow Almel~ed÷ (Axial Field Spec Cal lao ) 
DAUM 84 ZPHY C23 339 +Her lzbergel*  (AN~I CERN CRAC MPIM OXF+) JP 
WEIZEL 76 NP Bl15 208 +Freudenrelch Beusct'÷ (ETH CERN LOIC) 
BEUSCH 67 PL 25B 357 +FlsChel GODDi Aslbury+ (ETH CERN) 

I p(1450) I IG(/% = 1+O--) 
OMITTED FROM SUMMARY TABLE 

This  e n l r y  c o n l a l n s  c l a i m s  fo r  v e c t o r  m e s o r l s  i n  t h e  

1 2 , 5 0 - 1 5 0 0  M e V  r a n g e  N e e d s  c o n h r m a l l o n  S e e  l h e  

m i n i - r e v i e w  u n d e r  t h e  p ( 1 7 0 0 )  

p ( t 4 5 0 )  MASS 

r } ~ *  l r -  MODE 
VALUE DOCUMENT ID TECN COMMENT 

t449 _~ 9 OUR AVERAGE I r l c l udes  CIQIQ f r o m  t h e  d e f o b l o c k  Iha t  f o l l o w s  this 
o n e  

1446 z 10 FUKUI 88 SPEC 8 95 ~ -  p .o 
9 ; ÷ ~ - n  

MIXED MODES 
VALUE DOCUMENT ID TECN 

The CIDIO in Ibis b l o c k  i$ i n c l u d e d  in l h e  a v e r a g e  p r l r l t e d  for o p r e v i o u s  
dc l l c lb lOCk 

t 4 6 5  ± 25 DONNACHIE  87 RVUE 

w Tr MODE 
VALUE DOCUMENT ID rECN COMMENT 

• • • We d o  n o t  use t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fits l im i ts  e t c  • • • 

12.50 r ASTON 80c OMEG 2 0 - 7 0  "l P o ~ = 0 p  
1290 *_40 tBARBER 80C SPEC 3 - 5  ".,p ~ ~ T ; ° p  

r N o t  s e p a r a t e ( ]  f r o m  b~(1235)  no t  p u r e  JP = 1 -  e f fec t  

,.,, ~" MODE 
VALUE DOCUMENT iD TECN CHG COMMENT 

• • • We d o  n o l  use  t h e  f o l l o w i n g  Cla la  for a v e r a g e s  his l imi ts  e f c  • • * 

1480 ± 4 0  BITYUKOV 87 SPEC 0 32 5 , " r -D  
.. ::On 
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Meson Full Listings 
p(1450), fo(1525), f2(1525) 

p ( 1 4 5 0 )  W I D T H  

r / t r  + 7 r -  M O D E  

.V_A_LUE DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  tits l imits e t c  • • • 

60 ± 15 FUKUI 88 SPEC 8 95 ~r- P 

M I X E D  M O D E S  

VALUE DOCUMENT ID TECN 

The d a t a  ~n lh~s 13lock ~s m c l u d e d / n  the  o v e r a g e  p r i n t e d  for a p rev ious  
d o t o b l o c k  

• • • We d o  no t  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits hrnits e t c  • • • 
220 ± 25 DONNACHIE 87 RVUE 

~, 71" M O D E  

VALUE DOCUMEN~ ID TECN COMMENT . . . . . . . . . . . . . . . . . . . . . .  
• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s ,  tits l imits e t c  * • * 

300 2ASTON 80C OMEG 2 0 - 7 0  ~ p -  ~z r0o  
320 ± 1 0 0  2BAREER 80C SPEC 3 - 5  " ~ p ~  ~.T, 0p  

2Not s e p a r a t e d  from b~(1235)  no t  p u r e  JP = 1 -  e f f ec l  

r ~ r  M O D E  

VALUE DOCUMENT IO rECN CHG COMMENT 

• • * We d o  not  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  flts l imits e t c  • * • 
130 ± 60 BITYUKOV 87 SPEC 0 32 5 ~r-  p 

~ 7r0 n 

p(1450 )  DECAY MODES 

r t  p ( 1 4 5 0 )  --4. 7 r + ~ r  - 

] '2  p ( 1 4 5 0 )  - .  4 7 r  

[ '3  p ( 1 4 5 0 )  ~ 7 / l r + T r  - 

1"4 p ( 1 4 5 0 )  - .  e + e  - 

r s p ( 1 4 5 0 )  - .  ~ T r  

1" 6 p ( 1 4 5 0 )  ~ ~ 7 r  

p ( t 4 5 0 )  P A R T I A L  W I D T H S  

F ( / r + T r - )  × I C e + e - ) / r t o t a l  ] d ' 4 / T "  
VALUE (keV) DOCUMENT IO TECN COMMENT 

• • • We  d o  no t  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  t i ts  l imits e t c  * • • 
0 t 2  3DIEKMAN 87 RVUE e + e  - ~ : ~ + ~ -  

3Uslng t o ta l  w i d t h  = 235  MeV  

p ( 1 4 5 0 )  B R A N C H I N G  R A T I O S  

r(~=)/r(~,=) 
VALUE CL % DOCUMENT ID 

> 0 . 5  95  BITYUKOV 87 

r s / l '  6 
TECN CHG COMMENT 

SPEC 0 32 5 ~ -  D 
,~ ' 0  n 

p ( t 4 5 0 )  REFERENCES 

FUKUI 88 PL 8202 441 
B[TYUKOV 87 PL 8188 383 
DIEKMAN 87 rsukuba Cone 7 
DONNACHIE 87 ZPHY C33 407 
ASTON 80C PL 928 211 
BARBER 80C ZPHY C4 169 

ASTON 
BARKOV 
BISELLO 
A8E 
KURDADZE 

CORDIER 
DIBIANCA 
ASTON 
CO$ME 
$tDOROV 
QUENZER 
COSM[ 
SCHACHT 
BINGHAM 
FRENKIEL 
LAYSSAC 

÷Horlkawo+ (SUGI NAGO KEK KYOT MIYA) 
+Dzhelyodln Dorofeev GolOVkln+ (SERP) 

(BONN) 
*Mlrzale (MCHS) 

(BONN CERN EPOL GLAS LANC MCHS+) 
~.Dalnlon Brodbeck BrOOI(es+(DARE LANC SHEF) 

. . . .  OTHER RELATED PAPERS - -  - 

87 NP 8292 693 +AWaI~ D Amore÷ (SLAC NAGO CINC TOKY) 
85 NP 8256 365 +Chlllngorov f ldelrP~n Khozln Lelchuk+(NOVO) 
85 LAL 85 15 +AuguStln Ajolfounl÷ (PAPa LALO CLER FRAS) 
848 PRL 53 751 ÷ (SLAC Hybrid Facility Photon Col lab ) 
83O J/TPL 43 643 *Lelchuk Pakhtu$ovo S~dorov Skrlnskll÷ (NOVa) 

Tton$1olecl from Z/TPF 43 497 
82 PL I09B 129 +BIsello BIZOl Buon Delcourt (LALO) 
Bt PR D23 595 +Flcklnget Malko DOdO Engler+ (CAS~ CMU) 
80 PL 928 215 (BONN CERN EPOL GLAS LANC MCHS÷) 
79 NP B152 215 ~OUdeizok Grelauc~ Jean Morle Julllon~. (IPN) 
79 Batavia Cant 79 490 (NOVa) 
78 PL 768 512 +R[bes Rumpf Bertrand BIZOI Chase÷ (LALO) 
76 PL 638 352 +Coutau Dudelzok Grelaud Jean Morle~ORSA) 
74 NP 88t 205 ~Derado Fries Park Younf (MPIM) 
728 PL 418 635 ~Rabln Rosenfeld 5modJa÷ (LBL UCB SLAC) 
72 NP 847 61 +Ghe$ClUlere Lllle$lol Chung+ (CDEF C/RN) 
71 NC 6A '134 +Renard (MONP) 

J f0(1525) J IG(jPC) = 0+(0*+) 

OMITTED F R O M  S U M M A R Y  TABLE 

Thls e n t r y  c o n t a i n s  e w d e n c e  fo r  K K  S - w a v e  m t e n s d y  

p e a k i n g  a t  t h e  m a s s  of  t h e  f~ , (1525)  a n d  w d h  a c o m -  
p a r a b l e  w ~ d t h  N e e d s  c o n f i r m a l l o n  

f 0 ( 1 5 2 5 )  M A S S  

VALUE (MeV) DOCUMENt ID TECN COMMENT 

• • • We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  flts l lmlts,  e t c  • ° * 
~ t 5 2 5  ASTON 88D LASS 1t K - D  ~ A ~ K ~  
~ 1 5 2 5  BAUBILLIER 83 8 K -  p ~ K+ K - ~. 

f 0 ( 1 5 2 5 )  W I D T H  

V_.ALUE (Met/) ._ . DOCUMENr ID TECN COMMENT 

• • • We d o  not  use t he  f o l l o w l n g  d a t a  for o v e r a g e s  flts l imits e t c  * * * 

~ 9 0  ASTON 88D LASS 11 K - p  ~ K~Kgj~ 
~ 9 0  8AUBILLIER 83 8 K -  p ~ K+ K - ~ 

f 0 ( 1 5 2 5 )  REFERENCES 

ASIAN 88D NP to De pub ÷AWOjl Blenz+ (SLAC NAGO CINC TOKY) 
BAUBILLIER 83 ZPHY Ct7 309 (BIRM CERN GLAS MSU LPNP) 

Irk1525) was f (1525) I I G ( J  Pc) = 0 + ( 2  + +  ) 

S e e  a l s o  t h e  m m l - r e w e w  u n d e r  n o n - q c /  c a n d i d a t e s  

f ~ ( t 5 2 5 )  M A S S  

P R O D U C E D  BY P l a N  B E A M  

VALUE (MeV) EVTS DOCUMENT IO rECN COMMENT 

• • • We do  not  use l h e  f o l l o w i n g  d a t a  tar a v e r a g e s  flts hmlts e l c  * * * 

1547 0 + 10 0 i LONGACRE 86 MPS 22 ~ - p  ~ K~jK~n J 
- 2 0  

1496 0 + 9 2 CHABAUD 81 ASPK 6 T, -- O ~ K + K -  n 
- 8 

8 1 4 9 7 ' 0 + -  9 CHABAUD 81 ASPK 1 8 4  7 r - p  ~ K + K - n  

1492 0 ± 29 0 GORLICH 80 ASPK 17 ~ ' -  p p o l a r i z e d  
K + K - n  

1502 0 ± 25 0 3 CORDEN 79 OMEG 12-15  ; ' : -  p 
7r + Tr- n 

1480 0 14 CRENNELL 66 HBC 6 0 ~ - p  ~ /~K~jn 

P R O D U C E D  BY K ± B E A M  

VALUE (MeV) EVTS DOCUMENT ID ZECN COMMENT 
1825.0 ± 1 4 OUR AVERAGE I n c l u d e s  d a t a  f rom t i l e  d a t a b l o c k  tha t  fo l lows 

frlis o n e  
1526 8 _+ 4 3 ASTON 88D LASS 11 K -  p ~ K~K~ ~. I 
1529 0 ± 3 0 ARMSTRONG 83B OMEG 18 5 K - p  ~ K - K  + A 
1521 0 ± 6  0 650 AGUILAR- 81B HBC 4 2 K - p  ~ A K + K  - 
1521 0 ± 3  0 572 ALHARRAN 81 HBC 8 2 5  K - p ~  *~KK 
1522 0 ± 6 0 123 BARREIRO 77 HBC 4 15 K - p  ~ '~K~K~ 
1528 +_7 166 EVANGELISTA77 OMEG 10 K - p  

K + K - ( ~  " )  
1527 0 ± 3  13 120 8RANDENB 76C ASPK 13 K - D ~  

K + K - ( ~  ~)  
1519 ± 7  100 AGUILAR 728 HBC 3 9 j 4 6  K - p  

KK( L ~ )  
• • - We d o  no t  use  t he  fo f low lng  d a t a  for o v e r a g e s  fits l lml ts  e t c  • * • 
1514 _~4 46 COLLEY 72 HBC 10 K + p  

K + K - K + p .  
1521 _+ 7. 47 VIDEAU 72 HBC 4 K - p  ~ KK('~ ~-) 
1515 0 _ - 7  O AMMAR 67 HBC 5 5 K - p ~  ~K ~. 
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Meson Full Listings 
,/-; 525) 

PRODUCED IN e + e -  ANNIHILATION 
VAL_UE (MeV) DOCUMENT IO TECN COMMENT 

The d a t a  in this b~Ock iS InC ludec l  In t h e - - o v e r a g e  p r i n t e d  t o r a  p rev ious  -- 
d o t o b l o c k  

t524 +_ S O U R  A V E R A G E  

1525 +_ 10 +_ 10 BALTRUSAITIS 87 MRK3 J,,'~ ~ ~ K  + K -  
1527 .0  +_ B.0 AUGUSTIN B5 DM2 J,.'~ ~ K + K - ~  
1522 0 ± 6 0 AUGUSTIN 85 DM2 J..'~ ~ /~K~ 

IF rom O pa r t i a l  w a v e  ana lys is  at d a t a  us ing  a K mat r i x  fo rma l i sm w i th  5 
po les  

2CHABAUD 81 ~s o reana l ys l s  of PAWLICK[ 77 c lara  
3F~'om a n  a m p l i t u d e  analys~s w h e r e  the  f~ (1525)  w i d t h  a n d  e lOshc i ty  a r e  

in c o m p l e t e  d i s a g r e e m e n t  w i th  the  v a l u e s  o b t a i n e d  t ram KK c h a n n e l  
m o k l n g  the  so lu t ion  dUbiOUS 

f ~ ( 1 5 2 5 )  WIDTH 

PRODUCED BY PION BEAM 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

We do  no l  use the  f o l l o w l n g  d a t a  tar a v e r a g e s  tlts l lml ts  e t c  • • * 

108 0 _  + ~ 00 4LONGACRE 86 MPS 22 = - p  - ~ n  I 

+ 2 2 .  5CHABAUD 81 ASPK 6 ~ - p  ~ K + K - n  69 0_ t 6  

137 n + 2 3  CHABAUD B'I ASPK 18 4 ~ , - p  ~ K + K - n  
~ - 2 1  

+B3  U GORLICH 80 ASPK 17 = ' , - p  p o l a r i z e d  150 0 _ 5 0  K + K - n  

165 0 +_ 42 0 6 CORDEN 79 OMEG 12-15 ~r- p 
~, + ~ ' -  n 

n + 3 9  92 ~ _ 22 8 7 POLYCHRO 79 STRC 7 ~ -  p ~ nK~K~ 

PRODUCED BY K+_ BEAM 
_VA_L_UE (MeV)_ EVT$  D(~C_UMEN~ ID.. [EC_N CO__M_MENT _ _  __ 

76 + ~ O U R  A V E R A G E  i n c l u d e s  d a t a  f rom the  d a t a b l o c k  t h a l  fo l lows thls 
o n e  

90.2+_11.8 ASTON 8BD LASS t i  K - p ~  t~K~% J 
83 0 +_ 15 0 ARMSTRONG 83B OMEG IB 5 K - p  ~ K - K  + % 
85 0 z 1 6  0 650 AGUILAR- 81B HBC 4 2  K - D  ~ %K~K - 

+ 14 
80 0 1 1  00 572 ALHARRAN 81 HBC 8 2 5  K - p  ~ ~,KK 

+ 1 9  n 
62 0 _ 14 n 123 BARREIRO 77 HBC 4 15 K - p  % K~ K~ 

72 0 +_ 25 0 166 EVANGELISTA77 OMEG 10 K - p  
K + K - ( ~  ~) 

61 0 _+ B 0 120 BRANDENB 76C ASPK 13 K - p  
K + K - ( ~ ,  "~) 

69 _+22 100 AGUiLAR 72B HBC 3 9 , 4 6  K - p  
KK( \ "-.) 

• • • We d o  no1 use the  t a l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  * • • 
28 _+ 15 46 COLLEY 72 HBC 10 K + p  

K ~ K - K + p  
40 :J: 10 47 VIDEAU 72 HBC 4 K - p  ~ KKC_~ ~)  
3 5 . 0 + - 2 5  0 AMMAR 67 HBC 5 5  K - p  ~ KK% 

PRODUCED IN e + e -  ANNIHILATION 
VALUE (Me_V_)_ DOCUMENT ID TECN COMMENT 
The d a t a  in this b l o c k  Is i n c l u d e d  in t h e  a v e r a g e p r l n t e d  ior  a p rev ious  

d o f a b l o c k  

93 _+ 15 O U R  A V E R A G E  

85 +-35 BALTRUSAITIS87 MRK3 J.,~ ~ "~K+K - 
85 0 +- 27 0 AUGUSTiN 85 DM2 J.,'~ ~ K + K -  

100 0 +- 20 0 AUGUSTIN 85 DM2 J,~ ~ K~K~" r 
4From a pa r t i a l  w a v e  ana lys is  of d a t a  us ing  o K ma t r i x  fo rma l i sm wi th  5 

po les  
5CHABAUD 81 is a reana l ys l s  of PAWLICKI 77 d a t a  
6From a n  a m p l i t u d e  ana lys i s  w h e r e  the  /~ (1525)  w i d t h  a n d  e las t i c i t y  a r e  

in c o m p l e l e  d i s a g r e e m e n t  w i th  the  va~ues o b t a i n e d  f rom KK' c h a n n e l  
m a k i n g  the  so lu t ion  d u b i o u s  

7From O fit to t he  D w i th  f2 (1270) - t~ (1525)  I n t e r f e r e n c e  Mass f i xed  a t  t 5 1 6  
MeV 

f ~ ( 1 5 2 5 )  D E C A Y  MODES 

]'~ f ~ ( 1 5 2 5 )  ~ /'r~- 
]'2 f~ (1525 )  ~ KK 
I" 3 f~ (1525 )  ~ K ~ ( B 9 2 )  + c c 
l" 4 f~ (1525 )  ~ ~r/  
r s f~ (1525 )  -,. - trot/  
I'~ f ~ ( 1 5 2 5 )  --~ ~KK" 
I" 7 f ~ ( 1 5 2 5 )  ~ ~ - ~ - ~ i ' - T e -  
I" 8 f~ (1525 )  ~ "y'y 

15(1525 ) PARTIAL WIDTHS 

I ' ( t r  ~ )  I t  
VALUE (MeV) DOCUMENT ID FECN COMMENT 

1.4 + 1.0 8 LONGACRE B6 MPS 22 ;r p o /~jK~n 
- 0 . 5  

VALUE (MeV) DOCUMENT ID 7ECN COMMENT 

6 3 . 0 + 6 : 0 0  8LONGACRE 86 MPS 22 ; ' r , -p  - -  K~jK~sn 

VALUE (MeVJ DOCUMENT ID IECN COMMENT 

~ - 3 0  2 4 . 0 _  t "0  8 LONGACRE 86 MPS 22 r r -  p ~ K~K~n 

r ( 7 ~ )  i B 
VALUE (keY) DOCUMENT ID TECN COMMENT 

0•11 +_0.04 OUR AVERAGE 
0 12+_0 07+_0 04 9AIHARA 868 TPC e + e  - -~ 

e * e - K + K  - 
0 11 -_0  0 2 - 0  04 9ALTHOFF 83 TASS e ' e -  ~ e + e - K K  

8From o pa r t i a l  w a v e  ana lys is  ol d a t a  us ing a K mat r i x  fo rma l i sm wi th  5 
po les  

9Using BR(/2(1525) ~ KK) = t 

f ~ (1525 )  BRANCHING RATIOS 

[ ' ( 1 T / r ) / l ' t o l a  I l ' , l / l '  
VALUE CL % DOCUMENT ID TECN COMMENT 

• " • We do  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  flts hmlts e l c  • • • 
<0 06 95 AGUILAR 81B HBC 4 2 K-P  ~ %K+K - 

0.007 ±0.002 COSTA B0 OMEG 10 r , - p  ~ K+K-n  

0 027 + 0  071 10GORLICH 80 ASPK 17 18 T , - p  
- 0 013 

0 19 +_ 0 03 CORDEN 79 OMEG 12-15  ; , r - p  
~+,T- n 

0 0075+_0 0025 1 0 i t  MARTIN 79 RVUE 
< 0 . 0 4 5  95 BARREIRO 77 HBC 4 15 K - p  ~ %K~k~ 

0 012 +-_0 004 'IOpAWLICKI 77 SPEC 6 r . N ~  K + K - N  
< 0  063 90 BRANDENB 76C ASPK 13 K - p  

K + K - ( \  " ) 
<0 0086 10 BEUSCH 75B OSPK 8 9 ,*r- p ~ KgKOn 

10Assumlng tha t  the  f~(1525)  ~s p r o d u c e d  by  on  o n e  p l a n  e x c h a n g e  p ro  
d u c t l o n  m e c h a n i s m  

'HMARTIN 79 uses the  PAWLICKI 77 d a t a  w l th  d i f ferent  i npu t  v a l u e  of t he  
f~(1525)  ~ KK b r a n c h i n g  rat io  

I '( l l  ~)/1"( K ~  i 4/r2 
VALUE DOCUMENT #D IECN COMMENT 

• • • We d o  not  use the  f o l l ow ing  d a l a  tar o v e r a g e s  tits hml ls  e t¢  • • • 
< 0  50 BARNES 67 HBC 4 6 5 0  K - p  

l'(Tr ~- r / ) / I ' (KK' )  i 5,,'1 2 
VALUE CL % DOCUMENT IO TECN COMMENT 

• • • We do  not  use the  fo l l ow ing  d a l a  for a v e r a g e s  tits broils e tc  • • • 
(0 41 95 AGUILAR 72B HBC 3946 K-D 
< 0  3 67 AMMAR 67 HBC 

[ l ' ( K K ~ ( 8 9 2 )  + c c ) + I (T rKT0} / l ' (Kk  "~ ) (I 3+16)/12 
VALUE CL% DOCUMENT ID TECN COMMENT 

• • * We do  not  use l h e  fo l l ow ing  d a t a  for o v e r a g e s  fits l imits e l c  • • • 
<0 35 95 AGUILAR 72B HBC 3946 K-p 
<0 4 67 AMMAR 67 HBC 

I ' ( / r -  7r- 7r- 7 r - ) / l ' ( K ~  i 7."I 2 
VALUE CL % DOCUMENT #O TECN COMMENT 

• • ° We do  not  use the  f o l l ow lng  d a t a  tar a v e r a g e s  fds hml ls  e t c  * • , 
< 0 . 3 2  95 AGUILAR 72B HBC 3 9 4 6  K - p  

r ( r r  7r) / r (Kk' )  i t  '12 
VALUE DOCUMENT ID TECN COMMENT 
0 .075+_0 .035  AUGUSTIN 87 DM2 j - . - i - -  -o : . . . .  

f~(1525) REFERENCES 
ASIAN 88D NP to be Dub ~AWQjl Bier, z+ (S.AC NAGO C'NC TOKY) 
AUGUSTIN 87 ZPHY C36 369 +Cosine+ (LALO CLER FRAS PAL)O) 
BALTRUSAITIS 87 PR D35 2077 *Cottrncin DuDo[s~ (MARK III Col,ob ) 
AIHARA 80S PRL 57 404 +Alslon GOrnlost+ (TPC Two Gamma Col;ob ) 
LONGACRE 86 PL 8177 223 ÷Etkln* (BNL BRAN CUNY DJKE NDAM) 
AUGUSTIN 85 MOflORCI XX I 479 *ColcolertQ Cosine* (ORSA CLFR PAPa FRAS) 
ALTHOFF 83 PL t2tB 216 +Brorldehk Boernert (/ASSG COllOID ) 
ARMSTRONG 838 NP B224 193 + (BARI BIRM CERN MILA LPNP PAVI) 
AGUILAR BtS ZPHY Cll 313 AgullarBenitez Albo)or~ (CERN CDEF MADR*) 
ALHARRAN 81 NP B191 26 +Boubillier* (BIRM CERN GLAS MICH LPNP) 
CHABAUD 81 APP B¶2 575 +NiczYpofuk Becket. (CERN CRAC MPIM) 
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./'2 ( 1525/, ,f 1(1530/, fo(i 5901 
COSTA 80 NP B175 402 COSlO CN~ eeautegord* (eARl BONN CERN+) 
GORLICH 80 NP e174 t0 +Nlczyporuk+ (CRAC MPIM CERN ZEEM) 
CORDEN 79 NP B157 250 +Dowell Garvey* (BIRNI RHEL TELA LOWC) JP 
MARTIN 79 NP B158 520 +Ozmutlu (DURH) 
POLYCHRO 79 PR D19 1317 Polychronakos Coson BishOp+ (NDAM ANL) 
BARREIRO 77 NP B121 237 +Diaz Gay Hemlngwoy.(CERN AMST NIJM aXE) 
EVANGELISTA 77 NP e127 384 + (eARl BONN CERN DARE GLAS+) 
PAWLICKI 77 PR D15 3'196 +Ayres Cohen Diebold Kramer Wlcklund (ANL) IJP 
eRANDENB 76C NP B104 413 elanclenburg Coroegle Coshmore+ (SLAC) 
BEUSCH 75B PL 60B 101 *elrmon Websaole Wet;tel CCERN ETH) 
AGUILAR 728 PR DO 29 AgulIOr 8enifez Chung Eisner Somlos (BNL) 
COLLEY 72 NP 850 '1 +JaDes Riclcllfo~ct Grlfflfhs+ (BIRM GLAS) 
VIDEAU 72 PL 41e 213 . v ideou  Rouge eorrelet Debilon+ (EPOL SACL) 
AMMAR 67 PRL 49 107t +Davis Hwang Dogon Derrick+ (NWES ANL) JP 
BARNES 67 PRL 19 964 ~Dornon Goldberg Leltner+ (BNL SYRA) IJPC 
CRENNELL 66 PRL 16 1025 *Kalbfletsch Lai SCOU Schumann+ (BNL) I 

. . . .  OTHER RELATED PAPERS - -  - 

J E N N I  e3 PR D27 1031 +Burke Telnov ADiQms Blocker4 (SLAC LBL) 
ARMSTRONG e2 PL 110e 77 +Boubillle~+ (eARl BIRM C[RN MILA LPNP+) 
ETKIN 82B PR D25 1786 +Foley LQI+ (BNL CUNY TUFT VAND) 
LUKE 82 DESY 82 73 (DESY) 
BECKER 79 NP B151 46 +elonor eJum÷ (MPIM CERfl ZEEM CRAC) 
LAVEN 77 NP e127 43 +Oltel Klelne (AACH eERL CERN LOIC WIEN) 
LORSTAD 69 NP e14 53 +D Andlou Asller+ (CDEF CERN) 
SCOffER 69 NC 62A 1057 +Erskln~ Pale~+ (BIRM GLAS Late MPIM axE) 
ALITfl b8g PRL 2t 1705 +Barnes Crennel l  FlamlnlO Golaberge (BNL) 
ABRAMS 67s PRL 18 620 +Kehoe Glosser Sechl Zorn Wolsky (UMD) 
BARNES 65 PRL 15 322 +CulwICk Guldoni Kalbflel$Ch GOZ) (BNL SYRA) 

J 4 ( 1 5 3 0 )  was /3(1530) ] IG(jPC) = 0+(1++) 

fr('1530) MASS 

.VALUE (MeV) . _  EVTS DOCUMENT ID rECN COMMENT _ 

1527 +- 5 OUR AVERAGE 
1530 ± 10 ASTON 88C LASS 11 K - D  

/~  K +- ,-r ~-- ~. 
1526 0 t  6 0 271 GAVILLET 82 HBC 4 2  K - p ~  ~KK~ 

fr(15301 WIDTH 

_V.ALUE (M~V~ [.VT5 DOCUMENT IO TECN C_O_MMENT . . . .  

1 0 6  _+ 14 OUR AVERAGE 
100 +-40 ASTON 88C LASS 11 K - p  

KOK± ,-r ¢ ~. 
107 0 ± t 5  0 271 GAVILLET 82 HBC 4 2  K - p ~  ~KK~" 

f~(t530)  DECAY MODES 

I" t f~(1530) ~ Kk'~(892)  + c c 

f~(1530) REFERENCES 

ASIAN 88C PL e201 573 +Awap Blenz+ (SLAC NAGO CINC TOKY) JP 
GAVILLET 82 ZPHY C16 119 +Almenteros+ (CEIPN CDEF PAPa ROMA) 

[ro(ISgo) I : o+<o++> 

S e e  a l s o  t h e  m i n i - r e v i e w  u n d e r  n o n - q q  c a n d i d a t e s  

fo(1590) MASS 

VALUE_(..MeV) EVTS DOCUMENT ID TECN COMMENT 

1587 _+ 11 OUR AVERAGE . . . . . . . .  
1610 _+20 ALOE 88 G A M 4  300 ~ - N ~  r / t / T r - N  
1570 +-20 6 0 0 : 7 0  ALOE 87 G A M 4  100 ~ r - p  4=r0n I 
1575 0 Z 4 5  0 I ALOE 86D G A M 4  100 " t r -D  ~ 4"yn 
1568 0 +-33 0 BINON 84C G A M 2  38 . ~ - p  ~ 43 ,n  
1502 0 -+ 25 0 81NON 83 GAM2 38 ~ - p  ~ 4") 'n 

IF rom c e n h a l  v a l u e  a n d  s p r e a d  of two  so lu t ions  

f0(1590) WIDTH 

VALUE (MeV) EVTS DOCUMENT /D TECN COMMENT 

175 +- 19 C)UR AVERAGE Error i n c l u d e s s c a l e  l a c l o r  of I 3 S--ee t l l e ~ d e o  
g r a m  b e l o w  

170 ¢ 4 0  ALOE 88 GAM4 300 r . - N  ~ ~ I : ~ - N  
150 +-20 600:70 ALDE 87 GAM4 100 T,--D 4,-r0n 
265 0 + - 6 5 . 0  2ALDE 86D G A M 4  100 ; . r - p  ~ 4 " i n  
260 0 _+ 60 0 BINON 84C GAM2 38 Jr -  p ~ 4~t n 
2'~0 0 +- 40,0 BINON 83 GAM2 38 '~.-p ~ 4~/n 

2From c e n l r o l  v a l u e  a n d  s p r e a d  of two  solutlor~s 

WEIGHTED AVERAGE 
175 ± 19 (Error IcaJed by 13) 

" ~ " ~  - I -  

200 300 400 
J, 

O 100  

2 
X 

ALOE 88 GAM4 0 0 
ALOE 87 GAM4 1 e 
ALOE 860 GAM4 19 
BINON B4C GAM2 2 0 
BINON e3 GAM2 0 8 

8 3  
(Confidence Level = O 180) 

e I 

500 600 

f0(1590) w=dth (MeV) 

f0(1590) DECAY MODES 

r l  fo(1590) ~ 17i7 
12 fo(1590) -+ n~,(958) 
13 fo(1590) ~ 7r°Te~ 
14 fo(1590) ~ KK 
]'5 fo(1590) ~ 4~°  

f0(1590) BRANCHING RATIOS 

I ' (  T/E7)II ' iofo I I'ii[" 
VALUE DOCUMENT #D TECN COMMENT 
LARG--E ALOE 88 GAM4 3-00 ~ r - N - -  ~ = - N  J 
LARGE BINON 83 GAM2 38 7r-.O ~ 4 " )n  

i ' (~ 17'(958))/I('q)'/) l ' d h  
VALUE DOCUMENT /D TECN COMMENT 
2.7 _+ 0 . 8 - -  81NON " - -  84C GAI~2 3-8" .-r- p ~ 4~tn  

l'(TrO 7roT/r07)'/) r3 / I )  
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits IbmIls e l c  * • ° 
< 0  3 BINON 83 GAM2 38 ~ ' - p  ~ 4"~n 

r (KK) I r07~)  l , / r l  
VAL.UE DOCUMENT ID TECN COMMENT . . . . . . . . . .  

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  flts l lmlts e t c  • • * 
< 0  6 BINON 83 GAM2 38 T . - p  ~ 4"~n 

r(4=o)IrOTn) rslrl 
VALUE DOCUMENT ID TECN COMMENT 
0.8  _ 0 - 3 - ' "  ALOE 87 GAM4 100 I r - D  ~ 4 = a n  J 

f0(1590) REFERENCES 
ALOE 88 PL e201 160 ~,eellOZinl elnon+ (SERP BI:LG LANL LAPP PISA) JP 
ALOE 87 PL e198 286 ÷einon erlcman+ (LANL BRUX SERF'. LAPP) 
ALDE 860 NP e269 485 +elnon erlcmon+ (BELG LAPP SERP CERfl) IGJP 
BINON e4c NC 80A 363 +eflcman Donskov+ (BELG LAPP SERP CERN) 
BtNON e3 NC 78A 313 +Donskov Dutelf+ (BELG LAPP SERP CERfl) IGJP 

Also 83s SJNP 38 561 81non Gouonefe+ (BELG LAPP SERP C[RN) 
Translated from YAF 3e 934 



See key on page 129 

I ~3(1670) I IG(J ~c) = 0 - ( 3 - - )  

~ ( 1 6 7 0 )  M A S S  

yA_L_UE (MeV)_. EVT$  DOCUMENT ID... FECN_ COM_M_ENT __ 

1 6 6 8  _+ 5 OUR A V E R A G E  
1685 0 ± 20 0 60 BAUBILLIER 79 HBC 8 2 K -  p b a c k w a r d  
1673 0_+12 0 430  12BALTAY 78E HBC 15 7 r + D ~  k3~r 
1650.0 ± 12 0 CORDEN 78B OMEG 8-12 ,'*r-p ~ N3= 
1669 ± 11 600 2 WAGNER 75 HBC 7 ,'r+p ~ .~*+3~r 
1678 ± 14 500 DIAZ 74 DBC 6 ,*r+n ~ P3,'~ ° 
1660 ± 13 200 DIAZ 74 DBC 6 ,"r+ n ~ p,.~,,~-o~0 
1679 _+ 17 200 MATTHEWS 710 DBC 7 0 ,~'+n ~ D 3 ~  0 
1 6 9 5 0 ± 2 0 . 0  BARNES 69B HBC 4 6  K - p  ~ ~2,'T X 
1670 ± 2 0  KENYON 69 DBC 8 ~r+n ~ p 3 ~  "° 
1636 ± 20 ARMENISE 68B DBC 5 1 • + n ~ 0 3 ~  "0 

. • * We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  flts l imits e t c  • • * 
~ 1 7 0 0  0 110 ICERRADA 778 HBC 4 2  K - p - -  %3,-r 

I p h a s e  ro ta t l on  s~en  for JP = 3 -  i ~  w o v e  
2From a flt to l ( J  ) = 0 ( 3 - )  / )~ p a t h o l  w o v e  

~ ( 1 6 7 0 )  W I D T H  

VALUE (MeV) EVT$  DOCUMENT ID rE(N_ COMME_NT .__ 

t66 -+. t2  OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of 1 1 
160 0 - 8 0 . 0  60 3 BAUBILLIER 79 HBC 8 2 K -  p b a c k w a r d  
173 0 ± 1 6  0 430  45BALTAY 78E HBC 15 ~ r + p  ~ -%3~" 
253 0 - - 3 9  0 CORDEN 78B OMEG 8 - 1 2  ~ . - p  ~ N3~r 
173 ± 2 8  600 35WAGNER 75 HBC 7 7 r + p  ~ - I + + 3 ~ "  
167 ± 4 0  500 DIAZ 74 DBC 6 , - r+n ~ p37r ° 
122 :t: 39 200 DIAZ 74 Dec  6 , 'T+n ~ P ~ ' 0 ~  ° 
155 ± 4 0  200 3MATTHEWS 710 DBC 7 0 ,"r+ n ~ p3;,r0 
100 _+.40 KENYON 69 DBC 8 ~ + n  ~ p3trO 
112 _+60 ARM~NISE 68B OBC 5 1 ~T+n ~ p3,1"0 
• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

90 .  ± 2 0  BARNES 69B HBC 4 6  K - O  ~ ~2Tr 
3W~dlh errors e n l a r g e d  by  us to 41 ,'N 1'2 see t he  n o t e  w l l h  the  K~(892)  

moss 
4phase  ro ta t i on  s~en  for JP = 3 -  p~r w a v e  
5From a I l l  to l ( J  ) = 0 ( 3 - )  p ~  p a r h a l  w a v e  

w ~ ( 1 6 7 0 )  D E C A Y  M O D E S  

1"~ ~ . s ( 1 6 7 0 )  ~ 37 r  

E x c l u d i n g  p~r 

I' 2 = ' s ( 1 6 7 0 )  -* .  5~ r  

E x c l u d i n g  ~, ~r ~r 

i '  3 ~ : ~ ( 1 6 7 0 )  ~ p'n" 

I"4 ~.,s(1670) ~ ,,:~rtr 

I" s ~.,s(1670) -,, b ~ ( 1 2 3 5 ) / r  

w 3 ( 1 6 7 0  ) B R A N C H I N G  R A T I O S  

l~,(s,~) + ,,(,~-~-);/[r(3~-) + r(p~-)] cr~+r , ) /o ' ,+ , '~)  
VALUE EVTS DOCUMENT ID fECN COMMENT 

• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • * 
0 97 - 0 28 200 DIAZ 74 DBC 6 ~'+ n ~ p 5 ~  "° 

l 0)~')/[['(3~r) + r0,~)] r j(r,+r~) 
VALUE EVTS DOCUMENT ID TECN COMMENT 

• * • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits hmllS e t c  • • • 
> 0  70 200 MATTHEWS 7 tD DBC 7 0 ,"r + n ~ 0 3 ~  0 

1 '(*.,.' ~" 7 r ) / l ' ( p  7 r )  I ' 4 t  1"3 
VALUE EVrS DOCUMENT ID TECN COMMENT 

• • * We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  flts. l imits e t c  • • * 
0 71:1:0 27 100 DIAZ 74 Dec  6 ~T+n ~ p5~ "° 

r ( b , ( 1 2 3 5 )  7 r ) / i ' ( p T r )  1"5/1"3 
VALUE DOCUMENT ID [ECN COMMENT 
POSS~B~Y SEEN . . . .  DIAZ 74 DBC 6 r, + n ~ D5~ "0 

1"(b,(1235) ~r)/]'(=' ~r~') l ' s / l  4 
VALUE CL % DOCUMENT ID rECN COMMENT 

• • * We do  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
> 0  75 68 BAUBILLIER 79 HBC 8 2 K - D  b a c k w a r d  

2 9 9  

Meson Full Listings 
a 3(1670),  2(1670) 

BAUBILLIER 
BALTAY 
CORDEN 
CERRADA 
WAGNER 
DIAZ 
MATTHEWS 
BARNES 
KENYON 
ARMENISE 

MATTHEWS 
ARMENISE 

~ 3 ( 1 6 7 0 )  R E F E R E N C E S  

79 PL 89B 131 ~ (BLRM CERN GLAS MSU LPNP) 
78I PRL 40 87 +Cauhs Kalelkal (COW) JP 
78e NP fit38 235 *Corbelt A~exonder* (BIRM RHEL TELA LOWC) 
77s NP B126 241 +BIockZql Heinen* (AMST CERN NfJM OXf)JF 
75 Pl SBB 201 +Tabak Chew (LBL) JP 
74 PRL 32 260 ÷Dlblanca F1ckmger Anderson. (CASE CMU) 
710 PR D3 256t .Prentice Yoon Carroll+ (TNIO WISC) 
bOB PRL 23 t42 .Chung Eisner FlamlnlO~ (8NL) 
69 PEt. 23 146 +Kmson Stair* (BNL UCND ORNL) 
68B PL 26B 336 +Farina Car lacc, ,  (BARI BGNA FIRZ ORSA) 

- - - -  OTHER RELATED PAPERS - - -  

7t LNC 1 361 +Plentice Yoon Corroll~ (~NTO WSC) 
70 LNC 4 199 +GhiO,n Forlrg Corloccl* (eARl BGNA FIRZ) 

I ";r~,(t670) I w a s  A 3 ( t 6 8 0 )  i%/% : 1-(2 -+) 

O u r  l a t e s l  m i n i - r e v i e w  o n  th i s  p a r t i c l e  c a n  b e  f o u n d  in 

t h e  1 9 8 4  e d l h O n  

• " 2 ( t 6 7 0 )  M A S S  

VALUE (MeV) . EVT5 DOCUMENT ID TECN CHG COMMENT 
1 6 6 5  -+_ 5 O U R  A V E R A G E  Error i n c l u d e s  sca le  fac tor  of 1 4 See the  

ndeogram b e l o w  
1710 ± 20 700 ± 150 ANTIPOV 87 SIGM - 50 T , - C u  ~ J 

# + p  - ~ - C u  
1676 _+ 6 t EVANGEL[STABI OMEG - 12 7r - p 

3 ~ p  
t 657  0 -~ 14 0 ~ 2 DAUM B0D SPEC 6 3 - 9 4  ;,rp 

3~ X 
1662 0 : 10 0 2000 1BALTAY 77 HBC + 15 Tr,+p 

p3~, 
1640 ~ 10 575 KALELKAR 75 HBC 4- 15 Tr,+p 

p;T, ~ f2 
1650 +_ 30 t ANTIPOV 73C CNTR - 25 40 .T'" D 
1660 "='_ t0  I A S ( a L l  73 HBC 5 - 2 5  : r -  p 

P~"2 
1660 - ' 2 5  260 CASO 72 HBC + 1t 7 , ' r+p  
1660 0 -+ 20 0 CASO 69B HBC - 11 ,-r- p 

• • • We do  not  use the  fo l l ow ing  d a t a  to{ o v e r a g e s  tits l imits e t c  • • • 
1710 0 _+20 0 3DAUM 81B SPEC 63 94 7 r - p  
1650 0 4pERNEGR 78 CNTR - 9+13+15 ~ r - ~  
1600 ~ 10 THOMPSON 74C HBC + 13 ,'r+p 

pr,~" 

IFrom a hi to JP = 2-S-wove f2(1270),"r Dart,al wave 
2C lea r  p h a s e  ro ta t ,on  seen  in 2 - 5  2 - P  2 D w a v e s  We Quote  c e n t r a l  

v a l u e  a n d  sDread of s ing le  r e s o n a n c e  hts to th ree  c h a n n e l s  
3From a two  r e s o n a n c e  tit Io four 2 - 0  ~ w a v e s  This ShOuld not  be  a v e r  

a g e d  wi th  a l l  the  s ing le  r e s o n a n c e  hls 
4C~eor p h a s e  ro ta t ion  seen  in 2 - S  a n d  2 - P  w a v e s  

WEIGHTED AVERAGE 
1885  ± 5 ( E r r o r  s c a l e d  b y  1 4 )  

ASCOL[ 
CASO 
CAS0 

1 8 0 0  1850 1700 1750 

ANTIPOV 
EVANGEL STA 
DAUM 
BALTAY 
KALELKAR 
ANT POV 

2 
X 

87 S:GM 5 0 
81 OMEG 3 3 
BC) SPEC 0 3 
77 HBC 0 1 
75 HBC 6 3 
73C CNTR 0 3 
73 HBC 0 3 
7Z HBC 0 0 
69B HBC 01 

157 
(Confidence Level -- 0 047) 

i 

1 8 0 0  

. 'r2(1670) mass (MeV)  
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Meson Full Listings 
rr2(1670) 

~ '~ (1670)  WIDTH 

VALUE (MeV) EVFS DOCUMENT /O TECN CHG COMMENT 

247 +_ 11 OUR AVERAGE 

170 -+ 80 700 -+ 150 ANTIPOV 87 SIaM - 50 ~ -  Cu ~ J 
~z + / ~ -  ,-r- CU 

312 0_+ 50 0 5DAUM 8'1B SPEC - 6 3 9 4  : r - p  
260 _+ 20 6 EVANGELISTA81 OMEG - 12 ~ - p  

3,-rp 
2190 _+ 200 67 DAUM 80D SPEC - 63-94 ~'.o 

3~X 
285 0- + 60 0 2000 6BALTAY 77 HBC + 45 , ' r+D 

p3,-r 
240 -+ 30 575 KALELKAR 75 HBC + .15 # + p  

o ,-r + f~ 
300 _+ $0 6ANTIPOV 73C CNTR - 2 5 4 0  = - . o  
270 _+ 60 6ASCOLI 73 HBC - 5 -25  ~ r - p ~  

p / r  2 
.190 _+ 100 260 CASO 72 HBC + 11 7 ~ + p  
240 0-+ 50 0 297 ARMENISE 69 DBC ÷ 5.1 , ' r + d ~  

d3;'r 
• • • We d o  not use the fo l low ing d a t a  for overages  his hmJts e tc  • * • 

400 0 8pERNEGR 78 CNTR - 9+13+15 T , - N  
310 -+ 40 THOMPSON 74C HBC + 13 ~ ' + p  

200 tO 400 6CASO 72 HBC + .11 7 ,'r+~o 
130 CASO 69B HBC - 1'1 T r - p  
150 0 CASO 69B HBC - 11 ~ r - p ~  

f~,-r- p 
5From o two resonance  fll to four 2 - 0  + waves thls shoulcl not  be  aver 

a g e d  w~th al l  ~ e  s ingle resonance  hls 
6From a tlt to J = 2 -  f2(1270);'r par t ia l  wave  
7Clear phase  rotat ion seen in 2 -5 .  2 - P  2 - D  waves We q u o l e  cent ra l  

va lue  a n d  sp read  of s ing le - resonance  fits to three channe ls  
8Clear phase  rotat ion seen ~n 2 - S  a n d  2 - P  waves 

• "~(1670)  D E C A Y  MODES 

I",1 "/r~('1670) --~ pO~_+ 
1" 2 7r~(1670) ~ T/'/r -+ 

r 3 ~=(1670) -,. ~±2~--2/r- 

r 4 7r~('1670) ~ KK~(892) + c c 

[" s ~-;(1670) ~ K~"n 

I" 6 ~('1670) ~ KK' 

F 7 7r~(1670) ~ f~('1270)-rr± 

F 8 7r2(1670 ) ~ ~.~r 

I' 9 7r2(1670) ~ "rr---~-Tr - 

I",1o 7r~(1670) --,. fo(1400)Tr 

~r2(1670 ) B R A N C H I N G  RATIOS 

],(oo~-+)/r(=_+ =- ~-) J f/]'~ 
VALUE DOCUMENT ID rECN CHG COMMENT 

0.29 --+ 0.05 9 DAUM 818 SPEC 63 94 Tr- p 

• • * We d o  not use the fo l low ing d a t a  for averages  fits l lmlfs, e tc  • • • 
< 0  3 BARTSCH 68 HBC + 8 7 r + p  ~ 3~rp 
< 0  4 FERBEL 68 RVUE _ 

9From a two- resonance  fit to four 2 - 0  + waves 

l'(f2('f270) 7r +-)/l'(~'n "-- ~+/r-) r7/l'o 
(With /2(1270) ~ 7r+~r - ) 

VALUE DOCUMENT ID FECN CNG COMMENT 

0.60 ± 0.05 OiJ-R-AVERAGE Error- includes scale factor  of 1 3 - -  
061 _+ 0 0 4  '10 DAUM 818 SPEC 63.94 ,1"-/3 

0 7 6  +00 3424 ARMENISE 69 DBC + 5d3~.I Tr+d 

0 35_+0 20 BALTAY 68 HBC + 7 - 8 5  . T + p  
• • * We d o  not use the fo l low ing  d a t a  for averages  fits hmits, e tc  • • • 

0 59 BARTSCH 68 HBC + 8 T r+p  ~ 3n 'p  

'10From a two resonance  tit to four 2 - 0  + waves 

]'(TlTr "- )/1"(~r : / r  + ~--) I 2/I'9 
(AJI "7 decays  ) 

VALUE DOCUMENT ID TECN CHG COMMENt 

< 0 . 0 9  BALTAY 68 HBC + 7-8  5 ~ '+O 
• • • We d o  not use the fo l low ing  dQta for overages  fits hmlts etc  • • • 
< 0  40 CRENNELL 70 HBC 6 = - p  

f~=- N 

l'(Tr : 27: + 27r-)/l'(Tr -+ 7r + ~-) l'3/r ~ 

VALUE DOCUMENT /O TECN CHG COMMENT 

<0 10 CRENNELL 70 HBC - 6 ~ ' - p  
f 2= -N  

< 0  1 6ALTAY 68 HBC + 7 8 5 t r + p  

l'(fo(1400)~')/I'(~'± 71"+ 71"-) 1 ,10/l'9 
(With f0(1400) ~ t r + ~  - ) 

VALUE DOCUMENT ID TECN COMMENT 

[ ) o t 0 ~ - 0 . 0 5 -  '11DALJNI - - 8 1 B  SPEC" 6 3 9 4  . " r -D -" 
r l F rom a two resonance  fll to tour 2 - 0  + waves 

l ' ( K ~ k ( 8 9 2 )  + c C ) / ] ' ( f2(1270)Tr-*)  1"4/]" 7 
VALUE DOCUMENF ID TECN CHG COMMENT 

0.075 -+ 0.()25 'r2 ARMSTRONG 82e OMEG - 16 /~- p 
K + K - ~ . - p  

12From o par t ia l  wave  analysis of K + K -  ~ -  system 

D-wave /S -wave  RATIO FOR 7r2(1670 ) ~ /2(1270)7r 
VALUE DOCUMENT tD TECN COMMENT 

• • • We do  not use the fo l low ing d a t a  for averages  fits l imits e l c  • • • 

0 22-+0 10 13DAUM 81B SPEC 63,94 J r - D  
`13From a two resonance  flf to four 2 - 0  + waves 

ANIIPOV 87 
ARMSTRONG 828 
DAUM 81B 
EVANGELISTA 81 

AlSO 8,1B 
DAUM 80D 
PERNEGR 78 
BALTAY 77 
KALELKAR 75 
THOMPSON 74C 

AlSO 74B 
ANTIPOV 73C 
ASCOLI 73 
CASO 72 
CRENNELL 70 
ARMENISE 69 
CASO 099 
BALTAY 68 
BARISCH 68 
FER8EL 68 

CHEN 83B 
LEEDOM 83 
BELLINI 828 
BALTAY 78 
CORDEN 78C 
ROBERTS 78B 
CAUTIS 77 
CERRADA 77B 
BEKEIOV 75 

EMMS 758 
HORNE 75 
WAGNER 75 
ASCOLJ 74 
LICHTMAN 74 
OTTER 74 
TABAK 74 
ANTLPOV 736 
ASCOLJ 730 
ALEXANDER 72 
ARMENISE 72 
SALZBERG 72 
BEKETOV 7'1 

PALER 71 
BRANDENB 70 
CHJEN 70B 
MJYASHITA 70 
8ARNES 0 9 6  

CASO 68 
IOFFREDO 68 
LAI~A 68 
DANYSZ 678 
DUBAL 67 

AlSO 68 
FOCACCJ 66 
LEVRAT 66 
LUBATTI 6b 
VETLIISKY bb 
FaRINa bBB 

x'2(1670 ) REFERENCES 

EPL 4 403 +Batarln+ (SER'P JINR INRM TBLI 8GNA MILA) 
NP B202 I +8accarl (AACH 8ARI BONN CERN GLAS÷) 
NP 8182 269 +Hertzberger+ (AMST CERN CRAC MPIM OXF+) 
NP B178 197 ~ (BARI BONN CERN DARE LIVP~.) 
NP 8186 594 Evangehsta 
PL 898 285 ÷Hedzberger+ (AMST C~RN CRAC MPIM OXF+)JP 
NP 8134 436 +AeIDlscher+ (ETH CERN LOIC MILA) 
PRL 39 5¢I +Cautl$ Kalelkar (COLU) JP 
Nevls 207 Thesis (COLU) 
PRL 32 331 +Baclewitz Galclos Mcllwaln Paler+ (PURD) JP 
NP B69 381 thompson 8oaewllz GoICLOS Mcllwaln+ (PURO)JP 
NP 863 1,53 +ASCOll Busnello Fococcl+ (CERN SERP) JP 
PR D7 669 (ILL TNTO GENO HAM8 MILA SACL) JP 
NP B36 349 *Moclclock Bassler+ (DURH GENO DESY MJLA÷) 
PRL 24 781 +Karshon Lol Scoff Slms (BNL) 
LNC 2 .$01 +Ghlainl Follno Cortacci~ (8A~ 8GNA FIRZ) 
LNC 2 437 +Cant÷ TomoslnJ Canlote+ (GENO MILA SACL) 
PRL 20 887 ÷Kung Yeh FetID÷l+ (COLU ROCH RUTG YALE) l 
NP B7 345 +KepIDel Kraus+ (AACH 8ERL CERN) JP 
Phll Cant 335 (ROCH) 

- -  -- OTHER RELATED PAPERS .- - -  

PR D28 2304 +Fenker~ (ARIZ FNAL FLOR NDAM TUFT~.) 
PR D27 1 4 2 6  +DeBonle GoIclos Key Wang+ (PURD TNTO) 
NP B199 1 * (C[RN MILA JINR 8GNA HELS PAVI WARS+) 
PR D17 52 +Caulls Cohen Csorna Kolelkor+ (COLU BING) 
NP B136 77 +Dowell GarY÷y+ (BfRM R'HEL TELA LOWC) JP 
PR D¶8 89 +Kruse Eclelsleln. (ILL CMU NWES ROCH) 
Nevls 221 /bests (COLU) JP 
NP B'~26 241 eBIOckzlll Hemen÷ (AMST CER'N NIJM OXF)JP 
SJNP 20 379 +ZomIDkovskll KOICLOIOn Konovalov÷ (ITEP) 
Translatecl from YAF 20 709 
PL 60B 109 +Jones Klnson 8ell Dole+ (BIRM DURH RHEL)JP 
PR DI,1 996 eHagoID~on Hagoplan Bensinger+ (FSU BRAN) 
PL 588 20`1 +laIDak Chew (LBL) JP 
PR D9 `1963 +Cutler Jones Kruse ROIDerIS Welnsteln+ (ILL) 
NP 88,1 3,1 +Blswos Cason Kenney McGahan+ (NDAM) 
NP B80 1 ÷Ruclofph+ (AACH 8ERL 8aNN CERN HEID) JP 
Boston Cant ~Ronal Rosentelcl Loslnskl+ (LBL S4.AC) JP 
NP 863 141 +ASCOJl 8usnello Focaccl+ (CERN SERP)JP 
PR D8 3894 +Jones Welnsleln Wylcl (ILL) JP 
NP B45 29 ÷801 Nit 8enarv Pagan+ (TELA) 
LNC 4 20,1 +FotlnO Cartacci+ (BARI BGNA FIRZ) 
NP 84,1 397 +Hotrlsan Heyclo Johnson Klm L a w +  (HARV) 
SJNP 4 765 +SomIDkowsky Kolnovalav Ktulschlnln~ (ITEP) JP 
Tfanslatecl from unknown Journal 
PRL 26 1 6 7 5  +BaclewltZ Barlon Miller Palfrey Tebes (PURD) 
NP 816 369 8ranclenDurg Brenner Ioffredo~. (HARV) 
Phll Cant 275 (JHU) 
PR Dr 771 +VonKrogh KaDelmah LIIDby (COLa) 
PRL 23 142 +Chung Eilner Ramlnlo+ (8NL) 
NC 54A 983 +Confe Carols DlaZ÷ (GENO HAM8 MiLA SACL) 
PRL 21 1 2 1 2  +8ranclenburg Brenner Elsensteln+ (HARV) 
PR rb6 1395 +Cason 81swas Deroclo Groves+ (NDAM) 
NC 51A 801 .French S4mak (CERN) 
NP 83 43B (CEgN Missing MOSS Soecrromeler Coilab ) 
Thesis 1456 Dubal (GEVA) 
PRt 17 890 +Klenzle Levral MOgllch Marlln (CERN) 
PL 22 714 (CERN Missing Mass Spectromeler COllOID ) 
Berkeley Thesis (LRI.) 
PL 21 579 +Guszovln Kllger Zolganov÷ (ITEP) 
PL 19 68 +Gessaroll+ (BGNA 8ARt FIRZ ORSA SACL) 
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 (1680), p3(1690) 

IG(J PC) = 0 - ( 1 - - )  

F~rst =aenhfled using DoIIIz plot onolys~s oi e + e -  ~ 
KK~(892) (BIZOT 80. DELCOURT 8~) We llst below can- 
diclotes tot the ~, and ,~ radial excitations until they 
ore well estabhshed 

¢(1680) MASS 

KK MODE 
. . . . . . . . . . . . . .  VALUE (MeV) DOCUMENT ID TECN COMMENT 

• • • We do  not use Ihe ta l low ing d a t a  for overages  fits hmlts etc  * • • 

1760 ~ 20 ATKINSON 85C OMEG 20-70 5 P ~ K K  x 
t680.  _+ 10 I BUON 82 DMI  e + e -  ~ hodrons 
1677 _+ 12 2MANE 82 DMI  e + e  - ~ K~K~-" 
1690 = 10 3 ASTON 81F OMEG 25-70 "~ D ~ K + K -  

X 

PIONS MODE 
VALUE (MeV) ._ E V T $  DOCUL(_tENT IO - TEEN CHG COMMENT ___ 

• • • We d o  not use the fo l low ing  d a t a  for overages  hts limits e l c  • • • 

1670 _+20 4ATKINSON 838 OMEG 20-70  -~p 
3~" X 

1657 ± 13 2 CORDER 81 DMI  e + e -  ~ ~ 2 ~  
1679 _+ 34 21 ESPOSr[O 80 FRAM e + e -  ~ 3~" 
1652 0 _+ 17 0 COSME 79 OSPK 0 e ~ e -  ~ 3~ 

1From g l o b a l  fit o f f ~  ,.c ,:~ a n d  their rad ia l  exc i ta t ions lo  channe ls  
, , : ~ ' + , ~ -  K + K  - K~K~. K~K-+~r "T" Assume mass 1570 MeV a n d  w id th  510 

|'(=~r~r) × r(e+e-)/l'toto, [11Vi 
VALUE (keY)_ . DOCUMENT ID TECN COMMENT 

• • • We do  not use the fo l low ing d a t a  for overages  fits limits etc • • • 
~ 0  017 9 BIZOT 80 DMI  e + e  - 

I ( ,K~ '~  "~ r ( e +  e - ) / r t o t a l  [ 3] 6,.'l 
V_ALUE_(_keV) . _ DOCUMENT ID TEEN COMMENT 

• • • We do  not use the fo l low ing d a t a  for overages fits hmlts etc  • • • 

0 053-+0 035 981ZOT 80 DMI  e + e  - 

r(KK~(892) + C c ) × r(e + e-)/l total J 416//J 
VALUE_(keV) _ DOCUMENT ID TECN COMMENT 

• • • We do  not use the fo l lowing da ta  for averages fits Iimds etc • • • 

0 413 -+0 033 981ZO1 80 DMI  e + e  - 

9Mode l  d e p e n d e n t  

¢(1680) BRANCHING RATIOS 

l'(,c~rTr)/r(KIC~(892) + C C ) 
VALUE DOCUMENT ID TECN COMMENT 

• * • We d o  not use the ta l low ing da ta  for averages fits hmlts e l c  • • • 

< 0  10 BUON 82 DM1 e + e- 

I'i/1"4 

]'(KK)/r(KK~(892) * c c ) 
VALUE DOCUMENT ID 

0 . 0 7  ± 0.0 t  BUON 

I'(K/C#:(892) + C C )/I'(I~K~) 

TECN COMMENT 

82 DM1 e + e -  

1"3/I" 4 

[ 4/1"5 
MeV for /, rod la l  excJtohons moss 1570 a n d  w id th  500 MeV for ~ rad ia l  
exc i ta t ion  

2Field one c h a n n e l  on ly  n e g l e c h n g  in ter ference with (.c p ( t700 )  
3 j  not u n a m b i g u o u s l y  1 -  
4May De ,:~ or ~ radio1 exc i ta t ion  In terpre ta t ion c o m p l i c a t e d  

VALUE DOCUMENT ID TECN COMMENT 

DOMINANT MANE 82 OMI e + e -  - ~  K~K ~---~ ~ 

] ' (37r)/ l ' toto I 1"2/[" 
VALUE DOCUMENT ID TECN COMMENT 

SEEN-- ATKINSO~I 838 OMEG 20-70 "~p ~ 3,~--X 

~ 1 6 8 0 )  WIDTH 

KK MODE 
VALUE (MeV) DOC~JMENT ID TEE_N_ COMMENt 

80 ± 40 ATKINSON -85C OMEG 20-70 3 O ~ K K  X - 
185 ± 2 2  5BUON 82 DMI  e + e  - ~ hodrons  
102 ± 3 6  6MANE 82 DMI  e + e  - ~ K~K,"r 
100 ± 40 7 ASTON 81F OMEG 25-70 "t P ~ K+ K -  

X 

PIONS MODE 
VA_LU_E (MeV)__ EVTS OOCU_MENT ID rECN CHG COMMENT _ 

• • • We d o  rio! use the fo l low ing do1Q for averages  fits, hmlts etc  • • • 

160 --_20 8ATKINSON 838 OMEG 20-70 -~p 
3= X 

136 _+46 6CORDIER 81 DM~ e + e  - ~ ~,..2zr 
99.  _+49 21 ESPOSITO 80 FRAM e + e  - ~ 37; 
42 0 _+ 17 0 COSME 79 OSPK 0 e + e -  ~ 3~" 

SErom g l o b a l  fll O f / ) l  ~ ,~, a n d  their rad ia l  exc i ta t ions tO channe ls  
~Tr+ : ' r  - ,  K + K  - I~K~ K~jK++- ~ T" Assume mass 1570 MeV oncl w=dth 510 
MeV tar p rocllol excJtahons moss 1570 a n d  w id th  500 MeV for ~ rad ia l  
exc i ta t ion  

6Fl~ to one c h a n n e l  only n e g l e c l l n g  in ter fe rence with ~. /J(~700) 
7J not unambLguous lv  1 -  
8May De o or ~' rad ia l  exc l t ohon  In le rp re lohon  c o m D l l c a t e d  

ATKINSON ZPHY E27 233 
ATKINSON PL 1278 132 
BUON PL 1188 221 
MANE PL 1128 t78 
ASIAN PL 1048 234 
CORDIER PL 1068 155 
OELCOURT Pt 998 257 
BiZOT Madison Cant 546 
ESPOSITO LNC 28 195 
COSME NP 8152 2t5 

ATKINSON 
AIKINSON 
AIKINSON 
ATKINSON 
MANE 
ASTON 

~>(1680) REFERENCES 

85C (BONN CERN GLAS LANE MCNS LPNP+) 
B3B * (BONN E[RN GLAS LANE MCNS LPNP+) 
B~ *BisellO BIZOI Cordler DelCOUtl* (LALO MONP) 
82 +Blsello BIZOl Buon Delcourt FoyarO÷ (LALO) 
81~ (BONN CERN EPOL GLAS LANE MCHS+) 
81 ÷B1sello Bizot Buon DelCOUtl Mane (ORSA) 
81 *Blsello BlZOI Buon Cordlet Mane (ORSA) 
80 +BlSeiJo Buon Caroller oelcouft÷ (LALO USTL) 
B0 +Marlnl Patteri÷ (FRAS NAPL PADO ROIVIA) 
79 +DuOelzak Grelaud Jean Marie Julllan÷ (IPN) 

. . . .  OTHER RELATED PAPERS 

86C ZPHY E30 541 + (BONN CERN GLA$ LANE MCHS LPNP+) 
84 NP 8231 15 (BONN CERN GLAS LANE MEHS LPNP+) 
B4B NP 8231 1 (BONN CERN GLAS LANE MCHS LPNP+) 
83C NP B229 269 + (BONN CERN GLAS LANE MCHS LPNP÷) 
8t PL 998 261 +Bisello BIZOt Buon COrdler DelCOurl (ORSA) 
80F NP 8174 269 (BONN CERN EPOL GLAS LANE MCHS÷) 

¢ ( 1 6 8 0 )  DECAY MODES 

1" I ~(1680) ~ ~ 

r 2 &(1680)~ 3~  
]'3 &(1680) ~ KK 
l" 4 ~(1680) ~ KK~(892) + c c 
r 5 ~ (1680)  ~ / ~ K ~  
1" 6 &(1680 )  ~ e + e -  

¢(1680) l'(1)r(e+ e-)Ir(totoI) 

This c o m b i n a t i o n  of O pa rho l  width wl lh  the po rha l  w id th  into 
e "  e -  a n d  w~th Ihe tota l  w id th Is o b t a i n e d  f rom the 
i n l eg ro ted  cross sect ion into c h a n n e l  (/) in e + e  - ann lh l l o  
ban We list on ly  d a t a  that hove not b e e n  used to de te r  
m ine  the po rha l  w id th  1 (I) or the b r a n c h i n g  ratio I ( I ) . ' lotal  

was g(1690) J IG(J pc) = I+(3 - -) 

p3 ( t690)  MASS 

We inc l ude  only h igh SIOhSlJCS exper iments  in the ove rage  for 
the 2= a n d  KK modes  

2 ~  MODE 
V_ALUE (MoV) E V T 5  DOCUMENT ID TEEN CHG COMMENT 

1691.4 -+ 2.7 OUR AVERAGE Inc ludes d a t a  from the d o t a b l o c k  thai  fol lows 
this one  

1677 -+ 14. EVANGELISTA81 OMEG -- 12 ~ -  p 
2~',p 

1679 0 -+ 11.0 476 BALIAY 788 HBC 0 15 ~ '+D * 
~ + ~ r - n  

1678 0 - . 1 2 . 0  175 I ANTIPOV 77 CIBS 0 25 ~ - P  
p3,"r 

t690 _+ 7 600 I ENGLER 74 DBC 0 6 r. + n 
Tr + ,y - D 
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p3(1690) 
1693 *. 8 2 GRAYER 74 ASPK 0 17 ~ r - p  

~r + ;.r, ~ n 
1678 _+ 12 MATIHEWS 7 t c  DBC 0 7 ,-;r~ N 

• • * We d o  not  use the fof lowlr lg  d a t a  for ave rages  flfs hmits, e t c  • * • 
1734 0 -+ 10 0 3 CORDEN 79 OMEG 1 2 - t 5  ~ r -D  

n 2,"r 
1692 ± 12 2 4 ESTABROOKS 75 RVUE 17 ~r- p 

;T+ ~r- n 
1737 0 =23 0 ARMENISE 70 DBC 0 9 ;,r+N 
1650 0 _+ 35 0 122 8ARTSCH 708 H8C + 8 ~ ' + p  ~ N2~" 
1687 -+21 STUNTE8ECK 70 HDBC 0 8 ~ - p ,  5 4  

~ + d  
1683 ~ 13 ARMENtSE 68 DBC 0 5 1 , " r+d 
1670 0_+30 0 GOLDBERG 65 H8C 0 6 ~ + d  8 = - p  

IMass errors e n l a r g e d  by  us to I 'N  1 2 see the no te  wdh the K~(892)  
mass 

2Uses some d a t a  as HYAMS 75 
3From a phase  Shift saIut lon con famrng  0 f~(1525) w~dth two  trmes larger  

than the KK result 
4From p h o s e s h l f l  Onalysls Error tokes o c c o u n l  Of sp read  of di f ferent 

p h a s e  shift soluhOns 

K K  + KF(, ' r  M O D E  

VALUE_(MeV) EVT$ DOCUMENT tD rECN CHG COMMENT 
:r~e do ra  ,n lh,s b l o c k  ,s , n c l u a e d  ,n the o v e i a g e  p r in ted  f o r  a - p r e v i o u s  

da tabJock  

1699 0 -+ 5 0 ALPER 80 CNT~ 0 62 , " r - p  
K + K - n  

1698 ± 12 6k 56MARTIN 78D SPEC t0  ,1-O 
~ - p  

1692 +- 6 BLUM 75 ASPK 0 18 4 ; r -  D 
n K ' K -  

1690.0 +- 16.0 ADERHOLZ 69 HBC + 8 ~+O ~ KKfl" 
• * • We do  not  use the fo l tow lng  d a t a  for overages  fits f imlls e tc  • • • 
1694 0 +- 8 0 7 COSTA 80 OMEG 10 ~ r - p  

K + K - n  
5From O fit to JP = 3- parhoI  w o v e  
6Sys lemal lc  error on moss sca le  sub t rac ted  
7They canno t  distinguish b e t w e e n  p3(1690) a n d  ~3(1670) 

( 4 / r )  - M O D E  

VALUE (MeV_) _ E V r S  DOCUMENT ID rECN CHG COMMENT 
t 6 7 5  _+ 11 O U R  A V E R A G E  Er ro rmc ludes  sca le - fac to r  of~I 9 S e e d - h e  - 

i d e o g r a m  b e l o w  
1665 0 Z 15 0 177 8ALTAY 78~ HBC + 15 ; ' r+p  

p 4 ~  
1670 _+ 10 rHOMPSON 74 H8C + 13 t r + o  
1687 +- 20 CASON 73 HBC -- 8 18 5 7 r - p  
1630 z 15. HOLMES 72 HBC + I 0 -12  K + p  
1680 0 _+40 0 144 BARTSCH 708 HBC + 8 = + D  ~ N47r 
1705 0+ .21  0 CASO 70 H8C - 112 ~ - p - -  

n p 2 ~  
1720 _+ 15. BALTAY 68 HBC + 7, 8 5 ~+p 

• • • We d o  not  use the fo l l ow ing  d a t a  for ove rages  flts l imits e tc  • • • 
1694 ± 6. 8EVANGELISTA81 OMEG - 12 ~ ' - D  

p 4 ~  
1718 _+ 10 10 EVANGELISTA81 OMEG - 12 ~r- p 

p4,"r 
1673 _+ 9,  9 EVANGELISTA81 OMEG - 12 ~-.-p 

p 4 ~  
1733 _+ 9 66 t t  KLIGER 74 HBC 4 5 , - r - p  

D4~r 
1685. _+ 14. 11CASON 73 HBC 8 t8 5 = - D  
1689 0 _~ 20 0 102 11 8ARTSCH 708 HBC + 8 ~r+p  ~ N2p 

8From l , - p o  m o d e  not I n d e p e n d e n t  of l he  o ther  tWO EVANGELISTA 81 
entr~es 

9From 02(1320)07r- m o d e  not  , n d e p e n o e n t  at the other  two 
EVANGELrSTA 81 entr~es 

10From o2(1320) -  ;~0 m o d e  not  i n d e p e n d e n t  af the  o ther  two 
EVANGELISTA 81 entries 

11From p ±  p0 m o d e  

~. 71" M O D E  

VALUE (MeV) DOCUMENT ID rECN CHG COMMENT 
t680 -+ 7 OUR A V E R A G E  

1690 = 15 EVANGELISTA81 OMEG - 12 7r-p 
u.'r, p 

1(~66 0 -+ 14,0 GESSAROLt 77 HSC t l  ? r - p  
~lT, p 

1686 z 9 THOMPSON 74 HBC + 13 ~ ' + p  
1654 _* 24 8ARNHAM 70 HBC + 10 K + D  ~ u:~r 

X 

~'+ ~'- MODE 
(For di f f icul t ies w l th  MMS exper tmen ts  see the O2(1320 ) mini  rev lew in 
the  1973 eOJhOn ) 

VA_LUE (Me~/)_ DOCUMENr lO rECN CHG COMMENT_ 
1480 _+ 15 FUKUt 88 SPEC 0 8 9,5 ~-p 

• • • We d o  no t  use the  loJ lowmg Oato tar overages fits l lmlts, e tc  ° • • 
1700 0 -+ 47 0 12 ANDERSON 69 MMS 16 7r- p b a c k  

w o r d  
1632 _+ 15 12 13 FOCACCI 66 MMS - 7-12 ~ - p  ~ p 

MM 
1700 = 15 12 13 FOCACCI 66 MMS - 7-12 ~ r - p  ~ O 

MM 

1748 +- 15 12 13 ~:OCACCI 66 MMS - 7-12 ~ ' -  p ~ p 
MM 

12Seen m 2 5-3  G e V : c  p p  2,-r+ 2E ~ wffh 0 I 2 7r + n ' -  polrs In p b o n a  
not  seen by  OREN 74 (2 3 G e V / c  PD) wlfh more  sfol lst lcs (Jan 1976) 

13Not seen by  BOWEN 72 

WEIGHTED AVERAGE 
1675 ~ 11 (Error scaled by  1 9) 

I 
~600 1650 1700 1750 

X 2 

8ALTAY 788 HSC 0 S 
THOMPSON 74 HBC 0 3 
CASO'~ 73 HSC 0 3 
HOLMES T2 ½8C g 1 
8ARTSCH 708 HSC 0 0 
CASO 70 HBC 2 0 
BALTAY BB HBC 8 9 

211 
(Confidence Level -- O 002} 

I I 

1800 T850 

p~(1690) mass (MeV)  (4~)+- m o d e  

p 3 ( 1 6 9 0 )  WIDTH 

We Inc lude  on ly  h igh  slotlshCS exper imen ts  in the a v e r a g e  for 
the  2~r a n d  KK modes  

2~" M O D E  
VALUf (.MOV} __ EVTS DOCUMENT ID TEEN CHG COMMENT 
215 ± 6 OUR AVERAGE Inc ludes d a t a  from the  d a t a b l o c k  that  f " % l l o w s -  

th~s one Error Inc ludes scare factor  or I 8 
See the  i d e o g r a m  b e l o w  

220 ± 29 DENNEY 83 LASS 10 7r + N 
246 - 37 EVANGELISTA81 OMEG - 12 E - p  

2 = p  
116.0 ± 30 0 476 8ALTAY 788 HBC 0 15 ,~'÷p 

n- + ;.r- n 
162 0 +. 50 0 175 r4 ANrIPOV 77 C18S 0 25 ; r - p  

p 3 =  
167 +.40 600 ENGLER 74 DBC 0 6 ,"r + n 

r, +~-p 
200 -+ 18 15 GRAYER 74 ASPK 0 17 ~',- p 

~'+ ~ -  n 
156 _+36 MATTHEWS 71C DBC 0 ;I 7r+ N 
171 0 ± 6 5  0 ARMENISE 70 DBC 0 9 n - + d  
• * • We d o  not  use the f o l l ow lng  d a t a  far averages  tits l imits e l c  • ° ° 
322 0+-35 0 16CORDEN 79 OMEG 12-15 r,-p 

n2~" 
240 _+ 30 15 17 ESTASROOKS 75 RVUE 17 , " r - p  

~+~-n 
180 0 ± 30 0 122 BARTSCH 708 HBC + 8 ~ + p  ~ N2~" 

+ 72 STUNTEBECK 70 HDBC 0 8 ~ ' -  p 5 4 267 - 4 6  

188 _+49. ARMENISE 68 DE.C 0 5 1 ~ + d  
f80 0++.40 0 GOLDBERG 65 HBC 0 6 T,', + d, 8 ,"r- D 

14Width errors e n l a r g e d  b y  us to 4] .'N I ' 2  see the no te  wi th the K'~(892) 
moss 

15Uses some clara as HYAMS 75 a n d  BECKER 79 
16From Q phase  shift solut ion c o n t o l n l n g  o /~(1525) Wldth two  t imes larger  

than  lhe  KK result 
17From phosesh l f t  anolysls Error takes a c c o u n l  at sp read  at a~fletenl 

phase  shlff solut ions 

K / (  + KK; , r  M O D E  
VA~L~E (MeV) EVTS DOCUMENT }D TECN CHG COMMENT . . . .  
The d a t a  in thls ~ a c k  is lOClUdeQ in the  o v e r a g e  p r in ted  for O prev lous 

dotablock 

219 0_+ 4 0 ALPER 80 CNI"R O 62 7 r - p ~  
K + K - n  

199 _+ 40 6000 18 MARTIN 780 SPEC 10 ,'TO 

205 +.20 8LUM 75 ASPK 0 184 ~ ' - p  
n K * K -  
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P3(1690) 

• • • We d o  no t  use the fo l l ow ing  dQtO for ave rages  fits, l imits e tc  • * • 
186 0 :L t t  0 19 COSTA 80 OMEG t0  ~r- p 

K + K - n  
112 0 _+60 0 ADERHOLZ 69 HBC + 8 ~ r+p  ~ KK~r 

18From o tlt to JP = 3 -  por t la l  w a v e  
10They cannot dlstlng~sh between ps(1690) and ~3(1670) 

WEIGHTED AVERAGE 
215 + 6 (Error scaled by  1 8) 

X 
DENNEY 83 LASS 0 0 
~.VANGELBSTA 81 OMEG 

I ~ BALTAY 78B HBC 10 8 

I ENGLER 74 DBC 
GRAYER 74 ASPK 0 7 

J MATTHEWS 71C DBC 2 7 
' ARMENISE 70 DBC 

ALPER 80 CNTR t 1 

~ ARTIN 7BD SPEC 
BLUM 7.5 ASPK 0 2 

156 
(Conhdence Level -- 0 008) 

" I 

50  100 150 2 0 0  250  3 0 0  3 5 0  

p3( t690)  w id th  (MeV)  ~r~T + KK ÷ KKTr modes  

(4"/1") -~ M O D E  

VALUE (_M__eV) EVTS DOCUMENT ID TECN CHG COMMENT 
119 -+ 13 OUR AVERAGE 
105 0-+-30 0 177 8ALTAY 78B HBC + 15 ~ r+p  

p4~" 
10b _*25 THOMPSON 74 HBC + 13 ; ¢ + p  
169 + 70 - -48 CASON 73 HBC - 8 18 5 ~ D  

130 _*30 HOLMES 72 HBC + 10-12 K + p  
135 0 _* 30 0 144 BA~TSCH 70B HBC + 8 7r+p ~ N4r, 
100 _+35 BALTAY 68 HBC + 7 85 ?r+p 

• • • We d o  not use the  foIIow~ng d a t a  for averages  fits. hmlts e tc  • • • 
123 _+ t3 20 EVANGELISTA81 OMEG - 12 ~ r - p  

p 4 =  
230 -* 28 22 EVANGELISTA81 OMEG - 12 ~ -  D 

p 4 =  
184 _+ 33 21 EVANGELISTA81 OMEG - 12 ~ -  p 

p 4 ~  
150 66 23 KLIGER 74 HBC 4 5 ~r- p 

D4E 
+ 8 3  

125 - 3 5  23 CASON 73 HBC 8 1 8 5  ~r~p  

t 8 0 . 0 - . 3 0  0 90 238ARTSCH 708 HBC + 8 , - r+p ~ 
N a ~  

160 0+-.30 0 102 BARTSCH 708 HBC + B = + p  ~ N2p 
20From h - p  0 m o d e  not  i n d e p e n d e n l  of the  other  two  EVANGELISTA 81 

entr ies 
21From Q2(1320)0;~'- m o d e  not  ~ndependent  of the o ther  two 

EVANGELISTA 81 entnes 
22From O2(1320)- ~o m o d e  ~ot I n d e p e n d e n t  of the other  two  

EVANGELISTA 8t  entr ies 
23From p+_ pO m a d e  

=' ~r M O D E  

VALUE (M.eV) DO~UMENr ID TECN CHG COMMENT 
+ 2 1  . . . . . .  

t14 - -  20 OUR AVERAGE 

190 _+65 EVANGELISTA81 OMEG - 12 : r - p  .~ 
- ' :~D 

160.0 -+ 56 0 GESSAROLI 77 HBC 11 ~ r - p  
~ r p  

89 ± 2 5  THOMPSON 74 HBC + t3 ~ r+p  
+ 7 3  

t30  - 4 3  BARNHAM 70 HBC + 10 K + p  ~ ,~,'r 
X 

" r /~+  ~ " -  M O D E  
(For di f f icul t ies wi th  MMS exper imen ts  see the o2(1320 ) min i - rev iew In 
the  1973 e d l h o n  ) 

VALUE (Melt) . . . . . . .  DOCUMENT/D TECN CHG COMMENT 
106 • 27 FUKUI 88 SPEC 0 8 95 ~r- p 

g ~ + ~ ' - n  

• • • We d o  ha l  use the fo l l ow ing  d a t a  for overages  his hmds etc  • • * 
195 0 24ANDERSON 69 MMS 16 = - p  DOCk 

word  
<. 21 24 25 FOCACCI 66 MMS 7-12 ~ p . p 

MM 
< 30 24 25 FOCACCI 66 MMS 7 - t 2  = - p ~ p  

MM 
< 38 24 25 FOCACCI 66 MMS - 7-12 F . -D  - p  

MM 
24Seen in 2 5 -3  G e v c  ~ p  2~'+2;r  - wdh 0 1 2 ;';+ ;--- pairs in H 0 b a n d  

no l  seen by  OREN 74 (2 3 G e V , c  6 p )  with more slatlst lcs (Jan 1979) 
25Nol seerl by  BOWEN 72 

p s ( 1 6 9 0 )  D E C A Y  M O D E S  

I'I p~(1690) ~ ~'T, 

I'2 p3(1690) ~ 4~" 

I n c l u d i n g  ~-O's 

]'~ p 3 ( 1 6 9 0 )  ~ K K t T  

14 p 3 ( I 0 9 0 )  ~ K K  

I '~ p 3 ( 1 6 9 0 )  ~ ; ' rT rp  

E x c l u d i n g  2 p  a n d  a 2 ( 1 3 2 0 ) T r  

I" 6 P s ( 1 0 9 0 )  ~ a 2 ( 1 3 2 0 ) ~ r  

]'7 p s ( 1 6 9 0 )  ~ ~:Tr 

r8  p 3 ( 1 6 9 0 )  ~ p p  

1" 9 p 3 ( 1 6 9 0 )  ~ , , ,~  

I ~o p 3 ( 1 6 9 0 )  ~ r l ' ; r  

1"11 p 3 ( 1 6 9 0 )  ~ ~ : ' ~ ' + T ~ - ' / r  ° 

1"12 / h ( 1 6 9 0 )  ~ 7 r = 2 - n - + 2 , x - T r o  

1"13 p 3 ( 1 6 9 0 )  ~ T/ 'n '+'n"" 

F_ra(;_~!0n ( I  i r_) 

(23 6 _ I " 10-2 

(71 1 _+ 1 9 - I0 - 2  

(38 _+12 ,I0-2 

( 1 58 + 0  28 _ 25) ~ I 0  - 2  

seen 

S c a l e  

12 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

AT1 o v e r a l l  h i  t o  5 b r a n c h i n g  ra t ios  uses 10 m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e t e r m i n e  4 p a r a m e -  
ters The o v e r a l l  t it has  a ~2 = 14 7 for 7 d e g r e e s  of  
t r e e d o m  

The f o l l o w i n g  o f f - ~ l o g o n a l  a r r a y  e l e m e n t s  a r e  l h e  c o r r e l a t i o n  coe f f l -  
c l e n l s  ,;)x~ ,')xi; '(l")k'l ~x/) in p e r c e n t  f rom t h e  fit Io  t h e  b r c ~ c h l n g  
f r a c t i o n s  x I l '1, . l ' to lo l  ' [he flt c o n s t r a i n s  t h e  x~ in this a r r a y  to  s u m  
to one 

x 2 76 
x 3 15 74 
x4 2 15 O 

Xl  X 2 X 3 

p s ( 1 6 9 0 )  B R A N C H I N G  RAT IOS 

l ' ( T r ' ) T ) / l ' t o l o l  1 i / 1  
VALUE DOCUMENT ID TECN CHG COMMENT 

+ 0  012 OUR FIT 0 . 2 3 6 _  0 .013  

0 . 2 4 3  :t 0.013 OUR AVERAGE 

0 259 + 0  018 - -0 019 8ECKER 79 ASPK 0 47 ~ - p  po la r  
ized 

0.23 -+0 02 CORDEN 79 OMEG 12-15 ; r - p  . 
n2:'r 

0 22 - .0 04 26MATTHEWS 71C HDBC 0 7 , ' r+n ~ , " - D  
• • • We do  hal  use Ihe ta l l ow ing  d a t a  for averages  fits limits etc  • • • 
0 ,245 -+0  006 27 ESTABROOKS 75 RVUE 17 ;: D 

T + ,-r- n 
26One-plan exchange model used in this estimation 
27From phase  shll l  analysis of HYAMS 75 d a t a  

rOr=)/r(=-* =- = -  =9 l ,,~ ,: 
VALUE OOCUMENT ID TECN CHG COMMENt 

0.35 ~: 0.11 CASON 73 HBC - 8 18 5 • p 
• " • We d o  not  use the fo l low ing  d a t a  for averages  fits I lmds e l c  • • • 
< 0  2 HOLMES 72 HBC + 10-12 K + D  
< 0  12 BALLAM 71S HBC 16 , - r -p  
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Meson Full 
03(1690) 

Listings 

l ' ( / r / r ) / r ( 4 7 l - )  1"t / I "  2 
VALUE DOCUMENt ID TECN CHG COMMENT 

0 " v v )  + 0 .025  
. . . .  - 0 ,026 OUR FIT 

0 . 3 0 - + 0 . 1 0  BALTAY 788 HBC 0 15 , " r+p ~ 
0 4 #  

I ' ( K T 0 / I  (7r ~r) I'4/I" I 
VALUE DOCUMENT ID tfCN CHG COMMENT 

(., ~r)/~ ( ~ ~- ~ *  ~ -  ~-o) r ~ / r .  
VALUE CL % DOCUMENT ID 7ECN CHG COMMENT 

0.;73 ± 0 . { )5  OUR AVERAGE Error- I n c l u d e s  sca le  fac to r  of 1 2 - -  

0 33_+0 07 THOMPSON 74 HBC + 13 T r+p  
0 12 -+0  07 8ALLAM 71B HBC 16 ~ - O  
0 2 5 - + 0  10 BALIAY 68 HBC + 7 8 5  ;T+O 
0 2 5 - + 0  10 JOHNSTON 68 HBC 7 0  ~ - P  

• • • We do  nor use fhe  fo l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
< 0 11 95 BALTAY 78B HBC + 15 ~ + O  

n/, ' t  + 0,012 0 . . . _  0 .01 t  OUR FIT Error ~nc ludes s c a l e  fac to r  of f 2 

+ O 039 0. t~8 - 0 . 0 3 2  OUR AVERAGE Error , no ludes  s c a l e  fac to r  of I 7 See the  
=deogrom b e l o w  

0 191 + 0  040 GORLICH 80 ASPK 0 17 18 ~ - p  
- 0 037 p o l a r i z e d  

0 08 -+0 ,03  BARTSCH 70B HBC + 8 ~ ' + p  

0 08 + 0 . 0 8  CRENNELL 688 HBC 60  T r - D  - 0  03 

WEIGHTED AVERAGE 
0 1 1 8  + 0 0 3 9  - 0 0 3 2  (Error s c e l e d b y  17) 

-,,,= 
Values above of we ighted average, a l ta r  
and scala fac:or 8re based upon the data in 
this ideogram only They eta not  neces-  
ssrdy the same as our "bes t "  va lues,  
obtained flora B least-squares const lsmed fit 
uh l l zmg  measurements  of other (related) 
quantlt leS 85 BddHlonBl information 

X 
GORLICH 80 ASPK 38  
BARTSCH 708 HBE t 8 
CRENNELL 6BB HBC 0 4 

5 9  
(Colnf,dence Level -- 0 053)  

O 0  0 1  0 2  0 3  0 4  0 5  

I CK-K)/l (,"r t )  

r ( g K T r ) / l ' ( T r  7 r )  r 3 / l ' r  
VALUE DOCUMENT /D 7ECN CHG COMMENT 
0.16 ± 0.05""OUR FIt . . . . . . . .  
0 .16  -. 0 . 05  28 BAR/SCH 708 HBC + 8 ='.+ p 

281ncreased  b y  us to c o r r e s p o n d  to 8R(p3(1690) ~ r, ;,r)=0 24 

[ r (==o)  + r(0~(132o)=) + r (~) i / r (=-+  = + = - : )  
(1"5+r6+I'8)/I'11 

VALUE DOCUMENT ID TECN CHG COMMENT 
0 94 _ 0~()9 OUR AVERAGE . . . . . . . . . .  
0 9b  -+ 0 21 8ALTAY 78B HBC + 15 ,';'r + D 

p 4 #  
0 8 8 - + 0  15 8ALLAM 718 HBC - 16 ~ ' - . o  
1 z O  15 8ARISCH 708 HBC + 8 zr+p 
CONSISTENt WITH I CASO b8 HBC - I f  ~ - p  

I ' ( o p ) / I ' ( r r  +- ~ r -  l r -  " r : )  I '8 /1"~ i  
VALUE EVES DOCUMENT ID 7ECN CHG COMMENT 

• * • We d o  not  use t he  fo l low~ng d a t a  for a v e r a g e s  ELLS, l imits e t c  • • • 
0 . 1 2 _ + 0  11 BALTAY 78B HBC + 15 , - r + D - o  

0 4 ~  
0 56 66 KLIGER 74 HBC - 4 5  ~ , - p ~  

p 4 x  
0 13 -+0  09 29THOMPSON 74 HBC "4- 13 ; ' r + p  
0 7 -+0 15 8ARTSCH 708 HBC + 8 ~ + p  

20pp a n d  a2(1320): ' ,  m o d e s  a re  l nd l s t l ngu~shab le  

r ( p p ) / I I ' ( T r 7 r p )  + I ' ( a ~ ( 1 3 2 0 ) ~ r )  + ] ' ( p p ) i  I ' 8 / ( r 5 + r a + r a )  
VALUE DOCUMENT ID TECN CHG COMMENT 

• * * We d o  not  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s  fits. l imits e t c  • • • 
0 4 8 - + 0  16 CASO 68 HBC - t~ ; , r - p  

1 " ( a 2 ( 1 3 2 0  ) Tr)/r(~T ± n'* ~'- 7r o) [ ~ / l ' t f  
VALUE DOCUMENT IO rECN CHG COMMENT 

• • • We d o  not  use  t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • * * 
0 6b -+ 0 08 8ALTAY 788 HBC + t 5  , ' r+D 

p4~r 
0 3b-+0 14 30THOMPSON 74 HBC + 13 ~:+D 
NOT SEEN CASON 73 HBC - 8 18 5 zr-p 
0 6 -+0 15 BARTSCH 708 HBC + 8 ~ ' + p  
0 6 8ALTAY 68 HBC + 7 8 5 ; , r+p  

30/,p a n d  o2(1320)~" m o d e s  o re  Ind~stlngu~srlolc)le 

p4~, 
<.0 09 KLIGER 74 HBC 4 5  , - r - p  

p4, ' r  

Z (,:, =)IrUr-+ =- 7r- :) rg/r,, 
VALUE DOCUMENT ID TECN CHG COMMENT 

• • • We d o  ho t  use the  f o l l o w i n g  d a t a  for o v e r a g e s  flts l lml ts  e tc  • • • 
<-0 11 BALTAY 68 HBC + 7 8 5  = + p  

1"(Tr -+ 2 ~ ' +  2 ~  " -  7 r O ) / I ' ( = =  7 r *  7 r -  7to) I , 2 / 1 " , i  

VALUE DOCUMENT ID TECN CHG COMMENT 

• • * We do  not  use l h e  f o l l o w l n g  d a t a  for a v e r a g e s  i l ls hmits e l c  • * • 
< 0  15 BALTAY 68 HBC + 7 8 5 7 r + p  

I'( ~71r )/]'( ~r -+ 71"- 1r- 7r a) ['10/1 i[ 
VALUE DOCUMENT ID TECN CHG COMMENT 

• • • We dO not  use the  f o l l o w l n g  c la ta  for a v e r a g e s  flts l lmlts e l c  * • • 

<0 02 THOMPSON 74 HBC + 13 7r+D 

l'( KTO / l'toml [ a/ r 
VALUE DOCUMENT ID 7ECN CNG COMMENT 

0 n  *=. + 0 .0028 • ~ I ~  -- 0 .0025 OUR FIT Error i n c l u d e s  s c a l e  fac to r  of i 2 

0.0130 -. 0 .0024  OUR AVERAGE 
0 013 -+0 003 COSTA 80 OMEG 0 10 = - D  - 

K + K - n  
0 013 = 0 004 31 MARTIN 788 SPEC - f0 ~ p  

~K-p 
3~from ([ f l  4) 1 2 = 0 05b -+ 0 034 a s s u m l n g  BR(P3(Ib90 ) ~ ;,r=) = 0 24 

l(~,,O/[r(~=) + rO, p)] l,/(rT+rB) 
VALUE DOCUMENT ID TECN CHG COMMENT 

• " " We do  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  flts l imits e t c  • • * 

0 22±0 08 CASON 73 HBC 8185 r , -D 

l ' ( r l / r -  17 ) / 1  to ta  I l t 3 / r  
VALUE DOCUMENT ID 7ECN COMMENT 
SEEN FUKUI 88 SPEC 8 9 5  = - p  - 

~7,-r ~ ;T- n 

p 3 ( 1 6 9 0 )  REFERENCES 

FUKUI 88 PL 8202 441 )Horikowa+ (SUGI NAGO KEK KYOI MIYA) 
DENNEY 83 PR D28 2726 )Cranley Firestone Chapman+ (IOWA MICH) 
EVANGELISTA81 NP 8r78 197 + (BARI BONN CER~N DARE LIVP+) 
ALPER 80 PL 94B 422 .aecker+ (AMST CERN CRAC MPIM OXF+) 
COSTA 80 NP 8175 402 Costa De Beduregarch (BARI 8aNN CERNe) 
GORLICH 80 NP 8174 16 +NlcZypOruk+ (CRAC MPIM CERN ZEEM) 
BECKER 79 NP 8151 4b *Blonar. 81urn* (MPIM CERN ZEEM CRAC) 
COEOEN 79 NP 8157 250 .Dowel l  Garvey* (81R'M RHEL TELA LOWC)JP 
BALIAY 788 PR Dr7 62 ~Cautl$ Cohen C$orna÷ (COLU BING) 
MARTIN 788 NP 8140 158 +Ozmullu 8aldl Bohrlnger Dor~z÷(DURN GEVA) 
MARTIN 7SO PL 74B 417 +Ozmutlu 8olcli Bohrlnger DOr~Z+(DURH GEVA) 
ANTtPOV 77 NP 8119 45 *BusneliO Damgaarcl Klenzle+ (S~ER'P GEVA) 
GE$SAROLI 77 NP B12b 382 + (aGNA FIRZ GENO MILA OXF PAVI) 
aLUM 75 PL 578 403 *Chabaud Dletl Garel lck Grayer~(CERN MPIM)JP 
ESTAaROOKS 75 NP 895 322 +Martin (DURH) 
HYAMS 75 NP 8100 205 .Jones Wellrtommer 8)urn D)ell÷ (CERN MPIM) 
ENGLER 74 PR Dr0 2070 +K;oemer TOOff Welsser DIOZ+ (CMU CASE) 
GRAYER 74 NP 875 189 +HyOm$ Slum Dletl+ (CERN MPIM) 
KLIGER 74 SJNP 19 428 +Beketov Grechko Guzhavin DubovlkoV+ (ffEP) 

Transldled tram YAF 19 839 
OREN 74 NP 871 189 +Cooper Flelds Rhines AIHson~ (ANL OXF) 
THOMPSON 74 NP Bb9 220 *Gaidos Mcllwaln Mllqer Mulefa+ (PURO) 
CASON 73 PR 07 1971 +Biswal Kenney Madden+ (NDAM) 
BOWEN 72 PRL 29 890 +Eorles FOISSler Bile(ion* (NEAS STUN) 
HOLMES 72 PR D6 3336 ÷Ferbel Slafter v Warner (ROCH) 
8ALLAM 718 PR D3 2606 +Chadwlck Gulragosslan Johnson+ (SLAC) 
MATTHEWS 71C NP 833 I +Prenllce Yoon Carroll+ (TNfO WISC)JP 
ARMENISE 70 LNC 4 19o +Ghqalni Forlng Cortacci+ (BARI 8GNA FIRZ) 
8ARNHAM 70 PRE 24 1083 +Colley Jol3es Kenyon Pothal( Rlddlford (BII~4) 
8ARTSCH 70a NP 822 109 ~Kraus Tsanos Grote+ (AACH ~ER'L CERN) 
CASO 70 LNC 3 707 *Cants Tomo$1nl+ (GENO HAM8 MILA SACL) 
STUNTEBECK 70 PL 328 391 *Kenney Deery Biswas Ca$on+ (NDAM) 
ADERHOLZ 09 NP 811 259 .aanscn*  (AACH BERL CERN JAGL WARS) 
ANDERSON 69 PRL 22 1390 *Collins+ (aNL CMU) 
ARMENI.~ 68 NC 54A 999 *Ghld~nl Forlno+ (BARI 8GNA FIRZ ORSA) I 
8ALTAY 68 PRL 20 887 *Kung Yen FerDel+ (COLU ROCH RUTG YALE) 
CASO 08 NC 54A 983 ~Confe Cords Dlaz~ (GENO HAM8 MILA SACL) 
CRENNELL nab P~. 288 13b ÷Korshon LOt SCarf Sklltlcorn tank) 
JOHNSTON b8 PRL 20 1414 +Prentice Sleenberg Yoon (TNTO WISC) IJP 
FOCACCI (~b PRL 17 890 +Kienzle tevrat Mogiich Moftln (CERN) 
GOLDBERG 65 PL 17 354 (C[RN [POt ORSA MILA CEA SACL) 



See key on page 129 

.... OTHER RELATED PAPERS 

BARNETT 83~ PL 1208 455 +BIockus Burka Chlen Chilstlon+ 
EVANGELISTA 79e 
FaRINa 78 
MARTIN 7BC 
KAtELKAR 75 
DU~OVIKOV 74 

OREN 74 
ARNOLD 73 
CASON 735 
HYAMS 73 
RCHBE RTSON 73 
ARMENISE 725 

Also 75 
BOWEN 72 
CLAYTON 72 
GRAYER 728 
GRAYER 1tS 
KRAMER 70 
BARISH 69 
CASO 69 
VEILITSKY 69 

BOESEBECK 68 
CR1ENNELL 688 
ASRAMS 675 
DUBAL 67 

AlSO 68 
F~ENCH 67 
EHRLICH 66 
LEVRAI 66 
SEGUINOT 66 
BELLINI 65 
DEUTSCH 65 
FaRINa 65 
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Meson Full Listings 
#)3(1690), oil700) 

NP 8154 385 
NP 8t39 413 
ANP t14 t 
Nevls 207 Tt~esls 
SJNP f19 568 
lionslated from YAF 
NP B71 189 
LNC 6 707 
NP 864 14 
NP 864 t34 
PR D7 2554 
LNC 4 205 
LNC 14 177 
PRL 29 890 
NP 847 81 
Phil Cant 5 
PL 355 610 
PRL 25 396 
PR 184 1375 
NC 62A 755 
SJNP 9 461 

(JNU) 
+ (BARI BONN CERN DARE GLAS LIVP+) 

*Cortacci* (BGNA FIRZ GENO MILA OXF PAVI) JP 
÷Pennington (CERN) 

(COLU) I 
+MOISyuk Nilov SOkOIOv (ITEP) 
19 t109 
÷Cooper Fields Rhlnes AlliSon+ (ANL OXF) 
+Engel Eicoubes Kurtz LIOlet Poty+ (SIR8) 
+Madden Bishop Bliwoi Kenney+ (NDAM) 
+Jones Weili~ammer Bium Dietl÷ (CERN MPIM) 
+Walker Davis (DUKE WISC) 
+Farina Catlaccl+ (BARI BGNA FIRZ) 

Armonlse Fogll Muclocc(o÷ (BARI BGNA FIRZ) JP 
+Eades Falssler Blleden+ (NEAS STON) 
+Mason Mulrhead Rlgopoulo$* (LIVP PATR) 
+Hydros Jones Sch)eln* (CERN MPIM) 
*HyDros Jones Schleln Blum~, (CERN MPIM)JP 
+Barlon Gutoy Lichtman Millet+ (PURD) 
+Selove Biswos Coson* (PENN NDAM ROCH) 
+Conte Benz÷ (GENO DESY HAMB MILA SACL) 
+Guzhavln Kllgei Kolganov Lebedev+ (iTEP) 

Translated from YAF 9 789 
NP 84 501 ,Deutschmann* (AACH BERL CERf~I) 
PL 288 136 ~Kaiihon Lai Scarf Skilllcorn (BNL) 
PRL 18 620 ÷Kehoe Glosser Sechl Zorn Wolsky (UMD) 
NP 83 485 (CERN Missing Mai l  S~oecriometet CoUob ) 
Thesis 1456 OubaL (GEVA) 
NC 52A 438 +KInson McDonald R1ddltord÷ (CERN BIRM) 
PR 152 1194 .Selove YulO (PENN) 
PL 22 714 (CERN Missing Mass SPeCtrometer Callas ) 
PL 19 712 (CERN Missing MOSS SDeClrometet Collar:) ) 
NC 40A 948 +DICatalo Dulmla Fiorlnl (MILA) 
PL 18 351 Deutschmann÷ (AACH BERL CERN) 
Pt 19 65 +Gesso{oll+ (BGNA ORSA SACL) 

J p ( 1 7 0 0 )  J ,~(/c) : ~+o--) 

XOli( ()x o(1450) .%Xl) o(1700) 

Se~eral t)bsei~attons made t)n the l I '  I wiT l i l the2 

J200 M(2V MaSS legltln (FRENKI[! [ .  "72 ('().%ME ~6 

B-~RBER 80 V I K I N S ( ) N  g4) nil} b(2 lntCli')l(21(2d in I(21nl,, 

ofp(770)---~ 7r~' c o u p h n g  (14 ' I  %";,%(~l) It kC(2lllk lhCl(21()lC 

not jus t l l ]cd  it) kccp ,l Sl~(2(.l<il cnti \ rol p(1251i) i.ol conl-  

pl(2lcncss the Ic lc \  ant ass(21 ~ <lilt)ilk <tic" hkl(2d tiild(21 

p( 145Oi 

p(1700) MASS 

MIXED MODES 
VALU_E_ (MeV) ~)C)CUMEN~ ID ~ECN COMMENT 

4701 ± 13 OUR AVERAGE Inc ludes da ta  from the d o f o b l o c k  that fol lows lh~s 
one 

1700 +_ 25 DONNACHIE 87 RVUE 

• • • We d o  not use l he  fo l lowing d a t a  for overages fits limits etc  • • • 

1580 -+20 I BUON 82 DMI e ' e -  ~ hodrons 

~iT* "rr- MODE 
VALUE DOCUMEN~ ID TECN COMMENT 

The da ta  in this b l o c k  is i n c l u d e d  in lhe  ave rage  p r in ted  for o previous 
d o l a b l o c k  

1701 ~ 15 FUKUI 88 SPEC 8 9 5  ~ r - p ~  
~+~-n 

Early m d t c a t t o n s  that  the  1600 MeV m a s s  legion ma} 

conta in tx~,o J - l e sonanccs  \~c~c gtxen b} C O S M E  79 

B 4 R B E R  80 D I B I . \ N ( 4  81 

iT* iT- MODE 
VALUE (MeV) DOCUMENT ID TEen COMMENt 

• * • We d o  not use the fol low~ng d o l o  for averages  flJs limits etc  • • * 
4650 2ERKAL 85 RVUE 20-70 ~ p  ~ "ix" 
4550 ±70  ABE 848 HYBR 20 ~ p  ~ ~ '+~ ' , - p  
1590 ± 20 3 ASI"ON 80 OMEG 20-70 5 P ~ p2~r 
1600 0 ± 10.0 4ATIYA 798 SPEC 50 ~ C  - -  C2,"r 

n ~ 2 4 . 0  8ECKER 79 ASPK 17 "~ ' -p  po la r i zed  1598 ~ _ 22 0 
1659 ± 25 2 LANG 79 RVU~ 
1575 2MARTIN 78C RVUE 17 ; ' : , -p ~ / r + ~ ' - n  
1610 = 3 0 .  2FROGGATT 77 RVUE 17 ~ ' . -p  ~ ~ ' + / r - n  
1590 ~ 2 0  5HYAMS 73 ASPK 17 , - r -p  ~ E + ~ ' , - n  

KK MODE 
VALUE (MeV) EVeS DOCUMENT ID ~ECN CHG COMMEN~ 

It has  been sh t )~n  b) D(7)NN.\(" t t lE 87 thai a good 

intcfpl(2iat lon o f  all c t c -  and phot t )p roduct lon  data on 

iT* iT - ,  4iT " , and ~r- iT ~r0iT O is t )bialncd ~ltt~ the2 inli(.)dtic'- 

l i o n  o f  l~.~,t) i c S t ) l l ; . l n c e $  \ k h o s L "  Il l ;.ISS and ~ ld ih  {ire delcr- 

illln(2d Lisirig the icccnt c ' c -  --~ 7r " 7r- data ( Q L ' E N Z [ R  

78. B 4 R K O V  85 B I S E I . L ( ) 8 5 )  D I E K M t N N  87 has 

sho~ n thai t i l ls t~ o-p scenario also el', (2s an acceptable 

ini(2rpielatlOil o r  pho iop i  odLicl ion data o f  t/er - iT- ( 4 1 I~.I N- 

SON 86) 

An independent  c o n t ] i m a l i o n  COMES f l 'Ol l l  the anal} sis 

o f  h a d l o p f o d u c t m n  o f  the r/Tr t iT-  s}stcnl  ( F I / K t I  88) 

] I LL "  l\~,O-p s e e n [ t r i o  IS ;,lisa suggested b} data o n  elec- 

t r o p l o d u c t t o n o f 4 i T ;  ( K I L I A N  80) N o t c a l s o t h a l  

ERK..XL 85 point  out  ttlat 1t1(2 u n d e r s t a n d i n g  o f  the 2iT and  

41r (2Jcclromagnctlc fotnl  r a t t e r s  sugg(2sls that tx~t) ' , o t t e r  

r e sonances  a~c present  m the 16(.)0 McV m a s s  region 

\Vc thcrcfoic  icplacc th(2 old p(1600) cnt f )  b} l ~ o  nc~ 

ones  thc p(1450) and  the p( ] 700) For the p( ] 70(I) we 

def inc  the mass  and  ~ M l h  as tile a\erag(2 o f  D O N  N-~CHIE 

87 and  Fl, l K t . l  88 and  ~c  list theft2 all tile t¢sul ts  p rc \ l -  

ousl} hs tcd  udder  the p(1600) For th(2 p(1450) x~c do not  

gl~(2 an a \ c r a g c  ~\idth, s ince  D O N N - X ( t t l E  87 and  F t . ' K i l l  

8 8 d o  not  agrc(2on tile width \Vc list undct  p(145(i) all th(2 

results x~ i l h  a IO%% l l l aSs  \ alu(2 

• • • We d o  nol  use the fo l low ing d a l o  for overages hls limits e l c  • • • 

1582 ± 3 6  1600 CLELAND 828 SPEC ± 50 ,"rp 
K~K+- D 

2(~+ ~T -) MODE 
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 

• • • We do  not use the fo l lowing d a t a  for averages fits l imits e lc  • • • 

1570 ± 20 6CORDIER 82 DMI  e + e - ~  2 ( : r + ~  - )  
1520 ± 30 3 A S I a n  81E OMEG 20-70 " )p  -~ p47r 
1654 ± 25 7DIBIANCA 81 DBC / r + d ~  p p 2 ( = + , ' r  - )  
1666 ± 39 6BACCI 80 FRAG e + e - ~  2(Tr+;': - )  
1780. 34 KILLIAN 80 SPEC 11 e - D  ~ 2(= + ~ ' - )  
1500 8ATIYA 79B SPEC 50 "tC ~ C4,  "r-+ 
1570 ± 60 65 Q ALEXANDER 75 HBC 7 5 5 P ~ O4= 
1550 ± 60 3CONVERSl 74 OSPK e + e - ~  2 ( E + ~  - )  
1550 ± 50 160 SCHACHI 74 SIRC 5 5 - 9  ~,p ~ D4E 
1450 _+ 100 340 SCHACHT 74 STRC 9-18 "~ p ~ p 4 =  
1430 ± 50 400 BINGHAM 728 HBC 9 3  " )p ~ p4,'r 

iT+ 7r- 7r0iT ° MODE 
V_AL_UE_(MeV) . . . . . . . . . . . . . . . .  ~)O_CU_#~f_E_NQID TEen COMMENT 

• • * We do  not use the fo l lowing da ta  for averages tllS hmllS etc * • * 

1660. -+ 30 ATKINSON 858 OMEG 20-70 "~ p 
1From g l o b a l  fit of p u: 4, a n d  their rad ia l  exc l tohons  to channe ls  
,c~r+~ - .  K + K  - K~K~ K~K'¢-= ~ 

2From phase shill onolysls of HYAMS 73 da ta  
3Simple relatlvlstJc Bred Wlgner fit with COnStant wlcJth 
4An add i t i ona l  40 MeV uncer ta in ty  in both  the moss a n d  width is present  

d u e  Io the cho i ce  of the b a c k g t o u n d  shade 
5 Inc l uded  in BECKER 79 analysis 
bSimple relahVlStlc 8relt Wiener fit with m o d e l  d e p e n d e n t  width 
7One p e a k  fit result 
8parameters  rough ly  es t imated  not from o fit 
9Skew mass d ls l r ibuhon c o m p e n s a l e d  by Ross Stodolsky factor 
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Meson Full 
p(1700) 

Listings 

p ( 1 7 0 0 )  W I D T H  

M I X E D  M O D E S  

VALUE (Mev) DOCUMENT IO TECN COMMENt 

2 3 5  -+ 27 OUR AVERAGE I n c l u d e s  d a t a  f rom the  d a t o b l o c k  t ha t  ta l l ows  thl~; 
o n e  Error i n c l u d e s  s c a l e  fac to r  of 1 2  

220 +_ 25 DONNACHIE 87 RVUE 
• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits bruits, e t c  • • • 
340 -+80 rOBUON 82 DMf e + e  - . h a d r o n s  

r / ~  + ~r- M O D E  

VALUE DOCUMEN~ ID TECN COMMENT 
t h e  d a t a  in this b l o c k  IS i n c l u d e d  in t he  o v e r a g e  p r i n t e d  for o p rev lous  

d o l o b l o c k  

282 _+ 44  FUKUI 88 SPEC 8 9 5  , ' r - p  
~ ;,r, + ,-.r - n 

~ ' "  7T- M O D E  

VALUE (Mev)  DOCUMENT ID TECN COMMENT 

• • • We do  no l  use the  f o l l o w i n g  d a t a  for a v e r a g e s  tl ls hmllS, e t c  • • • 
< 3 1 5  t t  ERKAL 85 R V U E  2 0 - 7 0  ~tP ~ ] ,'r 

30 ABE 848 HYBR 20 ] p ~ ;r + ~ -  p 280 - 80 
230 0 -+ 80 0 '12 ASIAN 80 OMEG 20-70 ")p ~ p2~r 
283 0± 14 0 T3ATIYA 798 SPEC 50 3C ~ C2;r 

1 7 5 0  + 980 BECKER 79 ASPK 17 tr-p polarized 
- 5 3 0  

232 ± 34 ~ LANG 79 RVUE 
340 I'~MARTIN 78C RVUE 17 , " r - p  -o t r + ~ - n  
300 +_100 r lFROGGATT 77 RVUE 17 , " r - p  ~ ; ' : + ~ - n  
180 + 50 14HYAMS 73 ASPK 17 ; ' r - p  ~ = + T r - n  

K K  M O D E  

VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMEN~ 

• * * We d o  not  use  t he  t a l l o w i n g  d a t a  for o v e r a g e s  tits l imits e t c  • • • 

265  _+ t20  t 6 0 0  CLELAND 82B SPEC -+ 50 ~',D 

2(7r-  ~r - )  MODE 
VALUE (MeV) EVTS DOCUMENT tO TECN COMMENT _. 

• • • We d o  not  use the  t o l l o w l n g  d a t a  tar o v e r a g e s  tits hmlts e l c  • • • 
510 Z 40 TSCORDIER 82 DMI  e + e - ~  2(~r+; 'r  - )  
400  _+ 50 t2 ASTON 81E OMEG 2 0 - 7 0  ~ D ~ p4, ' r  
400 - . 1 4 6  16DIBIANCA 81 DBC ; . r + d ~  p p 2 ( ~ r + ~ ' - )  
700 _+160 TSBACCI 80 FRAG e + e  - ~ 2 ( ~ + ; ¢  - )  
I(30 34 KILLIAN 80 SPEC 11 e - p  ~ 2 ( ~ + : ¢  - )  
600 r7 ATIYA 798 SPEC 50 ~) C ~ C4~r ± 
340 _+ 160 65 18 ALEXANDER 75 HBC 7 5 ~ p -- p4~r 
360 -+ 100 T2CONVERSI 74 OSPK e + e  - ~ 2(=+,'r - )  
400 ± 120 16(3 19 SCHACHT 74 S T R C  5 5 - 9  ] p ~ p 4 ~  
850 Z 200 340 r9 SCHACHT 74 S T R C  9 - 1 8  ~ P ~ p4,-r 
650 _+ 100 400  B~NGHAM 728 HSC 9 3  ~ p ~ D4;T 

"rr + 7r- ~ 'o t ro  MODE 
VALUE (MeV) DOCUMENT ID ~ECN COMMENt . 

• • • We do  not  use the  fo l low~ng d a t a  for a v e r a g e s  tits I lmllS e t c  • • • 
3(30 -+ 50 ATKINSON 858 OMEG 20-70 ], p 

10From g l o b a l  Ell of p ~ ,,', a n d  the i r  r a d l o l  e x c i t a t i o n s  Io c h a n n e l s  
~ . # ÷ i r , -  K + K  - K~jK~ K~K+-~ "~" 

l i F r o m  p h a s e  shift ana lys i s  at  HYAMS 73 d a t a  
t 2S imp le  re lahviSt lC Bre i t -Wlgner  tit w i th  COnStant w id th  
t 3An  a d d i t i o n a l  40 MeV  u n c e d o l n t y  in b o t h  t he  mass a n d  w~dth ~s p r e s e n t  

d u e  to Ihe  c h o i c e  of t he  b a c k g r o u n d  s h a p e  
t 4 1 n c l u d e d  m BECKER 79 anatys~s 
TSSlmple re lot lv lShC Bred-Wlgner  fit w i th  m o c l e l - d e p e n d e n t  w i d t h  
~6One p e a k  fit resul t  
r T p a r a m e t e r s  r o u g h l y  e s h m a t e d ,  not  f rom o fit 
18Skew mass d is t r ibu t ion  c o m p e n s a t e d  by  ROSS S lodo lsky  fac to r  
19Width errors e n l a r g e d  by  us to 4] : N  1'2 see  t he  n o t e  w i th  t he  / ( * ( 8 9 2 )  

moss 

p ( 1 7 0 0 )  D E C A Y  M O D E S  

11 p (1700 )  ~ pOrr+Tr-  

r 2 p(1700)  ~ 4 " r r -  

I' s p (1700 )  ~ p a p a  

I'A # (1700)  ~ 7F+Tr - 

rs p (1700 )  - -  KK 

I o p (1700 )  ~ Tr~ 

I 7 p ( 1 7 0 0 )  ~ p O ~ O ~ O  

['~ p ( 1 7 0 0 )  ~ e + e  - 

[',~ p ( 1 7 0 0 )  ~ p ± t r = / r  ° 

l 'so p ( 1 7 0 0 )  ~ K K * ( 8 9 2 )  + c c  

l ' r~  p (1700 )  ~ 7r~rr/ 

I '~2 p (1700 )  ~ p ~ ' ~  

p(1700) r(1)r(e + e-)II'(tolal) 

This c o m b i n a t i o n  of o pa r t i a l  w i d t h  wi th  the  pa r t i a l  w i d t h  in to  
e + e  - a n d  wi th  t he  to ta l  w id th  iS o b t a i n e d  f rom the  cross 
sec t i on  intO c h a n n e l  I In e ~ e -  a n n i h i l a t i o n  

[ ' ( 4 ~ : )  "< r (e+  e - ) / l  total 1"21"8/]" 
VALUE (keY)_. DOC_UMENT ID FECN COMMENT_. 

2 . 6 4  -* 0.18 OUR AVERAGE 
2 6  - + 0 2  DELCOURT 818 D M I  e ' e -  ~ 2 ( r . + ~  - )  
2 8 3 - + 0 4 2  BACCI 80 FRAG e + e  - ~ 2 (T r+T r - )  

I (rr- 71"-) ~< ]'(e" e-)l]'tota I I'4r8/I' 
VALUE (keY) OOCUMENr ID TECN COMMENT 

• • • We d o  rlot use t he  t o l l o w l n g  d a t a  for a v e r a g e s  tlts hmlts e t c  • * • 
0 1 3  20DIEKMAN 87 R V U E  e + e  - ~ T~+r , -  

20Uslng to ta l  w i d t h  = 220 MeV 

I(K'K) :"< r(e+e-)/ltotol 151sll" 
VALUE (keV) DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits l lmds e t c  * • • 
0 035 .'t 0 029 21BIZOT 80 DMf e+e - 

l ' ( K / ~ k ( 8 9 2 )  + C C ) × l ' ( e + e - ) / l ' l o t a l  l t 01 ' 8 / [ '  
VALUE (keV) DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  f o l l o w l n g  d a t a  tar o v e r a g e s ,  tlts Jlmlt5 e t c  • • • 
0 3 0 5 ± 0 0 7 1  2T BIZOT 80 DMI  e + e -  

r(~'=) "K I(e ÷ e-)/I taro, r,2rs/r 
VALUE (keV) DOCUMENT ID rECN COMMENT 

• • • We dO not  use the  f o l l ow ing  d o l a  for o v e r a g e s  Ells l lm[ts e l c  • • • 
3 5 1 0 - + 0  090 21BIZOT 80 D M I  e + e  - 

2 1 M o d e l  d e p e n d e n l  

p ( 1 7 0 0 )  B R A N C H I N G  R A T I O S  

l'(po/r + ~'-)/I'(4/r -+ ) l'r/l' 2 
VALUE EVTS DOCUMENt ID TECN COMMENT 

• * • We do  not  use the  f a l l o w l n g  d a t a  for o v e r a g e s  flts hmlts e f c  • • • 
~ I  0 DELCOURT 818 DMf  e + e  - o 2(=+=' ,  - )  

0 7  - + 0 1  500 SCHACHT 74 S T R C  5 5 - 1 8  "rP ~ p47r 
0 8 0  22 BINGHAM 728 HBC 9 3  ~, p - p 4 ~  

22The ~..r system is in 5 -wave  

r(=+ =- )ll (4=-*) ] ,/'r2 
VALUE DOCUMENT ID TECN COMMENT 

• ° • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  hls l imits e l c  • • • 
0 f3 _+ 0 0 5  ASTON 80 OMEG 2 0 - 7 0  - ) p  ~ p 2 ~  

< 0  f4 23DAVIER 73 S T R C  6 - 1 8  " )p  ~ p4~" 
. - . 0 2  24BINGHAM 720 HBC 9 3  ~ p ~ p 2 7 r  

23Upper limit is estlmate 
242,T upper hmit 

[ ' ( K K ) / I ' ( 4 ~ T ' - )  1 5 / I  2 
VALUE CL % DOCUMENT ID rECN CHG COMMENT 

• * • We d o  not  use l he  to f fow lng  d a t a  for a v e r a g e s  hts hmlts, e l c  • • * 
0 0 1 5 ± 0 0 f 0  25DELCOURT 8fB D M I  e~-e  - ~ ~'K 

< 0 0 4  95 BINGHAM 720 HBC 0 9 3  " )p  
25Assumlng  p (1700)  a n d  ~ rOdlOl e x c i t a t i o n s  to b e  d e g e n e r a t e  In mass 

I'(71" + 7 1 " - ) / I  t o ta l  r 4 1 T  
VALUE DOCUMENT ID TECN CgMMENt 

• • • We d o  not  use the  f o l l o w l n g  d a t a  tar a v e r a g e s  tits l lml ts  e fc  • • • 

0 2 8 7 ~ 0 0 -  042043 BECKER 79 ASPK 17 r , - p  p o l a r i z e d  

0 1 5  fo 0 3 0  26MARTEN 78C RVUE f7 ~ - p  ~ : ¢ + ~ - n  
- - 0 2 0  27COSTA 778 RVUE e + e  - ~ 2~ 4~ 

0 3 0  _ + 0 0 5  26FROGGATT 77 RVUE 17 ~ r - p  ~ ~ + T r - n  
<(3 '15 28~ISENBERG 73 HBC 5 r , + p  ~ A + + 2 x "  

0 2 5  - + 0 0 5  29HYAMS 73 ASPK J7 : ¢ - p ~  7r + ~ - n  
0 2 0  -+ 0 0 5  MONTANET 73 HBC 0 0  p p  

26From p h a s e  shift anolys~s of HYAMS 73 d a t a  
27Est imate us lng  un l t a r l t y  t lme  reversa l  I n v o r l o n c e  Bte l t -Wlgner  
28Estimatecl us ing  o n e - p l a n  e x c h a n g e  m o d e l  
291nc luded  In BECKER 79 ana lys i s  

rCf:=o 7ro)iv,(p_-- =; =0) r,/r, 
VALUE DOCUMENT ID TECN CHG COMMENT 

• • • We d o  no l  use the  f o l l o w i n g  d a t a  for a v e r a g e s  flts l lml ts  e t c  • • • 
< . 0 1 0  ATKINSON 858 OMEG 2 0 - 7 0  ~ p  

< . 0 1 5  ATKtNSON 82 OMEG 0 2 0 - 7 0  ~ p  
p4~r 
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See key on page 129 Meson Full Listings 
p(1700) ,  X (1700) ,  1 2 ( 1 7 2 0 )  

]'(~ ~'- neutrals)/r(4~_+) (I'7+I'R+ 709]'ti)II" 2 
VALUE OOCUMENr ID rECN COMMENT 

• • • We do  not  use the  f o l l ow ing  d a l o  for o v e r a g e s  fltS l imits s i c  • • • 
2 6_+0 4 30BALLAM 74 HBC 0 3  "~p 

30UDDer l imit  B a c k g r o u n d  not  s u b t r a c t e d  

(~-~-n)/r(4~-_+) r t t / [  2 
VALUE DOCUMENT ID rECN COMMENT 

• * * We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  tits l imits e t c  • • • 
0 123 = 0  027 DELCOURT 82 DMI e + e  - ~ ~'. + ,~ ' -  MM 

~0 T ASTON 80 OMEG 20-70 ~.p 

1"(K/C*(892) + C C ) / l ' (4"t r : )  1"10/I" 2 
VALUE DOCUMENT ID TECN COMMENT 

• • * We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits s i c  • * • 
0 1 5 ~ 0 . 0 3  31DELCOU~T 81B D M I  e + e  - ~ KK~r 

31Assuming  p (1700 )  a n d  ~, r a d i a l  excJ ta t lons  to b e  d e g e n e r a t e  In mass 

I '(KIO/I'(K~'*(892 ) + C C ) 1"5/1"10 
VALUE ~OCUMENr ID TECN COMMENT 

• • • We d o  na t  use the  f o l l ow ing  d a t a  tot  a v e r a g e s  fits, l imits eJc * • • 
0 052 :t: 0 026 BUON 82 DMI  e + e  - ~ hod rons  

1"(/I" 7r T / ) / I  t o ta l  r11 /1"  
VALUE CL % DOCUMENr ID TECN COMMENT 

• • We d o  not  use the  t o l l o w l n g  d a t a  for a v e r a g e s ,  flts l imits e t c  • • * 
< 0  02 58 ATKINSON 86B OMEG 2 0 - 7 0  3D 

FUKUI 88 
DIEKMAN 87 
DONNACHI{ 87 
ATKINSON Bbe 
ATKINSON 85S 
ERKAL 8B 
ABE 84S 
ATKINSON 82 
BUON 82 
CLELAND 828 
caROlER 82 
DELCOURT 82 
ASTON 81t 
DELCOURT 818 

AlSO 82 
DIBIANCA 81 
ASIAN 80 
BACCI 80 
BIZOT 80 
KILLIAN 80 
AIIYA 79B 
BECKER 79 
LANG 7q 
MARTIN 78C 
COSTA 278 
FROGGATr 77 
ALEXANDER 7,5 
BALLAM 74 
CONVERSI 74 
SCHACHI 74 
DAVIER 73 
EISENBERG 73 
HYAMS 73 
MONTANET 73 
BINGHAM 72B 

ASION 87 
BARKOV 85 
BL,~ELLO 8.5 
ATKINSON 830 
ATKINSON 83C 
AUGUSTiN 83 
SHAM8ROO 82 
ASrON 81F 
DELCOURT 81 
ASTCHN 80F 
BARBER 80C 
HEYN 80 
O DONNELL 80 
BACCI 79 
CORDEN 79 
C OR'DIER 79 
COSME 79 
RICHARD 79 
SIDOROV 79 
GE NSINI 78 
QUENZER 78 
BUDNEV 77 
COSTA 77 
GESSAROLI 77 
BAS-~MPIE 76 
COMMON 76 
JOHNSON 76 
ALLES 75 
CHUNG 7Be 
E STABROOKS 75 
FRC~GATT 75 

p ( t 7 0 0 )  REFERENCES 

PL B202 441 +HOrlkowo• (SUGI NAGO KEK KYOT MIYA) 
fsukuDo ConE 7 (BONN) 
ZPHY C33 407 •Mlrzale (MCHS) 
ZPHY C30 531 + (BONN CERN GLAS LANC MCHS LPNP+) 
ZPHY C26 499 ++Isson ( B O N N O  C~Rfl GLAS LANC MCHS LPNP+) 
ZPHY C29 485 (wise) 
PRL 53 751 (SLAC Hybrid Facility Photon Col lob ) 
PL 1OBB 55 • (BONN CERN GLAS LANC MCHS CURl+) 
PL 118B 221 +Blsello BIZOt Cofcllet D~IICOIJII+ (LALO MONP) 
NP B20B 228 +Oelfosse DOlSOZ Gloat (DURH GEVA LAUS PITT) 
PL 109B 129 +Blsello BIZOI Buon [~Bdcourt (LALO) 
PL 113B 93 +Bisello BIzol Buon Cordler Mane (LALO) 
NP B180 t5 (BONN CERN EPOL GLAS LANC MCHS+) 
Bonn Cone ~05 (ORSA) 
PL 109B 120 Cordler Bisello Blzol Buo~ Delcourt (LALO) 
PR D23 595 *Flcklnger Malko Dado Engle~+ (CA~ CMU) 
PL 92B 215 (BONN CERN EPOL GLAS LANC MCHS+) 
PL 95B 130 +DeZorzi Penso Boldlni CellO* (ROMA FRAS) 
MaDison ConE 546 +Bisello Suon Cotdler Delcourt÷ (LALO USTL) 
PR D21 3005 +TreachVell Ahrens Berkelmon Cossel+ (CORN) 
PRL 43 t69 t  +HOlmes Knapp Lee Betas (COLU ILL FNAL) 
NP 81,51 46 +Blanar Slum+ (MPIM CERfl ZEEM CRAC) 
PR D19 956 •Mo$ Parareda (GRAZ) 
ANP t14 1 *Pennlngton (CERN) 
PL 71B 345 Costa De Beauregord Pile Truong (EPOL) 
NP B129 89 ÷Petersen (GLAS NARD) 
PL 57B 487 eBenary GanOsman LlSSauer+ (TELA) 
NP 876 375 +Chadwick Bingnam Frelter+ (SLAC LBL MPIM) 
PL 52B 493 +Paoluzl Cerachm Gdlll4 (RC*MA FRAS) 
NP B81 205 +Dorado Frle$ Park Yount (MPIM) 
NP B58 31 +DOradO Frles Llu Mozley Odlon Park+ (SLAC) 
PL 43B 149 *Karshon Mlkenberg PltluCk+ (REHO) 
NP B64 134 -Jones Weflhemmer Blum Dletl+ (CERN MPiM) 
ErlCe SChOOl 518 (CERN) 
PL 41B 635 +Robin Rosenfeld Smacllo+ (LBL UC8 SLAC) 

- - -  OTHER RELATED PAPERS ---  

NP B292 693 ~Awoji D Amore+ (SLAC NAGO CINC TOKY) 
NP B256 365 iChl l lngarov EIOelman Khozln LelchuR÷(NOVO) 

LAL 85 15 +Auguslln AlOllOuni+ (PAD<:) LALO CLER FRAS) 
PL 127B 132 + (BONN CERN GLAS LANC MCHS LPNP+) 
NP B229 269 + (BONN CERN GLAS LANC MCHS LPNP÷) 

LAL 83 21 ÷Ayacn Blsello BOlClinl+ (LALO PAPa FRAS) 
PR D26 1 +Wilson AnClet$on Ftancls. (HARV EFt ILL OXF) 
PL t04B 231 (BONN CERN EPOL GLAS LANC MCHS+) 
PL <~;*B 257 +BlSello Bizot Buon CorCllel Mane (ORSA) 
NP B174 269 (BONN CERN EPOL GLAS LANC MCHS~) 
ZPHY C4 16g *OOlnlon Brodbeck BrOOkeSe(DARIE LANC SHEF) 
ZPHY C7 169 ~Lang (GRAZ) 
PR D22 7 t i  (TNIO) 
PL 8bB 234 +DeZorzl Pen$o Slello÷ (ROMA BGNA FI~AS) 
NP B157 250 +Dowell Gorvey+ (BIRM RHEL 1ELA LOWC) 
PL 81B 389 ~DelcOurt ischstruth FulOO+ (LALO) 
NP B152 215 ~Duclelzak Gtelaucl Jean Marie Julllon+ (IPN) 
Fe~'mllab Syrnp 469 (LALO) 
Botovla Cant 70 490 (NOVa) 
PR D17 1368 (S~AC) 
PL 76B 512 +Rlbes RumDI Bedrona BIZOl Chase* (LALO) 
PL 70B 365 +BuOnev Serel:)ryokov (NOVa) 
PL 67B 213 COMa De Beouregord Pham Pile+ (EPOL) 
NP B126 382 • (BGNA FIRZ GENO MILA OXF PAVI) 
PL 65B 397 Baslomplerre Binder÷ (MULH STRB TORI) 
NP 8103 109 (KENT) 
PL 63B 95 •MQrhn Pennlngfon (DURH CERN) 
NC 30A 136 Alles Borelll ~ernoralnl+ (CERN BGNA FRAS) 
PR D11 2436 ÷ProIopope$cu LynCh Flails÷ (BNL LBL USC) 
NP B95 322 +Morlln ([~JRH) 
NP B9t 454 ÷Petelsen (GLAS NARD) 

IGJP 

HYAMS 75 
LANG 75 
LANGACKER 75 
LEE 75 
RODS 75 
BERNABEI 74 
CHALOUPKA 74 
ESTABROOKS 74 
FERBEL 74 
GRAYER 74 
HIRSHFELD 74 
CERADINI 73 
CHUNG 73 
KREUZER 73 
OCHS 73 
PARK 73 
BACCI 72 
BARBARINO 72 
BARTOLI 72 
BRAMON 72 
DIEBOLD 72 
EISENBERG 72 
LAYSSAC 72 
SMADJA 72 
ALVENSLEBEN 71 
BRAUN 7 t 
BULOS 71 

NP 8100 205 ~Jones wedhammel  Slum Dletl• (CERN MPM) 
PL 58B 450 ÷Stetonoscu (KARL) 
PR Dt3 697 +Segle (aENN) 
Slanforcl ConE 213 (COLU) 
NP B97 t65 (HELS) 
LNC 11 261 ,Angelo  SDdlantlm Volente (ROMA FRAS) 
PL 51B 407 *Ferlonao Lostv Montanet (CERN) 
NP 879 301 •Marhn (DURH) 
PR D9 824 +Slatlery (ROCH) 
NP B75 t89 +HyDroS Slum Dletl+ (CERN MPIM) 
NP B74 211 +Kromer (HAMS) 
PL 43S 341 +Conversl Ekstrand Gnlh* (ROMA FRAS PADO)IGJP 
Pt 47B S26 ÷PtotopoDescu LyncP Flotle~ (BNL LBL UCSC) 
PR D8 1431 oKomal (ALBE) 
Thesis (MPIM) 
NP B58 4S (MPIM) JP 
PL 38B 551 ,Penso Sol¥1n~ StOliD Saldlnl CelIO(ROMA FRAS) JPC 
LNC 3 689 *Celodlni+ (FRAS ROMA PAPa UMD) IGJP 
PR C)6 2374 •Fehce111 agren+ (FRAS ROMA NAPL) IG~P 
LNC 3 693 ~Greco (FRAS) 
Balawa CanT 3 1 (ANL) 
PR OS 15 +Bollam Pagan+ (REHO SLAC TELA) 
NC 10A 407 +Renard (MONP) 
Phil Can( 349 +Binghom Traitor Bollam Chodwick+(LBL SLAC) 
PRL 26 273 •Becket Bertram Chert* (DESY MIT) G 
NP B30 213 *Fnciman Gerber Gwernoud• (S/RB) G 
PRI 26 149 ÷BuSZO Kehoe Ben,$tor,~ (SLAC UMD IBM LBL) G 

IX(1700) I was 7/(1700) IG(JPC) = EVEN'(';"~') 

OM,.ED EROM SUMMARY TABLE 
Enhancement seen in the r ) ~  system produced in 
t h e  r a d i a t i v e  d e c a y  of t h e  J . ~ ( t $ ' )  M a y  c o n t a i n  s i g n i -  

f i c a n t  s u b s t r u c t u r e  R e l a h o n  to  o t h e r  e n h a n c e m e n t s  

s e e n  in  r a d i a t i v e  J / ~ , ( I S )  d e c a y  u n c l e a r  ( s e e  HiT- 
LIN 8 3 )  T e n t a t i v e l y  c a l l e d  X ( 1 7 0 0 )  b y  us  

X ( 1 7 0 0 )  MASS 

VALUE (MeV) DOCUMENT IO TECN COMMENT 

1700.0 _+45. EDWARDS 83B CBAL J" :  - g'r2~T 

X ( 1 7 0 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

520 +-110. EDWARDS 83B CBAL J" ~ q ' r 2 ~  

X ( 1 7 0 0 )  REFERENCES 

EDWARDS 838 PRL Sr 8,59 *Pa,tn<3ge Peck* ( t i t  HARV PRIN BrAN SLAC) 
HIILIN 83 Cornell Cant 740 (CIT) 

If2(I 720) was 0(1690) I I G ( j  PC) = 0+(2 . • )  

N a m e d  tt b y  EDWARDS 82D S e e n  in  J . ' ( J E )  
; , t ~ ( 1 7 2 0 )  t h e r e f o r e  C = +  f 2 ( 1 7 2 0 )  d e c a y s  ,h iD  2 q  
t h e r e f o r e  I G = 0 ~ JP = 2 + is p r e f e r r e d  o v e r  JP = 0 - 
h i g h e r  s p i n s  n o t  s t u d i e d  

M a s s  a n d  w i d t h  d e t e r m i n a t i o n  c o m p h c a l e d  b y  o v e r  
l a p  w i t h  f ~ ( 1 5 2 5 )  in  m a s s  s p e c t r a  P o s s i b l e  c o n n e c t i o n  
of th i s  s t a t e  w i t h  s t r u c t u r e  s e e n  ~n J ~ ( 1 S )  o ~ 1 ) i ,  a n d  
in J , ~ ( 1 5 ' ) ~  3r)~',; 'r, ~s u n c l e a r  ( s e e  BURKE82 ,  HIT 
LIN 8 3 )  R e c e n t  r e s u l t s  (BALTRUSAITIS 8 5 G )  i n d i c a t e  t h a t  

t h e  I )P e n h a n c e m e n t  ~s j R  = 0 -  h e n c e  u n r e l a t e d  to  
t h e  f 2 ( 1 7 2 0 )  The / 2 ( 1 7 2 0 )  is n o t  s e e n  in K - p  ~ I ~ 1 ~  ~, 
b y  ASTON 88D 

S e e  a l s o  t h e  m l n l - r e v l e w  u n d e r  n o n  q q  c a n d i d a t e s  
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Meson Full Listings 
./2(1720), .fo(1750) 

f 2 ( 1 7 2 0 )  M A S S  

}/ALUE TMeV) DOCUMENT ID 

1 8 OUR AVERAGE 1720 9 _~ 4 .2  

1698 = 15 AUGUSTIN 87 
1720 : 10 _+ 10 BALTRUSAITIS 87 

2 t 2 LONGACRE 86 t730 - 10 
1718 _+ 7 AUGUSTIN 85 
1725 ± 8 AUGUSTIN 85 

TECN COMMENT 

DM2 J..~ ~ " ) ,~+~r-  
MRK3 J '¢  ~ 3 K* K -  

MPS 22 ~ , - p  ~ n2K~ 

DM2 £ '¢  ~ K + K - 3  
DM2 J'~: ~ K~K~3 

• • • We d o  noI  use the fo l l ow ing  d o t o  for overages  his l imits e t c  • * • 
1670 * 50 BLOOM 83 CBAL J.'~ -- ~ 2,'7 
1650 - 50 BURKE 82 MRK2 J, ~ - ~ 2p 
1708 0_+30 0 FRANKLIN 82 MRK2 e + e  - ~ 3 K + K  - 

tFrom o por t lO l -wove onoiySlS of d o t o  USlOg O K matr ix  formal ism wi th 5 
po les  

2Fit wi th cons t ra ined  ine los l lC l ly  

f 2 ( 1 7 2 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENt 

11 OUR AVERAGE 138 

136 _+ 28 AUGUSTIN 87 DM2 J . "  ~ ~T+ , ' r  - 
130 ± 20 BALTRUSAITIS 87 MRK3 J ~ ~ ~) K + K -  

122 + 74 34LONGACRE 86 MPS 22 : r - p  ~ n2K~ 
- 15 

148 ± 22 AUGUSTIN 85 aM2 ./.~ ~ K + K - ~  
146 ± 24 AUGUSTIN 85 DM2 .I.'~ ~ /~K~j'~ 
• • • We d o  not  use Ihe to l lowlr ,  g d a t a  for ove~oges, i l ls hmJts e tc  • • * 
160 ± 80 BLOOM 83 CBAL J.,'~ ~ ~ 2~ 
200 ± 100 BURKE 82 MRK2 J..'~ ~ ~ 2p 
156 0 _'Z 60 0 FRANKLIN 82 MRK2 e + e  - ~ ~ K + K  - 

3From o p o r h o l - w a v e  analysis of d a t a  using a K matr ix  formohsm wi th 5 
DOleS 

4FIt wi th cons t ra ined  melaShClty 

I'~ ~(1720) ~ ~ 

I' 2 ~(1720) ~ KK 

] 3  ~ ( 1 7 2 0 )  ~ # p  

1" 4 ~ ( 1 7 2 0 )  ~ ~ 

1~ ~ ( 1 7 2 0 )  - , .  T T  

I" 6 ~ ( 1 7 2 0 )  ~ ~ 

f~(1720) DECAY MODES 

Frachon ( r / I ' )  

+ 3 .0  ) , 1 0 _  2 (18 0 _ 13  0 

+ 9 )~ 1 0 - 2  (38 - 19 

f 2 ( 1 7 2 0 )  [ ' ( 1 ) ] ~ ( ' y ' y ) / F ( t o t a l )  

| ' ( K T ~  × ] ' ( " y ' y ) / I ' t o t a  I r 2 r 6 / r  
~/AL_UE (keY) CL% DOCUM_EN_T tD 7EC~l_ COMMENT . . . .  

• • • We d o  not  use the fo l l ow ing  clara for overages  flts l imits e tc  • • • 
< 0  28 95 ALTHOFE 858 TABS ~ ~ ~ KK;T 

] ' ( r / r / ) / l  to la l  
VALUE 

+ 0.03 
0.18 -0 .13  

I ( K K ) / ] ' t o t a  I 
VALUE 

+ 0.09 
0 38_  0 .19  

l (7r  7 r ) / r t o t o J  
VA L UE 

+ 0.002 
0.039 - 0.024 

f 2 ( 1 7 2 0 )  B R A N C H I N G  R A T I O S  

r l / r  
DOCUMENT tD TECN COMMENT 

56LONGACRE 86 MPS 22 r , - p  ~ n2K~j 

r 2 / [ "  
DOCUMENt ID TECN COMMENT 

5 6 LONGACRE 86 MPS 22 ~ -  p ~ n2K~ 

[ ' s /  l " 
DOCUMENT ID TECN COMMENt 

56LONGACRE 86 MPS 22 ~ ' , -p  ~ n2K~ 

5From o pa rho l  w o v e  analysis of d a t a  using O K-motnx formal ism wi th  5 
Doles 

5Fll wi th Const ra ined inelost lCdy 

f 2 ( t 7 2 0 )  REFERENCES 

AS/ON 88D NP tO be pub +Awall Bienz+ (SLAC NAGO CINC TOKY) 
AUGUS/IN 87 ZPHY C36 369 ÷Cosine+ (LALO CLER FRAS PAPa) 
BALTRUSAITIS 87 PR DBB 2 [ 3 7 7  +CaBman Dubol$+ (MARK III Collob ) 
LONGACRE B6 PL S177 223 +Etkin, (BNL BRAN CUNY DUKE NDAM) 

l ALTHOFF 8,58 ZPHY C29 189 +Brclunschwelg Kffschflnk* (TASSO CollOb ) 
AUGUSTIN 85 Morlana XX T 479 +Calcaterro Cosine+ (ORSA CLER PAPa FRAS) 
BALTRUSAITIS 85G PR D33 1222 + (CIT UCSC ILL SLAC WASH) 
BLOOM 83 ARNS 33 143 +Peck (SLAC CIT) 

l HITLIN 83 Cornel] ConE 746 (CtT) 
BURKE 82 PRL 49 032 +lrll l lng Abrams Alam BloCker+ (LBL SLAC) 
EDWARDS 82D PRL 4B 458 *Partrldge Reck+ (CI/ HARV PRIN STAN S4.AC) 
FRANKLIN B2 SLAC 254 (SLAC) 

i 

J - - -  OTHER RELATED PAPERS - -  

AKESSON 86 NP B264 154 +Albrow Almehecl÷ (Axlo~ Flelcl Spec Callao ) 
ARMSTRONG 866 PL 167B 133 +BIoodwOrth Carney+ (ATHU BARI BIRM CERN) 
ALTHOFF 83 PL 121B 210 +Brandellk Boerner* (TASSO Caliph ) 
BARNETT 838 PL 120B 45,5 +BIOckus Burko Chlen Christian+ (JHU) 
ALTHOFF 82 ZPHY C T6 13 +Boerner Burkhardt+ (TASSO Collab ) 
BARNES 82 PL 116B 365 +Close (RHEL) 
BARNES 82g NP B198 360 +Close Monaghan (RHEL OXF) 
TANIMOTO 82 PL 116B 198 (BIEL) 

I f°(1750) J 
was S(1730) 1%J'c) = °+(°++) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

S e e n  m p h a s e - s h l f t  a n a l y s l s  of  K~K~ s y s t e m  a n d  in q r  7 
m a s s  d i s t n b u t t o n  We a l s o  ~ n c l u d e  ALDE 86C h e r e  
a l t h o u g h  t h e  q u a n t u m  n u m b e r s  a r e  n o t  c e r t a i n  
N e e d s  c o n f i r m a h o n  

f 0 ( 1 7 5 0 )  M A S S  

VALUE (MeV) DOCUMENT ID fECN COMMENt 

• * • We do  not use the  fo l l ow ing  d a t a  for averages  flts, l lmlts e tc  * • • 
1755 0 ± 8 0 ALDE 86C GAM2 38 ~ r -D  ~ n2~ 
1742 0 ± 1 5  0 WILLIAMS 84 MPSF 200 ; ' r - N ~  2K~X 
1730 0_+10 _~20 t ETKIN 82C MPS 23 7 r - p ~  n2K~ 

IFrom on a m p l i t u d e  analysis of the K~K~j system 

f 0 ( 1 7 5 0 )  WIDTH 

VALUE (M..eV) DOCUMENT ID rEC_N COMMENT . . . .  

• • • We d o  not  use the  fo l l ow ing  d a l o  for averages,  fits l imits e tc  • • • 
50 0 ± 8 .0  ALDE 86c GAM2 38 T , - p  ~ n2T/ 
5 7 . 0 ±  38 0 WILLIAMS 84 MPSF 200 ~ ' , - N ~  2K~X 

200 0 + 1 5 6  0 2ETKIN 82B MPS 23 J T - p -  n 2 / ~  

2From on a m p l i t u d e  analysis of Ihe K~K~ system 

f 0 ( 1 7 5 0 )  D E C A Y  M O D E S  

l ' t  f 0 ( 1 7 5 0 )  ~ K K  

I 2 f 0 ( 4 7 5 0 )  ~ r /r /  

f 0 ( 1 7 5 0 )  REFERENCES 

ALDE 86C PL B182 105 +Blnon Brlcmcln+ (SER'P BELG LANL LAPP) 
WILLIAMS 84 PR D30 877 +Diamond+ (VAND NDAM TUFT ARIZ FNAL¢) 
ETKIN 828 PR D25 1786 +Foley lai+ (BNL CUNY TUFT VAND)JP 
[TKIN 82C PR D25 2446 +Foley Lal+ (BNL CUNY TUFT VANO) 



See key on page 129 

I  '(1770) I : " " :  
OMITTED FROM SUMMARY TABLE 

S e e n  in p a r t l a l - w o v e  ona lys~s of  t h e  d ~ f f r a c h v e l y  p r o -  
d u c e d  37r s y s t e m  N e e d s  c o n h r m a h o n  

• " ( 1 7 7 0 )  M A S S  

VALUE (_MeV) . . . .  Evrs DOCUMENTID TECN CHG COMMENT 
1770. ± 30. 1100 BELLINI 82 SPEC - 40 ~ -  A 

3~ A 

= ( 1 7 7 0 )  WIDTH 

VALUE (MeV) _ EVTS DOCUMENT IO TECN CHG COMMENT 
310. -+ 80. 1100 BELLINI 82 SPEC 40 = -  A 

3~ A 

~ ( 1 7 7 0 )  D E C A Y  M O D E S  

r l  ~ ( 1 7 7 0 )  ~ ~ ( 1 4 0 0 ) ~  

1"~ ~ ( 1 7 7 0 )  ~ p ~  

" t i ' ( 1 7 7 0 )  B R A N C H I N G  R A T I O S  

I ' ( f ~ ( 1 4 0 0 )  ~ ) / l ' t o f a  I [-1/1, 
VALUE DOCUMENT ID TECN CHG COMMENT 
DOMINANT BELLINI 82 SPEC - 40 Tr--~A 

37rA 

; (pT)/l total 1"2/I 
VALUE DOCUMENT ID TECN CHG COMMENT 
NOT SEEN BELLINI 82 SPEC - 40 ~"~A 

3 ~ A  

BLLLINI 

x ' ( t 7 7 0 )  REFERENCES 

82 PRL 48 1697 +FroDett[ IvOnshm Llfkln+ (MILA BGNA JINR) 

I 

I G ( J  Pc) = 0 * ( 2  + +  ) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

F rom o n  a m p l l l u c l e  ona lys~s of  t h e  K + K  - s y s t e m  s e e n  
IP - ~ ~ K + K - n  QI 10 GeV. . ' c  C o n h r m e d  b y  L O N G A -  
('.'RE 86 S e e n  o l s o  in :r+,'a - ~ 2,-'r0 o m p h l u d e  a n a l y s i s  
( C A S O N  82),  ~n t h e  p a r h a l - w a v e  analys~s o f  t h e  qq sys- 
l e m  (ALDE 86D) a n d  ~n t h e  4,-'ro m a s s  s p e c t r u m  
(ALDE 87C)  

f 2 ( 1 8 1 0 )  M A S S  

VALUE(Me.V) EVTS DOCUMENT tO TECN COMMENT 

• ° • We d o  not  use the fo l l ow ing  d a t a  for averages  fits limits e tc  * • • 
1806 ~+ 10 1600 ± 100 ALDE 87 GAM4 100 ~ - p  ~ 4~rOn I 
1870 -+40 `1ALDE 860 GAM4 100 x - p  ~ 4 ~ n  I 1858"0 + ~ O -  2LONGACRE 86 MPS Compilation 
1799.0 ± 15 0 CASON 82 STRC 8 7r+p ~ D..,,r+ 27ro 

+ 35 
1857 0 - -  24 00 3 COSTA 80 OMEG 10 Tr- p ~ K + K -  n 

~.Seen Jn on ly  one  sotuf lon 
2From a par t ia l  w o v e  analys is  of d a t a  using a K-matr ix format lsm wi th  5 I 

poieB Inc ludes  c o m p i l a t i o n  of several  o ther  exper imen ts  J 
3Error inc reased by  sp read  of two  solut ions I n c l u d e d  in LONGACRE 86 I g l o b a l  analysis 

309  

Meson Full Listings 
7r(1770), f2(1810) 

;2 (18  I 0 )  WIDTH 

~'_ALUE (Me'/) EVTS DOCUMENT ID TECN COMMENT 

• • • We dO not  use the fo l l ow ing  d a t a  tar overages  fits limits e tc  • • • 
'190 ~ 20 1600_+100 ALDE 87 GAM4 t00  ~ - p - .  4,-ran 
250 Z 30 4ALDE 860 GAM4 100 ~'-p ~ 4~n 
388.0 + t5  0 - 2 t  0 S LONGACRE 86 MPS Compt la f ton  

260.0  + 42 0 35 0 CASON 82 STRC 8 ~ + p  ~ p,-;÷2~. 0 

0 + 1 0 2  0 165 - t39  0 6 COSTA 80 OMEG 10 ,'T- P o K *  K -  n 

4Seen in on ly  one soluhon 
SFrom O par t ia l  w a v e  analysis of d a t a  using a K matr ix formohsm wi th ,$ 

po les  Inc ludes c o m p l l o h o n  of several  o ther  expenmen ts  
6Error increased by  sp read  of two solut ions I n c l u d e d  m LONGACRE 86 

g l o b a l  analysis 

f :~ (1810)  D E C A Y  M O D E S  

F r a c h o n  (I~_I_') ___.  

I"1 t:181o) ~ K-'K- C ~ o_+I~ °o). IO-~ 

1"2 /~(181o) - ~ (2, o+ ~ °o),~o-2 

f 2 ( 1 8 1 0 )  B R A N C H I N G  RAT IOS 

I '(K + K- ) / I  to ta l  1"i/1 
VALUE DOCUMENT ID TECN COMMENT 

n~ + 01019 . . . .  
• 0 v ~ _  0.002 7 LONGACRE 86 MPS Comp i l a t i on  

• * • We d o  not  use the fo l low ing  d a l o  for averages  fits l imits e tc  • • • 
SEEN COSTA 80 OMEG 10 r , - p  ~ K + K - n  

I'(~ 7r)/l to ta l  I"2/I" 
VALUE DOCUMENT ID T[CN COMMENT 

o4 + 0 . 0 2  
" ' "  - 0.03 7 LONGACRE 86 MPS Compl lQ t ion  

• • • We d o  not  use the fOl lowing d a t a  for overages  fits I lmlls e tc  * • • 
0 44_+0 03 8CASON 82 STRC 8 : r ,+p ~ pTr*2,-r0 

r(t/T/)/l'latol 1"3/' I 
VALUE DOCUMENT ID TECN COMMENt 

0.008 + 0.028 7 LONGACRE 86 MPS COmpl lOhon 
- 0.003 

l'('rr 7r)/l'(4Trc) 1'2," 1 4 
VALUE DOCUMENT ID TECN COMMENr 

• • • We dO not use the fo l l ow ing  d a t a  for averages  fits Ilmtls e tc  • • • 
--:0 75 ALDE 87 GAM4 100 r r -  D ~ 4~0n  

j (4=o)ii (~) i,,'~ ~ 
VALUE DOCUMENT ID TECN COMMENT 
0.8 +_0.3 ALDE 87 GAM4 100 r , - D  ~ 4,-r0n 

7From (2 p a r f t a l w a v e  analysis of d a t a  using (] K mafnx  formal ism wtth 5 
po les  Inc ludes c o m p i l a t i o n  of several o ther  exper imen ts  

81nciuded tn LONGACRE 86 g l o b a l  analysts 

f2 (18 I 0 )  REFERENCES 

AI.DE 87 PL B198 286 +Bmon Brlcman. (LANL BRUX SERP LAP {)) 
ALDE B7C ZPHY C36 603 +BInon BrlCkrnan+ (LAN I. BELG SERP LAPP) 
ALDE 860 NP 8269 485 +Bmon Btlcmon+ (BELG LAPP SERP CERN) 
LONGACRE 86 PL 8177 223 ~Etkln+ (BNL BRAN CUNY DUKE NDAM) 
CASON 82 PRL 48 1316 ,BlswQ$ Boumbaugh BLShOD* (NDAM ANL) 
COSTA 80 NP B175 402 CosTa De Beouregard+ (BARI BONN CERN~) 

- - - -  OTHER RELATED PAPERS - - .  

CASON 83 P~ 028 1586 *CannQtO BOumbOugh Bishop+ (NDAM ANL) 
ETKIN 828 PR 025 1786 *Foley Loi* (BNL CUNY tUFT VAND) 
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Meson Full Listings 
X(1850), X(1935),f2(2010), a4(2040) 

Ix('850) I was (/),(t850) '%'% : 
OMITTED FROM SUMMARY TABLE 

S e e n  in t h e  K K  a n d  K K ; T  m a s s  d l s t r l b u h o n s  

X ( t 8 5 0 )  MASS 

VALUE (MeV)  EVTS DOCUMENT ID TECN COMMENT 

1854 _+ 9 OUR AVERAGE 

+30 0 
1 8 7 0 0 - 2 0 0  430 ARMSTRONG 82 OMEG 1 8 5  K p  . K K "  

1850 0 ± 1 0  0 123 ALHARRAN 818 HBC 8 2 5 K - D ~  K K \  

X(1850)  WIDTH 

VALUE (MeV)  EVTS DOCUMENT ID TECN COMMENT 

+ 46 
110 - 33 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 3 

1 6 0 0  -+905000 430 ARMSTRONG 82 OMEG 1 8 5  K - p  ~ K - K  + 

+ 4 0  
8 0 0 _  3000 123 ALHARRAN 818 HBC 8 2 5  K - p  ~ K K ~  

X('1850) DECAY MODES 

r t X(1850)  ~ K/T" 
]'2 X(1850)  ~ KK'~(892) + c c 

X ( t 8 5 0 )  BRANCHING RATIOS 

I ( K / ~ ( 8 9 2 )  + C C )/1 (KK) 1"2/1" t 
VALUE DOCUMENT 10 TECN COMMENT 

0 • 8  ± 0 4 ALHARRAN 81B OMEG 8 25 K -  p ~ K K  

X(1850)  REFERENCES 

ARMSTRONG 82 PL 1108 77 +BOubtlhe'+ (BARI 81RM CER'N MILA LPNP*) JP 
ALNARRAN 8t8 PL 10tB 357 +AmazoOeh* (BIRM CERN GLAS MICH LPNP) 

- - - -  OTHER RELATED PAPERS 

CORDtER 82S PL 1108 335 +BtSello B.zol Buon Delcourl Fayotd~ (LALO) 
ASTON 808 PL 928219 (8aNN CERN EPOL GLAS LANC MCHS+) 

J f2(2010) J +) was gK2010) ,G(./c) = 0+(2 + 

See a l s o  t h e  m i n i - r e v i e w  u n d e r  n o n  q q  c a n d i d a t e s  

f2(20t0) MASS 

VALUE (MeV)  DOCUMENT IO TFCN COMMENT 

20 t t  t- 62 tETKIN 88 MPS 22 = - p  ,',,,',n J 
- 7 6  

• * • We do  not  use the  fo l l ow ing  d a t a  Ior a v e r a g e s  fits l imits e fc  • * • 

2050 0 + 90 0 - 50 0 ETKIN 85 MPS 22 , " : - p  o 2,.,n J 

- 2 0 0  
2120 0_  120 0 LINDENBAUM 84 RVUE 

2160 0 = 50 0 ETKIN 82 MPS 16 7 r - p  ~ 2,.',n 

t l n c l u d e s  d a t a  of ETKIN 85 The p e T c e n t a g e  of the  r e s o n a n c e  g o i n g  in to I 
~ t  2 + 2  "','. , 2 + 4  52 D 2 a n d  D01s 98 +13 0.  c a n d  I r e s p e c h v e l y  I 

f2(2010) WIDTH 

VALUE (MeV)  DOCUMENT ID TECN COMMENT 

202 + 67 - 62 2ETKIN 88 MPS 22 ; T - p  ~ , : , : ,n 

• • • We do  no l  use the  t a l l o w i n g  d a t a  for a v e r a g e s  tits l imits e t c  • * * 
160 0 

200 0 _ 50 0 ETKIN 85 MPS 22 = - p  ~ 2,.,.n 

+ 150 
300 0 .  50 0 LINDENBAUM 84 RVUE 

310 0 _- 70 0 ETKIN 82 MPS t 6  E - p  , 2~.'~n 

2 Inc ludes  d a t a  of ETKIN 85 

~(2010) DECAY MODES 

It ~(2010) ~ c,,.', 

ETK[N 88 
ETKIN 85 
UNDENBAUM 84 
ETKIN 82 

AlSO 83 

GREEN 86 
BOOTH 84 

f2(20 I0)  REFERENCES 

PL B201 568 +Foley LinclenDaum~ (BNL CUNY) 
PL 1658 217 °Foley Longacre Lmdenboum+ (BNL CUNY) 
CNPP 13 285 (CUNY) 
PRL 49 '~620 ~Foley Longocre Lmdenbaum* (BNL CUNY) 
Brlgrdon Cant 351 L;ndenbadm (BNL CUNY) 

. . . . .  OTHER RELATED PAPERS 

PRL 56 1639 ÷LOl~ (ENAL ARIZ FSU NDAM TUFt VAND~) 
NP B242 51 *Bal lonce Carroll DonoIO~ (LIVP GLAS CERN) 

JX(1935) J was S(1935) IG(/C) = 'k"') 
OMITTED FROM SUMMARY TABLE 

Ear l y  r e s u l t s  o n  a n a r r o w  p e a k  o b s e r v e d  in  p p  m t e r o c -  
h a n s  ( C A R R O L L  74  C H A L O U P K A  76.  BRUCKNER 77 
S A K A M O I " O  79  HAMILTON 80B)  h o v e  n o w  b e e n  d is  

c l a i m e d  b y  a s e r i e s  Of h l g h - s t o h s t l c s  h g h - r e s o l u h o n  
e x P e n m e n t s  ( C L O U G H  8 4  A R M S T R O N G  86 ,  FICK- 
INGER 86,  BRUCKNER 87,  B U G G  8 7 )  W e  t h e r e f o r e  c l o s e  

t h e  XC_1935) e n t r y  a n d  hst t h e  r e l e v a n t  m f o r m a h o n  
u n d e r  N N ( 1 1 0 0 - 3 6 0 0 )  

X(1935)  REFERENCES 

BRUCKNER 87 PL B197 463 +Culec+ (MPIH LAVL HEID) 
8UGG 87 PL B194 563 +CIough Hear+ (LOQM+) 
ARMSTRONG 86 PL 1668 245 °Blooclwortn Carney+ (ATHU BARI BIRM CERN) 
FICKINGER 86 PR 34 3332 .Mar ina Robinson Ashford Sokltt* (CASE BNL) 
CLOUGH 84 PL 146B 299 *Seato BuRg* (SURR LOQM ANIK TRST GEVA) 
HAMILTON 808 PRL 44 1182 +Pun Trlpp Lazarus÷ (LBL 8NL MTHO) 
SAKAMOTO 79 NP 0158 410 ,HaShfmOtO SOl YQmamoto+ (TOKY) 
E*RUCKNER 77 PL 67B 222 +G¢onz Ingham KIIIOn, (MPIH HElD CERN) 
CHALOUPKA 76 PL 618487 * (CERN L~VP MONS PADO ROMA TRST) 
CARROLL 74 PRL 32247 +Chlang KyCIO L; Mozur Michael4 (BNL) 

J a4(2040) I IG(jpc) = ~-(4"+) 

OMITTED FROM SUMMARY TABLE 

Seen m partlal*wave analys~s of the KK and ~.~-~-o 

s y s t e m s  N e e d s  c o n h r m a h o n  

a,(2040) MASS 

VALUE (MeV)  DOCUMENT ID rECN CHG COMMENT 

2 0 3 7  ± 2 6  O U R  AVERAGE 
2040 0 ± 30 0 1 CLELAND 82B SPEC _+ 50 ~ ' p  

K~K: p 
2030 0_+50 0 2CORDEN 78C OMEG 0 15 r . - p  ~ 3~ 'n  
• * • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  tlts Bmlts e t c  * • • 
1903 0 _ 1 0  0 3BALDI 78 SPEC 10 7 r - p ~  

pK~K- 
tF rgm a n  a m p l i t u d e  o n a l y s i S j p  
2 J r =  4 ÷ IS f a v o r e d  t h o u g h  = 2 + c a n n o t  De e x c l u d e d  
3From o fl{ to t he  Y~ m o m e n t  L im l ted  by  p r l ase  s p a c e  



See key on page 129 

0,=(2040) WIDTH 

VALUE (MeV)._ . _ _  DOCUMENT ID TECN CHG COMMENT 
4 2 7  ~ 1 2 0  O U R  AVERAGE 
380 0 :t: ¢50,0 4 CLELAND 828 SPEC _+ 50 :~D 

K~K+- p 
510.0  ± 2 0 0  0 SCORDEN 78C OMEG 0 15 ~ - D  ~ 3~rn 
• * • We d o  not  use the  fo l l ow lng  d a t a  for averages  tits l imlts, e t c  • • • 
166.0 _+ 43 0 6 BALDI 78 SPEC - 10 ~ ' -  p 

p K ~ K -  
4FrGm aO amplitude analysis o 
5 J r =  4 ~ IS favored  t hough  J~ = 2_+ canno t  be  e x c l u d e d  
6From a flJ to the  Y~ m o m e n t  L imi ted by  phase  space  

a4(20401 DECAY MODES 

r~ a4(20401 ~ Kk" 
I" 2 a4(2040 ) --, ~r+-rr-~-0 

a ` = ( 2 0 4 0 )  B R A N C H I N G  R A T I O S  

[ ' ( K K ) I I ' I o t o J  [ ' , / ] '  
VALUE - - .  DOCUMENt ID TECN CHG COMMENT 
SEEN BALDI 78 SPEC _+ 10 ~ - { 3  

r ( ~ r  ÷ 7r- ';'r°)/rtolal r2/r 
VALUE DOCUMENt ID TECN CHG COMMENt 

SEEN CORDEN 78C OMEG 0 15 , " r - p  ~ 3~rn 

CLELAND 
BALDI 
CORDEN 

OELFOSSE 

a`=(20401 REFERENCES 
82g NP 8208 228 4Dellosse DorsQz GlOOr(DURH GEVA LAUS PITT) 
78 PL 748 413 +Bohrlnger Dorsaz Hui3gerbuhler. (GEVA) JP 
78C NP B136 77 *Dowell Gafvey+ (BIRM RHEL TELA LOWC) JP 

. . . . . .  OTHER RELATED PAPERS - -  
81 NP B'f83 349 +Gu/$an Martin Mutlfemonn WelII+(G(VA LAUS) 

J a3(20501 J was A(2050) IG(jPC) = 1-(3++) 

OMITTED FROM SUMMARY TABLE 

F o r m e r l y  c o l l e a  A 4 or  rr N e e d s  c o n f i r m a t i o n  

a s ( 2 0 5 0  ) M A S S  

VALUE (MeV) E V T S  DOCUMENT ID TECN CHG COMMENT 

2080. _ 40. 208 KALELKAR 75 HBC + t 5  ,"r +/3 
{3 ~T + /) 3 

• * • We d o  not  use the  fo l l ow ing  d a t a  tar averages  his l imits e tc  • • • 
~ 2 1 0 0  ANTIPOV 77 CIBS - 25 ~ , - D  

P ~" - PS 
2214 _+ 15 8ALTAY 77 HBC 0 15 ,'T--{3 

A + + 3 r ,  

%(2050)  WIDTH 

=VALUE (MeV) E V T $  DOCUMENT ID TECN CHG COMMENt 

340. _+ 80. 208 KALELKAR 75 HBC + 15 ,,T+p 

pr ,  + p i  
• * • We d o  not  use the  fo l l ow ing  d a l e  for averages  fits hmllS e tc  • • • 
~ 5 0 0  ANTIPOV 77 C]BS 25 r , - p  

p F, - 03 
355 _+21 8ALTAY 77 HBC 0 15 ~ r - p  

2 ,+  * 3~- 

a s ( 2 0 5 0 )  D E C A Y  M O D E S  

r l  a s ( 2 0 5 0 )  ~ 3~- 

l" 2 0 3 ( 2 0 5 0  ) ~ p3(1690)~ 
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Meson Full Listings 
a 4(2040), a 3(2050), .f4(2050) 

a s ( 2 0 5 0 )  B R A N C H I N G  RAT IOS 

[ ' ( p s ( 1 6 9 0 ) ~ ' ) / l ' ( 3 7 T )  I 2 '  I , 

VALUE DOCUMENT ID TECN CHG COMMENT 

DOMINANT KALELKAR 75 HBC h 15 ;~ + D 
{ 3 3 ;  

as(2050 ) REFERENCES 

ANTiPOV 77 NP 8t19 45 *Busnello Oomgaard Klenzle* 
BALTAY 77 PRL 39 591 eCOUtlS Kolelkor 
KALELKAR 75 News 207 lhesls 

- -  OTHER RELATED PAPERS 

HAI~RIS 81 ZPHY C9 275 .Dunn LubOIh MohyoSk~ PodoIS*(y÷ (SEA1 JOB) 
BALTAY 78 PR O17 52 +Coutis Cor'en Csolno KolelkOr* (COLU SING) 
CAUIIS 77 NeVl$ 221 Thesis (COLU) JP 
DEUTSCH 75 NP 899 397 Deut$chmonne (ABBCCHW COlIoD ) 
OREN 74 NP 871 189 *COODer Fields Rhlnes Alqson* (ANL OXF) 
BASTIEN 73 UppSOlo Cant 73 ,Dunn Hdrq$ ~ulDOttl Blnghom* (SEAT UCB) 
CLAYTON 72 NP 847 81 +Mason Mulrheod RIgODOUlOS+ (LIVP PATR) 
HAR'RISON 72 PRL 28 775 +Heyaa Johnson Kim LOW Mueiler+ (HARV) 
SALZBERG 72 NP 841 307 *Harrison Heydo Johnson Kim LOW+ (HARV) 
BEMPORAD 71 NP S33 397 *Beusch Mehsslnos. (CERN EIH LOIC MILA) 
HUSON 68 Pt 288 208 *Lubath Six Vedlet. (ORSA MILA UCLA) 
DANYSZ 6TS NC 51A 801 +French SimQk (CERN) 

(SERP GEVA) 
(COLU) JP 
(COLU) 

Jwf4(2050) as h(2030) I /G(jPC) = 0+(4.~ , )  

f 4 ( 2 0 5 0 )  M A S S  

VALUE (MeV) E V T $  DOCUMENT ID TECN COMMENT 

2047 _+ 11 OUR AVERAGE Error inc ludes  scale foc lor  of 1 3 See the 
I d e o g r a m  b e l o w  

2038 -* 30 AUGUSTIN 87 DM2 J ~ ~ - ~, + - -  
2086 _+15 BALTRUSAITIS87 MRK3 J.~ ~ 3;T,+~, - 
2000 0*_b0 0 ALDE 86D GAM4 100 ,T-{3 ~ n2~ 
2020 0-*20 0 40k IBINON 84B GAM2 38 ~-{3 ~ n2~ 
2015 0_+28 0 ICASON 82 STRC 8 ;+p~ {3;*:+2#c 
2031 n +25 v 36 ETKIN 828 MPS 23 ~-p .. n2K~ 

2020 --30 700 APEL 75 CNTR 40 r , - {3  o n 2 ~ :  
2050 +-25 BLUM 75 ASPK 184 ~ - { 3  ~ n K + K  -- 
• • • We d o  not  use the fO l lOwing d a t a  tar  averages  flts limits e f t  • • • 
1978 0_+ 5 0 2ALPER 80 CNTR 62 ,-r-{3 o K + K - n  
2040 0 z 10 0 2 ROZANSKA 80 SPRK 18 :r {3 ~ {spn  
1935 0 _+ 13 0 2CORDEN 79 OMEG 12-15 Tr--{3 . n2~  
1988 0_+ 7 0 EVANGELISTA?OB OMEG 10 x - { 3  ~ K ÷ K - n  
1922 0_+14 0 3ANTIPOV 77 CIBS 25 ,'r-{3 * 0 3 ~  

: ! r o ~  amp. Llt+ude analvs ls  of . . . .  hon ,-r- r , -  -- 2;r0 
"/----{.J ) = U(.4 ) team a m p l i t u d e  adalySlS assuming one p lan  e x c h a n g e  
.W .d t .  e . . . . . . .  ,orgeO 0 .  10 , ,  see note K~(892) 

m a s s  

W E I G H T E D  AVERAGE 
2047  + 11 (Error scaled by  13) 

AUGUSTPI 87 DM2 0 t 
BALT;~USAI'IS 87 MRK3 6 9 

I , / ~ , . . ~ .  ALDE 860 GAM4 0 fi BINON B4B GAM2 ' 8 
CASON 82 STRC 1 3 
ETKJN 828 MPS 0 3 

APE. 75 CNTR 0 8 

(Confidence Level = 0 1081 
I I 

1900 1950 2 0 0 0  2 0 5 0  2100 2150 2 2 0 0  

f4(2050) mass (MeV) 
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Meson Full Listings 
f4(2050),  r2(2100) 

~ ( 2 0 5 0 )  WIDTH 

VALUE (MeV) EVES DOCUMENT IO IECN COMMENT 

204 -+ 13 ouR AVER-~,GE Error mc iudes  s c a l e f a c t o r  o ~  I . . . . .  
304 -+ 60 AUGUSTIN 87 DM2 J,'~ ~ ~ + ~ -  
210 ± 63 BALTRUSAITIS87 MRK3 J/~, ~ ~ r + ~ . -  
400 0 -+ 100 0 ALDE 86D GAM4 100 ~-P ~ n2~ 
240 0 -+ 40 0 40k 4 81NON 848 GAM2 38 ~ ' -  ~o ~ n2~r 
190 0-+- 14.0 OENNEY 83 LASS 10 , ' T ~ n /  ~ ' + p  
186 0 + 103 0 - 58 0 4CASON 82 STRC 8 n'+,O --  p,'T+2~r0 

+ 36 
305 0 _ 1 1 9  ETKIN 828 MPS 23 7 T - p - -  n2K~ 

180, _+ 60 700 APEL 75 CNTR 40 ~ r - p  ~ n2~-0 
225 + 120 70 8LUM 75 ASPK 18 4 ~ -  ~o ~ nK  + K -  

• • • We d o  not  use the f o l l ow lhg  Ooto for overages  his l imits e t c  • • • 
243 0 -+ 16 0 5ALPER 80 CNTR 62 Tr-,o - -  K + K - n  
140.0 4-_ 15.0 s ROZANSKA 80 SPRY 18 ~ r - p  - -  ~Opn 
263 0 _+ 57 0 5 CORDEN 79 OMEG 12-15 ~ ' - p  ~ n 2 ~  
100 0 _+ 28.0 EVANGELISTA798 OMEG 10 ~ - p -  K + K - n  
107 0 _ 56 0 6ANTIPOV 77 CIBS 25 ~ ' - .o  --  p3~" 

4Fro~ amoli1~JOe anolys~s of reac t i on  ~r+~l - -  ~ 2~-'0 
51(J ) = 0 ( 4 " )  f rom omph tuc le  analysis assuming o n e - p l a n  e x c h a n g e  
6wicIt h errors en la rgec l  by  us to 4 l / N  t. 2. see the  no te  wi th  the K~(892)  

m a s s  

I" I f 4 ( 2 0 5 0 )  -.~ ~-~- 

F2 f 4 ( 2 0 5 0 )  ~ K~" 

F 3 f 4 ( 2 0 5 0 )  - , .  T/'r/ 

I"4 f , ( 2 0 5 0 )  ~ T T  

I '  s f 4 ( 2 0 5 0 )  --* 4~r0 

f 4 ( 2 0 5 0 )  D E C A Y  M O D E S  

F r a c t i o n  ~ 1 " / [ ' )  

(17 0 ± 1 . 5 ) × t 0 - 2  

( 6 .8_+~ 84)×10 -3 
( 2 I__.0 8 )X10  - 3  

< 1 2 × t 0  - 2  

f,(2050) ru)r('y'y)IT'(totaD 

r(KTO × r('Fy)/rfofo, r~r,/r 
VALUE (keV) CL % DOCUMENT ID TECN COMMENT 

• • • We clo not  use the  f o l l ow lng  d a t a  for overages ,  fits. l lmlts e t c  • * * 
< 0 . 2 9  95 ALTHOFF 858 TABS ~ ~ K~'~ 

f ( ( 2 0 5 0 )  B R A N C H I N G  R A T I O S  

l ' ( ~ " / l ' ) / l ' t o t o  I I ' t / 1 "  
VALUE DOCUMENT IO TECN COMMENT 
0.170 ± 0 . 0 1 5  OUR AVERAGE 
0.18 Z 0  03 7 BINON 83C GAM2 38 ~ r - p  ~ n4"y 
0 . 1 6 - + 0  03 7CASON 82 STRC 8 ~ r + p  ~ p;,r+2"n'0 
0 .17 ..+.+0.02 7CORDEN 79 OMEG 12-15 x - p  ~ n2:r  

7Assuming o n e  p l a n  e x c h a n g e  

r( K~/r(  = =) r~/rt 
VALUE DOCUMENT IO TECN COMMENT 

0.04 + 0 . 0 2  - 0 . 0 1  ETKfN 828 MPS 23 ~ - p  ~ n2/~ j  

F ( ' r /T / i ) / l ' t  o lo  I I ' 3 / I "  
_VALUE (unlrs TO- 3) DOCUMENT ID TEC~N ~OMMENT_ . . . . .  

2.1 -+0.8 ALDE 86D GAM4 100 ~-P -- n4"y 

l ' ( 4 " r r ° ) / I ' t o t a l  l ' s / I "  
~/ALUE DOCUMENT IO TECN COMMENT 

<0 .012  ALOE 87 GAM4 100 7 r - p  ~ 4,~-0n 

f 4 ( 2 0 5 0 )  REFERENCES 

ALOE 87 PL 8198 286 +81non Brlcmon+ (LANL 8RUX SERP LAPP) 
AUGUS|IN 87 ZPHY C3@ 369 +Cosrne* (LALO CLER FRAS PAOO) 
8ALTRUSAITI$ 87 PR D35 2077 +Coffman DuDol$÷ (MARK III CoJh~b ) 
ALDE 86D NP B269 485 +Binon Brlcmon+ (BELG LAPP, SER'P CERN) 
ALTHOFF 858 ZPHY C29 189 +Broun$chw®Ig Klrschflnk* (TASSO CollOP ) 
81NON 84S LNC 39 41 +Donskov Dutell Gouanere+ (SERP 81FLG LAPP) 
81NON 83C SJNP 38 723 +Gouanere Oonskov Outeil+ (SER'P BRUX+) 

Tran$1afecl tram ¥AF 38 t t99 

DENNEY 83 PR D28 2726 +Cranley Firestone Chapmon+ (IOWA MICH, 
CASON 82 PRL 48 1316 +Blswas 8aumbough 81shop+ (NDAM ANL) 
ETKIN 82e PR O25 1786 +Foley LOI+ (8NL CUNY TUFT VAND) 
ALPER 80 PL 94B 422 *8eckeP~ (AMST CERN CRAC MPIM OXF+) 
ROZANSKA 80 NP 8162 505 +Slum Dlell Gfoyer Lorenz+ (MPIM CERN) 
COROEN 79 NP 8157 250 +Dowell GorYey+ (81RM RH~L TELA LOWC)JP 
EVANGELJSTA 798 NP 8154 381 ÷ (BARI BONN CERN DARE GLAS LIVP+) 
ANTIPOV 77 NP 8119 45 +8usnello Domgoord Kienzle+ (SERP GEVA) 
APEL 7(:. PL 578 398 +AugenMe=n+ (KARL PISA SERP WIEN CERN) JP 
SLUM 75 PL 578 403 +ChODouCl Diell Gofellck GrOyer+(CERN MPIM) JP 

. . . .  OTHER RELATED PAPERS - - -  - 

CASON 83 PR D28 1586 +Connoto Baumbaugh Bishop* (NOAM ANL) 
GOTTESMAN 80 PR D22 1503 +Jocob$+ (SYRA BRAN 8NL CINC) 
WAGNER 74 London Conf 2 27 (MPIM) 

"x2(2100) I w a s  A ( 2 1 0 0 )  ~G(/c> = 4-(2--) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

S e e n  in t h e  pTr, I0 (1400) ;T ,  a n d  f2(1270)Tr JP = 2 -  
w a v e s  of  t h e  d ~ f l r a c h v e l y  p r o d u c e d  3~" s y s t e m  N e e d s  
c o n h r m a t l o n  

~ 2 ( 2 1 0 0 )  M A S S  

VALUE (MeV) DOCUMENT IO TECN COMMENT 

2100. ± 150 .  I D A U M  818 CNTR 63 94 = -  P -- 3~" X 
IFrom O two  resononce tlt to four 2 - 0  + woves 

~ r 2 ( 2 1 0 0  ) WIDTH 

VAL.UE.(_Me.V) DO_C_UMENr ID TECN .C_OM_M. EI~IT 
651. -+50. 2DAUM 818 CNTR 6 3 9 4  = - p  ~ 3= X 

2From o l w o  resonance  hf to four 2 - 0  + waves  

~ ' 2 ( 2 1 0 0 )  D E C A Y  M O D E S  

I"i  ~ 2 ( 2 1 0 0 )  ~ 3 ~  

I 2 ~ 2 ( 2 1 0 0 )  -- p~ 

I" 3 ~ 2 ( 2 1 0 0 )  -- ~ ( 1 2 7 0 )  

14 ~ 2 ( 2 1 0 0 )  ~ ~ ( 1 4 0 0 ) ~  

~ ' 2 ( 2 1 0 0 )  B R A N C H I N G  R A T I O S  

I (p~r)Ir(3~') ! 2/1t 
VALUE DOCUMENT IO TECN COMMENE 
0 19 _+0.05 3DAUM 818 CNTR 63 94 ~ ' - p  

l ' ( f2 (  12 7 0 )  7r ) / I ' ( 3  ; r  ) 1"3/I '  I 
VALUE DOCUMENT ID TECN COMMENT 
0.36___0.09 3DAUM 818 CNTR 6 3 9 4  ~ - p  

l'(fo(1400) 7~)II'(3"rr) 14/I'I 
VALUE DOCUMENT IO TECN COMMENT 
0.45_+0.07 3DAUM 818 CNTR 6 3 9 4  ~ ' - p  

D - w a v e / S - w a v e  R A T I O  FOR rr2(2100) ~ f2(1270)rr 
VALUE DOCUMENT ID TECN COMMENT 
0.39-+0 .23  3DAUM 818 CNTR 6 3 9 4  ~ - p  

3From a two- resonance  fit to four 2 - 0  + waves  

~ r 2 ( 2 1 0 0  ) REFERENCES 

DAUM 81S NP 8182 269 4Hedzberger* (AMST CERN CRAC MPIM OXF+) 
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I f=(2t50) I 
OMITTED FROM SUMMARY TABLE 

I G ( J  PC) = 0+(2 ++) 
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Meson Full Listings 
f2(2150), p(21501 

This entry was prewously called T o Contains results 
only from formahon expenments For production 
expenments see the A/N(1100-3600) entry See also 
i)(2150), p3(2250), f4(2300), ps(2350) 

I 

OMITTED FROM SUMMARY TABLE 

f~(2150) MASS 

~ p  ~ rrrr 
VALUE (Mev~_.__ OOCUMENT ID rECN COMMENT 

• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits hmlts e t c  * • ,  
~ 2 1 7 0  0 I MARTIN 80B RVUE 
~ 2 t 5 0  0 I MARLIN 80C RVUE 
4 2 1 5 0 . 0  2 DULUDE 78B OSPK t - 2  p p  ~ ~.0~r0 

I I~JP) = 0(2 +)  fTom s i m u l t a n e o u s  ana lys is  of .op ~ ~T--7r + a n d  7r0,~ "0 
21~(J P) = 0 ÷ ( 2  ~)  f rom p a r t l a l  w o v e  a m p l i t u d e  analys~s 

S - C H A N N E L  p p  o r  A / N  

VALUE (MeV) DOCUMENt ID TECN CHG COMMENT 

• • • We do  not  use The f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
~ 2 1 9 0  0 3 CUTTS 78B CNTR 0 9 7 - 3  D p  

~/N 
2155 0_+15 0 34COUPLAND 77 CNTR 0 0 7 - 2 4 ~ . D ~  

2193 _+ 2 3 5 ALSPECTOR 73 CNTR DO S c h a n n e l  
3iSOSDIns 0 a n d  1 h a l  s e p a r a l e d  
4From a fit to the  fa ta l  elasTic cross s e c h o n  
5Refer red to as T or T reg ion  by  ALSP~CTOR 73 

This e n t r y  w a s  p r e w o u s l y  c o i l e d  T~(2190)  C o n t a i n s  

r e s u l l s  o n l y  f r o m  f o r m a t i o n  e x p e r l m e n l s  For p r o d u c  

h o n  e x p e r i m e n t s  s e e  The N N ( ' I ~ 0 0 - 3 6 0 0 )  e n l r y  S e e  

a l s o  f 2 ( 2 1 5 0 )  t , 3 ( 2 2 5 0 ) .  1~(2300)  i , ~ ( 2 3 5 0 )  

Our l a t e s t  m l n l - r e v l e w  o n  th~s p o r t l c l e  c o n  b e  f o u n d  in 

t h e  1 9 8 4  e d d ~ o n  

p(2 t50 )  MASS 

~(2150)  WIDTH 

pp~ ~ 

V_ALUE (MeV) DOCUMENT ID TECN COMMENT 

• • * We do  h a l  use t he  f a l l o w i n g  d a l o  for a v e r a g e s  hts l imits e f t  • • • 
~ 2 5 0  0 6 MARTIN 80B RVUE 
~ 2 5 0  0 6 MARTIN 80C RVUE 
4250 0 7 DULUDE 788 OSPK I-2 pp ~ 7r07r'Q 

61(JP)o= 0(2 +)  flora s i m u l l a n e o u s  ana lys i s  of p p  ~ ~ - ~ ' +  a n d  7r07r 0 
71~[J  ~) = 0 + ( 2  T)  f rom p a r h a l - w a v e  a m p l i t u d e  ana lys l s  

S-CHANNEL .op or A/N 
VAL(JE (MeV) DOCUMENT /D TECN CHG COMMENT 

• * * We a a  not  use t he  t a l l o w i n g  d a t a  for o v e r a g e s  fits bruits e l c  • • • 
135 0 -+ 75 0 B 9 COUPLAND 77 CNTR 0 0 7 - 2  4 PD  

98 -+ 8 9 ALSPECTOR 73 CNTR DO S c h a n n e l  
8From a fit ta  the  IotoI  e las t i c  Cross sec t i on  
91sospms 0 a n d  1 not  s e p a r a l e d  

f2(2150) DECAY MODES 

I"i f~(2150) ~ 7rTr 

P D  ~ 7rTr 

}/_ALUE (MeV.) DOCUMENT IO TECN 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  ftts l imits e t c  • • • 
~ 2 t 7 0  0 t MARTIN B0B RVUE 
4 2 1 0 0  0 t MARTIN 80C RVUE 

S-CHANNEL A/N 
VALUE (_MeV) DOCuMENr ID TECN CHG COMMENT 

• • • We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits } lmlts e l c  • • • 
~2190 0 2 CUTTS 78B CNTR 0 97-3 DD 

NN 
2155 0 ± 1 5  0 23COUPLAND 77 CNTR 0 0 7 - 2 4  PD  -o ~p 
2193 = 2 2 4 ALSPECTOR 73 CNTR p p  $ c h a n n e l  
2190 ± 10 5 ABRAMS 70 CNTR S c h a n n e l  D N  
Tl(J P) = I ( I - )  f rom s l m u l t a n e o u s  ana lys l s  of p p  ~ ~r- ~+  a n d  r, 0r, 0 
21sospJns 0 a n d  1 not  s e p a r a t e d  
3From o fit 10 The fa ta l  e las t i c  Cross s e c h o n  
4Refer red Io as T or T r e g l o n  by  ALSPECTOR 73 
5Seen os D u m p  m I = I s ta te  See a lso COOPER 68 PEASLEE 75 c o n h r m  

p p  resuits of ABRAMS 70 no  na r row  s l r u c l u r e  

p(2150)  WIDTH 

~ p  ~ rrTr 
VALUE (Me v) . DOCUMENT /O 7ECN 

• • • We do  not  use the  fo l l ow ing  d a t a  tar a v e r a g e s  flfs l imits e tc  • • • 
~ 2 5 0  0 6MARTIN 808 ~VUE 
4200 0 6 MARTIN 80C RVUE 

S-CHANNEL NN 
VALUE (MeV). DOCUMENT IO IECN CHG COMMENT 

• ° • We d o  not  use the  fO l low lng  Clola for o v e r a g e s  fits l lm[ts e fc  • • • 
135 0 - + 7 5  0 78COUPLAND 77 CNTR 0 0 7 - 2 4  p p  

~ o  
98 ± 8 8 ALSPECTOR 73 CNTR PP $ c h a n n e l  
85 9 ABRAMS 70 CNTR S c h a n n e l  .ON 

6f(J P) = 1 ( I - )  f rom s~mul taneous ona lys ls  at p p  ~ = -  :'r + a n d  7r07r0 
7From a ht tO the  to ta l  e l a s h c  cross s e c h o n  
81Sospms 0 a n d  1 not  s e p a r a t e d  
9Seen as b u m p  in I = I s ta te  See a lso COOPER 68 PEASLEE 75 c o n h r m  

p p  results of ABRAMS 70 n a  na r row  Structure 

MARTIN BOB NP 8176 355 
MARTIN 88C NP 8169 216 
CUTTS 78e PR D17 16 
OaLUDE 789 PL 79B 335 
COUPLAND 77 PL 71B 460 
ALSPECTOR 73 PRL 30 511 

....... OTHER 

BOWCOCK B0 LNC 28 21 
MARTIN 79g PL 86B 93 
DULUDE 78 PL 79B 329 
GAY 76 NC 31A 593 
BACON 73 PR D7 577 
DONALD 73 NP Bat 333 
NICHOLSON 73 PR D7 25;'2 
DONALD 72 PL 40B 586 
FIELDS 71 PRL 27 1749 
YaH 7t PRL 26 922 

f2(2150) REFERENCES 

+Morgan (LOUC RHEL) JR 
+Pennlngton (DURH) JP 
+GoOd Gronnls Green Lee+ (STON WlSC) 
+Ldnou MosslmO Pe~slee+ (BROW MIT BARI)JP 
*Eisenhandler G ib lon  Astbuw+ (LOAM RHEL) 
~Cohen CvllOnOvich+ (RUTG UPNJ) 

RELATED PAPERS 

+HO~gSon (BIRM) 
+Pennlnglon {DURH) 
*Lonou Mo$$1mo Peoslee. (BROW MIT BARI) JP 
+Jeonneret BogoonSkl+ (NEUC LAUS LIVP LPNP) 
+Bullerwotm~ (RHEL LIVP) 
÷Edwards GiDblns Briand DUDOC, (LIVP LPNP) 
+Delorrne CarrOll+ (CIT ROCH BNL) 
+Golletly Edwards DeBllly÷ (LIVP IPNP) 
+Cooper Rhlnes Allison (ANL OXF) 
+Bordh Cdroll lol3kowlc~, ((IT BNL I~CH) 

MARTIN 
MARTIN 
CUTTS 
COUPLANO 
PEASLEE 
ALSPECTOR 
ABRAMS 
COOPER 

MARTIN 
CARTER 
CARTER 
CARTER 
CARTER 
CARTER 
JONES 
MONTANET 
GAY 
ZEMANY 
DONNACHIE 
EISENHAND 
HANDLER 
HUESMAN 
BERTANZA 

p(2 t50 )  REFERENCES 

808 NP B'170 355 *Morgan (LOUC RHEL) JP 
80C NP B169 216 +Pennington (DURH) JP 
788 PR D17 16 +GOOd Gronnls Green Lee* (STON WISC) 
77 PL 7tB 460 +Elsenhondlef Gibson ASlburye (LOAM RHEL) 
75 PL 57B 189 +Demdrzo Guerrlero, (CANS BARI BROW MIT) 
73 PRL 30 51t •Cohen CVllanovlche (RUIG UPNJ) 
70 PR DI 19t7 *Cool Glocomell l  KVCpQ LeOntlc ~1. (BNL) 
98 PRL 20 t059 +Hyman Manner Musgrove* (ANL) 

- -  OTHER RELATED PAPERS - -  

79B PL 86B 93 *Penmngton (DL, RH) 
78 NP St32 tlO (LOQM) JP 
7BB NP St41 407 (LOAM) 
77 PL 678 117 +Couplond Elsennondler Astbutv• (LOQM RHEL) JP 
77S PL 67B 122 (LOQM) JP 
77C NP B127 202 +CouDIand Alkmson+ (LOQM DARE RHEL) 
77 NP Bl19 476 +Piano (RUTG) 
77 Boston Conl 260 (CERN) 
76 NC 31A 593 *Jeonnetet Bogdonsxl, (N.;UC LAdS LIVP LPNP) 
76 NP Bt03 537 +MlngMa Mobntz SrnPh (MSU) 
78 NC 26A 3t7 ,Thomas (MCHS) 
75 NP B96 t09 E=sennandler Gibson, (LOQM LIVP DARE RHEL) 
78 NP 8t01 35 +Jacques Jones Pondoulo$* (RUIG STEV ALBA) 
75 NC 25A 91 +GOmlOSt Ross+ (LBL PADO PISA ~ORI) 
74 NC 23A 209 *SIAL Casali LOflCCloe (PISA PAOO TORII 
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Meson Full Listings 
p(2150), X(2220), p3(2250) 
HYAMS 74 NP 873 202 ,JoC~es Wednomme¢ Bruin. (CERN MP(M) 
BACON 73 PR D7 577 ¢8utterworth÷ (RHEL LIVP) 
BEThNI 73 NC 15A 563 cGornlosl Blgl• (PADO LBL PISA IORI) 
DONAL~ 73 NP Bb" 333 +Eclwalas G~bbms Briand DUDOC+ (LIVP LPNP) 
NICHO.SON 73 PR D7 2572 •Delorme Carroll÷ (CIT ROCH BNL) 
ALEXANDER 72 NP ~45 20 +8Ot N~r 8enot v OOgOf~ (IELA) 
DONALD 72 PL 408 586 ,Gal let ly  Edwards OeBlfly+ (LIVP LPNP) 
BACON 71 NP B32 b6 ÷Bunerworth Miller Phelan,  (RHEL LIVP) 
FIELDS Tr PRL 27 174(~ +Cooper Rbmes Alhson (ANL OXF) 
YOH 71 PRL 26 922 *Bonsh CorOJl LobKow~CZ+ (Cl l  BNL ROCH) 
8R~CMAN 69 PL 29B 45'~ . fer~otun~ 81zold÷ (CERN CAEN SACL) 
ABPAMS OTC P~I. 18 t209 ~CooI G~ocomelh K'fC=O Leontic Li~ (BNL) 

Ix(2220) I ÷) was ,~(2220) '%/'% = 0"(EVEN÷ 

OMITTED FROM SUMMARY TABLE 

This slale has been seen al SPEAR ~n the KK systems 
(K + K- and K~K~) produced m the radiative decoy o1 
J ~(IS) Seen ~n ~lq' (ALDE 86B) and m K~K~ 
(ASTON 88D) Needs conflrmohon Nol seen in T radF 
ohve decoys nor m B mcluswe decoy (BEHRENDS 84) 
NOt s e e n  ,n PD ~ K + K -  f o r m o t t o n  e x p e r i m e n t  

(SCULLI 87) 

VALUE (MeV) EVT5 
2227  ± 6 OUR AVERAGE 
2220 ± 10 41 
2230 ± 6 ± 14 93 
2232 ± 7 ± 7 23 

X ( 2 2 2 0 )  MASS 

DOCUMENT to TECN COMMENT 

ALDE 86B GAM4 3 8 - I 0 0  = p  ~ n r /~ '  
BALTRUSAITIS 86D MRK3 e + e  - ~ K + K  - - )  
BALTRUSAITIS 86D MRK3 e + e -  ~ K~jK~ 

VA L UE (Me V) E v 15 

21 + 18 OUR AVERAGE 
- 14 

2 ~ , + 2 0  ± 17 93 
~ -  16 

+ 2 3  
1~  _ 15  ± 10  23  

X ( 2 2 2 0 )  WIDTH 

DOCUMENT ID TECN COMMENT 

BALIRUSAIT~S B6D MRK3 e + e- ~ K + K- 

BALTRUSAITIS 86D MRK3 e + e- - K~K~-., 

X ( 2 2 2 0 )  DECAY MODES 

r .  x ( 2 2 2 0 )  ~ K~" 
12 X ( 2 2 2 0 )  ~ "( ')  
r 3 X ( 2 2 2 0 )  ~ r / r / ( 9 5 8 )  

xc2220) l '(I)F('y 3 , ) / r ( to ta l )  

~(K~O ~ F('~'~)/rfota, 1,12/r 
VALUE (keY) CL % DOCUMENT ID TECN COMMENT 

• • • We clo not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits hmlts,  e t c  • • • 
- .  I 0 95 I ALTHOFF 85B lASS ~ ~ K/(Tr 

I l r u e  for JP = 0 + a n d  JP = 2 + 

ASTON 
SCJLLI 
ALDE 
BALIR.JSALILS 
ALTHOFF 
BEHRENDS 

8ARDIN 
JEAN MARIE 
YAOUANC 
GODFREY 
SHATZ 
WILLEY 
EINSWEILER 
HITLIN 

X ( 2 2 2 0 )  REFERENCES 

880 NP tO De pub ¢AwoH BlenZ+ (SLAC NAGO CINC IOKY) 
87 PRL 58 1715 +Chrlstenson Kreder Nemethy Yomln(NYU BNL) 
868 PL B177 120 ¢Blnon Bdcmon~ (SERP BELG LANL LAPP) 
B60 PRL 56 t07 (CIT UCSC ILL SLAC WASH) 
85e ZPHY C29 189 ,Braunscinwelg Kirschflnk+ (TASSO COllOP ) 
84 PL 1378 277 + (CLEO CollOP ) 

- -  OTHER RELATED PAPERS - -  

87 PL 8t95 292 *Burgun¢ (SACL FERR CERN PADO TORI) 
85 LAL 85 34 (LALO) 
85 ZPHY C28 309 +Oliver Pene RoynOl One (ORSA TOKY) 
84 PL 141B 439 +KOkOSkl tsgur (TNTO) 
84 PL 138B 209 (CIT) 
84 PRL 52 B85 (PITT) 
B3 BrlgDtoi~ corm 34B (MARK III COllOP ) 
83 Cornell Corlf 746 (CIT) 

I p3(2250) I ~(j~c) = v(3--) 
OMITTED FROM SUMMARY TABLE 

Contains results only from fo,imotlon experiments Fol 
produchon experiments see the NN( I t 00 -3b00 )  entry 
See also p(2t50) ,  f2(2150). /4(2300), /%(2350) 

p s ( 2 2 5 0 )  MASS 

Bp - -  ~-~- or K~" 
VALUE (M_eV) _.. DOCUMENt ID [E.CN CH_G COMMEN~. 

• • • We 0 0  not  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits llmff$, e t c  * • • 
~ 2 2 5 0  0 I MARTIN 80B RVUE 
~ 2 3 0 0 . 0  i MARTIN BOC RVUE 
~ 2 1 4 0  0 2CARTER 78B CNTR 0 0 7 - 2 4 p p ~  

K -  K ÷ 
~ 2 1 5 0  0 3 CARTER 77 CNTR 0 0 7 - 2  4 p ,o  

~rTr 
I I ( JP)  = I ( 3 p ) f r o m  s l m u l t o n e o u s  ana lys is  of p p  ~ ~ r - ~ +  a n d  ~07r0 

. = 3 - , , a m  B a . . . . , . . , o  ano ,ys ls  
= I ( 3 - )  f rom a m p l i t u d e  ana lys i s  

S-CHANNEL A/N 
VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 

• • • We d o  not  use t ne  f o l l o w l n g  d a t a  for a v e r a g e s  il ls, l imits e t c  • * • 
~ 2 1 9 0 . 0  4CUTTS 7B8 CNTR 0 9 7 - 3  p ,o  

~/N 
2 1 5 5 , 0 _ . + 1 5 0  45COUPLAND 77 CNTR 0 0 7 - 2 4 p , o ~  

~ p  
2193 ± 2.  4 6 ALSPECTOR 73 CNTR p p  S c h a n n e l  
2190°  ± 10 7 ABRAMS 70 CNTR S c ~ a n n e l  .oN 

J 41sospins 0 a n d  1 not  s e p a r a t e d  
5From a fit to t he  t o ta l  e las t i c  cross sec t i on  
6Refer red to as T or T reg ion  by  ALSPECTOR 73 
7Seen as  b u m p  ~n I = I s ta te  See a lso  COOPER bB PEASLEE 75 con f l rm  

p p  results of ABRAMS 70. no  na r row  s t ruc tu re  

ps(2250) WIDTH 

p p  ~ 7rTr or KK 
VALUE (MeV) DOCLIMENT ID TECIV C H G COMMENT.___ 

• * • We d o  no t  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits, e fc  * • • 
~ 2 5 0  0 8 MARTIN 80B RVUE 
~ 2 0 0 o 0  8 MARTIN 80C RVUE 
~ 1 5 0  0 9CARTER 78B CNTR 0 0 7 - 2 4 p p ~  

K -  K + 
~ 2 0 0  0 10 CARTER 77 CNTR 0 0 7 - 2  4 p p  

~rT 

8 l (J  P) = I ( 3 - )  f rom s lmuHaneous  ana lys is  of p p  ~ 7r-Tr + a n d  ~'0"R0 
9} =~0 I JP = 3 -  f rom Borre le t  zero anaWsls  

101(J r) = I ( 3 - )  f rom a m p l i t u d e  ana lys l s  

S-CHANNEL ~'N 
V;4LUE (MeV) _ . _ _  DOCUMENT l ~  TECN.. CHG COMMEN.T - . . . .  

• o " We  d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imi ls  e t c  • • • 
135 0 z 75 0 11 12 COUPLAND 77 CNTR 0 0 7 - 2  4 p p  

98 ± 8 12 ALSPECTOR 73 CNTR p p  S c ~ a n n e l  
85 13 ABRAMS 70 CNTR S c h a n n e l  ~ N  

11From o fit 10 the  t o l a l  e l as t i c  cross s e c l l o n  
121sosplns 0 a n d  I not  s e p a r a t e d  
'~3Seen as b u m p  in f = I s ta te  See o~so COOPER 68 PEASLEE 75 c o n f h m  

p p  resul ts of ABRAMS 70. no  n a r r o w  s t ruc tu re  

MARLIN 
MARTIN 
CARTER 
CUT'IS 
CARTER 
COUPLAND 
PEASLEE 
AL~ECTOR 
ABRAMS 
COOPER 

MARTIN 
CARTER 
CARTER 
CARTER 
MON,IANE,I 
ZEMANY 
BERTANZA 

ps(2250 )  REFEI~NCES 

80B NP B176 355 .Morgan (LOUC I;~IEL) JP 
80c NP B169 216 +Pennlnglon (DURH) JP 
78B NP 8141 467 (LOAM) 
78B PR D17 16 *Good Grannls Green Lee* (S,ION WtSC) 
77 PL 67B 117 *COuplond Eisenhandler Astbury÷ (LOOM RHEL) JP 
77 PL 71B 460 *Eisenhondler Glbson Asrbury+ (LO(~IM RHEL) 
75 PL 57B 189 ~.Demorzo Guecrlero+ (CANB eARl BROW MITt 
73 PRL 30 511 *Cohen CvlJanov~ch* (RU,IG UPNJ) 
70 PR DI t9 t7 *COOl GiocornQIIt KyClO LltOnric Ll* (BNL) 
68 PRL 20 1059 *Hymen Manner Mulgrove+ {ANL) 

- -  OTHER RELATED PAPERS - -  

79B PL ebb 93 +Pennlngton (DURH) 
78 NP B132 176 (LOQM) JP 
77B PL 67B 122 (LOQM) JP 
77c NP B127 202 +Couplond Alklnson* (LOQM DARE RHEL) 
77 Boston Conl 260 (CERN) 
76 NP 8103 B37 +MJngMo Mouintz Smlth (MSU) 
74 NC 23A 209 +Blai Cosoll Lorlcclo+ (PISA PAPa TORI) 
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Meson Full Listings 
[3(2250), J2(2300), f4(2300) 

B[TTINI 73 NC 15A 563 +Gamlost 61gl+ (PADO LBL PISA IORI) 
DONNACHIE 73 LNC 7 285 +Thomas (MCHS) 
NICHOLSON 73 PR D7 2572 +Delorme Co(rOll+ (Cff ROCH 6NL) 
FIELDS 71 PR!. 27 1749 +Cooper Rhlne$ AllisOn (ANL OXF) 
YaH 71 PRL 26 922 ÷8ollsh Coroll Lobkowlcz+ (CIT 8NL ROCH) 
ABRAMS b7C PRL 18 1209 +Cool Giocomell l  Kycla Leonllc U+ (BNL) 

I f2(2300) I was g'~2300) ,G(j% = 0 + ( 2 + + )  

S e e  a l s o  t h e  m i n i - r e v i e w  u n d e r  n o n - q q  c a n d L d a t e s  

f 2 ( 2 3 0 0 )  M A S S  

VALUE (MeV) DOCUMENT ID 7ECN COMMENT 

2297  -+28 1ETKIN 88 MPS 22 7 r - O  ~ ~,~;~n 
• • * We d o  not  use the  t a l l o w i n g  d a t a  tar  a v e r a g e s  fits t lmlts e t c  • • • 

2220 ± 15 ± 20 WISNIEWSKI 87 MRK3 J.'~ ~ 2K + 2 K - ' .  
2206 ± 2 0  -4"25 WISNIEWSKI 87 MRK3 J.'~, ~ 2 K ° K + K - ' 3  
2231 0 ± 10 0 BOOTH 86 OMEG 85 ~r- Be ~ 2¢~Be 

2220 0 + 90 00 - 20 LINDENBAUM 84 RVUE 

2320 0 ± 40 0 EIKIN 82 MPS 16 = - p  ~ 2¢,o 
11ncludes d a t a  of ETKIN 85 The p e r c e n t a g e  of m e  r e s o n a n c e  g o i n g  in to 

.;,,;, 2 + + s~ ,,2 and ~o ,s 6 *_ 1~ 25 +_ 11: and 69 + ~ Tesoec,,~e,y 

f 2 ( 2 3 0 0 )  W I D T H  

VALUE (Met/) OOCUMENT ID TECN COMMENT 
149 ± 41 2 ETKIN 88 MPS 22 ~ - p  ~ C~(,~n 
• • - We d o  not  use Ihe  f o l l ow ing  d a t a  for a v e r a g e s ,  fits l imits e t c  • • • 

114 +_45 --.35 WISNIEWSKI 87 MR'K3 .L'~ ~ 2 K + 2 K - - ~  
150 _+ 46 _+ 35 WISNIEWSKI 87 MRK3 J,'~ 2KOK + K -  
133 0 _+50 0 BOOTH 86 OMEG 85 ~ - B e  ~ 2~:~Be 
200 0 ~ 50 0 LINDENBAUM 84 RVUE 
2 2 0 . 0 ± 7 0  0 ETKIN 82 MPS 16 ; T - D  ~ 2 o n  

2 I n c l u d e s  d a t a  of ETKIN 85 

f 2 ( 2 3 0 0 )  D E C A Y  M O D E S  

['1 f z ( 2 3 0 0 )  ~ ~ "  

f 2 ( 2 3 0 0 )  REFERENCES 

ETKIN 88 PL B201 568 +Foley L/ndenboum* (8NL CUNY) 
Wk$NIEWSKI 87 CALT 68 1446 (MARk III Col lob ) 
BOOTH 86 NP 8273 677 +Carroll Donald Edwards+ (LIVP GLAS CERN) 
FTKIN 85 PL 1658 217 +Foley Longacfe Llnaenbaum+ (8NL CUNY) 
LINDENBAUM 84 CNPP 13 285 (CUNY) 
ETKIN 82 PRL 49 1620 *Foley Longacre Llnaenbaum+ (6NL CUNY) 

AlSO 63 Brighton Cant 35t LIndenbaum (SNL CUNY) 

. . . . . . .  OTHER RELATED PAPERS . . . . . . .  

GREEN 86 PRL 56 1639 +Lot+ (FNAL ARIZ FSU NDAM TUFT VAND+) 
6OATH 84 NP B242 51 +Bdllonce CarrOll Donald+ (LIVP GLAS CERfl) 

J f4(2300) J I G ( J  pC) = 0 + ( 4  + +  ) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

This e n t r y  w a s  p r e w o u s l y  c a l l e d  U 0 ( 2 3 5 0  ) C o n t a i n s  
r e s u l t s  o n l y  f r o m  f o r m a h o n  e x p e r i m e n t s  For  p r o d u c -  

b a n  e x D e n m e n l s  s e e  t h e  ~ / A K ' I ' 1 0 0 - 3 6 0 0 )  e n t r y  S e e  
a l s o  p ( 2 1 5 0 )  12(2150) .  / ) 3 ( 2 2 5 0 )  p ~ ( 2 3 5 0 )  

f , ( 2 3 0 0 )  M A S S  

p p  --,. ~ 'n"  o r  K K  

VALUE (Mev)  DOCUMENT ED TECN COMMENT 

• * • We d o  nat  use the  /oJlowJng d a t a  for o v e r a g e s  hls hmfls e tc  * • • 
~ 2 3 0 0  i MARTIN 808 RVUE 
~ 2 3 0 0  I MARLIN 80C RVUE 
~ 2 3 4 0  2 CARTER 788 CNTR 0 7 - 2  4 p p  ~ K -  K + 

~ 2 3 3 0  DULUDE 788 OSPK 1-2  PD ~ rro~.o 
~ 2 3 1 0  3CARTER 77 CNTR 0 7 - 2 4  p p  ~ T,~: 

i / ( j ~  = 0(4 +)  f rom s i m u l t a n e o u s  ana lys ts  of p p  ~ ~ -  ~ a n d  ~07r0 
2t(J' , ,)  0(4  +)  f rom 8a r re le t  zero ana lys is  
3 / (J  ~) 0(4  +)  f rom o m p h l u d e  ana lys l s  

S - C H A N N E L  p p  o r  h , /N 

VALUE (MeV) . DOCUMENT /D rECN COMMENT 

• * • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
~ 2 3 8 0  0 4 CUffS 788 CNTR 0 9 7 - 3  DJ3 ~ ~/N 

2345 +_ 15 0 4 5 COUPLAND 77 CNTR 0 7 - 2  4 p p  ~ p p  
2359 .  ± 2 4 6 ALSPECTOR 73 CNTR ,~p S c h a n n e l  
2375 ± 10 ABRAMS 70 CNTR S c h a n n e l  NN 
41sospms 0 a n d  I not  s e p a r a t e d  
5From a tit tO the  to ta l  e las t i c  CROSS s e c h o n  
6Referrecl tO as U or U reg ion  by  ALSPECTOR 73 

f , ( 2 3 0 0 )  W I D T H  

P D  ~ 7rzr o r  /<'K 

VALUE (MeV}_ DOCUMENT ID IECN COMMENT 

• * • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l lmlts e l c  • • • 
~ 2 0 0  7 MARTIN 80C RVUE 
~'150 s CARTER 788 CNIR 0 7 - 2  4 ~ p  ~ K -  K + 
~ 2 1 0  q CARTER 77 CNTR 0 7 - 2  4 DD ~ ~Tzr, 

7 f ( j ~  = 0(4 +)  f rom s l m u t t a n e o u s  analyses at  p p  ~ c,-.,'r + a n d  7r°,'r0 
8 l ( J ~  0(4 +)  f rom Bar re le l  zero ana lys is  
91(J r )  0(4  ) f rom o m p l l t u c l e  ana lys is  

S - C H A N N E L  p p  o r  ~ / N  

VALUE (M_eV) DOCUMENT /O [ECN COMMENt 

• • • We d o  not  use the  fOl lOwing d a t a  for a v e r a g e s  fits l imits e t c  • • • 

135 0 + 150 0 i0 11 COUPLAND 77 CNTR 0 7 - 2  4 p p  ~ PP  
- 6 5 . 0  

165 + 18 11 ALSPECTOR 73 CNTR DD S c h a n n e l  
- 8 

190 ABRAMS 70 CNTR 5 c h a n n e l  N N  
10From 0 tit to the  IOIOI e las t i c  cross sec t i on  
r t l sosp lns  0 a n d  1 ha l  s e D a r o t e d  

f , ( 2 3 0 0 )  REFERENCES 

MARTIN 60e NP 8176 3.55 +Morgan (LOUC RHEL) JP 
MARTIN 80C NP 8169 216 +Penn,ngton (DURH) JP 
CARTER 788 NP B141 467 (LOQM) 
CUTTS 78B PR D17 16 *Good Granms Green tee+ (sraN wISC) 
DULUDE 78e PL 796 335 +Lanou Masslr.no Peoslee+ [BROW MIT 8ARI) JP 
CARIER 77 PL 678 117 ,Coup land Elsenhandler AStDUry+ (LOQM RHEL) JP 
COUPLAND 77 PL 7t8 4b0 ,EIsenhondler Gibson Astbury* (LOAM RHEL) 
ALSPECTOR 73 PRL 30 511 +Cohen Cvllanovich+ (RUTG UPNJ) 
ABRAMS 713 PR Dt 1917 +COOl Glacomell i  Kyclo Leonlic LI+ (8NL) 

- -  OTHER RELATED PAPERS 

8OWCOCK 80 LNC 28 21 +Hodgson (81RM) 
MARTIN 79B PL 868 93 +Pennlngton (OURH) 
CARTER 78 NP 6132 176 (LOAM) JP 
DULUD[ 78 PL 79B 329 *Lanou MOSSlmO Peaslee, (BROW MI t BAR I) JP 
CARTER 77S PL 678 122 (LOAM) JP 
CARTER 77C NP 8127 202 *Codplor, d AlklnSon+ (LOAM 3ARE RHEL) 
MONIANET 77 BOStOn Cone 260 (CERN) 
DONNACHIE 7.5 NC 26A 317 +Thomas (MCHS) 
EISENHAND 75 NP BOb TOg Eisenhandler GlbsOn÷ (LOAM LIVP DARE RHEL) 
HYAMS 74 NP BZS 202 *Jones Weilhommer 81urn* ~CEI~N MPIM) 
MINGMA 74 NP B68 214 +Mountz Zemanv Smith (MICH) 
DONNACHIE 73 LNC 7 28.5 +Thomas (MChS) 
EASTMAN 73 NP B51 29 +MlngMo OP Parker Smllh Sptafko (MSU) 
NICHOLSON 73 PR D7 2572 +Delorme Carroll* ~CI1 ROCH BNL) 
FIELDS 7t PRL 27 1749 *Cooper Rt~lnes All,son (ANL OXF) 
YaH 71 PRL 26 922 ÷6artsh Carolf LObkOW~CZ, (Ctr 6NL ROCH) 
8RICMAN b9 PL 298 451 *Ferro Luzzl Blzard* (CERN CAEN SACL) 
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Meson Full Listings 
./2(2340), p5(2350) 

I f2(23491 
was g~ (2340) I /%J'~) = °'(2++) 

S e e  a l s o  t h e  m l n l - r e v l e w  u n d e r  n o n ' q q  c a n d i d a t e s  

f 2 ( 2 3 4 0 )  M A S S  

V,~LU_E (MeV) . . . . .  DOCUMEN.T ID T_ECN C OM. MENT . . . .  
2339 +_ 55 I ETKIN 88 MPS 22 ~r- P ~ (,%'~n J 
• * • We d o  not  use the  f o l l ow lng  d a t a  for averages ,  tits l imits e t c  • * • 
2392 0 ±  10.0 BOOTH 86 OMEG 85 ~ - B e  ~ 2¢8e 
2360 0 ± 20 .0  LINDENBAUM 84 RVUE 

l l n c l u d e s  d a t a  of ETKIN 85 The p e r c e n t a g e  of the resonance  g o i n g  Into I 
~',¢ 2 + +  S 2 O 2, a n d  D O is 3 7 ¢ ' 9  4 :  `12, a n d  59+2,~ respec t i ve ly  I 

f z ( 2 3 4 0 )  WIDTH 

VALUE(Me_V) .--. DOC_UMENT IO TECN COMMENT _ _ .  

319  + 81 2ETKIN 88 MPS 22 ~ r - p  ~ ~,~,~n 
- 69  

• * • We d o  not  use the  fo l l ow ing  d a t a  for averages  fits l imits e l c  * * • 
198.0 :I: 50 0 BOOTH 86 OMEG 85 ~r -Be ~ 2~'~Be 

150 0 + 150 0 LINDENBAUM 84 RVUE 
- 5 0 . 0  

21ncludes d a t a  of ETKIN 85 

f 2 ( 2 3 4 0 )  D E C A Y  M O D E S  

r l  f 2 ( 2 3 4 0 )  ~ ~,¢, 

ETKIN 88 
BOOTH 86 
E/K IN  85 
LINDENBAUM 84 

GREEN 86 
BOOTH 84 

f 2 ( 2 3 4 0 )  REFERENCES 

PL B201 568 eFo~ey Unclenbourn+ (8NL CUNY) 
NP 8273 677 ÷Carroll Donald Echvaras÷ (LIVP GLAS CERN) 
PL 165B 217 +Foley Longocre Llndenboum+ (BNL CUNY) 
CNPP 13 285 (CUNY) 

- -  OTHER RELATED PAPERS 

PR'L 56 1639 +Lot+ (FNAL ARIZ FSU NDAM TUFT VAND+) 
NP 8242 51 +BallanCe Carroll Dona~cI+ (LIVP GLAS CERN) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

This e n t r y  w a s  p r e v l o u s l y  c a l l e d  U~(2400) C o n t a i n s  
resu l ts  o n l y  f r o m  f o r m a t i o n  e x p e r i m e n l s  For p r o d u c -  
h e n  e x p e r i m e n t s  s e e  t h e  N / ~ 1 1 0 0 - 3 6 0 0 )  e n t r y  S e e  
a l s o  p ( 2 1 5 0 ) ,  f2(2150) ,  p 3 ( 2 2 5 0 ) ,  f ,~(2300) 

p a ( 2 3 5 0 )  M A S S  

p p  ~ 7 r ~  o r  K K  
VALUE (MeV) __ ~)O_CUMENT IZ~_.. rECN_ CHG COMMENT . .  

• • • We d o  not  use the  fo l l ow ing  d a t a  for overages ,  fits l imlts e tc  • • • 
~2300  I MARTIN 80B RVUE 
~ 2 2 5 0  i MARTIN 80C RVUE 
~ 2 5 0 0  2 CARTER 788 CNTR 0 0 7-2 4 p~.  

K -  K + 
~ 2 4 8 0  3 CARTER 77 CNTR 0 0 7-2  4 p jo  

,"r/r 
11(JP) = 1 (5p )  from s~multoneous analysis of p p  ~ ~', - ,-r ~ a n d  =0:¢0 
2l =ply(1) J = 5 -  from Barrelet-zero ana&sis  
31( j  ) = I ( 5 - )  tram a m p l i t u d e  anolysls 

S - C H A N N E L  h / N  
VALUE~MeV) . DOC_UMENT io_ TECN CHG COMMENT _. 

• * • We d o  nol  use the f o l l ow lng  d a t a  fOr overages,  fits hmlls e tc  • • * 
~2380  4 CUTTS 78B CNTR 0 97 -3  p p  

biN 
2345 0___15 0 45COUPLAND 77 CNTR 0 0 7 - 2 4  D p  

J~D 
2359 _+ 2 4 6 ALSPECTOR 73 CNTR p p  S c h a n n e l  
2350 ± 10. 7 ABRAMS 70 CNTR S c h a n n e l  NN 
2360.0_+25 0 8OH 70B HOBC - 0  p ( p n )  K'~K2;¢ 
41sosplns 0 oncl 1 no t  sepa ra ted  
5From o flt to the  to ta l  e lashc  cross sect ion 
6Referred to as U or U reg ion  by  ALSPECTOR 73 
7For I = 1 h/N 
SNo e w d e n c e  for lh ls b u m p  seen in the PD d a t a  of CHAPMAN 71B Nar 

row state not  con f i rmed  by  OH 73 wl th  more  d a t a  

p 5 ( 2 3 5 0 )  WIDTH 

p p  ~ ~ r ~  o r  k ' K  
VALUE (MeV) DOCUMENr_!D T_E_CN CNG COMMEN ~ _ 

• • • We d o  not  use the f o l l ow lng  d a t a  tar averages,  fits l imits e t c  * • • 
~ 2 5 0  9 MARTIN 80s RVUE 
4 3 0 0  9 MARTIN 80C RVUE 
~ 1 5 0  10 CARTER 788 CNTR 0 0 7-2  4 PD 

K - K  + 
~ 2 1 0  11 CARTER 77 CNTR 0 0 7-2  4 p p  

T,~T 
91(J P) = I(5o- ) f rom s imu l taneous analysis of p p  ~ r,-~-.+ oncl ,-'r0~r0 

I0 /  =,,0(1) J "  = 5 -  from Barrelet zero analysis 
111(j  r) = 1 ( 5 - )  from a m p l i t u d e  analysis 

S - C H A N N E L  h / N  
VALUE (MeV) DOCUMEIV_T ID TEC_N CH.G_ COMMEN ~ 

• • • We do  no l  use the  fo l l ow lng  d a t a  for averages,  fits hmffs e tc  • • • 

135 0 + 150 0 12 13 COUPLANO 77 CNTR 0 0 7-2  4 p p  
- 65  0 ~ ,p  

+ 18 13 ALSPECTOR 73 CNTR ~ p  S c h a n n e l  165 _ 8 
< 60 0 14OH 70B HDBC - 0  D (pn ) .  K~K27r 
~ 1 4 0  ABRAMS 67C CNTR S c h a n n e l  p N  

12From o flt to the to ta l  e last ic  CROSS sechon  
131SOSprns 0 a n d  1 not  separatec l  
14No e v i d e n c e  for this b u m p  seen In the p p  d a t a  of CHAPMAN 71B Nor- 

row state no l  con f i rmed  by  OH 73 w l l h  mare  d a t a  

MARTIN 80B 
MARTIN 80C 
CARTER 78B 
CUTTS 7Ss 
CARTER 77 
COUPLAND 77 
ALSPECTOR 73 
OH 73 
CHAPMAN 71B 
ABRAMS 70 
OH 70B 
ABRAMS 67C 

BOWCOCK 80 
MARTIN 798 
CARTER 78 
CARTER 77B 
CARTER 77C 
MONTANE/ 77 
DONNACHfE 75 
ELSENHAND 75 
HYAMS 74 
MINGMA 74 
EASTMAN 73 
MINGMA 73 
NICHOLSON 73 
OH 73 
FIELDS 71 
YaH 71 
CASe 70 
BRfCMAN 69 

p s ( 2 3 5 0 )  REFERENCES 

NP B176 355 +Morgan (LOUC RHEL) JP 
NP B169 216 +Pennlnglon (OURH) JP 
NP 8141 467 (LOQM) 
PR D17 16 eGood Grannis Green Leee (STON WISC) 
PL 67B 117 eCouplona Eisenhondler AstburV+ (LOQM RHEL) JP 
PL 71B 460 +ElSenhondlet Gibson AstPurye (LOQM RHEL) 
PRL 30 511 +Cohen CvilanovlCh+ (RUTG UPNJ) 
NP 851 57 +Eastman MingMo Porker Smith+ (MSU) 
PR D4 1275 +Green Lys Murphy Ring+ (MICH) 
PR DI 1917 eCool Glacortlelll KycJo Leontic Li+ (eNL) 
PRL 24 1257 +Porker Eastman Srnlth Sprofka Ma (MSU) 
PRL 18 1209 +Cool Giacornelll Kyclo Leont[c Li+ (BNL) 

- - -  OTHER RELATED PAPERS 

LNC 28 21 ÷HOClg$on (BIRM) 
PL B6B 93 +Pennlnglon (DURH) 
NP B132 176 (LOQM) JP 
PL 67B 122 (LOQM) JP 
NP B127 202 ~Coupland Alklnson+ (LOQM DARE RHEL) 
Boslon Cant 260 (CERN) 
NC 26A 317 +thomas (MCHS) 
NP B96 109 Elsenhandler Gibson+ (LOQM LIVP DARE RHEL) 
NP B73 202 +Jones Weilf~ammer Slum÷ (CERN MPIM) 
NP B68 214 +Mountz Zemany Smith (MICH) 
NP B51 29 ÷MlngMo Oh Porker Snllfh Sprolka (MSU) 
NP 851 77 ÷Bellman On Porker Smlth Sprafka (MSU) 
PR D7 2572 +Delorrne Carroll+ (CII ROCH 8NL) 
NP B51 57 +Eastman MIngMa Parker Stalin+ (NL.cU) 
PRL 27 1749 +Cooper Rhlnes Allison (ANL aXE) 
PRL 26 922 ÷BOrlSn Caroll Lobkowlcze (cIr fiN!. ROCH) 
LNC 3 707 ÷Conte Tomoslnl+ (GENO HAMB MILA SACL) 
PL 298 451 *Ferro Luzzl BlZard+ (CER'N CAEN SACL) 
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Meson Full Listings 
a (2450), f6(2510), e + e-(1100-2200) ,  NN(1100-3600) 

I a~(2450) I ,~(y,c) : ~-(~++) 
OMITTED FROM SUMMARY TABLE 

Seen in parhabwave analysis o1 the KK system Needs 
conhrmahon 

a~,(2450) MASS 

VALU_E(MeV) ._ DOCUMENr ID_ [ECN CHG COM_MENr 

2450 ± '130. I CLELAND 82B SPEC ± .50 ,-rp 
K~K± D 

1From on  a m p l i t u d e  on(~lySlS 

(76(2450) WIDTH 

_V.ALUE.(Me.V) __ DOCUME_Nr ID TECN CHG CO M_MENr . _  

400 ._~250 .  2CLELAND 82S SPEC ~ 50 ' = , p ~  
K~jK± O 

2From a n  a m p l i t u d e  ana lys is  

a~,(2450) DECAY MODES 

I'~ a6(2450 ) -,, K~" 

a6(2450) REFERENCES 

CLELAND 82B NP B208 228 +C)eifosse Dorsoz Gloat (DURH GEVA LAUS Pin) 

J f6(2510) I was K25t0) ,%~,c) : o+(6++) 
OMITTED FROM SUMMARY TABLE 

Seen In ,'TO,'r ° Needs confirmation 

~(2510)  MASS 

yAL_L/E ( M e V ) .  _.  DOCUM_ENr ID rECN _COMMENT ._ 
2510.0 -+ 30 .0  BINON 84B GAM2 38 ~ -  D ~ n27r0 

~(2510)  WIDTH 

VALUE (MeV) D?..CUMENT lO TEC_i~ COMM_E_Nr 

240 .0  ± 60 0 BINON 84B G A M 2  23 ~ - P  ~ n2"~ "° 

f6(2510) DECAY MODES 

Frachon .(r~/r) 
I" I /~(2510) ~ ~-Tr (6 0:1 0)×I0-2 

f,,(2510) BRANCHING RATIOS 

I'(gT ~ ) / I ' t o t a  I I'i/I' 
VALUE DOCUMENT ID TECN COMMENT 

0 . 0 6  :t 0.01 I BINON 83C GAM2 38 }T- p ~ n 4 ~  
1Assuming  o n e  pion e x c h a n g e  

f~,(2510) REFERENCES 

BINON S4g LNC 39 41 ÷Oonskov Outell Gouanere+ (SIERP B~LG LAPP) JP 
BINON 83C SJNP 38 723 .Gouanete  Donskov D~led+ (SERP BRUX+) 

TronSlOlea from YAF 38 1t99 

IG(J PC) = 9")(I -) 
OMITTED FROM SUMMARY TABLE 

Th~s entry contains nonstrange vector mesons coupled 
to e + e  - (photon) between ,.', and J.:~(4S) mass 
regions See also p(1250). /,(1700) and c,(1680) 

We do not use these data for averages, Ills limits etc 

e + e - ( 1 1 0 0 - 2 2 0 0 )  MASSES AND WIDTHS 

V_.ALUE (MeV) DOCUMENr IO rECN COMMENr 

16 0 BARTALUCCI 79 OtPK 7 ~ p - *  e ~ e  p 1097 0 _ ~" 19 

+ 2 4  00 BARTALUCCI 79 OSPK 7 ~ p  ~ e + e - p  31 0 - 20 

VALUE (MeV) DOCUMENr ID rECN COMMENT 

~ 1 8 3 0  0 PEIERSON 78 S P E C  ~ p - . *  K + K ~ D  
120 0 PETERSON 78 SPEC ~D - K ~ K ~ P  

VALUE (MeV) DOCUMENr ID TECN COMMENF 
~ 1 8 2 0  r SPINETTi 79 R V U E  e + e  - ~ 4~+--2~t 

30 I SPINEITI 79 R V U E  e + e  - ~ 4 ~ - + 2  ") 

VALUE_(MeV) DOCUMENr ID rECN COMMENT 
~ 2 1 3 0  2 ESPOSIIO 78 FRAM e + e -  ~ K~(892)  + 

3 0  2 ESPOSITO 78 FRAM e + e -  K~(802)  + 

t l n l e g r o t e c l  cross sec t i on  of BACCI 77 BARBqELLINI 77 ESPOSffO 77 
2Not seen  by  DELCOUR'I 79 

e + e - ( 1 1 0 0 - 2 2 0 0 )  REFERENCES 

BARIALUCCI 79 NC 49A 207 
DELCOURT 79 PL 86B 395 
SPINETrl 79 Batavia Cont 506 
ESPOSITO 78 LNC 22 305 
PEIERSON 78 PR D18 3955 
BACCI 77 PL 68B 393 
BARBIELL[NI 77 PL 68B 397 
FSPOSITO 77 PL 08S 380 

. . . .  OTHER 

BALDINI 81 LNC 30 337 
DELCOURT 79B Batavia Cant 499 
~SPOSIIO 79 LNC 25 S 
AMBROSIa 78 PL B0B 141 
BALDINI 78 PL 78B 167 
ESPOSITO 78B LNC 23 004 
BARrALUCCI 77 NC 39A 374 
BACCI 76 PL 64B 356 
BACCI 75 PL 58B 481 

~BaSlnl BerIoLuCCI+ (DESY eRAS) 
+Derado Bertrand Bisello Bizol Buon+ (LALO) 

(FRAS) 
*Fehceth (FRAS NAPL PADO ROMA) 
,Dixon EhrhCh GOIIk Lorson (CORN HARV) 
+DeZorzl Penso Stella BOldlnl÷ (ROMA FRAS) 
÷Borietto+ (FRAS NAPL PISA SANI) 
*FehCeltl Madnl+ (FRAS NAPL PAPa ROMA) 

RELATED PAPERS 

+BathSlOnl Capon BOCCI DezOfZl÷ (FRAS ROMA) 
*BertronCi BLselIo BIZOI Suol~ Cordler+ (LALO) 
*Mat~nl PaliOtta+ (FRAS JMD PADO ROMA) 
+Certl~O Bemporo~l Brosco+ (NAPL PiSA ROMA) 
+Bonl$1Onl Capon Bocci Dezorzl+ (FRAS ROMA) 
+FellCelh (FRAS NAPL PADO ROMA) 
+Bertolucci BK]dOSChla (DESY FRAS) 
+BldOll Penso Sle,lo BOldl'l l. (ROMA FRAS) 
*BJdoh Penso Stello~ (ROMA FRAS) 

INN(1100-3600) I 
OMITTED FROM SUMMARY TABLE 

This entry c o n t a i n s  v a r i o u s  h i g h  m a s s  nonstrange 
s t r u c l u r e s  c o u p l e d  to  l h e  b a r y o n  a n t l b a r y o n  s y s l e m  

as  w e l l  as  c i u a s l - n u c i e a r  b o u n d  s t a t e s  b e l o w  t h r e s h o l d  

S e e  a l s o  X ( 1 9 3 5 ) .  t , ( 2 1 5 0 )  f 2 ( 2 1 5 0 )  / , 3 ( 2 2 5 0 ) .  
f 4 ( 2 3 0 0 )  p s ( 2 3 5 0 )  E v i d e n c e  for s t r u c t u r e s  c o u p l e d  to  
t h e  a n t l h y p e r o n  n u c l e o n  (o r  C C ) s y s t e m  IS l i m e d  

u n d e r  K2 (225D ) K 3 ( 2 3 2 0  ).  K 4 ( 2 5 0 0  ) 

We do not use these data tar averages, hls limits etc 

NN(1100-3600)  MASSES AND WIDTHS 

MASS AND WIDTH 
VALUE (MeV) DOCUMENr ID rECN CHG COMMENt 
1107 _+4 DAFTARI 87 DBC 0 0 D n  

I' i. ~ + t :  
111 ~ 8 ± 15 DAFTARI 87 DBC 0 0 Dn 
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Meson Full Listings 
/VN(1100-36001 
MASS 
VALUE (Mev) 

1210 *_5 0 

MASS 
VALUE (MeV) 

1395 

MASS A N D  WIDTH 
VALUE (MeV) 
~1410 

100 

MASS A N D  WIDTH 
VALUE (MeV) 

1468 -. 6 

88 ± 18 

MASS A N D  WIDTH 
VALUE (_Mev) 
1477 ± 5 

116+_9 

MASS A N D  WIDTH 
VALUE (MeV)_ 

1522 ± 7 
59_'z 12 

MASS A N D  WIDTH 
VALUE (MeV) 
1527 ± 5 

101 ± 13 

MASS A N D  WIDTH 
VALUE (~,~ev) 

1594 +- 9 

81 _+ 12 

DOCUMENT ID TEEN CHG COMMENT 
I 2 3 RICHTER 83 CNTR 0 Stopped 

DOCUMENT ID fECN COMMENT 
2 3 4 PAVLOPO 78 CNTR Stopped ,6 

DOCUMENT ID TECN CHG COMMENT 

8ETTIN] 66 DBC 0 0 ~ N  5= I 
BETTINI 66 DBC 0 0 G N  57r I 

DOCUMENT ID TECN CHG COMMENT 

5 BRIDGES 8bB DBC 0 0 p N  J 
2,~- r, + ,~o 

5 BRIDGES 86B DBC 0 0 pN I 
2t r -  ~+ t:o 

DOCUMENT ID TECN CHG COMMENT 

BR,DGE~ 86, DBC ° 0 ~ 3 , ~ -  2~+ I 
5BRIDGES 86B 08C o N  37r-2";r + 

DOCUMENT iD TECN CHG COMMENT 
5BRIDGES 86B DBC 0 0 ~N 2~ ' -~  + I 
S BRIDGES 868 DBC 0 0 DN 2~- ~r ~ I 

DOCUMENT ID TECN CHG COMMENT 

GRAY 83 DBC 0 0 0 ~N 3.~ I 
GRAY 83 DBC 0 0 0 D N  3;T I 

DOCUMENT ID TECN CHG COMMENT 

5 BRIDGES 86B DBC - 0 p N  I 
2T, - 7r+ 7To 

5BRIDGES 868 DBC - 0 DN I 
2 ~ -  ~ + ,..r0 

MASS 
VALU_E_ (MeV) DOCUMENT ID TECN COMMENT 

1637 1 ~-5 6 ADIELS 84 CNTR DHe - 7 3  

MASS 
VALUE (MeV) _ D_OCUMEN_T IO TECN CHG COMMEN_ ~ 
1638 -4" 3 0 I 2 3 RICHTER 83 CNTR 0 Stopped 

MASS 
VALUE ~_Me V) ._ _~. CUMENT ID TEC~I COMMEIVT 

1644 0 + 5 6 ADIELS 84 CNTR ~He - 7 3  

MASS 
V_ALUE (MeV) _ DOCUMENT ID TEEN COMMENT 
1646 2 3 4 PAVLOPO 78 CNTR Slopped 

MASS 
VALUE (MO_V_) . .. DOCUMENT I_D TEC_N COMME_N_[ 

1687 1 +_45 0 ADIELS 84 CNTR ~He 

1684 2 3 4 PAVLOPO 78 CNTR Stopped ,6 

MASS 
VALUE (MeV). .  DO_CUMENT ID___ T E E N  _C~IG COl~ME_hi[ 
1694 ± 2.0 ~ 2 3 RICHTER 83 CNTR 0 Stopped 

MASS 
VALUE (Me~/) L)OC.UMENT ID TEEN CHG COMMEN~. . 
1771 _+I 0 236RICHTER "-8-~] CNTR 0 S t o p p e d p  

MASS A N D  WIDTH 
VALU_E. (MeV ) __ DOCUMENT IL)_ TEEN CHG COMMENT 

1856 6-+5 BRIDGES 86D SPEC 0 0 ~ d ~  r,~'N I 
20 -~5 BRIDGES 86D SPEC 0 0 p d ~  =',TrN I 

MASS A N D  WIDTH 
V_A_L.LIE (MeV) DOCUMENT I D.  TEEN CHG COMMENT 

1873_+2 5 BRIDGES 86D SPEC 0 0 L o d ~  ~;,rN I 
< 5 BRIDGES 86D SPEC 0 0 p d  ~ ~ ' N  I 

MASS AND WIDTH 
VALUE (MeV) 

1897 0 _+ 17 0 
110 0_ '82 0 

1897 ± I 

25 -+ 6 

MASS A N D  WIDTH 
VALUE (MeV) 

~1920 0 
190 0 

MASS A N D  WIDTH 
VALUE (MeV) 

1937 3 + 1 3 
- 0 7  

"-" 3 0  
1940 ± 20 

< 40 

1930 0 ± 2 0 
12 0 :t: 7 0  

1940 0 ± 1 0 

6 0  

1949 ± 10 
80 ± 20 

1939 0 ± 2 0 
220-+ 6 0  

1935,5 ± 1 0 
2 8 - +  1 4  

1939 0 ± 3 0 
< 4.0 

1935 9 ± 1 0 

8 B  ~ ~ 
1942 ± 5 

5 7 5 _  + 5 
1934 4 + 2 6 

- 1 4 

11 F11 
- 4 

1932 ± 2 

÷ 4 
9 

- 3 

1968 
35 

1940 t 8 
49 _~ 9 

MASS AND WIDTH 

VALUE (MffV) 
1949 Z 10 

80 ± 20 

MASS AND WIDTH 

VALUE (Me_)O_ 
2022 0 ± 6.0 

14 0+_13 0 

MASS A N D  WIDTH 
VALUE (Me_~ 

2023 0 : 5 0 
27 0 ± 1 2  0 

MASS A N D  WIDTH 
VALUE (Met/) 

2026 0 - 5.0 
20 0±11 0 

MASS A N D  WIDTH 
VALUE (MpV__) 

2080 ± 10 

110 _+ 20 

MASS A N D  WIDTH 
VALUE (MeV) 

2090 0 ± 20 0 
t70 0 ± 50 0 

MASS A N D  WIDTH 
_V_ALUE (MeV) . .  
~2110 0 

330 0 

EVTS 

36 

DOCUMENT ID TEEN COMMENT 

7 ABASHIAN 76 STRC 8 ~ -  D ~ p3~ 
7 ABASHIAN 76 STRC 8 ~ ' - p  ~ p3;'r 

KALOGERO 75 DBC p n  anmhdal ion neat I 
threshold 

KALOGERO 75 DBC p n  annihi lat ion near I 
threshold 

DOCUMENT ID TECN COMMENT 

8 EVAN'GELISTA79 OMEG 10 16 ~-p ~ ~D 
EVANGELISTA79 OMEG 10 16 ~r-p ~ PP 

DOCUMENT ID TECN CHG COMMENT 

9 FRANKLIN 87 SPEC 0 586 p p  I 

9 FRANKLIN 87 SPEC 0 586 Dp_ I 
TANIMORI 85 CNTR 0 4-0 e PP 

M ' M -  
TANIMORI 85 CNTR 0 4-0 8 p~5 

M + M  - 
ASTON B0o OMEG ~ p  ~ Dp X 
ASTON 80D OMEG • p ~ p p  X 
DAUM 80E CNTR 0 93 DP ~ DD 

+ X  
DAUM B0E CNTR 93 P D  ~ P P  

+ X  
t0 DEFOIX 80 HBC 0 pD ~ 5~r 
10 DEFOIX 80 HBC 0 PP ~ 5= 
11 HAMILTON 80B CNTR 0 S channel o p  
11 HAMILTON 80B CNTR 0 $ channel LOp 

SAKAMOTO 79 HBC 0 0 37-0 73 Lop 
SAKAMOTO 79 HBC 0 0 37-0 73 p p  
BRUCKNER 77 SPEC 0 0 4-0 85 ~ p  
BRUCKNER 77 SPEC 0 0 4-0 85 p p  

12 CHALOUPKA 76 HBC 0 DO total elaslic 

'r3 CHALOUPKA 76 HBC 0 DD total elastic 

14 D ANDLAU 75 HBC 0 0 175-0 750 ~ p  
15 D ANOLAU 75 HBC 13 0 175-0 750 p p  

16 KALOGERO 75 DBC - DN annihllatlon 

t7 KALOGERO 75 DBC - pN  anmhilat lon 

t2 CARROLL 74 CNTR S channel ~ p  
d 

t3 CARROLL 74 CNTR S channel ,6p 
d 

18 BENVENUTI 71 HBC 0 0 I -0  B Lop 
18 BENVENUTI 71 HBC 0 0 1-0 8 DD 

CLINE 70 HBC 0 0 25-0 74 ~ p  
CLINE 70 HBC 0 0 25-0 74 DD 

DOCUMENT ID TEEN CHG COMMENT 
19 DEFOIX 80 HBC 0 0 0- I  2 p p  . .  

5;r 
19 DEFOIX 80 HBC 0 0 0- I  2 p p  

5,'r 

DOCUMENT ID TECN CHG COMMENT 
Azooz  83 HYBR + 6 Lop ~ pn31r  20 

20 AZOOZ 83 HYBR + 6 PD ~ p.q3?r 

DOCUMENT ID TEEN CHG COMMENr 

BODENK~AMP 83 sPEC 0 "~ p -o ~ p p  
BODENKAMP 83 SPEC 0 ~t P ~ P O P  

DOCUMENT ID TECN CHG COMMENT 
20 AZOOZ 83 HYBR - 4 ~ p  ~ p, n3~r 
20 AZOOZ 83 HYBR - 4 P D  ~ pn3~"  

DOCUMENT ID TECN CHG COMMENT 
21 KREYMER 80 STRC 0 13 ~r- d 

p~n(n) 
21 KREYMER 80 STRC 0 13 7 r - d  

p D n ( n )  

DOCUMENT ID TEEN COMMENT 
22KREYMER 80 STRC 13 ~ ' -  d ~ n p ~ -  p 
22KREYMER B0 STRC 13 7 r - d ~  n p D ~ ' - p  

DOCUMENT ID TECN COMMENT 
23 EVANGELISTA79 OMEG 10 16 w - p  ~ ~ p  
23EVANGELISTA79 OMEG 10 16 Tr-D ~ DD 
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Meson Full Listings 
NN(1100-3600) 

MASS AND WIDTH 
VALUE (MeV)_ 

2 t 1 0  0 -t. 10 0 
190 0 _+ 10 0 

MASS AND WIDTH 
VALUE (MeV) 

2'14'1 
14 

M A S S  A N D  W I D T H  

VALUE (_t~ev) 
2180 0 -+ 10 0 " 

270 0 -+- 10 0 

M A S S  A N D  W I D T H  

VALUE (Met/) 

2207 -+ 13 
62 -+ 52 

MASS AND WIDTH 
VAtU_E (MeV). 

+79 0 22t0 0 - 2 1  0 
203 0 

M A S S  A N D  W I D T H  

V;4LU8 (MeV) 

~ 2 2 6 0  0 
440 0 

MASS AND WIDTH 
VALUE (Met/) 

2307 0 -+ 6 0 

245 0 _+ 20 0 

DOCUMENT ID fECN COMMENT 

24 ROZANSKA 80 SPRK 18 ~ -  p ~ p~)n 
24 ROZANSKA 80 SPRK 18 ~ -  D ~ p D n  

DOCUMENT ID TECN CHG COMMENT 

25 DONALD 73 HBC 0 ~ p  S c h a n n e l  
25 DONALD 73 HBC 0 p p  S c h a n n e l  

DOCUMENT ID TECN COMMENT 

26ROZANSKA 80 SPRK 18 ~ - p  ~ p ~ n  
26ROZANSKA 80 SPRK 18 } T - p  ~ D p n  

DOCUMENT ID TECN CHG COMMBN7 

27 ALLES 678 HBC 0 5 7 ~p  
27 ALLES 67B HBC 0 5 7 p p  

DOCUMENT ID 7ECN COMMENt 

EVANGELISTA798 OMEG 10 ~ . - p  ~ K + K - n  

EVANGELISTA798 OMEG 10 : r -  p ~ K+ K -  n 

DOCUMENt ID TECN COMMENT 

28 EVANGELISTA79 OMEG 10 '16 ; T - D  ~ ~ p  
28 EVANGELISTA79 OMEG 10 16 : r -  P ~ PP 

DOCUMENT ID TECN CHG COMMENT 

ALPER 80 CNTR 0 62 ; ' ; -  p 
K + K - n  

ALPER 80 CNTR 0 b2 ;'r- p 
K + K - n  

MASS AND WIDTH 
VALUE (MeV) DOCUMENT ID [BCN COMMENT 

2 3 8 0 . 0  _- 10 0 29 ROZANSKA 80 SPRK 18 ;T- p ~ p l a n  
380 0=20 0 29ROZANSKA 80 SPRK 18 , ~ -O  . p p n  

MASS AND WIDTH 
VALUE (MeV) POCUMENT ID TECN COMMBNT 

2450 0 Z 10 0 3(] ROZANSKA 80 SPRK 18 ~r- p ~ p # n  
280 0_+20 0 30ROZANSKA 80 SPRK 18 ,'T--p ~ p p n  

MASS AND WIDTH 
VALUE (MeV) DOCUMENT ID FECN CHG COMMENT 

2480 0 -+ 30 0 3t CARTER 77 CNTR 0 0 7 -2  4 p p  
,-r ;T, 

2 t 0  0 z 25 0 3t CARTER 77 CNTR 0 0 7 - 2  4 DD 

MASS AND WIDTH 
VALUE (MeV) DOCUMBNr ID 7ECN CHG COMMENT 

~ 2 5 0 0  0 32CARTER 788 CNTR 0 0 7 - 2 4 p p ~  
K - K  + 

t50  0 32 CARTER 788 CNTR 0 0 7 - 2  4 ,pp 
K - K +  

MASS AND WIDTH 
VALUE {_MeV ) DOCUMENT ID rECN COMMENT 

2710 0 -+ 2 0 . 0  ROZANSKA 80 SPRK 18 ~ -  p ~ p # n  
170 0 _+ 4 0 . 0  ROZANSKA 80 SPRK 18 ,"r- p .~ p D n  

MASS AND WIDTH 
VALUE (MeV) DOCUMENT ID TBCN CHG COMMENT 

2850 0 ¢ 5 0 33 BRAUN 76 DBC - 5 5 ~ d  ~ N N =  
<- 39 33 BRAUN 76 D8C 5 5 p d  ~ N-N~ 

MASS AND WIDTH 
VALUE (MeV) DOCUMEN7 ID TECN CHG COMMBN7 
3370 - 10 34 ALEXANDER 72 HBC 0 6 94 ~ D  

150 t 4 0  34 ALEXANDER 72 HBC 0 6 9 4 p D  

MASS AND WIDTH 
V_.ALUE (MeV) DOCUMENt ID fBCN CHG COMMENt 

3600 :t 20 34 ALEXANDER 72 HBC 0 6 94 O p  
140 -+ 20 34 ALEXANDER 72 HBC 0 6 94 p p  

1Not seen  by  CHIBA 86 CHIBA 88 ANGELOPOULOS 86 ADIELS 86 
2They l o o k e d  for r o a i a h v e  t rans i t ions  to b o u n d  p p  s lo tes m o n a  e n e r g e l i c  

3' rays d e t e c l e d  
3 O b s e r v e d  w id ths  cons=stent  w d h  e x p e r i m e n t a l  reso lu t i on  
4Not seen  by  ADIELS 86 
5Erom ana lys is  of d i f f e r e n c e  of ~ -  a n d  : r+  s o e c h a  

6NoI seen by CHIBA 86 CHIBA 88 ANGELOPOULOS 86 
7 Pro~luced backwards 
8 / ( J  ~) = 1 ( t - )  f rom O mass d e p e n d e n E  p a r h a l  w o v e  ono 'ys ls  t a k m g  so,,J 

Elan A 
gFrom Ieano lys ts  Ol d o l a  from JASTRZEMBSKI 81 

t0From e n e r g y  d e p e n d e n c e  of St. cross sec t i on  /G : 1- f rom o b s e r v o h o n  
of ~ p  d e c a y  P = -*- a n d  J I 02(1320)= : ' r  a lso seen  

~ t l  = 0 f a v o r e d  J = 0 or 1 seen  m to !o l  p p  to lo l  cross s e c h o n  Pnmorhy 
f rom o n n l h l l o h o n  r e a c h d n S  Not seen  in D d  to la l  a n d  onn lhdOt lOn cross 
sect ions 

12Narrow b u m p  seen  in to ta l  p p  D d  CROSS sechons  Isospln d n c e r t a m  Not 
seen  in p p  c h a r g e  e x c h a n g e  by  GARNJOST 75 CHALOUPKA 76 
I n t e g r o l e d  cross s e c h o n  l h r e e  t imes I d rge l  t hon  BRUCKNER 77 

i3Nor row b u m p  seen  in io to l  DP p d  cross seohoPs isospm u n c e l t a l n  Not 
seen  m p p  chaTge  e x c h a n g e  by  dARN JOSE 75 CHALOUPKA 76 
I n t e g r a t e d  cross sec t i on  th ree  h ines  l a rge r  lhoP 8RUCKNER 77 NOt seen  
by  CLOUGH 84 

14From e n e r g y  d e p e n d e n c e  of for b a c k w Q r d  e lost  o sca t te r  ng  Some ind l  
c a n o n  OI add lhOnO l  s t ruc lu re  

15From e n e r g y  d e p e n d e n c e  ol tar b a c k w a r d  e l oshc  s c o I t e n n g  Some ind l  
coho r t  of o d d l t l o n o [  s t ruc tu re  

IONot seen  by  ALBERI 79 wdh  c o m p a r a b l e  s tohshcs 
17Not seen  by  ALBERt 79 with c o m p a r a b l e  stohst lcs 
18Seen as O b u m p  in Ehe p p  o K~K~ c lass sect  on  w l l h  jPC _ t - - 
191sospln 1 f dvo red  
20NoI seen  by  81ONIA 80 CARROLL 80 HAMILTON 80 BANKS 81 CHUNG 81 

BARNETT 83 
21Neut ron  s p e c t a t o r  See also n p p r , - ( p )  c h a n n e l  f o l l ow ing  
22proton s p e c t a t o r  See a lso p p n ( n )  c h a n n e l  a b o v e  
231(J r )  = 1 ( 3 - )  f rom o mass d e p e n d e n t  pa rho I  w a v e  ana lys is  t a k i n g  SOlU 

honpA 
24 I (J  ) = 1(3 ) h a m  o m p h t u d e  anolysLs assum ing  one  p~on e x c h a n g e  
25See~, in hn(:~ s ta te  ~ ; r  + ;r,'" 
261(J ) = 0(2 ) f rom a m p h t u d e  ono lys ls  a s s u m i n g  o n e  p l on  e x c h a n g e  
27ALL~S BORELL~ 678 see n e u t r a l  m o d e  on ly  ,,..r + ~.- ~,c 
281( j  ) = 0(4 ) f rom a mass d e p e n d e n l  p a r h o l  w a v e  analys=s I okmg  solu 

t IO~/%A 
291( = 0(4  +)  f rom a m p h l u d e  analySiS a s s u m i n g  o n e  p ,on  e x c h a n g e  
3 0 1 ( j ~  : 1 ( 5 - )  from a m p h f u d e  anolys~s a s s u m i n g  o n e  p~on e x c h a n g e  
3 t l ( j  r )  =p1(5 -~  from a m p h t u d e  ana lys is  of p p  ~ :'r;T 
321=0 1 J -  : 5 f rom Borre let  zero ana lys is  
33Decays  to ~/N a n d  A/Nr, Not seen  by  BARNETT 83 
34Decoys tO 4;T, + 4r, - 

CNIBA 88 
DAFTARI 87 
FRANKLIN 87 
ADIELS 86 
ANGELOPO 86 
BRIDGES 86e 
BRIDGES 86C 
CHIBA 86 
IANIMORI 85 
ADIELS 84 
CLOUGH 84 
AZOOZ 83 
BARNETT 83 
BODENKAMP 83 
GRAY 83 
RICHIER 83 
BANKS 81 
CHUNG 
JAStRZEM 
ALPER 
ASIAN 
81ONTA 
CARROLL 
DAUM 
DEFOIX 
HAMILTON 
HAMILTON 
KREYMER 
ROZANSKA 
ALBERI 
EVANGILISTA 
IE VANGE LISIA 
SAKAMOTO 
CARTER 
PAVLOPO 78 
BRUCKNER 77 
CARTER 77 
ABASHIAN 78 
BRAUN 76 
CHALOUPKA 70 
D AND~Ad 75 
GARNJOST 78 
KALOGERO 75 
CARROLL 74 
DONA.D 73 
ALEXANDER 72 
BENV{NUTI 71 
CLINE 7(] 
ALLES 678 
8ETTINI 66 

~/N(I ' I00-3600) REFERENCES 

PL 8202 447 +Di (FJKI 'NL.S KEK KYOT OSAK TOKY) 
~1~. 58 889 +Gray KOlogerooOUlOS ROy (SYRA) 
PL 8184 81 
PL 8182 405 *8ockenstoss. (STOH 8ASL LASL THES CERN) 
P. 8178 441 AqgelOpOulOS. (ATHU JCI KARL NMSU PENN) 
PRL 56 2t5 *~)Qflarl KologeropoulOS CeObe* (SYRA CASE) 
PL 8180 313 +Brown DOllar,. (SYRA BNL CASE UMD COLb) 
PL 8177 217 *DOl FUlltClnl÷ (FUKU KEK KYOT OSAK TOKY) 
PRL 55 1835 ~Fulll Kageyoma NokOmurcl SCh* (TOKY ISUK) 
PL '388 235 *8ockenstoss- (8ASL KAR~ STOH STR8 THES) 
PL 1468 299 +Beard BuRg+ (SURR LOQM AN[K TRSf GEVA] 
PL 1228 471 +8utterworth (LOIC RHEL SACL SLAC IOHO+) 
PR D27 4O3 +81OcKuS 8ur~(~ Ch,en Ch'lStlQn~ (JHU) 
PL 1338 275 *Fr.es 8ehrena FenneL. (KARL DESY) 
PR D27 307 *KoIoge'opoulOS Nandy ROy Zenone (SYRA) 
PL 1268 284 .Adlels (BASL KARL STOH STRB IH~S) 
PL 1008 191 *BOOth Campbel l  Armstrong+ (LIVP CERN) 

8 i  PRL 46 398 *8enslnger* (8NL BRAN CINC FSU SMAS) 
81 PR D23 2784 JoStrzembsk Mondelkel r ' -  (TEMP UCI UNM) 
80 PL 948 422 +8ecKe'* (AMST CERN CRAC MPIM OXF+) 
80D PL 038 ~17 (BONN CERN EPOL GLAS LANC MCHS ORSA÷) 
80 PRL 44 909 +Carroll ~aelsteln, (BNL CMU FNAL SMAS) 
8(] PRL 44 1572 +~hlOng JohqsOn Cosier Webb* (8NL PRIN) 
80t PL ROB 478 ,Hel tzbe,gel .  (AMST CERN CRAC MPIM OXF*) 
80 NP 8162 12 oDobIzynsk~ APgehP~ Bigl* (CDEF PISA) 
80 PRL 44 1170 +Pun frllDp .ozoruso (LBL 8NL MTHOj 
808 PRL 44 t182 *Pun TnDp Lazarus+ ( lBl 8NL MTHO; 
8(] PR D22 36 *Bagger1 heguth*  rIND PURD S,AC VAN~) 
8C NP 8162 805 *81um Dletl Grayet Lorenz* ~MPIM CfRN) 
79 PL 838 247 *AlveOr CQsIelII Poropot* (TRST CERN IFRJ) 
79 NP 8t53 253 (BARI BONN CERN DAR~ GLA8 LlVP-) 
798 NP 8'Sd 381 * (BARI 8aNN CERN DARE G.AS LIVP.) 
79 NP 8158 41(] *HOShlmoto SOl YomQrroIo. (TOKY) 
78~ N p 8141 407 (LOQM) 

P. 728 415 
P. 678 222 
PL 678 l t 7  
RR D13 5 
PL bOB 481 
PL 6"8 467 
PL 58B 223 
PRL 35 1685 
PRt 34 I047 
PRL 32 247 
NP Bbl 333 
NP 845 2R 
PRL 27 283 
Prepnn, 
NC 80A 770 
NC 42A 698 

PavlOpOJlos. (KARL BASL CLRN STOH SIRB) 
• Gronz ngrom Klhan* (MPH HEID CERN] 
÷CodDIOPCI Elsenhardle, As~OJry-(LOAM RHEL) JP 
+Watson Gelfona 8uttrom÷ (ILL ANL C'~IC ,St.) 
• BriCk Fiidmon Gerber JulllOt Mauve'. [S~R~) 
o (D~RN .IVP MONS PAPa ROMA IRS') 

,Cohen Genouno La{Oum .utz PehI(CD[; FISA) 
• Kenney Pollard Ross TriaD* (LB[ MHCO) 
KalogeroDoJIOS TzonokOS (SV~A~ 

+ChaPg KVCIQ L, Mozur McnQeI* (BNL) 
+Edward5 Glbbln$ 8rlO'ld ~UDOC, {. vP .PNP) 
• BorN;' Benorv Dogor ' .  (rE.A) 
• Cl:ne Rutz Reeder Sche,e • (wIS~) 
• tngush Reecler (W:S,~) 

AIIesBorelll F'encP FriSk. !C!RN BONN)G 
.CreStl llmen~o['. Bertonza Big- (PAPa PI~A) 
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Meson_ Full Listings 
NN(I 100-3600), X(1900-3600) 

- -  - OTHER RELATED PAPERS 
LIU 87 PRL 58 2288 +KIU II (STON) 
ARMSTRONG 86C PL 0175 383 +Chu Clement Ellnon+ (BNL HOUS PENN RICE) 
BRIDGES 86 PRL 56 211 +81own+ (BLSU 8NL CASE COLU UMD SYRA) 
BRIDGES 86C PRL 57 1534 +Doffo'J KoIogeiopoulo$+ (SYRA) JP 
DOVER 86 PRL 57 1207 + (8NL) JP 
ANGELOPO 85 PL 15(28 210 ArlgelopOulO$+ (ATHU UCI UNM PENN TEMPT 
8ODENKAMP 85 NP 8255 717 *Fries 8ehteno Hesse. (KARL DESY) 
AZOOZ 84 NP 8244 277 +8utterworth (LOIC RHEL SACL SLAC TOHO+) 

IX(1900-3600) J 
O M I T T E D  F R O M  S U M M A R Y  TABLE 

\ D I E  O N  I i tF .  X ( I 9 0 0 - 3 6 0 0 )  R E ( T I E ) \  

] h c  h i , h -mass  ~c~mon 15 CL)\clcd nca~]\ CL) I I | I I IL Ioush 

%%1[h c~ ILJCIILC J'()l |)L'ak ~, ol  \[illLtUS ~]d~l]s ha \  ~ng \a~oL,~  

,,.]t..'c;+t\ I l l o d c s  %s ;.t ',,dtlsl'+.IC tot ~ gloul'~H1g llltO pa t l l c lc , ,  i~ 

n,,)t }e l  po:,,nfl)Ic ~c  l i s t  all the ) : 0 hL t r l IP , , ,  c E ) L i P I c d  t l c t -  

t l lcl it) \ . \  I1Ol t ( ) ( '  i L , - ,  dnd haxiilg '~1 19(1() M c V  

l o ~ c t l I c l  O l d C I C t J  [~} l n u ' I C , t S l n  B I l l dS% 

T h c  IILH I L)V, I ) C d ~ ,  OJISCI \ C d  I11 d I 111~MI I~ - I IELD~-  

~,I)C'.'IIL)III'.'ICl L'\pCIIIIh. ' I I I  ~i!, 1L)29 2195  Lllld 2 ] ~ 2  M L ' V  

cal led iCSITCLIi\Cl ) %" 7 :tn(t l h\ the a t i tho ls  ( ( t t l K ( ) -  

\ - \NI  (~6 F ( ) ( \ (  ( I  66) V, CIL" il(.)l SCL'I] b\  \ N - r l p ( ) v  72 

xt h o  l )CI  t ' t ) l  M c d  Lt ~ , l I l l  i l ; l i  O i l ) e l  i t l l C t l t  , i t  2 5  , l l ] d  41") ( ; c \ ' . ' ,  

W e  d o  n o t  u s e  t h e  f o l l o w m g  d a t a  for  a v e r a g e s ,  f i ts, 
h rn l ts ,  e l c  

X ( 1 9 0 0 - 3 6 0 0 )  MASSES AND WIDTHS 

VALUE (MeV) DOCUMENr ID TECN CHG COMMENT 

1870 0 _+ 40 0 I ALOE 86D G A M 4  0 100 ~ ' - p  ~ 2fi 
X 

250 0 - + 3 0 . 0  IALDE 86D G A M 4  0 100 ~ - D ~  2~ 
X 

VALUE (MeV 2 Evrs D--O.qUME--N. L ' o - -  _~9N 
~1898 -+ IB 100 THOMPSON 74 HBC 

+ 4 t  
108 - 27 100 THOMPSON 74 HBC 

CHG COMMENT 

+ 13 ~ '+O ~ 2p 
X 

+ 13 ~ + D  ~ 2p 
X 

VA_LU E (Mev) EVTS DOCUMENT ID TECN CHG COMM_E_N.[ . . . .  

1900 t 40 100 BOESEBECK 58 HBC + 8 ~ + p  
;¢+ 7rO X 

216 -+ 105 100 BOESEBECK 68 HBC + 8 ~,+p 
T.+Tr o X 

VALUE (y_tV) 
1929 -+ 14 

22z 2 

VALUE (MeV) 

1970 -+ 10 

40 -+ 20 

VA L U£ (Me V) 
1973 0 -+ 15 0 

B0 0 

VALUE (_M.ev) 

2070 
160 

EVES 

30 

30 

EVES 

S0 
50 

DOCUMENT ID ;ECN CHG COMMENT 

FOCACCI 66 MMS - 3 - 1 2  T r - p  
FOCACCI 66 MMS - 3 - 1 2  ~ - p  

DOCUMENT ID TECN CHG COMMENT 

CHLiAPNIK 80 HBC 0 32 K + p  
2K~2~r X 

CHLIAPNIK 80 HBC 0 32 K + D -- 
2K~2~T X 

DOCUMENT ID TECN CHG COMM£Nr 

CASe  70 HBC - 11 2 ~ ' - p  -- 
p27r 

CASO 70 HBC - 11 2 z r - D  
i ,  2;'r 

DOCUMENT ID TECN COMMENT 

fAKAHASHI 72 HBC 8 ~ r - p  ~ N2~r 
EAKAHASHI 72 HBC 8 T r - p  ~ N2~" 

VALUE (MeW . DOCUMENT ID 

2100 0 ± 40 0 2 ALDE 860 

250 0 ± 40 0 2 ALDE 860 

VALUE [MeV_) EVT$ DOCUMEN~ ID 

2141 0 ± 12 .0  389 GREEN 86 
49  0 -+ 28 0 389 GREEN 86 

VALUE (MeV/) OOCUMENT ID 

2190 0 ± 10 0 CLAYTON 67 

VALUE (MeV) DOCUMENt ID 

2195 _+ 15 FOCACCI 66 
39 z 14 FOCACCI 66 

VALUE (M_eV) DOCUMENT /D 

2207 0 -+ 22 0 3 CASO 70 
130 0 3 CASe 70 

VAL(JE (MeV) . DOCUMENT tD 

2 2 8 0 . 0  _~ 50 0 ATKINSON 85 

440  0 ± 110 0 ATKINSON 85 

VALUE (Me~ . 

2300 o -+ 1oo 0 
250 0 

VALUE (MeV) 
2340 -+ 20 

180 -+ 60 

VALUE (MeV) 

52_+ 6 

VALUE (MeV) 

2500 0 -+ 32 0 

87 0 

VALUE (MeV) 

2620 ± 20 
8 5 - + 3 0  

VAt_UE (MeV_? 

2575 0 +- 27 0 
150 0 

VAL UE (_Me V) 

2747 ± 32 
195 -+ 75 

t/ALUE (MeV) 

2800 ± 20 
46 -+ 10 

VALUE (MeV) 

2820 ± ~o 
50 z 10 

VALUE (Me_V) 

2880 -+ 20 
< 15 

V,~L_UE _(Mev) 
3025 0 -+ 20 0 

25 0 

VALUE (MeV) 

3075 0 ± 20 0 
25 0 

VALUE (MeV) 

3145 0 -+ 20 0 
< 10 0 

VALUE (MeV) 

3 4 7 5 . 0  Z 20 0 
30 0 

VALU( (M_eV) 
3535 0 ± 20 0 

3 0 . 0  

DOCUMENT ID 

ATKINSON 84F 
ATKINSON 84F 

EVTS DOCUMENT ID 

126 4 BALTAY 75 

126 4 BALTAY 75 

EVES 

550 
550 

Evrs 

540 
640 

EVTS 

15 
~5 

EVTS 

230 
230 

DOCUMENT {D 

FOCACCI 66  
FOCACCI 66 

DOCUMENT ID 

ANDERSON 69 

ANDERSON 69 

DOCUMENT ID 

BAUD 59 
BAUD 69 

DOCUMENT ID 

3 CASe 70 
3 CASO 70 

DOCUMENTID 

DENNEY 83 
DENNEY 83 

DOCUMENTID 

BAUD 69 
BAUD 69 

DOCUMENTID 

SSABAU 71 
5SABAU 7t  

DOCUMENT 

BAUD 69 
BAUD 69 

DOCUMENT~ 

BAUD 70 
BAUD 70 

DOCUMENT/D 

BAUD 70 
BAUD 70 

DOCUMENT ID 

BAUD 70 
BAUD 70 

DOCUMENI ID 
BAUD 70 
BAUD 70 

DOCUMEN! ID 

BAUD 70 
BAUD 70 

rECN CHG COMMENr 

GAM4 0 100 ; ' r - D -  2~ 
X 

GAM4 0 100 ~-p -- 2r/ 
X 

7ECN COMMENT 

MPSF 400  p A  ~ 4K X 
MPSF 400 DA ~ 4K X 

TECN CHG COMMENT 

HBC _+ 2 5 PD  - -  O 2 ~.' 

TECN CHG COMMENT 

MMS - 3 - 1 2  ~ ' - D  
MMS - 3 - t 2  ~ - p  

TECN CHG COMMENT 

HBC - t 1 2  = - O  
HBC - 11 2 ~ - p  

TECN CHG COMMENT 

OMEG 0 2 0 - 7 0  ") D ~  

OMEG 0 2 0 - 7 0  ~t P 
(D) . , , ' r  + ,-r - 7to 

TECN CHG COMMENT 

OMEG -+0 2 0 - 7 0  ~ p - +  l ' f  
OMEG -+0 2 0 - 7 0  "~D ~ l i t  

TECN CHG COMMENT 
HBC + 15 T r+p  

p S ~  
HBC + 15 ~ + p  

0 5 ~  

TECN CHG COMMENT 

MMS - 3 - 1 2  , ' r - p  
MMS - 3 - 1 2  = - p  

TECN CHG COMMENT 

MMS - 15 ~ - p  b a c k  
w o r d  

MMS 16 E- D baCk  
WQrCI 

TECN CHG COMMENT 

MMS - 8 - 1 0  7r -  O 
MMS - 8 - 1 0  ; r - D  

TECN CHG COMMENT 

HBC - 1 t 2  ~ - p  
HBC - 14 2 7 r - p  

rECN COMMENT 

LASS 10 7 r+N  
LASS 10 7 r+N 

rECN CHG COMMENT 

MMS 8 - 1 0  ~ - p  
MMS 8 - 1 0  ~ - p  

TECN CHG COMMENT 

HBC + 8 ~ + p  
HBC + 8 ~ + D  

rECN CHG COMMENT 

MMS 8 - t 0  ~ r - p  
MMS 8 - 1 0  t r - p  

TECN CHG COMMENT 

MMS - 40 5 - 1 3  ~ - p  
MMS - 10 5 - 1 3  ~ ' - p  

TECN CHG COMMENT 

MMS - 1 0 5 - 1 3  ,"r - p 
MMS - 10 5 - 1 3  E - p  

TECN CHG COMMENT 

MMS - 10 5 - 1 5  = - D  
MMB - 10 5 - t 5  ~ - p  

TECN CHG COMMENT 

MMS - 14 -15  5 l r - p  
MMS 14 -15  5 Tr--p 

TECN CHG COMMENT 

MMS 14 -15  5 7 r - p  
MMS 14 -15  5 7 r - p  

I S e e n  in J = 2 w a v e  in o n e  of the  two  a m b i g u o u s  so lu t ions 
2Seen in J = 0 w o v e  Jn o n e  of t he  two  a m b i g u o u s  so lu t ions 
3Seen In p - T r +  ~s- (~. a n d  7/ o n h s e l e c t e d  rn 4~" sys tem)  
4 D o r n i n o n l  d e c a y  m i d  p0po~s+ 8ALTAY 78 f inds c o n f i r m o t l o n  In 

2~" + ~ ' -  2r, 0 e v e n t s  w h i c h  c o n t a l n  /) ~ o 0/I" 0 a n d  2p + Tr- 
5Seen  ~n (KKTr~) moss d i s l r l b u h o n  
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Meson Full Listings 
X(1900-3600), CHARMONIUM,  c(1S) =  c(2980) 

X ( 1 9 0 0 - 3 6 0 0 )  REFERENCES 

ALDE 86D NP B269 485 
GREEN 86 PRL 56 1639 
ATKINSON 85 ZPHY C29 333 
ATKINSON 84F hiP 3239 1 
DENNEY 83 PR D28 2726 
CHLIAPNIK 30 ZPHY C3 288 
BALTAY 78 PR 0 t7  .52 
BALTAY 75 PRL 35 391 
THOMPSON 74 NP 869 220 
TAKAHASHi 72 PR D6 1266 
SABAU 71 LNC I 514 

+Binon Brlcmon* (3[LG LAPP SERP CERN) 
+Late (FNAL ARIZ FSU NDAM TUFt VANO+) 

(BONN CER'N GLAB LANC MCHS IPNP+) 
+ (BONN CERN GLAS LANe MCHS IPNP+) 

+Cronley F~restone Chopmon* (IOWA MEN) J 
ChllopnlkOv GefOyukOV/ (SERP 8RUX MONS) 

+CoutI$ Cohen Csorno KolelkOt+ (COLU BING) 
+CQuH$ Cohen KOlelkOr Pl$ello+ (COLU 8~NG) 
*Galdos McllwOln Millet MulotO~ (PURD) 
+3orish* (TOHO PENN NDAM ANL) 
+Utetskv (SUCH ANL) 

BAUD 70 PL 318 ,549 (Ltk'N Ct~N ~oson ~pectrometer k.OIIOb ) 
CA$O 70 LNC 3 707 *Conle Tomosm~+ (GENO HAMS MILA SACL) 
ANI~ERSON 69 PRL 22 1390 *COllins* (BNL CMU) 
BAUD b9 PL 30B t29 (C[I~N 80$on Spectrometer COIIQD ) 
30ESEBECK 68 NP 84 501 +Deulschmonn* (AACH BERt CERN) 
CLAYTON 67 HelClelDefg Cant 57 +Mason MUIthOQCl Flllppas+ (LIVP ATHU) 
FOCACCI 66 PRL "7 890 *K~enZle Levfat MoghCh Mor~.n (CERN) 

- - -  OTHER RELATED PAPERS - 

8ALTAY 78 P~ D17 52 +COUllS Cohen Csoma KoleIKaro (COLU SING) 
ANIIPOV 72 PL 40 147 *K~enzle .anasbe:g+ (SERP) 
CHIKOVANI 66 PL 22 233 +K~enzle MOghch+ (SERP) 

c c MESONS 

") 
-y . , , 

~ e ( 2 S )  I 

V 
hadron~ 

/ 

~7c(IS) r ~ ,  

h a d r o n s  

.. 
: , / f  / / / ~  

• ~, . , // hadronsJ/./ 

/ h a d r o r l s  / ~ . /  ./ 
Y / "hadr°~ / ///T 
, /. y ./. 7 /  

• ~ T~,'/~ 0 / I //./ . /"/ 

/ / --/ 

I 

+ 
h a d r o n $  "/ r a d l a t  ] v e  

... -/  

..... ::: . . . . . . . . . . . . . . . . . . . . . . . . . . .  k .:~( 1 P )  

h a d r o l l ~  

" F i l e  C I I A R M O N I L M  SYSTEM 

.IP(" = 0 - *  1 - -  0 ++ 1 ++ '~++ 

The current state of knowledge of the charmomum system and lrans~ttons, as interpreted b\ 
the charmontum model Uncertam states and trans~ttons are mdtcated b} dashed hnes Tl~e 
notatton h'" refers to deca) processes tn~ olvmg tnlermed~ate x trtual photons, including 
decays t o c - c  a n d # + #  

2979  f l  + 1 7 - 1 6  (Error sca led  by  14)  

i I o r  ~ ( J )  : 0 ( 0 - )  

O b s e r v e d  in t h e  i n c l u s i v e  3 s p e c t r u m  g e n e r a t e d  f r o m  

¢ ( 2 E )  d e c a y  t h e r e f o r e  C = + F r o m  t h e  4~', d e c a y  G = 
+ ,  t h e r e f o r e  I = 0 F r o m  a n g u l a r  d i s t r i b u t i o n  in 

J / ~ ( 1 E )  ~ ~7c~. rTc ~ Oq~. J P  = 0 -  (BALTRUSAITIS 8 4 )  

x_L 
81SELL0 88 CM2 5 5 
8AGLIN 878 SPEC 17 
BALTRUSA TJS 86 MPK3 3 1 
BISELLO 88 DM2 
GAISE8 86 CBAL 0 3 

7/c(15') MASS 

.VALUE (MeV) E V T S  DOCUMENT ID TEeN COMMENT 
+ 1 7  

2 9 7 9 . 6 _  1:6 OUR AVERAGE Error inc luCles sca le  fac to r  of 1 4 See t he  i d e a  
g r a m  b e l o w  

2973 3_+2 7 1 3 7 _ - 2 3  BISELLO 88 DM2 J..~ ~ ~ 2 ~ + 2 =  - 

+ 2 . 7  12 BAGLIN 878 SPEC /~D 2982 6 _  2 3 ~ "I "~ 

2980 2_+1 6 1BALTRUSAITIS 86 MRK3 J,~ ~ ,Bc'l 
2968 0 _+ 5 -+ 7 19 BISELLO 86 DM2 J ~. ~ "1 ,;,,:, 
2984 _+2 3 - + 4  0 GAISER 86 CBAL J,.'~ ~ "~ X ~(2S) - .  

h X  
2982 _+ 8 18 2 HIMEL 803 MRK2 e + e -  
• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits, l lmi ls  e t c  * • • 
2976 ~ 8 3 BALTRUSAITIS 84 MRK3 J ~ ~ 2,;,'~ 
2980 -+ 9 2 PARTRIDGE 803 CBAL e + e -  

I A v e r a g e  of seve ra l  cJecoy m o d e s  
2Mass O d l u s l e d  by  us to c o r r e s p o n d  to J, '~( IS) mos t  = 3097 MeV 

296O 2970  

HiMEL 808 MR(2 0 1 

2 9 8 0  2 9 9 0  3 0 0 0  

8 3  
[C~nhdenco Level -- 0 082) 

3 0 1 0  

~c( IS) mass [MeV)  
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Meson Full Listings 
~Tc(IS) = ~7c(2980) 

• r / c ( t S )  WIDTH 

yALUE (MeV) CL% E V T S  O__OCUMEN~_Ip [[C.N COMMENT _ .  

10.3 + 3.8 OUR AVERAGE 
- 3.4 

5 12 BAGLIN 87B SPEC ~,0 ~ " ~  O ~  7 

I+3~_ ~ 23_+11 4BAL'rRUSAITI$ 86 MRK3 J..¢ ~ "tPP 10 
11 5 _+ 4 5 GAISER 86 CBAL J..'¢ ~ ~ X ~(25) 

' ) X  
• • • We d o  not use the fo l l ow ing  d a t a  tar averages  fits l imits, e t c  • • • 
< 4 0  90 18 HIMEL 80B MRK2 e + e  - 
<.20 90 PARTRIDGE 80B CBAL e + e  - 

4poslt tve a n d  n e g a i l v e  errors co r respond  to 90% c o n f i d e n c e  leve l  

r / c ( 1 S  ) D E C A Y  M O D E S  

F_ract~gn (ljl) 

H A D R O N I C  D E C A Y S  

I r ; ' / c ( 1 5 )  ~ 2 ( / r  + , 1 " - )  

r2  i7c(1S) ~ D ~  

I" 3 r / c (1S  ) ~ /r-'rr-pp 

I" 4 r/c(IS) ~ KKTr 

I~ r/c(15) ~ 7r+~r-K+K " 

l" 6 ~ / c ( t 5 )  ~ r /~r re  

I" T ~/c(15") ~ <.',,.,, 

18 i7c(15") ~ K * ( 8 9 2 ) K * ( 8 9 2 )  

1' 9 V/c(15) ~ p p  

l ' ro 19c(15" ) ~ ~ 

1 ~ ~ / c ( l S )  ~ a o ( 9 8 0 ) T r  

l ' r2  r/c(IS ) ~ a2(1320) Tr 
l~3  ~ c ( 1 S )  ~ f 2 ( 1 2 7 0 ) ~ /  

[', l, l ~/c( IS')  ~ i 7 ' ( 9 5 8 ) / r , ' r  

1 ~5 r / ~ ( I S )  ~ K K ~  

l ' t o  ~ c ( I S )  ~ K*(892)°K - l r  + + C C 

S c a l e /  

C o n f  L e v  

<1 , ,  t 0 ~ , ) .  1 o - ,  

( t  04_+0 19)\I0 -3 

I 2 • 10 -2 CL=90% 

(5 5 -+0 8 )- 10 - 2  

~ o4 + o ° 29 
27 ) • 10 - 2  

(5 0 _+11 ) . I 0  - 2  

( 3 4  _ + 1 2 ) , 1 0  - 3  S : 1 5  

(9 _+5 ) - 1 0  - 3  

(26 _+09)'I0 -3 

-: 3 1 ~ 10 - 3  CL :90% 

-- 2 • 10 - 2  CL=90% 

< 2 ~ 10 - 2  CL=90% 

-: 1 1 " 10 " '2 CL=90% 

( 4  I _+ 1 7  ) .  10 - 2  

< 3 1 " 10 - 2  CL=90% 

(2 0 -+0 7 ) / 1 0  - 2  

R A D I A T I V E  D E C A Y S  

I',T ~= ( IS )  ~ "y~ (6 _+~ ).1o -4 

~/c(1S)  PARTIAL  WIDTHS 

r (? ' ) )  r .  
VALUE (l<ev) CL% DOCUMENT ID TECN COMMENT 
< t l  90 BL~INOV 86 MDI e+e ~ e¥e-X 

r/c(IS) l'(1)rC'Y'~)li'(total) 

r'(KK'~r) x l( 'y 'y)/r tofa I r,d',s/r 
VALUE (keY)_ CL% E_VT5 ~)OCUMENT l ~  TECN. .C_OMME~I~_ . . . .  

1,5 _ + 0.450"60 :I: 0 .3  7 5 mERGER 86 PLUT ~ "y ~ K~'~" 

• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  Il ls l imits e l c  * • • 
< ' 4 4  95 ALTHOFF 85B TASS "?'~ ~ KKt~" 

5 K - K ~  ~- c o r r e c t e d  to K/ (~ b y  factor  3 

t / c ( 1 S )  B R A N C H I N G  RAT IOS 

- - -  - -  H A D R O N I C  D E C A Y S  - -  

l ' (2 (T l "  " ~ r - ) ) / l  to la l  
VALUE EVT5 DOCUMENT ID TECN COMMENT 

0.0117 + 0.0029 - 0 . 0 0 2 7  O U R  A V E R A G E  

0 0105 t 0 0038 7 BISELLO 88 DM2 J.'~ . rlc ~ 
0 013 _+0 005 25_+9 6BAITRUSAITIS86 MRK3 J.~ ~ ~c~ 

~ 0  009 7HIMEL 80B MRK2 ~(2S) ~ ~C~ 0 013 .-0 006 

1"iii" 

r(p~)Ii total 12/'I 
yALUE ~L[nlt$ ~0_-4) EV,r_S. DO_CUMEIVT_ID [ECN. COMMENT_ 
I0 .4  _+ 1.9 OUR AVERAGE 
10 ± 2 6 AUGUSTIN 86 DM2 J,'~ ~ ~c'r J 
11± 6 23+.11 6BALTRUSAITIS86 MRK3 J.@ ~ ~Ic~ I 
2 n~-20 7HIMEL 80B MRK2 ~(2S') .* t/c" ~, ~-I0 

l'(~- ,"r - PD)/rtota, 13/r 
VALUE CL% DOCUMENT ID TECN COMMENT 
<0,012 90 HIMEL 80B MRK2 ~(2S') ~ ~¢'~ 

i (KT(Tr)IFtota , I 4/I 
VALUE CL% [vrs DOCUMENT ID rECN COMMENT 

0.0,55 Z 0.008 OUR AVERAGE 
0 0613_+0 0122 6AUGUSTIN 86 DM2 J"J ~ T1c~ J 
0 048 _+0 011 96=18 688ALTRUSAITIS86 MRK3 J.: ~ ~c3 

+ 0  042 ?9HIMEL 808 MRK2 ~(2E) 0 079 - 0  032 ~ ~7c ~, 

• • • We do  not  use the fo l low ing  d o l o  tar averages  hts I lmlls e tc  • • ° 
- :0 107 90 6 PARTRIDGE 80B CBAL J ~' ~ ~c~ 

1 ( ~ "  71"- K + K - ) / l ' t o t a  I l ' 5 / T  
VALUE EVT$ DOCUMENT ID TECN COMMENT 

+ 0,0029 
0 . 0 2 0 4 _  0 . 0 0 2 7  O U R  AVERAGE 

0 0 2 1  _+ 0 0 0 3  110 _+ 17 6 BALTRUSAITfS 86 MRK3 J ~  ~ 7)c~ l 

0 0 0 9  + 0 0 1 4  7HIMEL 80B MRK2 ~(2S) ~ ~7c'~ 
- 006 

] ' ( ~  ~ T r ) / I  to ta l  [ 6 / I  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.050 - 0011 OUR A V E R A G E  

0 054_+0 013 75-+11 6BALTRUSAITIS86 MRK3 J,"C, ~ ~lc) J 
0 036_+0 024 18 6PARTRIDGE 808 CBAL J'~ ~ ~ , ' r~ , ' r -3  

l ' (o< , , ' , ) / l ' t o ta l  17/I 
VALUE ~_llJl$ ro-_4~ EV_~S _DOCUMEN~ ID r_ECN COMMEN.,r - 
34 _+ 12 OUR AVERAGE Error inc ludes  scale fac lo r  of 15  
31_+ 7_+ 4 19 6BISELLO 86 DM2 J~ ~ 2,.'.'~ J 
80_+20_+25 16_+4 6BAUTRUSAITIS84 MRK3 J ~ - 20"~ 

I (/C~(892) ~I¢(892))/l'total 1 e / l "  
VAL_UE (unds I_9-4 ) EV , rS  DOCUMEN,r ID [ECN _COMMENT 
90 _+ 50 9 _+ 4 6 BALTRUSAITIS 86 MRK3 J.',~ ~ ~/c~ J 

J (,op)Irtota , ]'9/] 
VALU( (Un#S tO-4)  CL% EVf_S _DO C. UMENr I D. "[ECN COMMENT 

26_+8:5 113 81SELLO 88 DM2 J.'" ~ ~c") J 
• • • We do  not  use Ihe fo l l ow ing  d a t a  for averages  hts l imits etc  • • • 
< 140 90 6 BALTRUSAITIS 86 MRK3 J " ~ ~c~t 

I ( ~  ~ ) / l ' t o t o  I l ' , l o / I  
VALUE CL % DOCUMENT ID rECN COMMENT 
< 0 0 0 3 1  90 6 BALTRUSAITIS 86 MRK3 J,@ ~ ~c~ 

1 ( a o ( 9 8 0 ) / r ) / r t o t o  I l ' t , l / ' l  
VALUE CL% DOCUMENT ID TECN COMMENT 
< 0 . 0 2  90 610 []ALTRusAITiS 86 MRK3 J,"~ ~ tTc~ 

] ' ( a 2 ( 1 3 2 0 )  ? r ) / l ' t o l a  I l '12/1" 
VALUE CL% DOC_UMENr ID TECN COMMENT 
<0 .02  90 6 BALTRUSAITIS 86 MRK3 -~"¢ ~ ~ c )  

I ' ( f 2 ( 1 2 7 0 )  r / ) / l ' t o t a  I I '~3 / I  
VALUE CL % DOCUMENT ID fECN COMMENT 
<0.011 90 6 BALTRUSAITIS 86 MRK3 J,'~" ~ qc'~ 

[ ' ( T / ' ( 9 5 8 )  71" " n ' ) / r t o t a l  I '14/1" 
VALUE EVTS DOCUMENr ID TECN COMMENT 
0041 -+0 .017  14_+4 6BALTRUSAITIS86 MRK3 ,J"~-~ ~?c';' 

I ' ( K K ~ I ) / ]  l o l a l  1"~5/1" 
VAL UE CL % DOCUMENT lD TECN COM.M_E___NT 
~:0.031 90 6 BA-I~TRUSAITIS 86 MRK3 J.'~ ~ ~c~ 

I ( K ' * ( 8 9 2 ) ° K  - ~ r -  + C C ) / l ' t o l a  I 116 / l  
VALUE EVTS DOCUMENT ID rECN COMMENT 
0.02 -+ 0.007 63 ± 10 6 BALTRUSAfff$ 8b MRK3 J.~ ~ t/c'~ 

6The Quoted b r a n c h i n g  ratios use mR( J.'~ (I,9) ~ ~7c(IS') ~ ) 
0 0 1 2 7  _ 0 0 0 3 6  

7Eshmated us lng BR(~(25) ~ ~c(IS')~) = 00043  the errors do  ha l  con ta i n  
the unce r ta in l y  In the J(2S) d e c a y  

8Average  from K ~ K -  =0 a n d  K -  K 0 s • T- d e c a y  channe ls  
9Not seen by  Part r idge in K + K -  TrO 

~0We are assuming mR(do(980 ) ~ ~1,-r) 0 5 
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 c(2980), = J/ (3097) 

- - - -  RADIATIVE DECAYS - -  

[ ' (T  ?)/rtota~ 1"I~/1" 
VALUE (unlts +0 - 4 )  . CL % pOCUMEN!  ID F ECN C_.OMME_NT 

64 -4_+4  BAGLIN 87B SPEC DD ~ ";, 

• • • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  flts hmlts e l c  • • * 
"<'18 90 t i  BLOOM 83 CBAL J"~ ~ tic"; 

'HUsmng BR(J.,~(lS') ~ ~ / c (1S) ' ) )=  0 0127 -+0 0036  

]'~]',,/[~olo I in p p -  " q c ( l s ) ~  T T  1"2 I ' t7 / | ' 2  
VALUE run,is f 0 - ~ .  E_VTS DOC__U_MENT LD. TECN COMMENT_ _. 

+ 0 . 4 2  12 BAGLIN 878 SPEC p p - ~  3~, 0 . 6 8 _  0 31 

I'~ .//¢( is) - ,  
rto . / / ¢ ( 1 S )  
1"tt .//¢(1S) 
1't2 J / ¢ ( i s ) -  

I rts J/¢(~s) 
I'14 . / /¢ ( I .9  
l ls J/¢CIS) 
I'16 J/¢( IS) 
1"17 J / ¢ ( I S )  

I ' IB J / ¢ ( l s ) - - , ,  

I ['IR J / C ( l s ) - - ,  

r2 o .~PC(is) 
r21 J / ¢ ( l s )  

['2~ .// '~(ls)--" 
1"23 J/~,(IS) 
r2~ J / ' ¢ O S ) -  
1"25 J,I~,(ls) 

1"27 .//¢(IS) -,. 
['28 J / ¢ ( I S ) -  
1"29 J / ¢ ( l S ) -  
I~o J/~(~s) 
r~1 J/¢( ls)  
1"32 J/¢(IS) 

I~ J/¢(IS) 
['~ J/¢(IS)--, 
[% J/¢(Is) 
I"3~ ./I¢(~s) 
[ ' .  J/f.(~s)-..  
] '~ J,/¢(~s) 
1".0 J/¢(ts) 
I'~i J / ~ ( I s ) -  
['42 J /~ ( IS ' ) -+  
1",13 J,/¢ (4 S) 
I '~ J/¢(IS) 

1'4+, J/¢(~s)--,. 
1"47 J/ '~(ls) + 
l'48 

r/c(ls) REFERENCES 

BISELLO 88 PL B200 215 +Busettos (PADO CLER FRAS LALO) 
BAGL/N 878 P[ Bf87 for ~Baltd Bassomple.Ye BOfleon~+ (R704 Celled ) 
AUGUSTIN 86 MOrlOnd XXl 421 +AlOllOun~ BlselIO÷ (LALO CIER PADO FRAS) 
BALTRUSAITIS 86 PR 033 529 +Coffmon Housei+ (MARK Ill Coi led ) 
BERGER 86 PL 1670 120 +Genzel LOCXOS Plelorz+ (lASSO COlIOb ) 
BIS~ELLO 86 PL B179 289 +Busetto Castro L,menloni+ (DM2 CoIlab ) 
BLINOV 86 NOVO 86 107 +Blinov Bondo; Bukln+ (NOVO) 
GAIS~R B6 PR D34 711 +Bloom BUIO$ Godfrey+ (Ctv$1al BOll Cal lao ) 
ALIHOFF 858 ZPHY C29 189 +Blounschwe~g Kli'SC,~ttnk* O'A~SO Coi leD) 
BALTRUSAITIS 84 PRL 52 2126 • (CIT UCSC ILL SLAC WASH) JP 
BLOOM 83 ARNS 33 143 *Peck (S~.AC CIT) 
HIM(L 808 PRL 45 1140 +lrl lhng Abrams Alom+ (SLAC LBL UCB) 
PARTRIOG~ B011 PRL 45 1t50 +Peck+ (CIT HARV PRIN STAN SLAC) 

- - -  OTHER RELATED PAPERS - - -  

BLOOM 79 For. l ieD Syrup 92 (CIT HARV PRIN SLAC STAN} 

or J/~(3097) I IG(./PC) = 0-(I--) 

J/~(  tS) MASS 

We use i n d e p e n d e n t  m e a s u r e m e n t s  of t~e J.~(15") moss the  
~ ( 2 ~  moss. a n d  the  mass d i f f e r e n c e  to pe r fo rm a c o n  
s t r a i ned  fit 

VALUE (MeV) EVT~ DOCUMENt ID tECN COMMENt 
3096,93  _+ 0 .09  OUR AVERAGE 
3096 95 _* 0 1 ± 0 3 193 BAGLIN 87 SPEC OP ~ e + e -  X 
3098 4 _+ 2 0 38k LEMOIGNE 82 G O l l  190 GeV  tr~ Be - -  

2.u 
3096 93+_0  09 502 ZHOLENTZ 80 REOE e + e  - 
3097 0 _+ 1 t BRANDELIK 79C DASP e + e -  

1From a simultaneous tlt to e*e'- #+~ a n d  h a O r o n l c  c h a n n e l s  assure 
mg I ( e + e  - )  = I ( / ~ u  - )  

J/4,( IS) WIDTH 

vAtu~ (,~v) DOcuMEN~ ~ 
68 -_ 10 OUR EVALUATION Uses I ( e e )  f rom ALEXANDER 88 a n d  B~ (ee )  : 

BR(~u) f rom BOYARSKI 75 

JIll( IS') D E C A Y  M O D E S  

S c a l e /  
Fract lon ( r j l ' )  Conf  Lev 

I ' I  J / ¢ ( I S )  - , .  e + e  - ( 6.9 _+0.9 )×10-2 
[ '2 J/¢,(IS) ~ #+~.~- ( 6 9 =0 9 ) < I 0  - 2  

I'~ J/¢,(ls) ~ hadrons (86 0 =2.0 )~,i0 -2 
I" 4 J/¢,(IS) ~ vtrtua~ T - "  h a d r o n s  (17 o -_+2 0 )x~o -2 

H A D R O N I C  D E C A Y S  

r~ . / /¢ ( IS )  - -  ~r+~r- 
I'~ J/¢( IS)  --, ~-+~r-~ro 

1' l J / ¢ ( I S )  ~ 2 ( ~ r * z - )  
r B ~ / ¢ ( I s )  - -  2(~r+~r-)~ro 

( 1 4 7 ± . 0  2 3 ) × I 0  - 4  

( 1 50_+0  1 5 ) Y 1 0  - 2  

( 4 0 : 7 1  0 )'<,10 - 3  

( 3 4 2 = 0  3 1 ) ' : 1 0 - 2  

l'so 

#'5t 

] 'ss 

1 54 

I'ss 

] '57 

I'r:,8 

I '59 

[ 'eo 

1'61 

r 6 2  

1"63 

I'64 

F65 

] 67  

]'68 
1"69 
I"7o 
I"7t 
1"/2 

1"73 

r:~4 

3( / r+ ' t r  - )  4 o _*2 0 ) . 1 0  -3  
3 ( ~ r - ) ~ r  ° 2 9  ± o 6  ) - 1 o - 2  
4 ( / r - t r - ) t r  o 90  _*3 0 ) . , ' t0 - 3  
K + K -  2 36 ~ 0 30) • 10 -4 

~ s 2 -1o o CL:9O°, 
K~/~ I o i = o  18),IO -4 

K K 7 r  6 ~ .,t 0 )-I0-3 

~+~'-K+K - 7 2 ~_2 3 ). 10 3 

2(~"~-)K+K - 3 1 ±~ 3 )-10 

~T~-~°K+E - 1 20-*0 30)" 10 -2 

2 ( K + K  - )  7 0 _+3 0 ) . .<I0-~ 
t) 7~ t 28=0 1 0 ) - 1 0  - 2  

p ° T f °  4 2 _+0 5 ) 110 . 3  

~)Y/ t 93 = 0 32) • 10 - 4  

p~7'(958) 9 6 _*~ 8 ).I0 -s  S:12 

u ; ? r + ~ I  "" 7 0 = 0  8 ) ' ~ I 0  - 3  

~"/1"+71"~T-Tr - 8 5 +_3 4 )<I0 -3 

w K ~ (  1 6 _+ 1 0 ) . 10 - 3  

,,: f2(1270) 33 _,-0 7 ).I0 -s S=15 

w f ~ ( 1 5 2 5 )  1 6 " 10 - 4  Ct=90% 

u.' i  7 1 71=0 2 2 ) .  10 - 3  

~'(958) ~ 66 ± 0 25)" 10 - 4  

~'f l 'C 48 z 0  7 ) . I 0  " 4  

r;~ o -.  6 8 ,10 -6 

d) ~T~ ~ - ( 7 9  + _ 1 6 ) - 1 0  - 4  

O 2 ( 7 r  ~ Tr - ) -. 1 5 "I0 -3 CL=90% 

oKK ( 1 8 ±0 8 ) . t 0  - 3  

~'~/ ( 7 14=0 3 0 ) . t 0  - 4  

, . , ,q ' (958)  ( 3 8 = o 4  ) , + o  -4  s:16 
@1~(1270) < 3 7 "10 -4 C1=90% 

, p 1 ~ ( 1 5 2 5 )  ( 4 5 _+ o 5 ) " 10 -4 

¢fo(975) ( 2 9 -*0 4 )',10 -4 

a~(1320) ± z ~ -, 4 3 " 10 -3 CL=90% 

a~(1320)p ( 8 6 ±~ 3 ) ,10-3 

K +/~(892)- + c c ( 3 8 -* 0 7 ) ~ I0- 3 5=2 0 

K°~'*(892) ° + c c ( 3 7 -* 0 8 ) , 10 -3 S=2 1 

K~k(1430) + C C < 4 0 " t0  - ~  CL=90% 

K~(892)° K~(892)° ~ 5 "10 -4 CL=90% 
K~(1430)°K~(1430) ° < 2 9 " 10 -3 CL=90% 

J/~( IS) ~ K~(892)oK~(1430) o 

+cc 

. / / ~ ( I S )  --* b , ( 1 2 3 5 ) - *  z ~ 

.//¢(1s) 
J/COs) 
J/¢(~s) 
.~/¢(ls) 
J /¢( ls)  
J/ ¢( Is) 
J/¢(Is)  
J/¢,(1~ 
. / / . ;( is) 
J,,'¢(IS) 
J/~(lS) 
./,'¢(4s) 
J1¢(1~ 
J/¢( Is) 
J/,] (IS) 
.//¢(1S) 

J,,'C(Is) 
J/¢( Is)  

J/ ¢( ls) -+ 
J/¢,(1~ --  
J / ¢ ( t ~  
J/¢( ls) - .  
J/¢,( I~ - -  

( 6 7 =2 6 ) , I 0  3 

_ pp~ro 
pr )Tr  • 

p p ~ -  t r -  7r o 
p ~ /  
p~)p 

--, pp~?'(958) 

%~- + C C  

--~ w -  

nn 

n~: , r -  ~ - 
3 (1232 ) t  +~(1232)  - -  ( 1 lo -*o 29). 1o-3 
E ( 1 3 8 5 ) - ~ - ( 1 3 8 5 )  + ( I o3 -o  13) . io  3 
(or C c ) 

~(1385)-~-" (or CC)( 3 1 -*o 5 ).1o-'~ 

A(1232)÷-~,'n-- 16 ±o 5 ).Io-3 

%k-Tr ~ (or C C )  I 06-+0 12). I0 -s 
pK-A 8 9  * - _ 1 6 ) . 1 0  - 4  

PK -'~° 2 9 =0 8 )- 10 '4 

P K - ' V ( 1 3 8 5 )  ° 5 1 *_3 2 ) . 1 0  - 4  

~K-*K~TT "T" 2 9 zO 7 )'10 3 

~K~(892)/(+ CC 53 ±2 0 ).I0-3 

2 9  z 0  7 ) , 1 0  - 3  

2 1 6 = 0  1 1 ) x 1 0  3 

'~ 09 ± 0 09)  • 10 " 3 

2 00_*-0 t 0 ) .  10 - 3  

6 0  _ - 0 5 ) ' 1 0  -3  S=13 

2 3  * _ 0 9 ) . 1 0  -3  S=19 

2 0 9 ± 0  18)-10 -3  

3 1 • 10 - 4  CL=90% 

1 3 0 = 0  2 5 ) ' I 0  - 3  S=13 

9 ±4 )x10  -4 S:17 

1 35 -* 0 14) ~ 10 3 S:1 2 

1 5 " 10 - 4  CL=90% 

1 8  ± 0 4  ) 7 1 0  -3  S : 1 8  

3 8  +_0 5 ) , 1 0  -3  

1 8  ± 0 9  ) . I 0  - 3  

4 --+A ) , 1 0 - 3  
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M e s o n  F u l l  Listings 
Jldl(IS) = JI (3097) 
I'T5 31¢,(4S) ~ oK=/~r~- 
1"70 Ji~(IS) ~ OK~(892)K' + c c 

1'~ J15(15) ~ ~;f,(1420) 

I'T8 J/~(IS)~ <',f,(1285) 
1"79 J /¢ ( IS ' )  ~ ~(1530)-.~ + 
Iso J/~(1S) ~ - - - (1530)o_ L:o 
1"8~ J/'~ ( lS) ~ '~'~ TrO 
1"82 J / ¢ ( I S )  --*, ~o~  
1"~3 J / '~ ( IS )  ~ " (1385) ° :~  
le4 J /~ (1S)  ~ A ( 1 2 3 2 )  + 

( 7 0 _+1 2 ) x l O  - 4  

( 2 0 : 0  4 ) × 1 0  - 3  

+ 2  ( 6 8 - 2  5 ) , , . 1 0 _ 4  

( 8 ± 5  ) x 1 0  - 5  S = 2 2  

( 5 . 9  ___1 5 ] ' ~40  - 4  

( 3 . 2  -+1 4 ) × t 0  - 4  

( 2 2 ± 0  7 ) × t 0  - 4  

< 9 "~ t0  - 5  CL=90% 

< 2 "(40 - 4  CL=90% 

< t K 10 - 4  C L : 9 0 %  

RADIATIVE DECAYS 

l'e5 J / ¢ ( I S )  ~ 7T 
i'86 J, /~(1S)  ~ 37 
I'87 J /¢(1S)  ~ ~o 7 

1"88 J /¢ ( lS )  ~ q7 
189 J/COS) ~ n'(958)7 

I'9o J/~(IS) ~ ~7c(45")T 
1"9~ J / ~ ( 4 5 )  ~ f2 (4270)T  
I"92 J / ~ ( ¢ S )  ~ f ; ( 1 5 2 5 ) ~  
I'93 J / ' ~ ( l S )  ~ f .C1285)y 
1"94 J i ~ ( I S )  -~  7 / (1430)7  

Fg6 J / .~ ( IS)  ~ f~(1720)'y 
r97 J / ~ ( I $ )  -,, X ( 2 2 2 0 ) 7  
r98 JI'~(IS) ~ p p t r ' ~ - 7  

rg~ J /¢ , ( IS)  ~ ~ P T  
i'~00 J /~ ( ' IS )  ~ 2 ~ + 2 ~ - - y  
1'1Ol J/¢(1S)  ~ ~ - ~ r ~  
I'~o; J / ¢ ( l S )  - *  ~ o : 7  
r~o 3 J / ¢ ( t S )  --. ~ o T  
r lo 4 JI~(15) -* ~'~r-27rO 7 
I'~o s JI~(4S) ~ f , (2050) 'y 
1"to ~ JI~,(1S) ~ .% ~ ' y  

< 5 × 1 0  - 4  

< 5 5 < t 0  - 5  

3 9 -+1 3 ) × 1 0  - 5  

8 6 - + 0 . 8  ) × 1 0  - 4  

4 2 ± 0  4 ) × 1 0  - 3  

I 3 ± 0  4 ) x l O  - 2  

1 3 8 : 1 : 0 . 1 4 ) × 1 0  - 3  

2 3 -- .0°5 ) × 1 0  - 4  

< 6 × 1 0  - 3  

( 4 ? ±0.6 )x10 -3 

( 3 8 _+ I 0 )×  I 0  - 4  

< 7 .9  ~ I 0  - 4  

4 . 5  - 0  8 ) × 1 0  - 3  

3 3 -0 6 ) x 1 0  - 3  

6 t -+-.t 0 ) x 1 0  - 3  

1 59_+0 3 3 ) X 1 0  - 3  

3 t _+0 8 ) × 1 0  - 4  

8 3 ± 3  I ) X l O  - 3  

2 7 ± 0  8 ) × 1 0  - 3  

< 1 3 '< 10 - 4  

CL=90% 

CL=90% 

S=I 2 

CL=90% 

CL=90% 

S=t 3 

CL=90% 

J/~( Ib")  PARTIAL WIDTHS 

l , (e+ e - ) 1, 
VALUE (~eV) DOCUMENT S~) TECN COMMENT . . . . . .  
4 • 7 2 ±  0 .35  ALEXANDER 88 R V U E  See T mml  r e v i e w  J 
• • * We do  not  use the  f o l l o w i n g  d a l o  for o v e r a g e s  flts l imits e t c  • • • 
4 4 ± 0 6 2 BRANDELIK 79C DASP e + e -  
4 6 -+0 8 3BALDINJ 75 FRAG e + e  - 
4 8 ± 0  6 BOYARSKI 75 MRKI e + e  - 
4 6 ± I 0 ESPOSITO 758 FRAM e + e- 

2Flora a s i m u l t a n e o u s  l i t  to  e + e -  ti + j . l -  ~nd t~od lon ic  c h a n n e l s  assure 
mg I ( e + e  - )  = I ( p + p  ) 

3Assuming  e q u a l  pa r t i a l  WlCIths for e + e  - a n d  , u i ~  - 

FCIx ÷/.l- ) 12 
VALUE (keV) DOCUMENT #D TECN C(~.MMENT _- . 

• • • We do not use the follOwlng data for averages fits hmlts etc • • ° 

4 8±0 6 8OYARSKI 75 MRKI e+e - 
5 0 ± t 0 ESFOSITO 758 FRAM e + e -  

l ' ( had rons )  I'3 
VALUE (l~eV) . DOCUMENT ID T[GN CO f!tMENr 

• * * We do  not  use the  t a l l o w i n g  d a t a  for a v e r a g e s ,  fits l imits e l c  • * • 
59 ± 24 BALDINI 75 FRAG e + e -  
59 ± 14 BOYARSKI 75 MRKI e + e  - 
50 = 2 5  ESPOSITO 758 FRAM e + e  - 

l ' (vlrtuol T ~ hadrons )  1"4 
VALUE (keY) DOCUMENT ID TECN COMMENT_. 

t2 ,  = 2. 4 BOYARSKI 75 MRKI e + e -  

41nc ludec l  in I ( h a d r o n s )  

i ( ~ ' y )  i ' ~  
VALUE (eV) CL% DOCUMENT lob_. TECN C~'fMENT 
"<5~4 90 BRANDELIK 79C DASP e + e -  

J /~ / (1~  r (1 ) r (e  + e - ) I r ( t o t a l )  

This c o m b i n a t i o n  of o pa r t i a l  Wldth w i th  the  pa r t i a l  w i d t h  Into 
e + e -  a n d  wi th  the  to ta l  w id th  is o b t a i n e d  t ram the  
i n t e g r a t e d  cross sec t i on  in to C h a n n e l [  in the  e + e -  a n n l h l l o  
t lon  

I ( e - e - )  × r ( e * e - ) l l t o t o l  r l r J r  
VALUE (keV) DOCUMENT ID TECN cO_M_MENr 

• • • We do  not  use the  f o l l ow ing  d a t a  tar a v e r a g e s  fits l imits e t c  • • • 
0 35 ± 0 02 BRANDELIK 79C DASP e + e -  
0 32 ± 0 07 5 BALDINI 75 FRAG e + e -  
0 34 ± 0 t4  8EMPORAD 75 FRAB e + e -  
0 34 -+ 0 09 5 ESPOSITO 750 FRAM e + e -  
0 3 6 - + 0  10 5FORD 75 S P E C  e + e  - 

i ' ( /x+ lu- )  "x: i ' ( e ' e - ) / l ' t o i o l  1"2ii/1 
VALUE (kev.) DOCUMENT ID TECN COMMENT. 

• • • We d o  not  use t he  f o l l ow lng  d a t a  for a v e r a g e s  hts h i l t s  e t c  • • • 
0 31 _+0 09 BEMPORAD 75 FRA8 e + e  - 
0 5 1 _  0 09 DASP 75 DASP e + e  - 
0 38_+0 05 51:SPOSITO 758 FRAM e + e  - 
0 46  -+ O. 10 5 LIBERMAN 75 5PEC e "t" e -  

l'(Inadrons) × l ' ( e + e - ) / i t o i a l  i3 i  ti1 
VALUE (keY) DOCUMENT I0 TECN COMM_E_Nr 

• • • We do  not  use the  fo l l ow ing  d o I o  for a v e r a g e s  fits, l imits e t c  * • • 
4 -+0 8 5BALDINI 75 FRAG e + e  - 
3 9 - + 0 . 8  5ESPOSITO 758 FRAM e + e  - 

5Da ta  r e d u n d a n t  w i th  b r o n c h l n g  ratios Or pa r t i a l  w id ths  a b o v e  

J /4 / ( IS )  BRANCHING RATIOS 

For t he  first four b r a n c h l n g  rahos see also the p o l h a l  w id ths  
a n d  ( p a r t i a l  wlc l fhs) ~ I ( e  + e - ) / l  Iorol a b o v e  

l ( e  + e - ) / l  to lo l  1"I/1 
VALUE DOCUMENT ID TECN .C_OMMENT. 
0 .069  _+ 0 ,009  BOYARSKI 75 ~,IRKt e + e -  

FOx" l.Z- )/1 total 1'2/[ 
VALUE DOCUMENT ID TECN COMMENT 
0 ,069  _+ 0.'009 BOYARSKI 75 MRKI e + e -  

l ' (hadrons) / l ' total  1 3/I" 
VALUE DOCUMENt ID T~CN COMMENT 
0 ,86  _+0,02 BOYARSKI 75 MRK1 e + e  - 

l ' (v l r tua l  T ~ hadrons) / l ' to ta l  1'4/I 
VALUE DOCUMENT ID TfCN COMMENT 
0.17 _+ 0 .02  6 BOYARSKI 75 MRKI e + e -  

O l n c l u d e d  in I ( n o d r o n s ) / I  IOtOi 

l ' ( e  ÷ e - ) / l ' ( u  +/.x - ) 1 i / l ' i  
VALUE OOCUMENT ID TECN COMMENT 

0°98 _+ 0 .04  OUR AVERAGE 
1 00 ± 0 05 BOYARSKI 75 MRK1 e + e -  
0 91 ± 0 15 ESPOSITO 758 FRAM e + c -  
O 93  ± 0 10 FORD 75 SPEC e + e- 

- - -  - HADRONIC DECAYS 

I ' ( ' l r  - l r - ) / I  to ta l  
VALUE~ndS rO - 4 )  EVT~ 
I , 47  ± 0 .23  OUR AVERAGE 
'I 5 8 ± 0  2 0 ± 0  15 84 
1 0  ± 0 5  5 
1 6  . ~ t 6  I 

1"(71"" Tr-  l T O ) / l ' t o t o I  
VALUE EVr5 
0.0450 ± 0.0045 OUR AVERAGE 
0 0149 ± 0 0022 
0 015 -+0 002 t68  

1 " ( 2 ( ~  + ; - ) ) / l ' l o t o l  
VALUE EV~ 
0 .004  _+ 0.001 76 

I (2(~r - 7r-)~rO)/l 'OtOl 
VALUE EVT5 
0.0342 ± 0.0031 OUR AVERAGE 
0 0317 z 0 0042 147 
0 0364 ± 0 0052 1500 
0 04 ± 0 04 675 

I s / l "  

_DO CUMENT_ID FECN_ COMMEN~ _ 

BALTRUSAITIS 85D MRK3 e + e -  
BRANDELIK 788 DASP e + e  - 
VANNUCCI 77 MRKI e + e -  

DOCUMENT ID TECN COMMENT 

EINSWEILER 83 MRK3 e + e -  
FRANKLIN 83C MRK2 e + e -  

1"6/1 

1 8/1 
DOCUMENT ID TECN COMMENt 

FRANKLIN 83C MRK2 e + e -  ~ h o d r o n s  
BuRMESTER 77D PLUT e + e -  
JEAN-MARIE 76 MRK1 e + e  - 

l 7 / | "  

DOCUMENT ID TECN COMMEN.T 
JEANMARIE 76 MRK1 e + e  - 



See key on page 129 
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Meson Full Listings 
J/~(1S) = J/~(3097) 

1"(3(11 -+ l r - ) ) / l ' t o t a  I Fel l"  
V_ALUE (unlt$ TO- 4j E__VTS DOCUMENT tD TECN COMMENT 
40 -+ 20 32 JEAN-MARIE 76 MRKI e + e -  

l ' (  3 ('~ "+ 7 r - )  ? r O ) / l ' t o t o  I r .10 / l "  
VALUE EVT$ DOCUMENT I0 TECN COMMENT 
0 ~ 2 9  +_ 0,006 OUR AVERAGE 
0 028-+ 0 009 t i  FRANKLIN 83C MRK2 e + e -  ~ h o d r o n s  
0 029 _+ 0 007 t81 JEAN MARIE 76 MRK1 e + e -  

r ( 4 ( / r  + ~-) 7r°)/l'totol [ ' . v i i i "  
VALUE_ (units!O - 4 )  _ EVTS__ DOCUMENT tD _ [ECN_ _COMMENT 
90_+30 13 JEAN-MARIE 76 MRK1 e + e  - 

I ' ( K  + K - ) l r t o t a  I I "12/ I "  
VAL.UE (unlts ~o -4L .  E V T S  _DOCUMENT ID TECN COMMENT 
2 .36  -+ 0 .30  OUR AVERAGE 
2 . 3 9 - + 0  24_+0 22 107 BALTRUSAITIS85D MRK3 e + e  - 
2 2 -+0 9 6 BRANDELIK 79C DASP e + e  - 
2 0 _+ 1 6 2 VANNUCCI 77 MRKI e + e  - 

]'( KI~j K~;')/]'tara I 1"t3/]" 
VALUE. (uni!s ~0 - 4 )  ._ CL % DOCUMENT tO TECN COMMENT __ 
• < 0 . 0 5 2  90 7 BALTRUSAITIS 85C MRK3 e + e -  

7 F o r b l d d e n  by  CP 

I ' ( K K l r ) / I  t o ta l  1"~I I" 
VALUE (units fO - 4 )  _ E V T S  DOCUMENT ID TECN COMMENT 
64 _ 10 OUR AVERAGE 
55 2 -+12  0 25 FRANKLIN 83C MRK2 e + e  - ~ K + K - ~  "° 
7 8 . 0 - + 2 1 . 0  126 VANNUCCI 77 MRKI e + e  - ~ K~K_+~ "~" 

l '( 'Tr- i F  K + K -  ) / l ' t o t a  I 1 " t 6 / r  
VALUE (.UmIS TO_ - 4 )  EyTs pO_CUMENF ID TECN COMMENT 
72 -+ 23 205 VANNUCCI 77 MRKI e + e -  

I '(2(~ "+ "n'-) K + K - ) / r t o t a  I 1"17/l" 
VALUE..(und$ 10 - 4 )  ._ E V T S  DO_CUM_ENT tD [ECN COMMENT 
34 _+ 13 30 VANNUCCI 77 MRKI e + e -  

l ' ( ~  "+ ~1"- "rrOK + K - ) / l ' t o t a  I 1"18/1" 
VALUE EVTS DOCUMENT ID TECN COMMENT 
0.0~1"2 - - - 0 .003  ~309 ~/ANI~IUCCI 77 MRKI e + e  " ~ -  - -  

1 " ( 2 ( K  + K - ) ) / r t o t a [  1 t 9 / r  
XALUE (unjJs TO- 4) D o.CUMENT tD TECN COMMENT 
7 -+ 3 VANNUCCI 77 MRK1 e + e -  

r ( . o / r  ) / l ' t o t o  I 1"20/1" 
VALUE E v r s  DOCUMENT IO TECN COMMENT 
0.0128 _+0.00~0 IDUR AVERAGE . . . . . . . . . . . . . .  
0 0142 -+ 0 0 0 0 i  _+ 0 0019 COFFMAN 88 MRK3 e + e -  
0 013 _+ 0 003 150 FRANKLIN 83C MRK2 e + e -  
0 016 _+0 004 183 ALEXANDER 78 PLUT  e + e  - 
0 0133 ~ 0 .0021  BRANDELIK 788 DASP e + e -  
0 010 _+0 002 543 BARTEL 76 CNTR e + e  - 
0 013 -+0 003 153 JEANMARIE 76 MRKI e + e  - 

[ ' ( p O 7 r o ) / r ( p  ~r) 1"2~/I'20 
VALUE DOCUMEN_T ID TECN COMMENT ..... 
0 .328  -+ 0 •005 - -  + 0 . 0 2 7 - -  COFFMAN 88 MRK3 e + e -  
• • • We d o  not  use t he  f o l l ow ing  d o t e  for a v e r a g e s ,  fits l imits e t c  * • • 
0 36 _+0 03 SCHARR~ 79B MRKI e + e  - 
0 35 - -0  08 ALEXANDER 78 PLUT e + e  - 
0 32 -+ 0 08 BRANDELIK 78B DASP e + e -  
0 39 "~0 11 BARTEL 76 CNTR e + e  - 
0 37 _+0 09 JEANMARIE 76 MRKI e + e  - 

l ' ( p  T / ) / l ' t o t a  ~ 1"22/I" 
y A L U E ~ s  TO-3 L DOCUMENT ID__ [ECN. COMMENT 
0.~93 -+0.0~3 +_0.029 COFFMAN 88 MRK3 e + e  - ~ ~ ' + ~ . - ~  

I ' ( p  ~/'(958))/1"101a i l ' 2 j l "  
V_ALUE (units fO - 3 )  E__VTS _DOCUMENT ID TEC_N COMMENT . . . .  
0.096-+ 0.018 OUR AVERAGE Error InC ludes  s c a l e  f a c l o r  of 1 2 
0 114 - . 0  014 -+0 0 t 6  COFFMAN 88 MRK3 J,,~{ ~ ,'T+~'--ty I 
0 078 - 0 0 t 7  Z 0 012 18 AUGUSTIN 86 DM2 J.,~ ~ h a d r o n s  I 
I ' (~ '  IT + ~r - ) / l ' t o t a  I 1'24 / 1" 
VAL_U~ (un,s TO-3) EVTS pQCUMENT tO_ TECN C_.OMMENT _ 
7.0 -+- 0 .8  OUR AVERAGE 
6 6 -+ I 0 _+ 0 6 AUGUSTtN 86 DM2 J,,'~ ~ ha ( I rons  I 
7 8 - + I  6 215 BURMESTER 770 PLUT e + e  - 
6 8 • 1 9 348 VANNUCCI 77 MRKI e + e -  

2 ( = +  = - ) = o  

] ' ( , ,  7r + 7 r - ) / r ( 2 ( t r -  7r-)  7re) 12~..' 18 
VALUE DOCUMENT tO FECN COMMENT 

• • • We d o  not  use the  fo l l ow ing  d o t e  for o v e r a g e s  hts hmllS e t c  • • • 
0 3 8JEANMARIE 76 MRKI e + e  - 

8Final s ta te  ( , ~  = - ) r  ° u n d e r  the  a s s u m p t i o n  Ihe t  ,-r= is isospln 0 

l ' (u : 'n  "+ "n "+ ";r- ~ - ) / 1  total  ] 2s,,l  
VAL_UE (unl~.~O -4 )  _ EV'['~ 
85 - 34 140 

_D_OCUME_NT /D TECN COMMENT 
VANNUCC[ 77 MRKI e + e  - 

3(;= ~ ;.:- ),-r0 

l ' (  u." K tO / l ' tota I 
VALUE (un_~ts fO-4J EVTS L)OCUM_E.NT ID [ECN_ COMMENT 
16 _+ 10 22 FELDMAN 77 MRK1 e + e 

1 " (~  f 2 ( l  2 7  0 ) ) / I ' t o l a l  
VALUE (un_/r_s T O - 3 )  EV[S_ D__OCUMEN. T ID IECN COMM_ENT 
3.3 _+ 0 .7  OUR AVERAGE Error i n c l u d e s  sca le  tecta= of i 5 See the  i d e o  

g r o m  b e l o w  
4 0 -+ 0 6 AUGUSTIN 86 DM2 J ' ;  ~ hod ron$  
4 0 _* 1 .6  70 BURMESTER 77D PLUI e + e -  
l 9_+0 8 81 VANNUCCl 77 MRK1 e + e  - 

2(r, + :,r-) =0 

WEIGHTED AVERAGE 
3 3  : 0 7  (Error sca led  b y 1 5 )  

/ 

0 2 4 

I(,,-'/2(1270))/I 'ota, 

1"( . , : f~(1525)) /1  io ta ,  
VALUE (un,rs w_.7.4 ) C_.L% 
< t  6 90 

1"(~ ~)/rtotoL 
VALUE.~umts rqTJ) 
1.71 _ + 0 . 0 8 _ + 0 . 2 0  

I (~ r/'(958))ll'toml 
yALUE (unns 10- 3,) 
0 166 _+ 0.017 _+ 0.019 

I'(= ;~'°)ll'1otal 
_VALUE ~ t0- 3Z._ 
0.482 ~ 0.019 _+ 0 .064 

126/I 

1 21/ I  

X 2 

AUGUSTIN BB DM2 " ~  
BURMESTER 770 PLUT 02  
VANNUCCI 77 MRKI 3 I 

4 8  
(C~nl,dance Lsvsl -- 0 1001 

6 8 10 

128/I" 
D_OCUMEN_T.ID [ECN COM__M_ENT 
VANNUCC[ 77 MRKI e + e -  

:r+ : r -  rOK+ K - 

_DO_.CUMEN_r ID [E.CN COM_I~ENT 
COFFMAN 88 MRK3 e + e  - ~ 3 ~ 7  

D.O_CUMENT IO TECN COM/yfE.NT 
COFFMAN 88 MRK3 e ' e -  ~ 3 ~ 7 '  

DOCUMENT ID TECN COMMENT 
COFFMAN 88 MRK3 e + e -  

~o ? • ,, - rrC 

l(,;,,'ro)/L tote, 
VALUE (un#s ro - 4 )  pQCUMENT ID 
< 0 . 0 6 8  COFFMAN 88 

l ' ( q ,  ?r ÷ '71"- ) / | ' t a r a  I 
VALUE (unas "10.732 EVT$ POC_UMENT iD 
0 .79  : 0.16 OUR AVERAGE 
0 75 -+ 0 16 AUGUSTIN 86 
2 1 +_ 0 9 23 FELDMAN 77 

i ' ( r ) 2 ( ~ ' *  71"-))/I total 
)fAt uE (u,~itt_1_o - 4) CL % 
<15 90 

I 29 / l 

[ 3 0 / I  

] 31/]  

132,1 
[ECN COMMENT 
MRK3 e+ e - ~ K* K- :rc 

133 [ 
TECN COMMENT 

DM2 J " . he ( I rons  
MRKI e + e  - 

134:I 
DOCUMENT ID .TECN COMMENT 
VANNUCCI 77 MRKI e *  e -  .~ 

2(=+ : : - ) K + K  ~ 
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M e s o n  Full  Lis t ings  

J/ (IS) = J/ (3097) 

I (,  . K I O / I  Io ta l  1 35,/r 
VA~U~ (un;/s fO - 4 )  EVT$ DQCUME.NT ID TECN C_OMM_ENT 
18 _-, 8 14 FELDMAN 77 MRKI e ÷ e  - 

I (,.', q ) / l  to ta l  136. 'T  
X'ALUE (units fO 3) EVT$ DOCUMENT ID .TECN COMMENT 
0 714 _+ 0 030 OUR AVERAGE 

0 661 _+0 0 4 5 * _ 0  078 COFFMAN 88 MRK3 e + e  - ~ K + K - n  
0 72 : 0 03 ~ 0 01 330 AUGUSTIN 86 DM2 J " ~ h a d r o n s  
1 0 - + 0 0  5 VANNUCCI 77 MRKI e ~ e  - 

~'.+ : - ~OK+ K -  

I (,:, r / ' ( 9 5 8 ) ) I I  t o ta l  I 3 7 / |  
VALUE (unds 10- 3) CL % EVT5 _DOCUMENT ID [ECN COM_MENT 

0 38 _+ 0 .04  OUR AVERAGE Error i n c l u d e s  s c a l e  f a c l o r  of 1 6 
0 3 0 8 - + 0  0 3 4 * _ 0  036 COFFMAN 88 MRK3 e + e  - ~ K~K-~7" 
0 40 : 0 025 ~ 0 01'177 AUGUSTIN 86 DM2 J " ~ h o d r o n s  

• • • We do  no l  use t he  to l low~ng d a t a  for a v e r a g e s  fits l imits e l c  • • • 
<1  3 90 VANNUCCl 77 MRK1 e ~ e  - 

I ( , . ' , f 2 ( 1 2 7 0 ) ) / l ' t o f a  ~ 
VALUE (un,ls ~0 - 4 )  CL% 
< 3 . 7  90 

_DOCUMENT /D TE.C_N COMMENT 
VANNUCCI 77 MRKI e + e  - 

= . ~ - K + K  - 

I ( , ; , f ' ~ (1525 ) ) / I  tota~ 
V.4LUE (units 10-4) EVT$ DOCUMENT ID 
4.5  ~+ 0 .5  OUR AVERAGE 
4 5 ± 0 5 AUGUSTIN 86 
3 4 - + I  3 46 9GIDAL 8'1 
8 0__5 0 6 9VANNUCCI  77 

9Assumes  /2 (1525)  . KK ~S 100% 

l (C, f o ( 9 7 5 ) ) / l ' l o t a l  
VALUE (unlts I 0 - 4 3  EVTS DO_CUMEN T /D 
2.9  _+ 0 .4  OUR AVERAGE 
3 1 -+ 0 6 to AUGUSTIN 86 
2 . 6 - + 0  6 50 10 GIDAL 81 

10Assuming BR(fo(g75 ) ~ ,-r r,) = 0 78 

I ' (0~(1320)  -+ 7r : ) / l ' t o ta  I 
VALUE (un.s ~0- 43 CL % 
- -43  90 

l'(a~(1320) t ) ) / l ' t o t a  I 
yALUf (units ~0- 3) E VTS DOC_UMENT ID 
8 6 .+_ 1.3 OUR AVERAGE 
8 5 _+ 0 3 _+ 1 3 AUGUSTIN 86 
8 4 _+ 4 5 36 VANNUCCI 77 

38,,'[ 

I 3 9 / ] "  
7_ECN COMMENT 

DM2 J ~ ~ h a d r o n s  
MRK2 e + e -  
MRK'1 e + e  - .  2 ( K ~ K  - )  

] 40., ']  
7ECN .C__OMMEN_T 

DM2 J',~ o ha( I rons  
MRK2 e + e -  

[ 4,1,,' ] 
DO.C_UMENT !D .TE_C_N CqMMENT 
BRAUNSCH 76 DASP e + e "  

I 42  / 1 
TE_C_N COMMENT 

DM2 J. ~ ~ h a d r o n s  
MRKI e + e  "- 

2(,-r + ~--),-rO 

2 
X 

COFFMAN 88 MRi(3 71 
FRANKLIN B3C MRK2 4 1 
VANNUCCI 77 MRK1 t 0 
8RAUNSCH 76 OASP 01 

"22  
{Conhdenco L~vel = O OO7} 

i I 

8 10  

I(K*K~(892)- + c c )lltoml 143 / I  
VALUE (un;ts fO-  3~ EVTS DOCU_M. ENT ID ~'ECN C'OMMENT 
3.8 : 0 .7  OUR AVERAGE ~rror ~ncluOes s c a l e  f a c l o r  of 2 0 See the  I d e a  

g r a m  b e l o w  
5 2 6 ± 0  13+_0 53 COFFMAN 88 MRK3 J '~ ~ K - - - K ~  "'T" 

K + K -  ~0 
2 6 -+ 0 6 24 FRANKLIN 83C MRK2 J. " ~ K + K -  ,TO 
3 2 ~ 0  6 48 VANNUCCI 77 MRKI J.~ ~ K-+K~' ,  ; 
4 1 _+ 1 2 39 BRAUNSCH 76 DASP J ~ . K -+ X 

WFIGHTED AVERAGE 
3 8  ± 0 7  I E r r o r s c a l e d b y 2 0 )  

4 

I (K+~(892) - + c c )II ~oto, 

I ( K ~ K * ( 8 9 2 )  ° + C C ) / ] ' to ta  ~ 144/I 
VALUE (un!ts I 0 -  3.~ EVTS_ DOCUMENT ID. TECN C_OMMENf. 
3.7 t 0 .8  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 2 1 
4 33 _+ 0 12 _+ 0 45 COFFMAN 88 MRK3 J ~  ~ K-+ K~tr ~: 
2 7 -+0 b 45 VANNUCCI 77 MRKI J.~ K ± K~j~r ~: 

I (K~Ic(892)~ ÷ c c )/I (K +/~'~(892)- + c c ) 
VALUE DOCUMENT tO TECN 
0 .82  _+ 0 .05  _+ 0 .09  C-OFFMAN 88 MRK3 

I ( K K ~ ( 1 4 3 0 )  + c c ) / I t o t o l  
VALUE (un#s 10- 43 CL % -DOCUMENT /D T_ECN 
~.40 90 VANNUCCI 77 MRK`1 
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  Ells 
- . 6b  90 BRAUNSCH 76 DASP 

I (K~(892)°)~k(g92)°)/l'total 
VALUE (units I 0 -  43 CL % DOCUMENT ID [ECN 
• 5 90 VANNUCCI 77 MRKI 

! (K~, (1430)°  K ~ ( 1 4 3 0 ) ° ) / I  ,oloJ 
VALU E Tunas tO 4) CL % DOCUM_E_NT ID TEC._N 
• : 2 9  90 VANNUCCI 77 MRK I 

] (K~(892)CK~(1430) o + C C ) / l l o t a l  
V:~L(JE (units 10" 4) EVT5 DOCUMEN T ID TEC~( 
67 _+ 26 40 VANNUCCI 77 MRKI 

t '(b1(1235)_+ ~ : ) / l  total 
VALUE (units f 0 -43  EVT~ DOCUM_ENT ID TECN 
29 t 7 87 BURMESTER 77D PLUT 

I ( p p ) / [  t a r o ,  
VALUE (unas ~0- 33 EVTS DOCUMENT ID TECN 
2.16 _+ 0.41 OUR AVERAGE 
1 91 _+ 0 04 -+ 0 30 PALLIN 87 DM2 
2 lb *- 0 07 ± 0 15 1420 EATON 84 MRK2 
2 5 _+ 0 4 133 BRANDELIK 79C DASP 
2 0 : 0 5 BESCH 78 BONA 
2 2 *-0 2 331 11PERUZZI 78 MRKI 

11Assumlng a n g u l a r  d lS t l l buhon  (1+cos  2tl) 

~ ( p b ) / I  (# ~#-) 
VALUE E V r S  DOCUMENT IO 
0 . 0 5 t  _+ 0 .02  20 12 WIIK 75 

t2AsSumlng  a n g u l a r  d is t r ibu t ion  (1+COS 2JJ) 

[ 44/I"43 
COMMENT 
J ,~ ~ K~*C892 ) 

+ c o  

1 45 / l  
COM_,MENT 
e+  e - ~ KgK~ 0 
l imits e fc  • • • 
e ~ e  - . K--- K~: r  

I ' 46 / I "  
COM.__MENT 
e + e  - 

,~ + Tr- K+ K - 

] ' 4 7 / l '  
COMMEt~T 
e + e  - 

T ,+~ -K+K - 

148/1 
COMMENT . 

E+T: -K+  K - 

1 4 9 / I  
COMMENT 
e+e  - 

I so / I 
COMMENT 

e ~ e  - 
e + e  - 
e + e  
e + e  - 
e + e  - 

I 5 0 / I  2 
TECN COMMENT 
PLUr e + e  - 

l (p~Trc)II total 15,,q 
VALUE (units TO" 33 E.VTS DOCUMENT ID TECN COMMENT 
1.09 *- 0 .09  OUR AVERAGE 
I 13 -+0 0 9 ± 0  09 685 EATON 84 MRK2 e + e  
I 4 _+ 0 4 BRANDELIK 79C DASP e + e- 
'I 0 0 + . 0  15 109 PERUZZI 78 MRKI e + e  

r ( p n T r - ) / I  total 1 52,/I 
VAL~J.E (L!n,ts I0 - 3 )  EVTS E)O_CUMENT ID TECN COM_M_{NT 
2 . 0 0  + 0.10 OUR AVERAGE 
2 02 -I- 0 07 *- 0 16 1288 EATON 84 MRK2 e + e -  ~ D ~ -  
1 93_+0  0 7 7 0  16 119'1 EATON 84 MRK2 e + e  - ~ D ~ . +  
I 7 -+0 7 32 BESCH 81 BONA e + e  - ~ O E -  
1 6 _+ ̀1 2 5 BESCH 81 BONA e+e - ~ pr + 
2 16-+0 29 194 PERUZZI ..78 MRKI e+e - o ~'=,- 
2 04_+0 27 204 PERUZZI 78 MRKI e+e - ~ Dr, + 

I ( p . l ~ T r -  7r ) / I  t o ta l  I "53 / I  
VALUE (units I 0 - 3 3  . E_V_r_S DOCUMENT IO TECN CO_M_MENT_ 
6.0  _+ 0 5 OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of 1̀ 3 See t he  i d e a  

g r a m  b e l o w  
6 4 6 - + 0  17 -+0  43 1435 EATON 84 MRK2 e ~ ' e  - 
3 8 -+ I 6 48 BESCH 81 BONA e + e  - 
5 5 _+0 6 533 PERUZZI 78 MRKI e + e  - 

l ' ( p ~ T r -  7r- zr0)l l ' tota j I sA/ r  
I n c l u d i n g  p p ~ +  7r, 3 a n d  e x c l u d i n g  w ;? ~" 

VA_L{JE (un#s TO-33 EV_T$ DOCUMENT !L~. TECN CO__MMENT 
2.3  *- 0 .9  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 9 
3 36 t 0 65 _+ 0 28 364 EATON 84 MRK2 e + e -  
l 6 *-0 6 39 PERUZZI 78 MRKI e + e  - 
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Meson Full Listings 
= J/ (3097) 

WEIGHTED AVERAGE 
6 0  ± 0 5 (Error sca led by  1 3) 

v 

2 4 6 

i (p~r. + ,~-)/u ,o,o, 

2 
X 

EATON B4 MBK2 10 
BESCH B' BONA 1 B 

RUZ;~I 78 M R K 1 3 6 0 7  

(Conhdence Level - 0188] 
f 

8 10 

WEIGHTED AVERAGE 
18  ± O 4  (Error scaled b y 1 8 )  

0 2 

I (~_~)/I ,o,o, (un,ts 

"• X2 
HENRARO 87 DM2 I 

~ .  £ATON 84 MR K2 14 
liERUZZI 78 MRK1 32 

~5 
(Conhdence Level - 00391 

I 

3 4 5 6 

1 o - 3 )  

l ' ( p ~ ) l l ) l i ' f o f a i  
_VALUE (unlts 10-3,) EVTS 
2.09 ± 0.~8 OUR AVERAGE 
2 .03  ± 0 . 1 3  z 0 .15 826 
25 - + 1 2  
2 3 ± 0 4 197 

1"(p p p ) / l'fofa~ 
y~(/~ (u,ms ,o- ~ C_L % 
< 0 . 3 t  90 

l ' (PP,- I . ' ) l l ' to ta i  
yALUE (~n,ts w ~  [__VTS 

l ' ss /I"  
_D_OCUMENT TO. T_ECN_ COMMENT 

EATON 84 MRK2 e + e -  
BRANDELIK 79C DASP • + e -  
PERUZZI 78 MRKI e + e -  

DOCUMENT ID T_ECN_ 
EATON 84 MRK2 

DOCUMENT /D TECN 

T's6/T" 
COMMENT 
e + e -  ~ hodrons  

I'~7/1" 
COMMENT 

1.30 ± 0.25 OUR AVERAGE Error inc ludes  sca le  factor  of t 3 
I 1 0 ± 0  1 7 ± 0  18 486 EATON 84 MRK2 e + e  - 
1 6 +_0 3 77 PERUZZI 78 MRK~ e + e  - 

l ' ( p p r / ( 9 5 8 ) ) / l ' f o f a  I 1"58/I" 
VALUE ~ I t s  f07 31 EVTS DOCUMENT I D  TECN COMMENT 
0.9 ± 0 .4  OUR AVERAGE Error inc ludes  sca le  factor of I 7 
0 68_+0 23_+0 17 19 EATON 84 MRK2 e + e  - 
1 8 ± 0  6 19 PERUZZI 78 MRKI e + e  - 

1"( 'l ~ ) / l ' i o ) o  I l ' sq / l "  
_VALUE (units f 0 7 ~  E VTS DOCUM_ENT /D_D TECN C O M M E N T  - - -  
1.35 _+0.14 OUR AVERAGE Error inc ludes  scale facTor of 1 2 
1 38 ± 0 .05  ± 0 .20  t847 
t 58 ± 0 08 ± 0 19 365 
2 6  ± 1 6  5 
I 4 ± 0 2 196 

r(.~2 + c c )ll'fofal 
yAiu~ ( u o ~ W - a L  CL% 
<0.15  90 

r(--_-=)Irioio, 

PALLIN 87 DM2 e + e -  
EATON 84 MRK2 e + e  - 
BESCH 84 BONA e + e -  
PERUZZI 78 MRK~ e + e -  

~__OCLIMEN.T fD_ [ECN C_OMMENT 
PERUZZI 78 MRKI 

1"60/I" 

e * e -  ~ \ x  

I'61/'T" 
VALUE (qn/ts_fO- 3~ EVTS DOCUMENT ID [ECN COMMENT 
1.8 ± 0 .4  OUR AVERAGE Error inc ludes  sca le  foc lo r  of i 8 See The i d e a  

I 4 0 z 0  1 2 ± 0  24 132:1:11 
2 2 8 ± 0  1 6 ± 0  40 194 
3 2 ± 0  8 71 

], x , ~  • 
( - - ) / 1  toTal 

VALUE (un,s ~0- 3 ) . . .  Err_§ 
3.8  ¢ 0 . 5  OURAVERAGE 
3 1 8 ± 0  4 2 ± 0  69 8 8 4 ± 3 0  
4 7 4 ± 0  48_+0 75 90 
7 2  _+78  3 
3 9  _±'T2 52 

l'(nn)/Ftofai 
VALUE (unlts ~0-21_ . . . .  
0.18 ± 0.09 

r ( n n  7r + = - ) I f ' r a t a  I 
VALUE [un/#$ tO- 3 . . . . .  ~ EVT$ 
3 . 8 ± 3 . 6  5 

g r a m  DelOw 
HENRARD 87 DM2 e + e -  
EATON 84 MRK2 e ÷ e -  
PERUZZI 78 MRKI e + e -  

DOCUMENT !Q_ [ECN 
1"62/I" 

COMMENT 

PALLIN 87 DM2 e + e -  
EATON 84 MRK2 e + e  - ~ "0~,.~_ 0 
BESCH 8# BONA o + e  - ~ ~ + ~ -  
PERUZZI 78 MRKI e + e  - ~ "¢0",0 

DOCUMENT ID [ECN COMMENT . . . .  
BESCH 78 BONA e + e  - 

l'63/l" 

DOCU.M[.NT ID TECN COMMENT - -  
BESCH 84 BONA e + e  - 

l ' 6 j l "  

I'(A(12321 + + ~(12321- - ) / l ' i o f o  i l ' o s / l "  
VALUE~umIs f0-31. EVTS DOCUMENT ID TECN COMMENT . _ .  
t .40 _±-0.09±0.28 233 EATON 84 MRK2 e + e  - 

I ' ( Z ( 1 3 8 5 ) - Z ( 1 3 8 5 1 +  (07  C c ) ) / J ' f o t a l  ] ' 66 / I "  
VALUE (units f0-3~ EVTS DOCUMENT ID TECN_ ~OMMENT 
1.03  ± 0 . 1 3  OUR AVERAGE 
1 . 0 0 ± 0 . 0 4 ± 0  2~ 634:1:25 NENRARD 87 DM2 e + e  - ~ Z ~ -  
4 . 1 9 ± 0 . 0 4 ± 0 . 2 5  7 5 4 ± 2 7  HENRARD 87 DM2 e + e  - ~ ~ i +  
0 . 8 6 ± 0 . 1 8 ± 0 . 2 2  56 EATON 84 MRK2 e + e  - ~ ~ * -  
1 . 0 3 ± 0 . 2 4 ± 0  25 68 EATON 84 MRK2 e + e  - ~ " * +  

r("(~3851- ~:- (or c c ) )ST ' tara  I 
VALUE_ (units #0- 31~ EVTS DOCUMENT ID 
0 . 3 t  ¢ 0 . 0 8  OUR AVERAGE 
0 3 0 ± 0 . 0 3 ± 0  07 7 4 ± 8  HENRARD 87 
0 3 4 : 1 : 0 . 0 4 ± 0 . 0 7  77:1:9 HENRARD 87 
0 29:1:0 1 1 ± 0 . 1 0  26 EATON 84 
0 3 1 ± 0  1 1 ± 0  11 28 EATON 84 

I ' ( A ( 1 2 3 2 )  + + ~ - ) / r i o f a  I 
VALUE (unlts f -O--  ~ Evr_~  DOCUMENT I D  

1.5B = 0.23 ± 0.40 332 EATON 84 

I'(A~-7r ÷ (or c c ))/rtofal 
VALUE (unlts f07 3 ) . EVTS 
1.06 ±0 .~2  OUR AVERAGE 
0 9 0 ± 0  0 6 ± 0 . 4 6  2 2 5 ~ 1 5  
I 1 1 ± 0  06+_0 20 3 4 2 ± 1 8  
%53 ±0.17 ±0  38 135 
I 3 8 ± 0 . 2 1 ± 0  35 148 

T'(JDK- 7~)/T'fota I 
_VALUE (unlrs ~O- 3) EVTS DOCUMENT ID 
0.89 ± 0.07 ± 0.14 307 EATON 84 

I ' ( p K -  ~°)/l'iofo I 
VAL.UE (units tO-3)  . E V e S  DOCUMENT IO 
0.29 :l: 0.06 ± 0.05 90 EATON 84 

l ' ( jO  K -  ~ ( 1 3 8 5 ) ° ) / l ' i o t o i  
yALUE (uniTs t O - . a L  - EVT_S 
0.51 ± 0 . 2 6 ± 0 . t 8  89 

1"(~KD/r,o,o, 
VALUE (units fO -41 EV_T_S 
1.01 ± 0 . 1 6 : 1 : 0 . 0 9  74 

T ' ( =  K :i: Ki~s ~ :~ ) / T ' t o l a  I 
VALUE (units TO- 4 ~  EVT_S 
29.$ ± L 4  ± 7.0 8 7 9 ± 4 1  

I '67/1 '  
TECN COMMENT 

DM2 e + e  - ~ ~ * -  
DM2 e + e  - ~ ~ * +  
MRK2 e + e  - ~ " - I -  
MRK2 e + e  - ~ "£.I+ 

l'6s/r 
COMMENT . - -  

MRK2 e + e -  

I"69/I" 
DOCUMENT.ID TE~N COMMLN. 7 .... 

HENRARD 87 DM2 e + e  - ~ A~  ÷ r -  
HENRARD 87 DM2 e + e  - ~ %~-~ r+  
EATON 84 MRK2 e + e  - ~ ~ + t r -  
EATON 84 MRK2 e + e  - ~ % ' - ~ ' +  

T'70/I  
TECN COMMENT . _ _  

MRK2 e + e  - 

1"71/1 
TEqN_. COMMENT . .  

MRK2 e + e -  

l 72/'1 
_DOCUM_EN[ I ~  [ECN - COMMENT 
EATON 84 MRK2 e + e -  

l r4,,'l 
p.OCU_M_ENT ID. .TECN COMMENT 
BALTRUSAITIS 850 MRK3 e + e -  

173.1 
DOCUMEN ~ I 0 _ .  TECN COMME_N_T 
BECKER 87 MRK3 e+ e - ~ hadrons 

I'(ccK~(8921~ ") + l'(c C )If'iota I 174/]" 
VALUE. (u~Its TO- 4) .. E y T 5  DOCUMEN_T ID_ [ECIV C OMME_&.. 
53 ± 14 :t 14 530 ± 140 BECKER 87 MRK3 e + e -  ~ hadrons  
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Meson Full Listings 
J/ (1S) = J/ (3097) 

1 (,.', K± Ktr, ; ) / r to to l  
VALUE (unl_l# fO-4~_ E_VTS 
7 ± 0.6  -+ 1.0 163 ± 15 

I'(<,K~(8921/0 + ['(c c 
_VALUE~umtS ~ -  4 2 EV'fS_ 
2 0 - 3 ± 3  1 5 5 ± 2 0  

I ' ( ~  f~(1420))/l'tota i 
V_~_LUE (~F/Es to-a_) E_VT5 

31 6 8 + 1 " 9 ± t " 7 "  - 1 . 6  111+26  

1"(0 f , ( 1 2 8 5 ) ) / l ' t o t a  i 
_VALUE (unJs "10 - 4 )  EVTS 
0.8 ± 0 . 5  OUR AVERAGE 
0 6 -+0 2 ± 0  t 1 6 ± 6  
I 7 7 ± 0  4 ± 0  25 10 

1 " ( . ~ ( 1 5 3 0 ) -  ~ + ) / [ ' t o t a l  
VALUE (units fO - 3 )  EVTS 
0.59 ± 0.09 ± 0.12 75+_11 

r(_--( 1530)0 ~- o)/l'totol 
VALUE {uqJtS tO - 3 )  E VTS 
0 . 3 2 ± 0 . 1 2 + _ 0 . 0 7  2 4 ± 9  

r( ~ X ~-°)Irtota, 
yALUE ~umIs ~0 - 3 )  E VTS 
0 . 2 2 ± 0 . 0 5 ± 0 . 0 5  19_+4 

r(z°X)Irto,o~ 
VALUE(units ~ CL % 
< 0 . 9  90 

1"(~(1385) 0 ~ ) / l ' t o f a  I 
V_ALUE~uoIis ~0- 3 j  CL % 
< 0 . 2  90 

r (3 (1232)  + P)/rtota~ 
VALUE (unlt$_lO- 3~ C L% 
< 0 . t  90 

l ' Ts / I "  
DOCUMENT IO TECN COMMENT 
BECKER 87 MRK3 e + e -  ~ hadrons  I 

) I f ' f a t a l  I'761 I" 
-DOCUMENT ID LECN ~OMMENT 
BECKER 87 MRK3 e + e  - ~ hadrons  I 

['T~/[" 
-D_OCUMENT ID TECN COMMENT 

BECKER 87 MRK3 e + e  - ~ hodrons  I 

I'~8/I" 
DOCUMENT/O T_ECN. COMMENT 

Error inc ludes  sca le  fac tor  of 2 2 
BECKER 87 MRK3 e + e  - ~ hadrons  I 
AUGUSTIN 86 DM2 J,'¢ ~ hodrons  I 

1"70/I" 
_DOCUMENT ID TECN COMMENT 
HENRARD 87 DM2 e + e -  

l ' ~ o t l "  
_DOCUMENT ID TECN COMMENT 
HENRARD 87 DM2 e + e -  

l ' 8 t / r  
-DOCUMENT ID TECN COMMENT 
HENRARD 87 DM2 e + e -  

_DOCUMENT ID T_ECN - COMMENT 
HENRARD 87 DM2 e + e -  

1"82/I" 

DOCUMENT/D__ _TECN_ ~_OMMENT 
HENRARD 87 DM2 e + e -  

r~3/i' 

I ' 84 / I "  
DOCUMENT_ ID ~ N  COMMENT 
HENRARD 87 DM2 e + e -  

- -  - -  R A D I A T I V E  D E C A Y S  - -  

r ( ' Y " ) ' ) / r t o t o l  1 '85/F 
V_ALUE (~*n/rs fO~- 3) .. _CL % DOCUMENT ID TECN COMMENT 
< 0 . 5  90 BARTEL 77 CNTR e + e -  

l ' ( 3  ~ ' ) / l ' l o t a  I l ' 8 J I "  
VALUE (un l t s10 -3 )  CL% _DOCUMENT/D TECN COMMENT 
< 0 . 0 5 5  90 PARTRIDGE 80 CBAL e + e  - 

l ' ( r0" f  )/['toto i 1"8;,/1" 
VAL_UE Cun/rs I 0 - 3 J _ _  EVTS _DOCUMENT ID TECN _COMMENT ___ 
0.039 ± 0.013 OUR AVERAGE 
0 0 3 6 ± 0  011 ± 0  007 BLOOM 83 CBAL e + e  - 
0 .073 +_ 0 047 10 BRANDELIK 79C DASP e + e -  

l ' ( r / ' 5 " ) / l ' i o t o i  l ' ~ / r  
VA_LUE ~uo#s TO- 3 ~  EVTS _DOCUMENT ID TECN COMMENT .__ 
0.(16 ± 0.0B O U R  A V E R A G E  

0 8 8 ± 0  08-+.0 11 BLOOM 83 CBAL e + e  - 
0 . 8 2 ± 0  10 BRANDELIK 79C DASP e + e  - 
I 3 ± 0  4 2 t  BARTEL 77 CNTR e + e  - 

l ' (  T l ' ( 9 5 8 )  ~' ) / l ' t o t o  ~ I'89/I" 
VALUE (units tO- 3~ Ey!S DOCUMENT ID TECN COMMENT 
4.2  ± 0 .4  OUR AVERAGE 
4 1 ± 0 3 --- 0 6 BLOOM 83 CBAL e + e -  ~ 3'~ + 

hodrons  *~ 
4 . 6 ± 0  4 ± 0  65 EINSWEILER 83 MRK3 e + e  - ~ ~,,)/~'r+,~ " -  
4 7 ± 0  3 ± 0  9 EINSWEILER 83 MRK3 e + e  - ~ " tp03 
2 9 ± I I 6 BRANDELIK 79C DASP e + e -  ~ 33 
• ° * We do  no t  use the fo l l ow ing  ~ o t a  far ave rages  fits, l imits e t c  * * • 
3 8 :i: I 3 13 SCHARRE 790 MRKI e + e  - ~ ~ X 
3 4 ± 0  7 SCHARRE 79B MRKI e + e  - ~ 2~'2"~ 
2 4 ± 0 7 57 BARTEL 76 CNTR e + e -  ~ 2'yp 

13From the  inc lus ive ~. d e c a y  spec t rum 

]'( I /c ( 1 S') 3 ' ) / ] ' to ta l  
VALUE EVT$  DOCUMENT ID rECN 

0.0127 ± 0.0036 GAIBER 86 CBAL 
• • ° We do  not  use the  fo l l ow ing  d a t a  for overages,  fits 
SEEN 16 BALERUSAITIS 84 MRK3 

] ' (  f 2 (12  7 0 ) " y  ) / l ' l o i a  I 
VALUE ~unils 10- 3~ EVTS DOCUMENT ID TECN 
1.38 ± 0.14 OUR AVERAGE 
1 3 3 ± 0 . 0 5 ± 0 . 2 0  14 AUGUSTIN 87 DM2 
1.36 ± 0 .09  ± 0 .23 14 BALTRUSAITIS 87 MRK3 
1 4 8 ± 0 . 2 5 ± 0 . 3 0  178 EDWARDS 82B CBAL 
2 0 ± 0 7 35 ALEXANDER 78 PLUT 
I 2 ± 0 6 30 15 BRANDELIK 78B DASP 

14Estimated using BR(f2(1270 ) ~ ~'~',)=0 843 ± 0  012 
con ta in  the  uncer~alnty  In l he  f2(1270) d e c a y  

15Reslated by  us to take  a c c o u n t  of sp read  of El, M2 

l ' ( f ~ ( ' 1 5 2 5 )  " y ) / i ' l o t a  I 
VALUE ~unlii I 0 -  3) CL % EVTS -D_OCUMENT /D_ _ T ECN_ . . . .  

0.23 ± 0.05 OUR AVERAGE Error inc ludes  sca le  factor  
0 6 ± 0  14_+0 12 t6BALTRUSAITIS87 MRK3 
0 22 ±.+ 0 07 ± 0 04 16 AUGUSTIN 85 DM2 
0 21 +_ 0 .03  ± 0 .05  t6 AUGUSTIN 85 DM2 
0 1 8 ± 0 . 1 0  16FRANKLIN 83B MRK2 

• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  fits. 
< 0 . 3 4  90 4 17 BRANDELIK 79C DASP 
< 0 . 2 3  90 3 ALEXANDER 78 PLUT 

I ' 9o / l "  
COMMENT 

Ji~ ~ ~ X 
l imits e t c  * . .  

I '9,1/I '  
CHG ~OMMENT 

J,,?, ~ - ) = + T r -  
J/¢ ~ .~lr+.tr,- 
e ~ e  - ~ 2:To" I, 

0 e + e  - 
e + e  - 

~ + ~ - - ~  
The errors d o  not  

E3 transit ions 

] ' 9 2 / r  
COMMENT 
of 12 
Jl '~, ~ "~ K+ K - 
e + e  - ~ K + K - ' )  
e + e -  ~ ~ J K ~  
J,,'¢ ~ KK~ 
l imits e tc  • • * 
e + e  - ~ ,-.r+Tr--~ 
e + e -  ~ K + K - ' ~  

16Uslng BR(/~(1525) ~ KK) = 1 0 
17Assumlng isot roplc  p roduc t i on  a n d  d e c a y  of the #~(1525) a n d  isospln 

I ' ( f ~ ( t 2 8 5 )  " f ) / I ' to ta  i 1"93/I" 
VALUE CL~ OOCUM~Nr to rEC~ COMMENT 

< 0 . 0 0 6  90 18 SCHARRE B0 MRK2 e + e -  
18Uslng BR(f1(1285 ) ~ KK=)  = 0 12 

1"( T/( 1 4 3  O) " y ) / l ' t o t a  i r94/1"  
VALUE DOCUMENT ID FECN COMMENT 
0.0047 ± 0°0006 OUR AVERAGE 
0 0063+_0 0014 19WISNIEWSKI 87 MRK3 J/~ ~ K K r ' ~  
0. 0045 ± 0. 0004 ± 0 0008 19 AUGUSTIN 85 DM2 J/~ ~ K ~ K -  7r°'~ 
0 0040: I :0  0007 ± 0  004 19EDWARDS 82E CBAL J/'~ ~ K + K - r O ' y  
0 0 0 4 3 ± 0 . 0 0 1 7  19 20 SCHARRE 80 MRK2 e + e  - 

491nclucles u n k n o w n  b r a n c h i n g  f ract ion )/(1430) ~ KKTr 
20Correc ted for spln zero hypothes is  for )/(1430) 

]'(p~"y)/rtota I I'95/I" 
VALUE (units tO- 3) EL % EV~_S_ _DOCUMENT ID TECN COMMENT 

0 30 ±.+ 0.07 ± 0.07 49 EATON 84 MRK2 e + e -  
• • • w e  d o  not use the  fo l l ow ing  d a t a  tar overages,  fits l imits e tc  • * * 
< 0  14 90 PERUZZf 78 MRK4 e + e  - 

r (  f2(4720) "()/rtotal Ib6/r  
VALUE ~unlts TO-4) _ _D..OCUMENT ID .FEC_N COM_MENT . 

• * * We d o  not  use the  fo l l ow lng  d a t a  for averages  tlts, l imits e tc  * * * 
4 8 ± 0  6 ± 0  9 24 BALTRUSAITIS 87 MRK3 J/~, ~ "~K+K - 
4 . 6 ± 0  4 - + 0 . 3  22BALTRUSAITI$ 87 MRK3 J'~,+~e~ *~'rr+,-'r- 
4 3_"z0.7 ± 0  9 23 AUGUSTIN 85 DM2 ~ K + K - ' y  
3,1 +-.0 5+_0 7 23AUGUSTIN 85 DM2 e + e  - ~ K:~/(K~K~'~ 
6 0 ± 3 4 23 FRANKLIN 83B MRK2 e + e -  
3 8 ± I  6 24EDWARDS 82D CBAL e + e  - ~ )/)/") 

241ncludes u n k n o w n  b r a n c h l n g  froctbon to K+K - 
221ncludes u n k n o w n  b r a n c h i n g  f ract ion to ~ + ~ -  
231ncludes u n k n o w n  b r a n c h i n g  f roct lon to K ÷ K -  or K~K~ 
241ncludes u n k n o w n  b r a n c h i n g  f ract ion to )/)/ 

r (X  (2220)'1')/I 'total I"97/I" 
VALL/E (units 10-  5) CL % EVT$ DOCUMENT/D T ECN COMMENT 

• • • w e  d o  not  use the fo l l ow ing  d a t a  for overages ,  fits. llm¢ts e tc  • * * 

4 +6 4±2.8 23 25BALTRU$AITISB6D MRK3 J/~ ~ K~I(~" 12 

8 4 _  + ~ 4 ± I 6 93 25 BALTRUSAITIS 86D MRK3 J/~ ~ K + K- '~  

< 1 5 95 26AUGUSTIN 85 DM2 e + e  - ~ K + K - ~ r  
< 3 0 95 26 AUGUSTIN 85 DM2 e + e -  ~ K~/~"r 

251ncludes unknown  b r a n c h i n g  f ract ion to K K 
261ncludes u n k n o w n  b r a n c h i n g  f ract ion Into K + K -  or K~K~ 

l ' (p~'te * ~'- "y)/l'tora i r98/r  
VALUE (units fO~- 3) CL % _DOCUMENT ID TECN COMMENT ._ 
< 0 . 7 9  90 EATON 84 MRK2 e + e -  
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Meson Full Listings 
J/ (3097), Xco(1P) = XcO(3415) 

r(p p'~ ) I r  tom~ 
VALUE (unlts TO-3) _ _ .  DOCUMENT IO TECN COMMENT 
4 .5  ± 0.B OUR AVERAG4E 
4 7 : 1 : 0  3 : 1 : 0 . 9  27BALTRUSAITIS80B MRK3 J / , , ~ 4 ~ T ' ~  
3 . 7 5  ¢ '1.05 ± 4 .20  28 BURKE 82 MRK2 J /~ ~ 4~r'~ 

274~ mass less t h a n  2 0 G e V  
284x" mass less t h a n  2 0 G e V  2p 0 c o r r e c l e d  to 2p b y  f ac to r  of 3 

I ' ( 2 ~  + 2 " x -  " y ) / r t o l a  I 
VALUE (units I 0 -  3) _ _  DOCUMENT ID TECN ~OMMENT 
3°3 ± 0 . 6  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of '1 3 
3 . 0 5  ¢ 0 . 0 8  ± 0 . 4 5  29 BALTRUSAITIS 868 MRK3 J /~  ~ 4w'y 
4 . 8 5 ± 0 . 4 5 ± 1 . 2 0  30 BURKE 82 MRK2 e ~ e  - 

294":I" moss less t h a n  2 0 G e V  
304"i" moss ~ess t h a n  2 5 G e V  

r(n=='y)Ir,ota~ 
VALUE (un#s FO - 3 )  DOCUMENT ID T E ~  COMMENT 
6.4 ¢ %0 OUR AVERAGE 
5 85 ¢ 0 . 3  ± 4 05 3'1 EDWARDS 
7 . 8  ¢ 1 . 2 - + 2  4 31EDWARDS 

31Broocl e n h a n c e m e n t  o i  '1700 MeV  

r w / r  

I''1oo/r 

I'io'11r 

838 CBAL J/~, ~ ~ r + ~ r  - 
838 CBAL J/'¢ ~ ~/2~r0 

r(=o~)/rtoto~ r,o2/r 
VALUE (~ t ts  fO - 3 )  E V T S  DOCUMENT ID T ECN C O M M E N T  
'1.59 :t 0 . 3 3  OUR AVERAGE 
4 . 4 1 : 1 : 0 , 2  ~ 0 . 4 2  1 2 0 ¢ 1 7  BISELLO 87 SPEC e + e  - h a d r o n s  "y J 
'I 7 6 ¢ 0 , 0 9 z 0  45  BALTRUSAITIS 85C MRK3 e + e  - ~ h a d r o n s ' i  

I '(q~.~ ~ ) / I ' t o t a  I I ' ,~03/I '  
yALuE (units ~0-. 4) DOCUMENT ID TECN COMMENT ___. 
3 . 1 ¢ 0 . 7 + 0 . 4  32BISELLO 866 DM2 J"~ ~ "~q' I 

32,Hh mass less t h a n  2 9 GeV  ~/c e x c l u d e d  

I ( 1 1 "  I T -  2 ~ 0 " y ) / l ' t o t a l  I'`1o4/I" 
VALUE (LUlII$ TO--. 3) _ _  . DOCUMENT ID TECN COMMENT 
8.3  ¢ 0 .2  :t 3.1 33 BALTRUSAITIS 868 MRI<3 J/~ ~ 4~ '~ I 

334~r mass less t h a n  2 0 GeV  

r (  f4 (20S0) ' y ) / l ' t o fa l  r'105/F 
VA_LUE [UOI_t_s fo~ 3) _ DOCUMENT ID TECN COMMENT 
2 . 7 ¢ 0 . 5 - + 0 . 6  34 BALTRUSAITIS 87 MRK3 J,'~ ~ ~ + ~ r -  J 

34AsSumlng b r a n c h l n g  t r a c t i o n  f4(2050) ~ ~r~,/ t o l a l  = 0 167 

I ' ( A  A " y ) / l ' t o t a  I l ' '10b/ l "  
VALUE (untt~_fO- ?~_.. CL~ DOCUMENT ID TECN COMMENT . . . .  
< 0 . t 3  90 HENRARD 87 DM2 e + e -  l 

J/~,( 4S) REFERENCES 

ALEXANDER 88 SLAC PUB 450`1 *Bonviclnl Orell Frey Lulh (LBL MICH SLAC) 
COFFMAN 88 S4.AC PUB 4424 * (MARK III Col lab ) 
AUGUSIiN 87 ZPHY C36 359 ÷Cosine÷ (LALO CLER FRAS PADO) 
BAGLIN 87 NP 8286 592 + (LAPP CERN GENO LYON OS~O ROMA+) 
BALTRUSAIIIS 87 PR D35 2077 +Cotfman Dubol$+ (MARK III Coi lab ) 
BECKER 87 I>RL 59 `186 + (MARK III ColiOb ) 
BIS~ELLO 87 PL B`192 239 +AlaltOunl Boldlnl+ (PADO CLER FRAS LALO) 
HENRARO 87 NP 8292 670 +Aialtoun~ el  ol (CLFR FRAS LALO PADO) 
PALLIN 87 NP 6292 653 ÷Ajaltoun~÷ (CLER FRAS LALO PAOO) 
WISNIEWSKI 87 CALT 68 `1446 (MARK III COIIOb ) 
AUGUSTIN Bb Moriond XXi 42`1 +Alaltoun[ B~sello+ (LALO CLER PADO FRAS) 
BALTRUSAIIIS 868 PR 033 1222 ÷Coftman HauSer+ (MARK Ill CollOb ) 
BALTRUSAITIS 860 PRL 56 '107 (CIt UCSC ILL SLAC WASH) 
BISELLO 858 PL 8179 294 ÷Busetto Castro Llmentani÷ (DM2 Col lab ) 
GAISER Bb PR D34 7'11 *Bloom Bulos Godfrey+ (Crystal Boll Col lob ) 
AUGUSTIN 85 Morlond XX 1 479 *Colcater~a Cosine+ (ORSA CLER PADO FRAS) 
BALTRUSAIIIS 85C PRL 55 '1723 
BALTRUSAIIlS 85D PR D32 566 
BALTRUSAITIS 84 PRL 52 2`126 
EATON 84 PR D2q 804 
BLOOM 83 ARNS 33 '143 
EDWARDS 83B PI~ 5'1 859 
E[NBWEILER 83 Brighton Cant 348 
FRANKLIN 838 SLAC 254 Thesis 
FRANKLIN 83C PRL 5'1 963 
BURKE 82 PRL 49 632 
EDWARDS 828 PR D25 3065 
EDWARDS 82D PRL 48 456 

Also 83 ARN$ 33 '143 
EDWARDS 82| PRL 49 259 
LEMOIGNE 82 PL 4138 509 
BESCH 81 ZPHY C8 1 
GIDAL 81 PL '1078 `153 
PARIRIDGE 80 PRL 44 7`12 
SCHARRE 80 PL 978 329 
ZHOLENTZ 80 PL 968 244 

Also 81 SJNP 34 8`14 

* (C11 UCSC ILL S4.AC WASH) 
+Coffmon Hou|er~ (C11 UCSC ILL SLAC WASH) 
+ (CIT UCSC ILL SLAC WASH) 

+Goldhober Abrams Alom Boyorski~(LBL SLAC) 
+Peck (SLAC CIt) 
*PartrlOge Pecks (CtT HARV PRIN SIAN SLAC) 

(MARK III Col lob ) 
(BRAN) 

+Fronkiin Feldmon Abeom$ AIom+ (LBL S~.AC) 
+TdBlng Abrams Atom Blocks1"÷ (Lfi~. SLAC) 
+Parfftdge Peck+ (CIT HARV PRIN STAN SLAC) 
+PortrlOge Peck+ (Cff HARV PRIN BrAN SLAC) 

BlOOm Peck (SLAC cI r )  
+Partridge Peck+ (CIT HARV pRIN STAN SLAC) 
+Borate Aslbury+ (SACL LaID SHMP IND) 
+Elsermonn Lohf Kowolskl+ (BC:~IN DESY MANZ) 
+GoldhOber GUy Mill ikan Abrams+ (S4.AC LBL) 
~,Peck+ (CIT HARV PRIN SLAC SIAN) 
+Trllllt~g Abrams AIom Blocker+ (SLAC LBL) 
+Kurdo~ze Lelchuk Mlshnev+ (NOVa) 

Zholentz+ (Nova )  
Tron$1oted from YAF 34 `147'1 

BRANOELIK 79c ZPHV C'1 233 (AACH DESY HAMB MPIM TOKY) 
SCHAI;H~ 79B SCAC PUB 2324 (SLAC LBL) 

AlSO 79 LBL9502 Abrams Alam BlOcker Boyarski* (SLAC LBL) 
ALEXANDER 78 PL 728 493 *Crlegee~ (DESY HAMS SJEG WUPP) 
BESCH 78 PL 788 347 *Elselrmonn KowolSki Eyss+ (~ONN DESY MANZ) 
BRANDELLK 788 PL 748 292 ÷Cords- (AACH DESY HAMS MPIM TOKYI 

PERUZZI 78 PR D'17 290'1 +Piccolo Alom Boyarsk= GoldhOber*(StAC LBL) 
BARREL 77 PL ebb 489 +Dulnker Olsson Heintze, (DESY hE D) 
BURMESTER 77C PL 72B t35 .Cr legee+ (DESY HAMB SIEG WUPP) 
FELDMAN 77 PL 33C 285 +Perl (LBL SLAC) 
VANNUCCI 77 PR O'15 '18'14 +Abrams Alam Boyofskl* (SLAC LBL) 
BARIEL 75 PL 648 483 *Duinker Olsson Sleffen HelntZe. (DESY HEID) 
BRAUNSCH 76 PL 638 487 Braunschwelg+ (AACH DESY HAMB MPIM+~ 
JEAN MARIE 76 PRL 36 29'1 *Abloms Boyarskl BreldenbOCh* (SLAC LBL) IG 
BALDINI 75 PL 58B 47'1 BQIdlnl Ceho Bozzo CoDon* (FRAS ROMA) 
BEMPORAD 75 Stonlola Syrup '113 (PISA FRAS) 
BOYARSKt 75 PRL 34 t357 *Breldenboch Bulos ~eldmon+ (SLAC LBL) JPC 
DASP 75 PL 568 491 Braunschwelg* (AACH DESY MPlM TOKY) 
ESPOSIIO 75B LNC 14 73 +BgrlOll B=$ello- (FRAS NAPL PADO ROMA) 
FORD 75 PRL 34 504 *Beron HiIgel Holstodter* (SLAC PENN) 
LIBERMAN 75 Stanford SymD 55 (BRAN) 
WIIK 75 Stanford SymD bO (DESY) 

- -  - O T H E R  RELATED PAPERS - -  - -  

BAGLIN 85 CERN PRE 85 
BARATE 83 PL 121B 449 
KIRK 79 PRL 42 6r9 
BIDDICK 77 PRL 38 1324 
CORDEN 77 PL bBB 96 
YAMADA 77 Homburg Conl 69 
ANTIPOV 76 rblllSi Conl N8 
BUSSER 76 NP 8`113 189 
ANDI~EWS 75 PRL 34 231 
AUBER1 75 NP 889 1 
8ACCI 756 LNC 42 269 
BALDINI 75B PL 586 475 
BLANAR 75 PRL 35 346 
8RAUNSCH 75 PL 538 491 
BUSSER 75 PL 5bB 482 
CAMERINI 75 PRL 35 483 
DAKIN 75 PL 5bB 405 
~)ASP 758 PL 578 297 
GIIIELMAN 75 PRL 35 1515 
GRECO 75 PL 5bB 367 
HELNIZE 78 Stanford Syrup 97 
JACKSON 75 NIM t28 13 
KNAPP 75 PR~. 34 `1040 
KNAPP 75B PRL 34 '1044 
MARTIN 7548 PRL 34 288 
SIMPSON 75 PRt 35 699 
YENNIE 75 PRL 34 239 
ABRAMS 74 PRL 33 `1453 
ASH 74 LNC '11 705 
BACCI 74 PRL 33 1408 

Also 74S PRL 33 `1649 
BALDINI 74 LNC 11 7`1'1 
BAI~IELLINI 74 LNC '11 7`18 
BRAUNSCH 74 PL 538 393 
CHRiSTENSON70 pR1 25 `1523 

(LAPP CERN GENO LYON OSLO ROMA+) 
+Boreyle Bonamy+ (SACL LOIC SHMP IND) 
+Goodman+ [FNAL HARV ILL OXF TUFt) 
÷Burnen+ (UCSD UMO PAVI PRIN SLAC STAN) 
+Dowell+ (BIRM CERN MPIM NEUC EPOL*) 

(DESY TOKY) 
÷BessubOV Budonov 8ushnln DenLsov* (SERP) 
*B~umenfeld Banner+ (CERN COLU ROCK SACL) 
,Harvey LObkOwiCZ May+ (ROCH CORIN) 
+Becker BlggS Burger Glenn+ (MIE BNL) 
+Penso Stelia Baldlni Ceho÷ (I~3MA FRAS) 

Boldinl Cello Capon OeiFObbro* (FRAS ROMA) 
*Bayer Palssler Gorehck Gettner+ (NEAS) 
Braunscnweig4 (AACH HAMB MUNI |OKY) 

+Blumenfeld Banner+ (CERN COW ROCK SACL) 
+Learned Preposl ASh Anderson+ (WISC SLAC) 
*Kreisler Bolon Helle+ (MASA MIT SLAC) 

8raun$chwe=g* (AACH DESY MPIM TOKY) 
+Hanson Lorson LOI~+ (CORN) 
+Pancherl Srwaslova Srlvastova (FRAS) 

(HELD) 
+Schorre (LBL) 
+Lee Bronslein* (COt.U HAWA CORN ILL FNAL) 
+Lee Bronstem+ (COW HAWA CORN ILL FNAL) 
*Solon Dakln FelClmon+ (MIT MASA SLAC) 
*Beron Ford Hllger Hofstodler+ (BRAN PENN) 

(CORN) 
+Bnggs Augushn Boyarski+ (LBL SLAC) 
*Zorn BartOh. (FRAS UMD NAPL PADO ROMA) 
*BoftOll Borborlno Barblelllnl+ (~RAS) 

Bocci 
BaldlniCeha Bocci÷ (FRAS ROMA) 

+Bempotad÷ (FRAS NAPL PISA ROMA) 
Biaunschwelg+ (AACH HAMB MUNI TOKY) 

+HiCkS Lederman+ (COLU BNL CERN) 

Xco('l,°) 
or Xco(3415) 
was X(3415) 

IG(J PC) = 0*(0 +*) 

Observed ,n the rad lahve d e c a y  ~ (2S) -o  ~,co(`1P): 
Therefore C = + The observed d e c a y  into T;', + ;T- ar 
K+K - imphes G = + JP = 0 + 2 + The angular  
d l s t r l b u t l o n  is c o n s i s t e n t  w f t h  J = 0 JP a b n o r m a l  

e x c l u d e d  b y  ~+; ' : ' , -  a n d  K + K  - d e c a y s  JP = 0 *  p r e -  

f e r r e d  (FELDMAN 7 7 )  

XcQ( ' IP )  MASS 

VALUE (MeV) EVTS DOCUMENT IO TECN COMMENT 
3415oi ¢ 1.0 OUI~ AVERAGE 
3417 8 -_ 0 4 -+ 4 I GAISER 86 CBAL "(23") ~ "r X 
3414 8 -+ 4 i 2 3 HiMEL 79 MRK2 e + e -  . h o d r o n s  
3422 0 _+ 10 0 2 BARTEL 78B CNTI~ e + e " ~ J " 2-, 
3416 0 _~ 3 _+4 2TANENBAUM 78 M~'KI e ' e -  
3415 0-+ 9 0 281DDICK 77 CNTR e ÷ e  - ~ "~ X 
• • • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits l imits e~c . 0 • 
3407 o_-z 8 0 2 4Wl iK 75 DASP e + e  - ~ J .[2-. 

IUs ing mass of ~(25)  = 3686 0 MeV 
2Mass v a l u e  shi f ted by  us by  a m o u n t  a p p r o p n a t e  for ~(2S') mOSS = 3686 

MeV a n d  J ~ ( IS )  moss = 3097 MeV 
3Systemat ic  error  a d d e d  l i nea r l y  by  us 
4 O n l y  two  even t s  this mass o p D a r e n l l y  neve r  D u b h s h e d  

Xce(t  P) WIDTH 

VALUE (MeV) .. DOCUMENT ID rECN COMMENt 
13 .5 -+3 .3+_ .4 ,2  GAISER 86 CBAL ~:(2S~-o ". X -~C~C 
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Meson Full Listings 
xco(1P) = xco(3415) ,x( , ] ( lP)  = x c  1(3510) 

11 

12 

13 

I" 4 

IS 

17 

[B 
r9 

X c ~ ( 1 P )  D E C A Y  M O D E S  

F r a c t , o n . ( l / I _ ~ _  

H A D R O N I C  D E C A Y S  

\co (1P ' )  ~ ~ T ~ r  - (7 5_+2 ' 0 " , I0 -3  

\ c o ( I P )  ~ K ' K -  (7 1 -+2 4).:10 -3 

\c0(I/::') ~ 2(~I"~-) (3 7_+0 7)"  10 .2 

\cc(IP) ~ 3(~'- ~'-) (I 5 _ 0 5)~ ~0-2 

\ co( IP)  ~ ~ r + ~ r - K ~ K  - (3 0-+0 7 ) , I 0  -2 

\ c o ( I / ° )  ~ "/I'+ / I ' - p p  (5 0_+2 0 ) ' 1 0  - 3  

\co(I~ -, p C r r ' ~ ' -  (~ 6_+0 5),10 -2 
\co(I/:') ~ K+~nt~(892)O?r- ÷ C c (I 2_+0 4) 10-2 

\ co ( l ,  p) ~ p p  < 9 0 10 .4  

R A D I A T I V E  D E C A Y S  

I"1o ",=(IP) ~ "?~ 
rtl \co(IP) ~ J/'~(IS)-,/ 

-: 1 5 10 - 3  

(6 6_+1 8) 10 - 3  

C a n t  L e v  

90% 

90% 

X c 0 ( I P )  B R A N C H I N G  RAT IOS 

- - -  - H A D R O N I C  D E C A Y S  

l ' Q r -  7 r - ) / l  total ] ' t / r  

_VALUE~unlIs_IO-4).._ DOCU_MENLID _TECN_ COMMENT 
75 _+ 21  OUR AVERAGE 

70--.30 5BRANDELIK 798 DASP .~(25') ~ " ~ c o  
80~_30 5TANENBAUM 78 MRKI ~(2S) ~ 3)`co 

I ' ( K  + K - ) / l ' t o t a  I I 2,/T 
_VALUE(uniTs ~0 - 4 )  _ _DOCUMENT_ID T_ECN _COMMENT 
71 _+ 24 OUR AVERAGE 
b0 _+ 30 5 BRANDELIK 798 DASP `:(2S) ~ "t )`co 
90_+40 5TANENBAUM 78 MRKI `:(2S')~ ~)`co 

r(2('rr + ~r-))/l',ota ~ l'3/r 
VALUE DOCUMENT IO rECN COMMENT 
0.037_+0.007 51'AINENBALJI;,,I 78 MRKI ` : ( 2 S ) ~  ~X~-~0 

I (3(~" Tr ))/rtota, '=,"l 
VALUE DOCUMENT ID TECN COMMENT 

0.045 -+ 0.005 5 TANENB/~UM 78 MRK4 ` : ( 2 ~  ~ ~ ~.co 

] ( r r -  ~ -  K "  K -  ) / r t o t a  I 1 s / / r  
VALUE DOCUMENT ID TECN COMMENT 
0 .030_+0 .007 "  5TAN'ENBAUM 78 M-RKI "('2S)~ ")~,co 

r ( r +  ~ p~) / r to ,a ,  ~ ~ / l  
VALUE . DOCUMENT IO TECN COMMENT 
0.005 _+0.002- "-" 5TANENBAUfvI78 M-RKI ` : ( 2S ' )~  "~Xco 

l'(po~- ~'-)/l'toto I ] c r  
VALUE DOCUMENT ID TECN COMMENT 
0 ,0 t6_+0 .005  5TANENBAUM 78 MRKI `:(2~"~ ~ "~XCO 

1 ( K * K ~ ( 8 9 2 ) ° r r  - + C C ) / ] ' t o t a l  1"8/I" 
VALUE DOCUMENT ID TECN COMMENT 
0o042 -+ 0.00 -~" S TANENBAUM -7-8 MRK'I ~(2~-- ~ Xco 

t (p~)Ir,o, o, rR,q 
VALUE (unlts TO- 4 ) _  CL_% DO_~UMEIV~ ID [_EC__N COMMENT 
< 9  0 90 5BRANDELIK 798 DASP `:(2S') ~ "~;(.CO 

5 C a l c u l a l e d  using BR(,~(2S') ~ ){CO(IP)~) = 0 094 the errors Lid not  con ta in  
the  uncer ta in ty  in the ~(25") d e c a y  

- - -  R A D I A T I V E  DECAYS 

1 ("y  " Y ) / l ' t o t a  I 1"10/l 
VAL.U_E ~unlts 10-_ 4) CL % _D__OCUMEN_LID T_.E~,Iy COMMENT ....... 
~ t 5  90 b Y A M A D A  77 DASP g e e  - -o 3"~ 

I (J/¢(1S) 7)/rtotal l t i / I  
VALUE (unils ~0_-4~_ DOCUMENT ID TECN COMMENT 
66 -+ 18 OUR AVERAGE 
60 ~ 18 GAISER 86 CBAL `:(2S') ~ ~ Xc0 

3 2 0 ± 2 1 0  6BRANDELiK 798 DASP `:(25~ ~ ~fXco 
150 _+ 100 68ARTEL 788 CNTR ~ ( 2 ~  ~ ~ ),co 
210±210 6TANENBAUM 78 MRKI ,:(25")-o ~Xco 

6Calculatecf uslng BR(`:(2S) ~ ~co(IP)'~) = 0 094 lhe errors do not contain 
the unce r ta in l y  ,n the .:(2S) d e c a y  

X ~ ( I P )  REFERENCES 

GAISER 86 PR D34 711 +Bloom BUlOS. GOdtri~y+ (Crystal BOIl Collab ) 
BRANDELIK 798 NP 8160 426 +Cords+ (AACH DESY HAMB MPIM TOKY) 
HIMEL 79 SLAC 223 TheSIS (SLAC) 

AJSO 82 Privale Carom IrHIIng CLBL UCB) 
BARIEL 78B PL 79B 492 +Ddlmonn Dulnker Olsson O NOIII+ (DESY HELD) 
TANENBAUM 78 PR D17 173t +AICIm BovQrskl+ (SLAC LBL) 

AlSO 82 Prlvale Carom Trllhng (LBL UCB) 
BIDDICK 77 PRt 38 4324 +Burfletl* (UCSD UMD PAVI PRIN SLAC STAN) 
FELDMAN 77 PL 33C 285 •Perl (LBL SLAC) 
YAMADA 77 HOmburg Cant 69 (OESY TOKY) 
WIIK 75 Slanfofd Syrup 69 (DESY) 

OREGLIA 
BRANDELIK 
KIRK 
FELDMAN 
FELDMAN 

AlSO 
Erratum 

TANENBAUM 

- -  OTHER RELATED PAPERS - -  

82 PR D25 2259 +Porliidge. (SLAC CIT HARV PRIN STAN) 
7gc ZPH¥ C 1 233 + (AACH DESY HAMB MPIM TOKY) 
79 PRL 42 619 +Goodman+ (FNAL HARV ILL axe I"UFT) 
77 PL 33C 285 *Perl (LBL SLAC) 
758 PRL 35 B21 ~Jeon Marie Sadoulet Vannuccl~ (LBL SLAC) 
75C PRL 35 1189 Feldman 

75 PRL 35 1323 *WPdoker Abrams+ (LBL StAC) 

or Xci(3510) 
was X(3510) 

IG(jPC) = 0+(1÷+) 

O b s e r v e d  m t h e  r o d , a T . r e  s e q u e n h a l  d e c o y  ,~(2E) 
k c ~ ( I P ) ~  ~,c~(1, °)  ~ J. , '~(15)~ There fo re .  C = + The 
l a c k  of d e c o y s  i n t o  ,T+~ " -  or  K + K  - IS s u g g e s t i v e  of  
J P = o b n o r m a l  The d e c a y s  i n t o  4;T a n d  6,'r i m p l y  G = 
+ thus  I = 0 J = 0 . 2  e x c l u d e d  b y  a n g u l a r  d ~ s t n b u h o n  
in t h e  J . ~ ( I ~ ; .  d e c a y  3 P = I + D r e f e r r e d  (FELD- 
M A N  77, OREGLIA 82)  

X c I (  SP) M A S S  

VALUE (Me_.V.) EVTS DOCUMENT /D TECN COMMENT 
3510 6 -+ 0.5 OUR AVERAGE Error ~ncludes scale factor  ot 1 3 See the 

i d e o g r a m  b e l o w  
3 5 1 1 . 3 ±  0 4 _ + 0 4  30 BAGLIN 868 SPEC D o ~ e * e  - 
3512 3 -+ 0 3 _+ 4 0 1 GAISEI~ 86 CBAL `:(2S) ~ 3 x 
3507 4_+ 1 7 91 2LEMOIGNE 82 G a l l  190 GeV ,-r-Be .~ 

2,u 
3510.4  -+ 0 6 OREGLIA 82 CBAL e + e  - ~ J'~2"~ 
3510 1 _+ 1 1 254 3HfMEL 80 MRK2 e + e  - ~ J,,'`:2*r 
3 5 0 9 . 0 _ 1 1  0 21 BRANDELIK 798 DASP e + e  - ~ J. . :2~ 
3507.0_+ 3 0 3BARTEL 788 CNTR e + e  - ~ J , ' 2 ~  
3505.0_+ 4 _+4 34TANENBAUM 78 MRKI e + e  - 
3513.0 z 7 0 367 3 BIDDBCK 77 CNTR ~(2S') ~ "1 X 
• • • We d o  not  use the fo l l ow ing  d o t e  tar averages  fits hmits e tc  • * • 
3510.0_~20 0 BARTEL 768 CNTR e + e  - ~ J.`:2~t 
3500. +_ iO 40 TANENBAUM 75 MRKI Hadrons 3. 
3 5 0 7 . 0 z  7 0 7 WIfK 75 DASP e + e  - ~ -~2 "~  

IUsmg moss of ,:(2,9) = 3686 0 MeV 
2J.,`:(IS) moss cons t ra ined  to 3097 MeV 
3Moss va lue  shif ted by  US by  a m o u n t  a p p r o p r i a t e  for `:(2,9) moss = 3686 

MeV a n d  J ,~( IS)  moss = 3097 MeV 
4From a s imul taneous hl to r od lahve  a n d  h o d r o n l c  d e c a y  channe ls  

Xc~(1P)  WIDTH 

_VALUE (Me.V_)_ CL % L)O_CUMENT ID rECN COMMENT 
< I  3 95 BAGLIN 8bB SPEC ~)p ~ e+  e - 
• • • We d o  not  use l he  to l lOwlng da(a  for overages,  tlts l imlts e t c  • • * 
< 3  8 90 GAISER 86 CBAL ~(2S) ~ "~ X 
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Xcl(lP) = ×c1(3510), ×c2(1P)=  ×c (3555) 
WEIGHTED AVERAGE 
3 5 1 0 8  + 0 5  (Error scaled b y 1 3 )  

3 5 0 0  3 5 0 5  3510 3515 

BAGLIN 
GAISER 
LEM01GNE 
0REGLIA 
HIMEL 
BRANDELIK 
BARTEL 
TANENBAUM 
BID01C~ 

! 

3520  

2 
X 

88B $PEC 17 
BE CBAL 
82 GaLl 3 5 
82 CBAL 0 1 
80 MR(2 02 
79B DASP 
78B CNTR 14 
78 MRK1 
77 CNTR 

6 8  
(Conhdence Level -- 0 146) 

I 

3525 

X c ~ ( l ~  moss (MeV)  

Xc~(1P) DECAY MODES 

Froch0n(!'Llr) , ConfLev 

H A D R O N I C  D E C A Y S  

1" 2 X c , ( 1 P )  ~ K + K  - 

I '~ X c , ( 1 P )  ~ 2 ( ~ r + ~ r  - )  

1"4 X c , ( t P )  ~ 3 ( ~ - - ~ r - )  

1" s Xo~(1P)  ~ l r ~ l r - K + K  - 

[ 'o X c ~ ( I P )  ~ ~ r + ~ r - ~ o r  ) 

I" 7 X c ~ ( I p )  ~ p O ~ r - ~ r -  

r s Xc~(1P)  ~ K + T ~ ( 8 9 2 ) 0 / r  - + c c 

r,~ x~,( IP) ~ PP 

< 1 7 <10 - 3  

< 1 7 "(10 - 3  

1 6 ± 0 . 5 )  x i 0  - 2  

2 2_+0 8 ) ' ~ I0  - 2  

9 ± 4  ) < 1 0  - 3  

1 4 ± 0  9 ) x t 0  - 3  

3 9__.3 5 ) < 1 0  - 3  

3 2 ± 2  I ) ' 1 0  - 3  

R A D I A T I V E  D E C A Y S  

lh0 Xc , ( I  P) ~ '7"7 < ~ s ~0-3 
I '~  xc,CIP) ~ J/'~(1S)~ (27 3_+1 6)<10 .2 

90% 

X c ~ ( t P )  PARTIAL  WIDTHS 

r ( ~ )  ~ 
VALUE (eV) . __ DOCtJM_~NF ID rECN COMMEN~ __ 

57. + 1 3 .  +_11 BAGLIN 86B SPEC p p  ~ e + e  - 
- 1 1 .  

l ' (T r  + ~ ' -  K + K - ) / l ' t o l o  I I s, 1 
yALUE ~un,ts tO-_4)_. DOCUMEN_.[ ID TECN COMMENT 
90_+40 5TANENBAUM 78 MRK1 ,~(2S) ~ ":''~c, 

l ( T r  ~ ~ r -  p p ) / l ' t o t o  I 1 6.. I 
VALUE ~unlr$ 10 - 4 )  ~)OCUMENT ID [ECN COMMENT 
14 _+9 51ANENBAUM 78 MRKI ~(25') . ~. \¢~ 

I ' ( p ° / r  + "n'-)/l'Iotal I ~.. I 
VALUE ~unlrs.fO - 4 )  DOC(JMENT ID .TECN COMMENT 
39_+35 5TANENBAUM 78 MRKI ~ ( 2 ~  " ' '~c~ 

I ' ( K  + K ~ ( 8 9 2 ) ° T r  - + C C ) / I  ~ota[ I s,/'l 
_VALUE (units fO-4~ . . . . .  ~)_O.CUMENT ID T_E.CN COMMEN~ .. 
32 ± 21 S TANENBAUM 78 MRKI ¢(2S) ° ": \c~ 

r ( p ~ ) / r , o f a ,  ~ ~/'~ 
VALUE fun_Its f~)-4~.. _ ~L_% D O.C{JMENT ID TECN COMMENT 
~,. 0 54 95 BAGLIN 868 SPEC DD ~ ~ e ÷ e -  
<:12 0 90 58RANDELIK 798 DASP ~(2S) ~ "~.c~ 

- -  - R A D I A T I V E  D E C A Y S  - -  

r ( ~ - ~ ) / i  tota~ 
VALUE 
< 0  0015 

l ' ( J / ~ ,  ( 1 5 )  " 7 ) / I  to ta l  
VALUE EVTS 
0 . 2 7 3 -  0 016 OUR AVERAGE 
[3 284 ± 0 021 
0 2 7 4 ± 0  046 943 
0 28 ± 0  07 
O 19 ± 0 05 
O 29 ± 0 05 
0 28 ± 0 09 

CL % DOCUMENt /D TECN COMMENT 
90 0 YAMADA 77 DASP e + e -  .o 3-~ 

DOCUMENT ID TECN 

• • • We do  not use the fo l low ing  d a l a  for overages  fits 
O 57 ± 0  t7 6BIDDICK 77 CNTR 

6Eshmated using BR(~(2S) ~ ~ XcI(IP')) = 0 087 The 
the uncerlomW in the ~(2.S') d e c o y  

I i o / ' I  

[ 1 1 / 1 "  
COMMENr 

GAISER 86 CBAL #(2.9) .. 2, X 
60REGLIA 82 CBAL ~(2S) ~ -., Xct 
bHIMEL 80 MRK2 ~ ( 2 ~  ~ ~'~,ct 
6BRANDELIK 79B DASP ~,(25~ ~ ~ k c ,  
6 BARTEL 78S CNTR ~(2S) ~ ~ ~.c~ 
6 IANENBAUM 78 MRKI ~(2S) ~ 3 ~(cI 

l imits etc  • • • 
~(2s) - .  ; x 
errors d o  not  con ta in  

8AGLIN PL 8172 455 
GAISER PR 034 7t i  
LEMOIGNE PL 1138 509 
OR[GL[A PR D25 2259 

AlSO Private Carom 
HIMEL PRL 44 920 

ALso Prlvole Cdmm 
BRANDELIK NP 8'160 426 
BARREL PL 798 492 
IANENBAUM PR 0~7 t731 

AlSO Private Carom 
81DDICK PRL 38 1324 
FELDMAN PL 33C 285 
YAMADA Homburg Cant b9 
8ARIEL 
IANENBAUM 
WIIK 

8ARAI{ 
BRANDELIK 
KIRK 
8RAUNSCH 
FELDMAN 
HEINTZE 
SIMPSON 

Xcr(IP) REFERENCES 

858 (LAPP CERN G~NO LYON OSLO ROMA+) 
86  *Bloom BulOS Godlfey~ (Crystal Boll Col[ob ) 
82 ~Bgrate Aslbury* (SACL LOIC SHMp IND) 
82 *Porlndge* (SLAC CIT HARV PRIN STAN) 
828 Oregho (EFI) 
8e +Abrams AlOm Blocker* (LBL $LAC) 
82 lh111ng (LBL UC8) 
798 *Cords* (AACH DESY HAMS MPIM TOKV) 
788 *Dlttmann Dulnker Olsson O Neil[* (DESY H~ID) 
78 *AIom BOVOtSkl~ (SLAC LBL) 
82 Tnlhng (LBL UCB) 
77 *Burnetf+ (UCS3 UMD PAVI PRIN SLAC STAN) 
77 +Perl (LBL SLAC) 
77 (DESY TOKY) 
76S Tblh$1 Conf N75 *Dulnker O15$on Helr, tze~ (DESY HELD) 
75 PRL 35 1323 +W~aaker Ab'ams* (LBL SLAC) 
75 S~ontold Syrup 69 (OESY) 

- -  OTHER RELATED PAPERS 

83 PL 12iS 449 +Soreyte Sonorny* (SACL LOIC SHMP 'NO) 
7gC ZPHY cr  23:} * (AACH D[SY HAMS MPIM TOKY) 
79 PRL 42 619 *Goodman* (FNAL HARV ,LL aXE TUFT) 
75B PL 578 407 Broun$c~welg* (AACH DESY MPIM TOKY) 
75 Stor~lO~d ~yml) 39 (SLAC) 
75 Stanford Syrup 97 (HELD} 
75 PRL 35 b99 *8eron Ford HiIget Hofstodter* (STAN PENN) 

X c ~ ( I P )  B R A N C H I N G  R A T I O S  

- - -  H A D R O N I C  D E C A Y S  

[ l ' ( ' r r  + ' ~ ' - 1  + I ' ( K  + K - ) ! / l ' t o t o  I ( r , l + [ ' 2 ) / ' T  
_VALU( (un#s I 0 - . 4 ) .  CL % DOCUMENt ID TECN COMMENT . . . .  
<17 5FELDMAN 77 MRKI ,~(2S') ~ "~Xc~ 
• • • We d o  not  use the  fo l l ow ing  d a t a  for overages  fits l imits e tc  * * * 
<38 90 5gRANDELIK 79B OASP ~(2S) ~ ~Xcl 

I ' ( 2 ( ~ r  + 1 1 " - ) ) / l ' t o l a  I 1"3/|" 
VALUE DOCUMENT ID TECN COMMENT 
[)~0"16 ±0o[)O5 5:rANEN~AU--M 78 MRI<I ~ ( 2 ~  -'~- ~ X c l - -  

I'(3(/'r +/r-))/I'tola I r4/I 
VA{UE DOCUMENT ID TECN COMMENT 
O. .022~0o~8  5;[ANENBAUM 78 NIRKI ~ ( 2 S ' ) -  ~ X c l  

J x oP) 
or X~(3555)  
was X(3555) 

IG(J PC) = 0+(2 ++) 

Observed in the radlohve decoy ~(2S)~ .,.c2(1P)3 

T h e r e f o r e  C = + The o b s e r v e d  d e c o y  rata 4 . :  a n d  6;T 
I m D l y  G = ~ thus  / = 0 J = 0 is e x c l u d e d  b y  t h e  
a n g u l a r  d i s t r i b u t i o n  in t h e  h o d r o n i c  d e c o y s  JP a b n o r -  
m a l  e x c l u d e d  b y  ~ + T r -  a n d  K + K  d e c o y s  JP = 2 + 
p r e f e r r e d  (FELDMAN 77 OREGLIA 82)  
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Meson Full Listings 
xc2(lP) = x c 2 ( 3 5 5 5 )  

X~(IP) M A S S  

VALUE (MeV) EVT5  DOCUMENT ID TECN 
3556.3 _+ 0.4 OUR AVERAGE 
3556 9 _+ 0 4 _+ 0 5 50 8AGLIN 86B SPEC 
3557 8 _+ 0 2 _+ 4 t GAISER 86 CBAL 
3553 4 _+ 2 2 6b 2 LEMOIGNE 82 GOU 

3555 9 _-" 0 7 30REGLrA 82 CBAL 
3557 _+ I 5 69 4 HIMEL 80 MRK2 
3551 0 _+ 11 0 15 BRANDELIK 79B DASP 
3553 0 ± 4 0 4 BARTEL 78B CNTR 
3553 0 _* 4 _+ 4 4 5 TANENBAUM 78 MRKI 
3563 0 _+ 7 0 360 4 BIDDICK 77 CNTR 
• • • We do  no l  use the fo l l ow ing  d a t a  for averages  fits 
3550 0 ~_ t0 0 TRILLING 76 MRKI 
3543 0 ~ 10 0 4 WHITAKER 76 MRKI 

COMMENT 

;:(25) ~ -~ x 
190 GeV r , - B e  

"1 2# 
e + e  - ~ J.~2"1 
e + e  - ~ J .~2~ 
e + e  - ~ J/~2"1 
e + e  - ~ J "2"1 
e + e  - 
e + e -  ~ .1 X 
l lmllS e tc  • • • 
e + e -  ~ hadrons  "1 
e + e  - ~ J .~23  

ILlslng mass of " (25)  = 3686 0 MeV 
2 j  ~ ( I ~  mass constra=ned to 3097 MeV 
3Assuming ,~(25) moss = 3686 MeV a n d  J..,~(1S) mass = 3097 MeV 
4Mass va lue  shif ted by  us by  a m o u n t  a p p r o p n a l e  for ~(25) mass = 3686 

MeV a n d  J. ~(IS'} mass = 3097 MeV 
5From a s imu l taneous tit to rad ia t i ve  a n d  hod ron l c  d e c a y  channe ls  

X ~ ( 4 P )  WIDTH 

_VALUE (MeV) EVT$  DOCUMENT ID TECN COMMENT . . . .  

+ 1.2 OUR A V E R A G E  2 " 6 - 0 .  9 

+ I  2 6 I ~ 50 8AGLtN 868 SPEC D p  ~ e + e -  

2 8 + ~  2 (~ 6GAISER 86 CBAL ~(25) + "1 X 

bETTors co r respond  to 90% c o n f i d e n c e  level  authors g i ve  on ly  w id th  
range  

|'~ 

[ '2 

I '  3 

14 

] '5 

l" 0 

r7  

i" B 

r 9  

1"~0 

[11 

]~2  

X ~ ( I P )  D E C A Y  M O D E S  

• , .c~(IP) ~ ~r + ~r- 
X m ( 1 P )  ~ K + K -  

k c 2 ( 1 P )  -*. 2 ( ~ r + ~  - )  

X m ( 1 P )  ---,. 3 (~r  + ~ r - )  

t c 2 ( I ~  ~ ~r+ ~ r -  K+  K - 

" t~ (1P)  ~ ~ r + ~ r - p p  
~cm(tP) ~ p 0 r + ~ -  
> , ~ ( I P )  ~ K+/bi~(892)o~r- + c c 

.',.c~>(1P) ~ p p  

X c 2 ( I P )  ~ J . , ' ~ ( I S ) ~ - ~ - - r r  ° < 1 5 "10  - 2  

R A D I A T I V E  D E C A Y S  

kc~(1  P) ~ "Y' l '  ( i i _+o 6 ) , - t 0 - s  

\ c 2 ( 1 P )  -,,. J / 7 ( l ~ ' f  (43 5_+1 I);I0 -2 

F r a c t i o  n ( r / [ ' )  . C o n e  L e v  

H A D R O N I C  D E C A Y S  

1 . 9 ± 1  o )~1o  - 3  

1 5_+1  1 ) , ' i o  - 3  

2 2--.0 5 ) + 1 0  - 2  

1 2 ± 0  8 ) "  I0  - 2  

1 9 ± 0  5 ) ~ ' I 0  - 2  

3 3+-1 3 ) ~ I 0  - 3  

7 ± 4  ) ~ 1 0  - 3  

4 8 ± 2  8)"<10 - 3  

90% 

X c ~ ( 1 P )  PARTIAL  WIDTHS 

l ' ( p p )  
yALUE (eV) _ _. _O0._C~JM~Nr ID TEC N COMMENT 

+ 5 1 .  48 BAGLIN 86B SPEC PO e + e -  233. _ 45. _+ 

I "  9 

Xc~(AP)  B R A N C H I N G  RAT IOS 

- -  H A D R O N I C  D E C A Y S  - - -  

i ( 'r l "+ 7 r - ) / l ' t o t a l  I ' ~ / l "  
V_A.LUE_~unIts 10-  3) ~V_L 5 _DO_ CUMEN~ ID TECN ~OMM__E.N7 
%9 +- 1.0 4 7 BRANDELIK 79C DASP ~(25) ~ "y Xc~ 

I ' ( K  + K -  ) / l ' t o t a  I r 2 / l "  
~'ALLIE ~unlts tO-3~ . EVTS DOCUMENT ID TECN COMMEhI_T . . . . . . . . .  
1.5 _+ I , 1  2 7 BRANDEUK 79c DASP ~(25") ~ "YXc'~ 

i1"(~+ ~ ' - )  + I ' (K+ K - ) j / r . o i o i  ( r , . t  2)I1 
VALUE (units TO - 4 )  DO_CUME_NT /D rE_C_IV CO_MMENT 
24 +_ t0 7 TANENBAUM 78 M~'KI " ( 2 ~  ~ "1 ~,c'~ 

1 ( 2 ( ~ "  ~ r - ) ) / l ' f o i o  I i ~,/1" 
VALUE DOCUMENT /D rECN COMMENT 
0 . 0 2 2 ± 0 ° 0 0 5  7rANENBALIM 78 MRK1 ~ ( 2 ~ - o  ~;"~c2 

I ( 3 ( ~ r  + + - ) ) / l ' i o t o  I l ' , l / I  
VALUE DOCUMENT ID TECN COMMENT 
0 . 0 1 2 ± 0 . 0 0 8  7TANENBAUM 78 MRKJ .'(28) o "~Xc2 

1 (7 :  + I T - K  + K - ) / I  tota l  I 5/1 
VALUE DOCUMENT /D TECN COMMENT 
0.019 ±0 .005  7TAN-ENBAUM 78 MRKI ~(2$') ~ ~Xc2 

i (71" + 7I"- P P ) / I ' t o t o I  1"6/I  
VALVE (units_ fO-4J DOCUMENT fD_ T~.C_N CQ_MMENT. 
33_+13 7TANENBAUM 78 MRK1 "~(25) ° 3Xc"2 

1 (p011  -+  l ' r - ) / l  to ta l  I 7 / r  
VAL.~JE funds ~0 -4 )  _DOCUMENT /O TECN. COM_MENT 
68_+40 7TANENBAUM 78 MRKI ~(2S) ~ "1 >,c2 

] ' ( K  + / ~ ' c ( 8 9 2 ) ° z r -  + c c ) I r t o t a  ~ I "8 / !  
VALUE. (un#L<O- 4) .  ._ DO CUME_N_T. ID T_ECN C_.C)MMENF 
4 8 ± 2 8  7TANENBAUM 78 MRKI ~(25) ~ ")'(c2 

I ( P P ) / l ' t o t a l  1 9 / I  
VA_LUE (un{ts_rO- 4) CL % _DO CUMEN_7 ID [ECN C_ OMME_Nr 

O on + 0 .4 t  • . ~ _ 0 . 2 6 ± 0 . 1 9  BAGLIN 86B SPEC Op ~ e + e  - 

• • • We do  not  use fi~e fo l l ow ing  d a t a  for averages  flts hmll$ efc  * ° • 
--9 5 90 7 BRANDEUK 79B DASP v~(2E) ~ 3 ~.c2 

] ' ( J / ~ ( ¢ S ) / r -  ~ - / r o ) / r t o l a l  l ' , o / l  
VALUE CL % DOCUMENT ID TECN COMMENT 
<0.015  90 BARATE 81 SPEC 190 GeV =',- Be 

2 r 2 u  

l~ l '~ / l 'Pota i m ' ~  + k ~ ( I P )  ~ p p  1 1 1 1 9 / r  2 
VAL_UE (unlts .1_0.- 7) [VTS _DOCUME_N.r ID LECN COMMENT 

+ 0.46 0 * 9 9 _ 0 . 3 5  6 BAGLIN 878 SPEC ~ p  ~ ":,"1 

TEshmated usmg BR(~(2E) ~ Xc2( IP)~)  = 0 078 lhe  errors do  not  con ta ln  
the  unce r ta in l y  in the ~(25") d e c o y  

- - -  R A D I A T I V E  D E C A Y S  

r ( ~ ) I t  faro, 
VALUE ~un.<t$ tO- 4) _. CL % DOCUME__Nr ID 7ECN 

t t  + 5 _ * 4  BAGLIN 87B SPEC o.. 

• * • We d o  not  use the ta l l ow ing  d o l o  for overages  fits 
< 6 90 7 YAMADA 77 DASP 

l ( J/ ~ C1S') "y )Ir,oto~ 
VALUE EVI 'S DOCUMENT ID TECN 
0.135 ± 0.011 OUR A V E R A G E  
0 124 ± 0 015 GAISER 86 CBAL 
0 162 ± 0 028 479 80REGLIA 82 CBAL 
0 14 ± 0 ° 0 4  8HIMEL 80 MRK2 
0 18 -+0 05 8BRANDELIK 79B DASP 
0 13 ± 0 03 B BARTEL 78B CNTR 

0 11 + 0  t3 8SPfTZER 78 PLUT 
- 0  07 

0 13 ~ 0 08 8 rANENBAUM 78 MRKI 
• • • We do  ha l  use the  fo l l ow ing  d a t a  for averages  fits 
0 28 _+ 0 13 8 BIDDICK 77 CNTR 

8Est lmoted usJng BR(~(2S' )~ Xc2(1P}'7) = 0 078 the 
the  uncer taJn ly  sn the  g(25") d e c a y  

1 11/I  
C.O.MMENI" . 

hmlts e l c  , • • 
e + e -  ~ 3") 

I "12/I  
COMMENT 

"(2S) + "~ X 
" (2 .~  + "~XC2 
" (25)  + "I Xc's 

¢(2s) . -;. ~.c2 

l imits e t c  • • * 
¢(25) - -  ":. X 
errors dO not  c o n l a l n  

X ~ ( 4 P )  REFERENCES 

BAGLIN B7B PL B187 191 +Baird BassomDierre Borreani+ (R704 Collab ) 
BAGLJN BbB PL B172 455 (LAPP CERN GENO LYON OSLO ROMA+) 
GAIS~R 8b PR {334 7ri  +Bloom Bulos Godfrey+ (Cl"Vslof Ball Collob ) 
L~MOIGNE 82 PL ¶13B 509 +Borate Astbury+ (SACL LOIC SHMP IND) 
OREGLIA 82 PR D25 2259 *Porlrlclge+ (SLAC CIT HARV PRIN STAN) 

Also 82B Prrvofe Carom Oreg~io (EFI) 
8ARATE 81 PR {324 2994 +A|tDUPf+ (SACL LOIC SHMP CERN INO) 
HIMEL 813 PRL 44 920 +Abrams AlOm BlOCker+ (LBL SLAC) 

Also B2 P0vote Carom Trllllng (LBL UCB) 
BRANOELIK 79B NP B160 426 +Cords+ (AACH DESY HAMB MPIM TOKY) 
BRANDELIK 79C ZPHY Ct 233 + (AACH {3ESY HAMB MPIM rOKY) 
BARTEL 78B PL 798 492 +Diltmonn bulnker Olsson O Nelll+ (DESY HEID) 
SPIIZER 18 Kyolo Sum rnst 47 (HAMB) 
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nc(35901,  (2S1 =  (36851 

TANENBAUM 78 PR D17 1731 +AIOm Boyarsk~+ (SLAC LBL) 
Also 82 Private Carom Trllhng (LBL UCB) 

BIDDICK 77 PRL 38 t324 ÷Bumefl÷ (UC$~ UMD PAVI PRIN SLAC STAN) 
FELDMAN 77 PL 33C 285 +Petl (LSL SLAC) 
YAMADA 77 NQmburg Conl b9 (DESY IOKY) 
tRILLING 76 Stanford Syrup 437 (LBL) 
WHITAKER 76 PRL 37 1596 +ranenbaum Abrams Alam+ (SLAC LBL) 

. . . .  OTHER RELATED PAPERS - -  

BARATE 53 PL 1218 449 +Bareyre Bonomy+ (SACL t a l c  SHMP IND) 
KIRK 79 PRL 42 b19 +Goodman+ (ENAL HARV ILL aXE TUFT) 
FELDMAN 77 PL 33C 285 *Perl (LBL SLAC) 
FELDMAN 758 PRL 35 821 +Jean Motle Sadoulel Vonnuccl*  (LBL SLAC) 

Also 75C PRL 35 t189 FelOman 
Erratum 

IANENBAUM 75 PRL 35 1323 +Whltaker Abrams* (LBL SLAC) 

~,(2S) - J/~/ (1S)  M A S S  DIFFERENCE 

VALU_{: (MeV)_ DOCUMENT ID rECN COMMENT 

5 8 9 . 0 7  ,+ 0.13 OUR AVERAGE 
589  7 ,+ 1 2 LEMOIGNE 82 GaL l  190 GeV  ~, - Be - -  

2.~ 
589 07+_0 13 IZHOLENIZ 80 OLYA e + e  - 
588 7 : 0  8 LUTH 75 MRKI 

I R e d u n d o n t  wdh  d a t a  in moss a b o v e  

@(2S) WIDTH 

VALUE (keV)_ DOCUMENT IO 
243 _ 43 OUR EVAtUATION Uses I (ee) f rom ALEXANDER 88 and BR(ee) = 

(88 ,+ 13) • I0 -4  f rom FELDMAN 75 

! ~7c(25) I '%~% : ¢(~+) or r/c(3590 ) 
OMITTED FROM SUMMARY TABLE 

O u r  l a t e s t  m l n ~ - r e v l e w  o n  t h l s  p a r t i c l e  c o n  b e  f o u n d  in 

t h e  1 9 8 4  e d d ~ o n  N e e d s  c o n h r m a h o n  

r lc(2S ) M A S S  

V:~L~'E (MeV) OOCUtWt:~r JD r_EC_ N COM ~E_N_ r 

3594 .0  +- 5 .0  1 EDWARDS 82C CBAL e + e -  ~ "~ X 
1Assuming mass of ~(2S) = 3686 MeV 

7 / c ( 2 S )  W I D T H  

VALUE (MeV). CL_%. OOCU_{aENr LP rECN COt~MENr . . _  

• * • We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

< 8 . 0  95 EDWARDS 82C CBAL e + e  - o "~ X 

• r /c(2S ) DECAY MODES 

I I r/c(2S) ~ h a d r o n s  

7/,:(25 ) B R A N C H I N G  RATIOS 

r(hadrons)/rtola I I'1/1" 
VALUE DOCUMENT ID TECN COMMfNr  

SEEN " "  Ei~WARDS 8"2C CBAL e 4 - e  --" ~ ") X " '--  

~/c(2S) REFERENCES 

EDWARDS 82C PRL 48 70 +PartllClge Peck+ (CIT HARV PRIN SlAN SLAC) 

- -  OTHER RELATED PAPERS - - .  

OREGLIA 82 PR D25 2259 *Porlrldge+ (SLAC ClT HARV PRIN SIAN) 
PORTER 81 SLAC Sum Cone 355*EdwOrOs+ (Clr HARV PRIN STAN SLAC) 
BARTEL 788 PL 798 492 +Dlltmann Oulnkef Ols$on O Nell1+ (DESY HEID) 

@(2S) D E C A Y  M O D E S  

Scale,, '  
Frachon ( 1 / I )  ._C_onf L_e_v 

1 1 ¢ ( 2 S )  - -  e + e  - ( 8 8  _ + 1 3 ) , 1 0  -3  
I '2 ¢ ( 2 5 )  ~ U . * / I -  ( 7 7 _-1 7 ) ~ 1 0  - 3  

] '3 ¢ ( 2 S )  ~ h a d r o n s  ( 9 8 . 1 0  ,+0 3 0 ) x 1 0  - 2  

I"4 ¢ ( 2 5 )  ~ wr tua l  7 - -  h a d r o n s  ( 2 9 ,+0 4 ) - ~ 0 - 2  

DECAYS INTO J , /¢ ( IS )  A N D  ANYTHING 

1" 5 ~ (25)  ~ J/¢(IS) a n y t h i n g  
I" 6 ¢(25") ~ J / ' ¢ ( I S )  neu t ra ls  
t'7 ¢(2S) ~ J , ' ~ ( I S ) r * ~ -  
18 ~.(2S) ~ J/¢(15")~'°~T ° 
[9  ~ ( 2 S )  ~ J/,'~,CIS)T/ 
r io ¢ ( 2 S )  - -  J,, '¢(tS)~'Q 

(55 : 7 10 - 2  

(226 -+29 , t 0  - 2  

( 2 7  +-0 4 ) - 1 0  - 2  

( 9 7 -+2 I ) \ 1 0  - 4  

H A D R O N I C  DECAYS 

S=I 6 

r l t  ? ( 2 S ) - -  a ' * r r -  ( 8  +-5 ) , , t o - s  
1't2 ¢ ( 2 S )  ~ p r  - 8 3 . t o - s  e L : 9 0 %  
I"13 ¢(2S)  ~ K + K  - ( I 0 : 0  7 )" ~0 -4  
1"14 ¢ ( 2 S ) ~  2 ( ~ ' * ' n ' - )  ( 4 s  ± 1 o  )~ IO  4 
l'ls ~,(2S) --, 2 ( ~ " ~ r - ) ' n  "° ( 3 1 +-0 7 ) . I 0 - 3  
I'16 ¢ ( 2 S )  ~ r , + ~ - K ° K  - ( 1 6 +-0 4 ). 10-3 
I'17 ¢(2S)  ~ p p  ( I 9 +- 0 5 )"  10 -4  

r t8  ~ ( 2 S )  ~ ~ "  - 4 • 10 - 4  C L : 9 0 %  

1"t9 ¢ ( 2 E )  ~ - - ~ +  -- 2 " 1 0  -4 C L : 9 0 %  

]'2o ~ ( 2 5 )  ~ ~ - * ~ ' - p p  ( 8 o ±2 o ) , 1 o  -4  

1"21 ¢ ( 2 S )  ~ 3 ( ~ + 7 r  - )  ( 1 5 +-t 0 ) - 1 0  -4  
¢ ( 2 S )  ['22 ~ [ ) o T r - T r -  ( 4 2 _+I 5 ) 10 - 4  

123 ~ ( 2 S ) ~  K * ~ l ' : ( 8 9 2 ) : T r -  + c c  ( 6 7  , + 2 s ) - 1 0 - 4  
1"24 ~(2S)  ~ p p ~ r  ° ( 1 4 ,+o 5 ) . 1 o  4 

l '2s ¢(25") ~ a - - T r - r r  ° ( 9 -s  ).lO-S 
126 ~ ( 2 $ ' )  ~ 3 ( ~ +  ~ - - ) ~  0 ( 3 S : I 6 ) " I0--3 

127 ¢(2S) ~ K + K - T r  o 2 96 • 10 5 CL:90% 

I 28 J(2S~ ~ K + K~(892)- + c c 1 79 • 10 5 CL=90% 

RADIATIVE DECAYS 

I~,(2S) I or ~/(3685) IG(J PC) = 0 - ( 1 - - )  

~ ( 2 5 )  M A S S  

VALUE (MeV) E V T S  DOCUMENt IO TECN COMMENr 

3686.00  ± 0 . 1 0  413 ZHOLENTZ 80 OLYA e + e -  

t'29 ~ ( 2 S )  ~ ")'"1 
r3o ~(2S) ~ TrO') 
t'31 ¢(25") ~ r/'~ 
l '32 ~ ( 2 5 )  ~ ~ ' (958 )%'  
F33 ~(28)  ~ "~¢o(IP)7 
134 ¢(2S')  ~ ", ,c ,(1P) 'y 
1"3s ¢ (2E)  ~ kc2(1P) 'y 
r3~ .~(28) ~ Oc(1S)~ 
137 ~(2S')  ~ f l ( 1430 ) "y  
r38 ~(2S) ~ r/¢(2S)-y 

. .  t 8 • 10 4 CL=90% 

S 4 . 1 0 - 3  CL=95% 

2 • t0  -4  C , = 9 0 %  

1 1 " 10 - 3  CL=90% 

( 9 3  + 0 8 )  t0 - 2  

( 8 7  _ . 0 8 ) ' 1 0 " - 2  

( 7 8 : 0  8 ) 10 - 2  

( 2 8  : 0  6 ) ' I 0  - 3  

1 2 10 - 4  C L : 9 0 %  
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¢,(2S) = ff(3685) 

~ ( 2 5 ' )  P A R T I A L  W I D T H S  

I t o *  e -  ) I" I 
VALUE (keV) DOCUMENT ID TECN COMMENT 
2 14 ---0.21 ALEXANDER 88 RVUE See "/ m m f - r e w e w  I 
• • • We do  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  i l ls  hml l$ e t c  * • • 
2 0 = 0 3 BRANDELIK 79C DASP e + e -  I 
2 I : 0  3 2LUTH 75 MRKI e + e  - 

2From o s~mu l laneous  tlt to e + e  ~ + a -  a n d  hadron~c  c h a n n e l s  assure 
mg l ( e + e  - )  = l ( # + p  - ) 

[ ( h a d r o n s )  I '  3 
VALUE (~ev) DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits hmlts e t c  * • • 

224 -+56 LUTH 75 MRKt e + e  - I 

('~ "~) r2~ 
VALUE (or)  CL% DOCUMENt ID TECN COMMENt 
( . 4 3 .  90 BRANDELIK 79C DASP e + e -  

~ ( 2 5 )  l ' ( I ) r ( e  + e - ) l l ' ( t o l a l )  

ThIS c o m b m o h o n  of O p a r l l a l  w i d t h  w i th  the Dat t la l  w id th  in to  
e + e -  a n d  wi th  the  to ta l  w id th  is o b t a i n e d  from the  
i n t e g r a t e d  CROSS sec t i on  in to c h a n n e l  I in t he  e + e -  a n n l h l l a  
t lon  We I1$l on l y  d a t a  t ha t  h a v e  not  b e e n  used  to d e t e r  
m i n e  l h e  po t t t a l  w i d t h  I (t) or the  b r a n c h i n g  ra t io  I (I) t o ta l  

I ( h a d r o n s )  × I ' ( e "  e - ) / l  total 1"3 l ' ' l ' / l "  
VALUE (keY) DOCUMENT ID TEC_N. COMMENT . 

• * • We do  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  fits ] imlts e t c  • • • 
2 2 + - 0  4 ABRAMS 75 MRKI e + e  - 

~ ( 2 5 " )  B R A N C H I N G  R A T I O S  

l (J/¢(lS) roTro)lr(J/¢(lS) r+ 7r-) r8./1'7 
VALUE DOCUMENT ID TECN COMMENT 
0 53+_0.06  TANENBAUM 76 MRK'I e + e  - 
• • • We d o  no l  use the  f o l l o w i n g  d a t a  far a v e r a g e s  flts bruits e l c  • • • 
0 6 4 ± 0  15 7HILGER 75 S P E C  e + e  - 

1"( J / ¢  ( 15 ' )  T / ) / r t o t a l  I ' 9 / r  
VALUE EVTS DOCUMENT ID TECN COMMENT 
0 . 0 2 7  +- 0 .004  OUR AVERAGE Error I n c l u d e s  s c a l e  fac to r  of 1 6 See the  

I d e o g r a m  b e l o w  

0 0 2 5 : 1 : 0  006 166 HIMEL 80 MRK2 e + e -  
0 0218 +- 0 , 0 0 1 4  -+ 0 0035 386 OREGLIA 80 CBAL e + e -  

0 036 _+0 005 164 BARREL 78B CNTR eJJ~e 2- 

• • • We d o  h a l  use t he  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits [Imlts e t c  • • • 
0 . 0 3 5  :1:0 009 17 8BRANDELIK 79B DASP e + e  - ~ J,,~2"~ 
0 043 = 0  008 44  8TANENBAUM 76 MRKI e + e  - 

WEIGHTED AVERAGE 
0 0 2 7  ~: 0 0 0 4  (Error s c a ] e d b y l 0 )  

! ( e  + e - ) / r , a , a  I I 1 / r  
VALUE (u_n,ts .ro - 4 )  DOC_UM.ENT IO [EC_.N_. COMMENT . . . .  
88 ± 13 3 FELDMAN 77 RVUE e + e -  

l ' t o  + #-)/I t o ta l  1 2/I' 
V_A_L_UE tunas tO-4J_. .  DO_C_UMENT ID T_E_C.N COI~M__ENj_ 
77+_17 4 HILGER 75 S P E C  e + e  - 

l ' ( h a d r o n s ) / l ' t o t a  L r 3 / l "  
VALUE DOCUMENT ID TECN COMMENT 
0.981 = 0  003 5LUTH 75 MRKI e + e  - 

rO~-.-) /r(e- e-) 12/1, 
VALUE DOCUMENT IO TECN COMMENT 
0 .89  +_ 0.16 BOYARSKI 75C MRK1 e + e -  

r(ylrtuol 3' ~ h a d r o n s ) / r t o t a l  1"4,/1" 
VALUE DOCUMENT /D TECN COMMENt 
0 . 0 2 9  -+ 0 .004  6 LUTH 75 MRKI e + e -  

3From an ove ra l l  h l  a s s u m l n g  e q u a l  p o r h a l  Wld lh$ for e + e  - a n d  ~ + # -  
For o m e a s u r e m e n t  of t he  ra t lo  see t he  en t ry  I ( ~  + / ~ - ) / ] ( e  + e - )  b e l o w  
I n c l u d e s  LUTH 75 HILGER 75 BURMESTER 77 

4Restafec l  by  us us ing  BR(~(2S) ~ J,~CIS ") a n y t h r n g )  = 0 55 
5 I n c l u d e s  c a s c a d e  d e c a y  in to  J . '~( l~  ¢) 
61ncluded in I (hodrons)/l toIOI 

- -  D E C A Y S  I N T O  J / ~ ( 1 S )  A N D  A N Y T H I N G  

I (J/~(15") anylhmg)/l'tota I l ' s / ' l '  
VALUE DOCUMENT ID TECN COMMENT 

0 55 +_ 0 .07  OUR AVERAGE 
0 St  ± 0 '12 BRANDELIK 79C DASP e + e  - 
0 57+_0 08 ABRAMS 75 MRKI e + e  - 

r ( J / ¢ ( I S )  n e u t r a l s ) / r ( J / ~ ( I S )  a n y l h m g )  r 6 / I 5  
VALUE DOCUMENT IO TECN COMMENT 
0 41 -+0 02 TANENBAUM 76 MRK1 e + e  - 

['( J,,"¢ (I S)= Ir )I I to,a, 
VALUE DOCUMENT /D 
0 .50  : 0 04 OUR AVERAGE 
0 48 +_ 0 06 ABRAMS 
0 51 ± 0 087 ABRAMS 
0 54 +_ 0 09 WIIK 
0 54 ± 0 18 WlIK 

O 01 0 2  0 0 3  

I (J./~(IS~ T/)/r,otol 

l ' ( J / ~ ( 1 5 " ) / r ° ) / l ' t o t a l  
VALUE EVTS 
0 . 0 0 0 9 7  -+- 0•00021 O U R  A V E R A G E  

0 0015 +- 0 0006 7 
0.0009..+.+0 0 0 0 2 ~ 0  0001 23 

X 
HIM.EL 80 MRK2 0 1 
0REG.IA B0 CBAL 18 

~ B A R T E L  785 CNTR 3 8 

\ 5 2  
(Conhdenco Levsl = O 073} 

0 0 4  0 0 5  0 0 6  

I ' ~ 0 / I '  
DOCUMENT ID rECN COMMENT 

HIMEL 80 MRK2 e + e -  
OREGLIA 80 CBAL ,~(2S) ~ J/¢ 23 

71gnanng the J.,,~ (15') ,7 and j.,~.(IS)~-~ decays 
8Low SIQflSIICS d a t a  r e m o v e d  from a v e r a g e  

- -  H A D R O N I C  D E C A Y S  

I'( 71" + ?r- )/rtota I rt 1,/r 
VAL!J_E.~_u.nHs TO - 4 )  CL% DO_C_UMEN[ ID T_ECN COMMENT 

0.8  _+ 0 .5  BRANDELIK 79C DASP e + e -  
• = * We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  fits hmlts e t c  • • • 
< 0  5 90 FELDMAN 77 MRK1 e + e  - 

I'(2(7r ~ ~ T - )  ~ ° ) / ] ' t o t a l  rls,/l" 
VALUE (unltS fO - 4 )  EVT5 _DOCUMENT I D TECN CO_MMENT 
31 ± 7 OUR AVERAGE 
30 +- 8 42 FRANKLIN 83 MRK2 e + e " 
35 - 15 ABRAMS 75 MRK'~ e + e -  

r ( K  + K - ) / I  to ta l  1 1 3 / I  
VAL_U_E (un~ts ~0- 4) C L_% DOCUMENT IO .TECN COMMENT 

1.0 ± 0 .7  BRANDELIK 79C DASP e + e -  
• • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s  flts ILmlt$ e l c  • • * 
< 0  5 90 FELDMAN 77 MRK1 e + e  - 

] ' ( T r -  7 r -  K + K - ) / r l o t o  I 1"16/|" 
.VAL UE (urals 10 - 4) _DOCUMENT l_D [_E_C.~I COMMENT _ . .  
16 ± 4  9TANENBAUM 78 MRKI e + e  - 

(1 5 1 7 + 3 r e ) / l "  l ' ( p p ) / l ' t ° t a l  1 1 7 / r  
VAL_U.E (_units I0 - 4 )  Ey[_S _DOCUMENT ID_ TECN COMMENT 

rECN COM-M-E~N[ . 1.9 ± 0 .5  OUR AVERAGE 

I 4 ± 0 B 4 BRANDELIK 79C DASP e + e -  
758 MRKI e + e -  ~ J , ' ~ T r ~ r -  2 . 3 ± 0  7 FELDMAN 77 MRKI e + e  - 
75B MRKI e + e  - ~ J.'.~2~', ° 
75 DASP e + e  - ~ J , " ~ ' + ~ ' -  
75 DASP e + e  - ~ J,"~2~ ° 
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] ' (P / r  ) / I ' to to l  ] ' t 2 / 1  
VALUE ~un/ts lO - 4 )  CL % EVTS _DOCUMENT ID TECN C O M M E N T . . .  
< 0 .83  90 1 FRANKLIN 83 MRK2 e + e  - 
• • • We d o  not  use t he  t a l l o w i n g  d a t a  for a v e r a g e s  his hmlts e t c  • • • 
< I 0  90 8ARTEL 76 CNTR e + e -  
< '10 90  10 ABRAMS 75 MRK t e + e -  

1"(2(~ "+ t r - ) ) / r t o t a l  1"14/1" 
VALUE Lu_mtsJO-4) _ _DOCUMENT ID T E_CN COMMEN_T 
4.5_+'1 0 TANENBAUM 78 MRK'1 e + e  - 

l'( ~ ~)ll'tota I ]'iB/i 
VALUE (u_ni_ts f 0 - 4 )  C_L% _DOC~MEN}' ID TECN COMMENr  - - 
< 4  90 FELDMAN 77 MRK'1 e + e  - 

](--=-- *)/]',oto~ ]191r 
VALUE (unlts_f_O- 4) CL %_ DOCUME_NT ID TECN COMMENT ...... 
<:2 90 FELDMAN 77 MRKI e + e  - 

I ' ( ~  + ~ -  p ~ ) / l ' t o t a  I I 2o/]" 
VAL_UL(_u_n,IS 10 -4 )  --__ DOCUMENT tO TECN COMMENT _ _  
8 _+ 2 9 TANENBAUM 78 MRK'1 e + e -  

] ' ( 3 ( 7 r *  ~-))l['totai I 2t / 
VALUE (uq/t_s_ fO - 4~ DOCUMENT ID TECN C_OM_MENT 
1 5 _+ I 0 9 TANENBAUM 78 MRK1 e + e -  

] ' (P  ~ / r+  ~ ' - ) / ] ' t o t a l  | ' 2 2 / I "  
yALU~ (units f 0 - 4 )  DOCUMENT ID TE__CN COMMENT . . . . . .  
4 2_+%5 TANENBAUM 78 MRK'1 e + e  - 

I ' (K  + K * ( 8 9 2 ) ° T r  - + C C ) / ] ' t o t a l  1'23,/ l '  
V AL_UE (un,ts fO - 4 )  --_ DO_CUM_~:NT ID [ECN. _COMMENT . . . . .  
6 .7_+2 .5  TANENBAUM 78 MRKI e + e  - 

] ' ( P P  r r ° ) / ] " o t a '  [ ' 2 4 / r  
VALUE (urals I 0 -  4) EVT$ DOCU__ME_NT [D FECN COMMENT 
1.4 _+0.5 9 FRANKLIN 83 MRK2 e + e  - 

1"(/ i  " + / r -  ~ ° ) / l ' t O t O  I I 25/1" 
VALUE (~n,Js TO- -4 )  EVTS E:)pCUMENT ID T_E_C N COMMENT . . . . . .  
0 .85  -+ 0 46 4 FRANKLIN 83 MRK2 e + e -  ~ h o d r o n s  

1"(3(/1 -+ "E- )  ?r0) / l ' tota  I [ 26//1 ` 
_VAL_UE Curt,is 10 - 4 )  Eyes DOCUME_~!J I D TECN COMMENT 
35 -+ 16 6 FRANKLIN 83 MRK2 e + e -  ~ n a d r o n s  

I ' (K  + K -  ~ ° ) / l ' t o ta  I ] ' 2 7 / r  
VALUE (units_tO-- 5) CL_~ EVTS DOCUMENT/O FECN COMMENT 
< 2 . 9 6  90 1 FRANKLIN 83 MRK2 e + e  - ~ h a d r o n s  

1 ' ( K + ~ ( 8 9 2 )  - + C C ) / r f a t a  I i ' 28 / r  
VALUE (unlts fO--5) CL%EVTS DOCUMENT/D TECN COMMENT 
<1.79 90 0 FRANKLIN 83 MRK2 e + e  - ~ h a d r o n s  

9Assum lng  e n t i r e l y  st rong d e c a y  
10Final s l a te  p0~0 

- - -  RADIATIVE DECAYS - -  

l ' ( / ' r °" f ) / r to ta  I I"30/1" 
VALUE (u_nlts ~0- 4) CL % DOCUMENT_ID _TE_C. N COMMENT _ _  
< 54 95 11 LIBERMAN 75 SPEC e + e -  
• * • We do  no l  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l lml ts  e t c  • • • 
< 100 90 WIIK 75 DASP e + e -  

F(r / 'y ) / I ' to to I  I"3111' 
VALUE (un_Its 10-2,) C[_%_ _DOCUMENT ID TECN _C._ONfMENT 
< 0 . 0 2  90  YAMADA 77 OASP e + e  - ~ 3"~ 

l ' ( ' r ) ' ( 9 5 8 ) ' y ) / I ' t o t o  ~ 1"3211' 
VALUE ~un/ts TO- 2~ C~ % _DC)CUMENT ID___ TECN COMMENT _ _  
<0.'11 90 13 8ARTEL 76 CNTR e + e -  
• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  flts l imits, e t c  • • • 
< 0  6 90 12 8RAUNSCH 77 DASP e + e -  

r (  × = (  1 P)  7 ) / l ' t o t a l  ] ' 3 3 1 r  
VALUE (units 10-  2 ~ _ _ _ _  _DOCUMENT ID TECN COMMENT 
9 .3  Z 0 .8  OUR AVERAGE 
9 9 ¢ 0 . 5 ± 0  8 ¢4GAISER 86 CBAL e + e  - ~ "~ X 
7 . 2 ~ 2  3 1481DOICK 77 CNTR e + e  - ~ '7 X 
7 5 ¢ 2  6 14WHITAKER 76 MRKI e + e  - 

I ' (XmCIP)  "y) / I ' to ta I ['34 / 
_VALUE (units fO -__?~ .  DOCUMENT ID T_ECN COMMEN_T 
8.7  -+ 0 .8  OUR AVERAGE 
9 0 ± 0 5 -+ 0 7 15 GAiSER 86 CBAL e + e -  ~ "t X 
7 I-+I 9 16BIDDICK 77 CNTR e + e  - ~ ~. X 

r (  X ~ ( I F )  y ) / [ ' tota l  ]'35,," ~ 
V AL_UE (units 10-2~ DOCUME.N_T_ I D TECN CO,~VI_ME.NT 
7.8 ± 0 .8  OUR AVERAGE 
8 0 - + 0  5 _ - 0  7 17GAISER 86 CBAL e + e  " ~ ~. X 
7 0+_2 0 16BIDDICK 77 CNTR e + e  - o ",, X 

r (  ~;c(t5") ? ) / ] ' t o t a l  J 36,/I 
VALUE (units fO__~2)_ D_.O_CUMENT ID [E_.C_. N COMMENT 
0 . 2 8 z 0 . 0 6  GAISER 86 CBAL e + e  - ~ 5 X 

l '( 'r/( 1430)  "y ) / l ' to ta l  137/I 
VALUE (units tO -3~__  CL % _DOCUMENT ID [ECN C O_MMENT 
< 0 .  ~2 90 18 SCHARRE 80 MRK I e + e -  

I " ( ~ = ( 2 S ) 7 ) / ] ' t o t o D  r 3 8 / ] "  
VALUE (units t 0 - 2 )  CL % DOCUMENT ID_ 7ECN COMtkfENT __. 

• • • We do  not  use t he  fo l l ow ing  cJola for o v e r a g e s ,  fits. hml ls  e t c  • • • 
0 2 to 1 3 95 EDWARDS 82C CBAL e +e- ~ 5 X 

11Resta ted b y  US us ing  8R(~(25) ~ / . ~ + = - )  = 0 0077 
12Resta ted by  us us ing  to ta l  d e c a y  w id th  228 keV 
13The v a l u e  is n o r m a l i z e d  to t he  b r a n c h i n g  ta t i a  for [ ( J : ~ ( I S ) 7 ) / I  Ioml 
14Angu la r  d i s t f l b u h a n  ( ' l+cos20)  a s s u m e d  
15Angu la r  d ls f r tbu t lan  ( 1 - 0  189 cos2/0 a s s u m e d  
16Val id  for i so t rop lc  d i s t r i bu t l on  of the  p h o t o n  
17Angu la r  d i s t r i buhon  ( I -  0 052 cos2t l )  a s s u m e d  
181ncludes u n k n o w n  b r a n c h i n g  t rac t i on  f i (1430) ~ KK~ 

ALEXANDER 88 
GAISIER 86 
FRANKLIN 83 
EDWARDS 82C 
LEMOIGNE 82 
HIMEL 80 
OREGLJA 80 
SCHA~E 80 
ZHOLENTZ 80 

Also 81 

BRANDEUK 798 
BRANDELIK 79C 
8ARTEL 788 
TANENBAUM 78 
BJDDICK 77 
BRAUNSCH 77 
BURMESTER 77 
FELDMAN 77 
YAMADA 77 
BARTEL 76 
TANENBAUM 76 
WHITAKER 76 
ABRAMS 75 
ABRAMS 7BB 
BOYARSKI 75C 
FELDMAN 75 
HILGER 75 
LIBERMAN 75 
LUTH 75 
WIIK 75 

NP 5160 426 
ZPHY CI  233 
PL 79B 492 
PR D17 1731 
PRL 38 1324 
PL 675 249 
PL 6OB 395 
PL 33C 285 
HambtJrg Cant 69 
PL 648 483 
PRL 36 402 
PRL 37 1596 
StanfOrd Syrup 25 
PRL 34 t18t  
Palermo Cant 54 
Stantalcl Syrup 39 
PRL 35 625 
Stanford Symp 55 
PRL 35 1124 
Stanford Symp 69 

~,(25)  REFERENCES 

SLAC PUB 4501 ~BOnvlcini Droll Fray Luth (LBL MICH SLAC) 
PR 034 71t *BIOOrn Bulos Godfrey÷ CCr'~$lal Ball COliaD ) 
PI~L 51 963 +Franklln FelcJman Abrams AlClm+ (LBL SLAC) 
PRL 48 70 ÷Podridge Peck+ (c l r  HARV PRIN BrAN SLAC) 
PL 1135 509 +Borate ASlbury* (SACL LOIC SHMP IND) 
PRL 44 920 +Abrams AIQrn Blocker+ (LBL S~AC) 
PRL 45 959 +PartriDge+ (SLAC CIT HARV PRIN STAN) 
PL 975 329 +Trllflng Abrams Alam Blocker+ (SLAC LBL) 
PL 965 214 +KurclocIze Lelchuk Mlshnev+ (NOVa) 
SJNP 34 814 Zholentz+ (NOVO) 
Translated from YAF 34 1471 

+Cords+ (AACH DESY HAMB MPIM TOKY) 
• (AACH OESY HAMB MPIM TOKY) 

+Dlttrnann Dulnker Olsson O Nelll+ (DESY HEID) 
+Alam Boyotskt+ (SLAC LBL) 
+5urnett+ (UCSD UMD PAVI PgJN SJ.AC 5TAN) 
BrQunschWelg+ (AACH OESY HAMB MPIM+) 

*Cr legee* (OESY HAMB SIEG WUPP) 
+Perl (LBL SLAC) 

(DESY |OKY) 
+Dulnker Olsson Stetlen Helntze, (D[SY HELD) 
*Abrams BovorSkl Bulo$+ (SLAC LBL) IG 
*Tanenbaurn Abrams Alam* (SLAC LBL) 

(LBL) 
*Brlggs Chinowsky Ft ledberg, (LBL SLAC) 
+Breidenbach Bulos Abtorns Brlggs* (SLAC LBL) 

(SLAC) 
+Boron Ford Hofsladter Howell+ (STAN PENN) 

(STAN) 
+Boyorskl Lynch Bfelaenbach* (SLAC LBL) JPC 

(DESY) 

OTHER RELATED PAPERS 
BARATE 83 PL 1215 449 
FRANKLJN 838 5LAC 254 Thesis 
BARAIE 81 PR 024 2994 
PARTRIDGE 8De PRL 45 1150 
BURMESTER 77 PL 66B 395 
SNYDER 76 PRL 30 1415 
AUBERI 758 PRL 33 1624 
BRAUNSCH 758 PL 578 407 
CAMERINI 75 PRL 35 483 
FELDMAN 756 PRL 35 821 
GRECO 75 PL 56B 367 
JACKSON 75 NIM 128 13 
SIMPSON 75 PRL 35 699 
ABRAMS 74 PRL 33 1453 

*Bareyre Bonarny* (SACL LOIC SHMP IND) 
($1AN) 

*A$tbufy+ (SACL kale SHMP C~RN IND) 
*PeCk+ ( t i t  HARV PRIN STAN SLAC) 
*Crlegee+ (DESY HAMB SIEG WUPP) 
*Horn Lederrnan ADDeI* (COLU FNAL STON) 
*Becket 81ggs Burger Glenn~ (MIT 8NL) 

Brounschwelg+ (AACH DESY MPIM TOKY) 
+Learned Ptepost Ash Anderson+ (WISC SLAC) 
+Jean Motqe SaOoulel Yannucc i ,  (LBL SLAC) 
+Pancherl SnvastovQ ~'lvastava (FRAS) 
+Schorre (LBL) 
+Boron Faro HHge' Hofstadter. (STAN PENN) 
+Brlgg$ Augushn Bovorskl- (LBL SLAC) 
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 (3770),  (4040) 

IG(jpc) = ~(1--) 

~ / , ( 3 7 7 0 )  M A S S  

V_A_LUE (_Me V)_. DOCUMENT IO TE_C._,'V COMMENT 
3769.9  ± 2 .5  OUR EVALUATION From ~-(3685) mass a n d  mass d i f f e rence  

b e l o w  

• • • We do  not  use the fo l low ing  d a t a  for a v e r a g e s  fits, hmits + to  • • • 
3764 0-- .5  0 rSCHINDLER 80 MRK2 e + e  - 
3770 +.6 0 I B A C I N O  78 DLCO e + e  - 
3772.0__.6 0 IRAPIDIS 77 MRKI  e + e  - 

IErrors Inc lude  sys temat i c  c o m m o n  to all exDer lmen ts  

~ , ( 3 7 7 0 )  - ~ ( 2 S )  M A S S  D IFFERENCE 

~/A_LLIE (MeV) DOCUM_E.N_T_!D_ TECN COMMENT 
83.9  = 2 .4  OUR AVERAGE Error Inc ludes sca le  fac lo r  of  'I 8 See the  Ideo-  

g r a m  b e l o w  
80 0 ± 2  0 SCHINOLER 80 MRK2 e + e  - 
8 6 ° 0 + . 2 . 0  2 BACINO 78 DLCO e + e  - 
88 0 ± 3 ° 0  RAPIDIS 77 MRK'I e + e  - 

2SPEAR J(2S) moss sub t rac ted  (see  SCHINDLER 80) 

WEIGHTED AVERAGE 
83  9 ± 2 4  (Error sca led by 18)  

! 

l 
75 8 0  85  9 0  95  

X 2 

SCHJNDLER 80 MRS2 38 
BACINO 78 DLC0 : 1 
RAPICIS 77 MRK1 19 

8 8  
(Conhdence Level = 0 034) 

I t 

100  105 

,~(3770) - ~(25") mass d i f f e rence  

. ~ ( 3 7 7 0 )  WIDTH 

VALU.E__(&feV) DOCUMENr IV fECN COMMENT 
25.3  :I: 2 .9  OUR AVERAGE 
24 0 ± 5 0 SCHINDLER 80 MRK2 e + e -  
24 0 ± 5 0 BACINO 78 DLCO e + e -  
28 0 = 5 . 0  RAPIDIS 77 MRKI e + e  - 

1`t 

] '2 

I / . , ( 3 7 7 0 )  D E C A Y  M O D E S  

F r a c t i o n  (1"/,/1`) 

~ ( 3 7 7 0 )  ~ e + e  - ( t  3 o ± 0  2 0 ) × ~ 0 - 5  

~ ( 3 7 7 0 )  ~ D D  

~ , ( 3 7 7 0 )  P A R T I A L  W I D T H S  

I ' ( e +  e - ) 
~/ALUE (lteV ,) . DOCUME_NT r_O TECN COMMENT 
0 .26  ± 0 .05  OUR AVERAGE Error inc ludes  sca l e  fac to r  of  1 3 See the 

i d e o g r a m  b e l o w  
0 276 +- 0 050 SCHINDLER 80 MRK2 e + e -  
0 t8  ± 0  06 BAC)NO 78 DLCO e + e  - 
0 37 ¢ 0  09 3RAPIDIS 77 MRK'I e + e  - 

3See also [ ' (e  + e-) / l ' to to~ b e l o w  

WE)GHTED AVERAGE 
O 2 8  ± O O 5  (Error sca led by 13)  

0 0 2  

x2 
SCHINDLE;~ B0 MRK2 " ~  " 

, ~ 8ACINO 78 DLCO 17 
RAPIDIS 77 MRIC1 1 6 

, , e r r ,  . . . .  

0 4  0 6  0 8  

r(e+e-) 

r ( D O ) / 1 " t o t a l  
VALUE 
DOMINANT 

l( e + e- )II'total 
VAZUf. (umts W-_5) 
1.3 ~ 0 . 2  

~ ( 3 7 7 0 )  B R A N C H I N G  R A T I O S  

l ' 2 / r  
DOCUMENT IO TECN COMMENT 
PERUZZI 77 MRKI e + e  - ~ DD  

1`i/1' 
DOCUMENT.ID ~ N  COMMENT 
RAPIDIS 77 MRKI e + e  - 

SCHINDLER 
BACINO 
PERUZZI 
RAPIOIS 

I / , , ( 3 7 7 0 )  REFERENCES 

80 PR D21 27'16 +Slegrlst Alam Soyarskl+ (MARK IJ Callao ) 
78 PRL 40 671 +Boumgarlen Slrkwood÷ (SLAC UCLA UCl) 
77 PRL 39 1301 +PICCOlo Feldmon+ (SLAC LBL NWES HAWA) 
77 PRI. 39 526 +Gobbl Luke*, (MARK I Callao ) 

I ~,(4040) I I G ( j  pC) = o~ (1  - - )  

j P C  fo r  l h e  ~ , ( 4 0 4 0 )  is k n o w n  b y  its p r o d u c t i o n  in 
e + e  - c o l l i s i o n s  v i a  s l n g l e - p h o t o n  o n n l h i l o t l o n  I G Is 
n o t  k n o w n ,  a n d  t h e  I n t e r p r e t a t i o n  o f  th is s t a t e  as  a sln- 
g l e  r e s o n a n c e  ~s u n c l e a r  b e c a u s e  o f  t h e  e x p e c t a t l o n  
o f  s u b s t a n t i a l  t h r e s h o l d  e f f e c t s  in th ls  e n e r g y  r e g i o n  

I / ' ( 4 0 4 0 )  M A S S  

VAL_U_E (Met/) _ . . DOCUMENr IO TECN COMMENT 
4040.0  +- 10.0 BRANDELIK 78C DASP • + e -  

~ , ( 4 0 4 0 )  W I D T H  

VALUE (MeV~ . DOCUMENr ID TECN COMMENT 
52°0 ± 10.0 8RANDELIK 78C DASP e + e -  

~ ( 4 0 4 0 )  D E C A Y  MODES 

1" I " ~ ( 4 0 4 0 )  ~ D ° D  ° 

1`2 " , / ( 4 0 4 0 )  ~ D ' * ( 2 0 1 0 ) 0 ~ x  ) + c c 

I" 3 ~ ( 4 0 4 0 )  - . -  D * ( 2 0 1 0 ) 0 ~ * ( 2 0 1 0 )  0 

1`4 ~ / ( 4 0 4 0 )  ~ J / ~ ( I S ' )  h a d r o n s  

I" 5 ~ , ( 4 0 4 0 )  - , -  e + e -  

1"6 ~ ( 4 0 4 0 )  ~ / J + / z -  
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}(4040),  b(4160), 7,(4415) 

k({4040) PARTIAL WIDTHS 

i'(e + e-) I" 5 
VALUE (keY) OOCUMENT ID rECN COMMENT 
0 . 7 5  I 0 .15 BRANDELtK 78C DASP e + e -  

~ ( 4 0 4 0 )  BRANCHING RAIIOS 

l'(DODo)/r(D,'*(2010)o£>) + C C ) r l / I "  2 
VALUE DOCUMENT tD rECN COMMENT 
0 .05  ± 0 . 0 3  - -  IGOLDHABER 77 M-RKI e~ -e  - 

t P h a s e - s p a c e  fac to r  (p3 )  e x p l i c i t l y  r e m o v e d  

I ' (D ' * (20 t0 )oD ' * (2010)o ) / I ' (D ' * (2010)o~  + c C ) I'3/I" 2 
VALUE DOCUMENr ID FECN COMMENr 
32 .0  ± 12,0 2 GOLDHABER 77 MRKI e + e -  

2 p h a s e - s p a c e  fac to r  (p3 )  e x p l i c i i l y  r e m o v e d  

[ ' ( e  + e - ) / r t o t a  I I ' s / r  
VALUE (unlts I0_-5). . _ _  DOCUMENT ID T_ECN COMMENT 

• • • We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l lml ts  e f t  ° • • 
~ 1  0 FELDMAN 77 MRKI e + e  - 

k~(404.0) REFERENCES 

BRANDELIK 78C PL 76B 361 *Cords+ (AACH DESY HAMB MPIM TOKY) 
AIso 79C ZPHY C'$ 233 Bronaellk* (AACH DESY HAMS MPIM TOKY) 

FELDMAN 77 PL 33C 285 *Perl (LBL SLAC) 
GOLDHABER 77 PL 69B 503 +Wlss AiDrams Alom* (LBL S4.AC) 

- - - -  OTHER RELATED PAPERS - -  

HEIKKILA 84 PR D29 110 +rornqvlSl Ono (HELS TOKY) 
Ohio 84 ZPHY C26 307 (ORSA) 
S4EGRIST 82 PR D26 969 +SChwltlers Alom Chlnowsky+ (~AC LBL) 
KiRKBY 791) Fermllab SymlD 107 (SLAC) 
RICHARDSON 79 Pt 82B 272 (SLAC) 
LUTH 77 PL 708 120 +Pierre AiDrams Alorn 8oyorski+ (LBL SLAC) 
PER'UZZl 76 PRL 37 569 *Plcco(o FeldmOn Nguyen Wiss+ (SLAC LBL) 
AUGUSTIN 75 PRL 34 704 +8oyorskl AiDrams Sriggs+ (S4.AC LBL) 
BACCl 75 PL 58B 481 +Sidoll Pon$o Stellae (ROMA FRAS) 
BOYARSKI 758 PRL 34 762 *§reldenlDoch AIDrOm$ B~'lgg$* (SLAC LBL) 
ESPOS4TO 75 PL 58B 478 *Felicettl PeruZZi+ (FRAS NAPL PADO ROMA) 

I I I G ( J  Pc) = 9"~(1 - - )  

jPC for the ~(4160) is known by Its production in 
e+e - colhsions wa slngle-photon annlhdahon I G is 
not known, and the interpretahon of thls state as a sln- 
gle resonance is unclear because of the expectation 
of substantial threshold effects in th~s energy region 

~ / (4 t60)  MASS 

VALUE (MeV) . . . .  DOCUMENT tO TECN COMMENT 
4159.0 ± 20 .0  BRANDELIK 78C DASP e + e -  

~ (4160 )  WIDTH 

VALUE (MeV) __ DO CUMENT_ID_. rEC_N COMMENT. 
78 .0  ± 20 .0  BRANDELIK 78C DASP e + e -  

1" t 

~ (4160 )  DECAY MODES 

Fracllon ( l ' / r )  
~ (4160 )  --,, e + e  - (~ o ± o . 4 ) × I o - ~  

I/.{4160) PARTIAL WIDIHS 

DOCUMENr rO rECN COMMENT 
BRANDELIK );8C [)ASP e + %  - 

~/(4160) REFERENCES 

BRANDELIK 78C PL ?bE. 361 +Cords+ (AACH OESY HAMS MPIM TOKY~ 

- -  - OTHER RELATED PAPERS . . . .  

Ohio 84 ZPHY C2b 307 (ORSA) 
KIRKBY 79B FermilC)iD SvmlD 107 (SLAC) 
8URMESTER 77 PL 66B 395 +C,legee+ (DESY HAM8 SIEG WUPP) 

I~(4415) I I(;(J Pc) = 9~(I - ) 

j P C  fo r  t h e  ~ ( 4 4 1 5 )  Is k n o w n  b y  its p r o d u c h o n  m 

e + e  - c o l l i s i o n s  vla s i n g l e - p h o t o n  a n n i h i l a t i o n  I G IS 

n o t  k n o w n ,  a n d  t h e  m t e r p r e t a h o n  of th i s  s t a t e  as  a s i n  

g l e  r e s o n a n c e  is u n c l e a r  b e c a u s e  a t  t h e  e x p e c t a h o n  

of s u b s t a n t i a l  t h r e s h o l d  e f f e c t s  m th is  e n e r g y  r e g L o n  

~,(4415) MASS 

VALUE CMeV ) __ DOCUMENt ID rECN COMMENT 
4445 ± 6 OUR--AVERAGE " " 
4417 0 ± 10 0 BRANDELIK 78C DASP e + e -  
4444 .  ± 7 51[GRIST 76 MRKI e + e -  

• • • We dO not  use the  f o l l ow ing  d a t a  for a v e r a g e s  tits h i l l s  e tc  • • * 
~ 4 4 0 0  KNIES 77 PLUT e + e  - ~ ~ . u -  

~(4415 )  WIDTH 

VALUE (Met,') DOCUMENT ID rECN COMMENT 
43 = 15 OUR AVERAGE Error in-Cludes s-Cole fac to r  of 1 8  
66 0 :l: 15 0 BRANDELIK 78C DASP e + e -  
33.  - 10 SIEGRIST 76 MRK1 e + e -  

J/(4415) DECAY MODES 

1"i :~(4415) ~ e + e  - 
r 2 .~(4415) ~ ha(Irons 

Frac l lon  (1" / 1) 
(I I ± 0 , 4 ) ,  10 - 5  

~/(4415) PARTIAL WIDTHS 

I ' ( e *  e - )  
VALUE (keV) DOCUMENT lO TECN COMMENT 
0-.47 ± 0.10 OUR ,4~VERAGE 
0 49 - 0 13 BRANDELIK 78C DASP e ~ e -  
0.44+_.0 14 SIEGRIST 76 MRKt e + e  

I"i 

~/(4415) BRANCHING RATIOS 

l ' (hadrons) / l ' fo ta  I 
VALUE DOCUMENT ID TECN COMMENT 
[)OMINANT SIEGRIST 76 MRKI e + e 

1 2 / |  

~,(4415) REFERENCES 

8RANDELIK 7SC PL 768 361 +CorcI$. (AACH DE5 v HAMS MPIM TOKY) 
KNIE5 77 Homburg Syrup 93 ~PLUTO COllOID ) 
SI/GRIST 70 PRL 36 700 *ADIOmS Soyarskl 8relde.'~bOCn* (,eL SLAC) 

- -  OTHER RELATED PAPERS 

BURMESTER 77 PL 66B 395 +Crlegee+ (DESY HAMS 51EG WUPP) 
LUIH 77 PL 70B 120 +Pletre AiDtams AIQfl', BoyOt$kl~ (LBL SLAC) 

rCe÷e -) t', 
VALUE (keV) 
0 .77  :l: 0 . 23  
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BOTTOMONIUM 

bb MESONS 

T(11020) 

T(lO860) 

VW ___~_-_-_._-__.---__._-.__-_-_-.-_-.-.--___ 
BB threshold 

THE BOTTOMONIUM SYSTEM 

JPC = o-+ I+- 1++ I?++ 

The level scheme of the hk states showmg experlmentally establtshed states with soled hnes 

Smglet states are called qb and hb, trlplet states r and xbJ In parentheses It IS sufflclent to 

give the radial quantum number and the orbltal angular momentum to speclfy’the states 

with all then quantum numbers E g , hb(2P) means 2’PI with n = 2, L = I, S = 0, 

J = 1, PC = + - If found, D-wave states would be called sb(nD) and TJ(nD), with J = 

1,2,3 and n = 1,2,3,4, For the xb states the spins of only the xbz( 1 P) and xb 1( 1 P) 
have been experlmentally estabhshed The spms of the other xb are given as the preferred 

values, based on the quarkomum models The figure also shows the observed hadromc and 

radlatlve transItIons 
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N o r } :  o N  %~ !1)! I I  D E ] E R M I N  VII ( )N% O F  I I I E  T 

~ I  ATI&%" 

-ks IS lhe case for  I "~(I  S') and ~/(2 ~, ) the lul l  ~ Khh,, at 

the bound  t,/, ',tales, T(1%) T(2~,'! and T(3~, ) a~e not 

dllccll.', IIICdSUlLIbIC slnLe thex alC lllLILh srnallcl than the 

enc)g} ieM)ItlllOn of the ('" (' stOt;.Igc illlgS \\hole these 

St;J.lCs ~.IIC p l o d u c c d  r i l e  C O l l l n l o n  l l l d l l e C t  m e t h o d  It) 

d e t c l  n i t r i c  J" slat+Is l ' ron l  

I' 1"(( B / (  ( I ) 

where l'i/ us one lep tonw parnal ~ u.lth and B(( ns lhc' 

COl )CSl ) tH ld lng  b l ; . I I ILHHI~ ftLlCtlOtl  ( I  - (' ,u Ol T} ( ) n o  t h c l l  

~IS~LIIIIUS ( ' - # - T  l . ln l \  e rsahLk ~.illd tlSCS 

1"(4 l 'cc 

B / /  a~clam.' ) t ' l t  B and It (2} 
' J.iH TT 

The  e lec t romc par lMI  v, idth 1'(, c is ai~,o not (.hrectl\ llledstH- 

able at ( ' - c  stL)Idge l l n ~ s ,  ant }  the c o n l b l n i l t l o n  

l ' cc l ' had :T  \,,here l ha  d l%lhe hadrml le  par t la l  \ \ i d th  and 

l 'ha d I 31"(,(, - I" (3)  

Ttns  c o m b m a t m n  is ob ta ined  ,.'xpcl H+ncnlall.~ l ion1 the 

C n e l g }  - ) l l t e~ l  ~.Itcd h [ I d l  onP.." c ross  SCcl )on 

f a l ( ' - - {  ~ "( --~ ha (b  ('HIS)(// 
resonance 

i,(())i, 6~ 1 c(,l'l.md ( t (_',~ _('c !'b:_m ( ( ( ) )  (4) 
U2 l" ~12 I P 

~\here l /  is the T FFIL|S% and ( J and ( / 0 )  a le lad law,  c 

co iK 'c t ion  fact tns ( j ~s used I'm ob ta in ing  l'cc as de l ined  

m Eq ( l )  and conta ins  c o ~ c c u o n s  t ia ra  all o~cle~s o t ' O E [ )  

for  desc~d~lng (1,1,)~ c + ( ' -  The Io~\cst order  Q I ! D  \ a l u c  

r (0))cic\,1111 t'Ol the compal  )'~on \~ 1111 l lo tenl iL i l -modc]  cal- ( , ( ,  , 

culat ions i s d c f i n c d  b.~ the lox\cs t  oldel  O l ] l ) g ~ a p h J B ( n n  

loin1) alone Lind IS Llbotlt 7% lov'.Cl t h a n  I c c  hl t he  paM 

l h l s  d ls t l l ICl lOn h~.ltJ buel l  o \  el l ooked  b\ s o m e  ~.ltllhols ~.lS 

polnlcd  out b} . \ L E N & N D E R  8S B-kRt • 86 ( O()PI{R S6 

KOENI(;Sb,  I - \NN S6. and othc~s 

The l.lSllngs gl,,c exper imenta l  lcsulls  on Bcc 1~ u Brr  

and l'(,cl'ha d T The en lne s  o l ' the  lattci quanlll} I la\c  

been I C-C\ ;.IILILIICv] Ublllg COllSiStell[1} the  COl i eCllt)ll pl o -  

ccdurc uf KI.'R.~,EV S5 The pattlal ~tdth I c(" I% obtamcd 

Iron~ the a\c~age \alLies I\>i Icurha d I" and BI¢ uslng 

l'c(' ['had 
l" = -- - (5) 

cc 1"11 -- ~B//) 

The  total \ \ id th  I I% then obta lncd l iom ILq ( I ) \\u" do nut 

l ist l'c( , and I' \ alucs t d  )rti.h\ idt lal  expet liYielltX l h c  I (,(, 

\ a l u c s  In t h e  ~ l cs t ) i ]  .~tllllnlalk Tab le  LIIC a l so  those def incd 

in  [ q  ( l )  a n d  n o  I o n g c l  t h e  I o \ t e s [  o ) d e r  qu l . l n l l l l eS  1 "(01 u(' 

3 3 9  

Meson Full Listings 
T(1S) = T(9460) 

I'r(ts) I or '1'(9460) IG(jpc) = 9~(1 - - )  

3['(15) MASS 

.VALUE (M_eV) DOCUMENf ID TECN COMMfNT 

9 4 6 0 . 3 2  -+ 0 . 2 2  ()UR AVERAGE Error includes scale factor of 2 5 See ll~e 
i d e o g r a m  below 

9460 59 ~: 0 12 BARU 86 REDE e + e " + hadrons 
9460 6 _+ 0 4 I ARTAMONOV84 REDE e + e- ~ hadrons 
9459 97 _+ O 11 _+ 0 07 MACKAY 84 REDE e + e- ~ hadions 

IValue includes data of ARTAMONOV 82 

WEIGHTED AVERAGE 
9 4 6 0 3 2  ± 0 2 2  (Error s c n l e d b y 2 5 )  

I 

BARU 
. ,  ,,2t,,2,0+ 

9459 5 

2 
X 

86 PEDE 5 I 
B4 REDE 05 
54 REDE 72 

12 8 
(Confidence Level = 0 002) 

9 4 6 0 0  9 4 6 0 5  94610 9461b 94620  

T(I.~ mass (MeV) 

VALU_E_(keV) 
51,6 _+ 3 . t  

T(15) WIDIH 

DOCUMENr lD 
OUR EVALUATION See  T mml rewew 

I' I 

12 

F3 

T(15) DECAY MODES 

T(IS) ~ ,u+p" 
T(15) ~ e + e -  
T(15) ~ r + T- 

Fraction (11,'?') . ConfLev  
(2 6 2 ÷ 0  16),10 -2  

(2 52_+0 17). 10 -2  

(2 97_+0 35). 10 -2 

HADRONIC DECAYS 

1' 4 T(15) ~ pTr 
1' s T( t5 )  ~ J/~(15") anything 

, . 2 t  10-3 
10-2 

g0% 
9O% 

RADIATIVE DECAYS 

1"6 T(15) ~ f2C1270)'~ 
I 7 T(15) ~ /~ (1525)~  
le TC15) ~ 12(1720)"t 

• 3 2  

< 2 4  

t0 -5 
10 5 

90% 
90% 



3 4 0  

Meson Full Listings 
T(IS) = T(9460), X b o ( I P )  = X 0(9860) 

1"(tS) rU ) r (  e *  e -  ) I r ( t o t a l )  

l ( h a d r o n s )  × r ( e  + e - ) / l ' t o t a  I I '01"2/I" 
VALUE (key)  DOCUMENT IO TECN COMMENT 

t . 24  ± 0 .05 OUR AVERAGE . . . . . . . . . .  

1 37_+0 06_+0.09 2GILES 84B CLEO e + e  - ~ hadrons  
1 17_+0 06_+0.10 2TUTS 83 CUSS e + e  - ~ ha(Irons 
1 2 3 ± 0  08_+0.04  2ALBRECHT 82 DASP e + e  - ~ hadrons  
1 13 _ + 0 . 0 7 ± 0 . 1 1  2NICZYPORUK82 LENA e + e  - ~ hachons 

09_+0.25  2BACK 80 CNIR e + e  - ~ hachons 
1 35 ± 0 14 3 BERGER 79 PLUT e + e -  ~ hadrons  

2Rodlahve correct ions r e e v a l u a t e d  b y  BUCHMUELLER 87 fo l l ow ing  
KURAEV 85 

3Radiat ive cor rect ions r e e v a l u a t e d  by  ALEXANDER 88 using BR(##) = 
0 026 

T ( I S )  PARTIAL  WIDTHS 

r (e 'e- )  
VALUE (keV) DOCUMENT ID 

1.34 _+ 0.05 OUR EVALUATION See I" m ln i - rev lew 

I" 2 

1"(1,9) B R A N C H I N G  R A T I O S  

['(/~+/~-)/rtofo~ 
VA L UE E V r$ DOCUMENT IO 

0.0262 ± 0 .00 t6  OUR AVERAGE 
0.0230_+0 0025_+0.0013 86 ALBRECHT 

0 ,029  _+0 003 ±0.002 BESSON B4 

0 027 ± 0 . 0 0 3  ± 0  003 ANDREWS 83 

0 0270 ± 0 0028 ± 0 0014 TUTS 83 

0 .032  ± 0 013 ± 0 .003  ALBRECHT 82 

0 038 _+ 0 015 ± 0 002 NICZYPORUK 82 

0 014 + 0 034 BaCK 80 
- 0  014 

0 022 _+ 0 020 BERGER 79 

r ( e  + e - )/rtofal 
VALUE Evrs DOCUMEnt ,o 

0.0252 ± 0,0017 OUR AVERAGE 
0 0 2 4 2 _ + 0 . 0 0 1 4 ± 0  0014 307 ALBRECHT 87 

0 028 -+ 0 003 ± 0 002 BESSON 

0 051 ± 0 .030  BERGEP 

[ ' ( T  + " r -  ) / l ' t o t a  I 
VALUE DOCUMENT 10 
0.0297 ± 0,0035 OUR AVERAGE 
0 . 0 2 7 ± 0  004+_.0 002 4ALBRECHT 85C ARG T ( 2 ~  ~ ? T + ~ ' - - T + r  - 
0 0 3 4 ± 0 . 0 0 4 ± 0  004 GILES 83 CLEO e + e  - ~ T~'T - 

4Uslng BR(T(1S) ~ e e )  = BR(T(IS') ~ # # )  = 0 0266 not  used for w id th  
eva lua t ions  

r ( p  ~ ) / l ' l o t a l  
V_ALUE_@91IS TO-_4.) _ CL% DOCUMENT ID 
<21 90 N/CZYPORUK 83 

1 " (J /~ , (1E)  a n y t h l n g ) / I ' t o t a  I 
VALUE CL % DOCUMENT ID 
< 0 . 0 2  90 NI~YPORUK 83 

r ( f 2 ( 1 2 7 0 ) " y ) / r t o t a  I 
VALUE Cunits ~0-  5 )__  CL % ~ U M E N T  ID 
< 3 . 2  90 s BEAN 86 

5Using BR(f2(1270) ~ ~', :~) = 0 84 

I ' ( f ~ , ( 1 5 2 5 )  " y ) / r t o t a  I 
VALUE (units .10- 5) CL % DOCUMENT ID 
< 2 . 4  90 6 BEAN 86 

6Assumlng BR(f~(1525) ~ K/C) = 1 0 

l ' ( f ~ ( 1 7 2 0 )  " y ) / r t o t a  { 
_V_ALUE~n#s TO.- 5~_ CL % _DOCUMENT ID 

I '~/1" 
TECN COMMENT 

87 ARG T(2E) 

CLEO T(2S) 

CLEO e + e -  
,u +/.~ - 

CUSS e ~ e -  
# +/.L- 

DASP e + e  - 
~ + / ~ -  

LENA e + e -  
/~+#- 

CNTR e+e - 
~+u- 

PLUT e + e- 
,u+~ - 

l ' 2 / r  
TECN COMMEN[ 

ARG T ( 2 ~  
? r + ~ - e + e -  

84 CLEO T(2~  

-r + ~r- e~r e - 
80C PLUT e + e -  

e + e  - 

r 3 / r  
TECN COMMENT 

I ' 4 / r  
TECN 
LENA 

[ 'S / I "  
TECN 
LENA 

r 6 / r  
T_ECN COMMENT 
CLEO e + e  - ~ "y~r~ 

i ' 7 / r  
TECN COMMENT 
CLEO e + e  - ~ "TK+K - 

r e / ]  
[ECN _~OMMENT 

• * * We d o  no t  use the  fo l l ow ing  d a t a  for overages,  fits Hmlts e t c  * • • 

< 3  2 90 7BEAN 86 CLEO e + e  - ~ " r K + K  - 
< 2  6 90 8BEAN 86 CLEO e + e  - ~ 3,~'+ '~ ' -  

71ncludes u n k n o w n  b r a n c h i n g  rat io of f2(1720) ~ K + K  - 
81ncludes u n k n o w n  b r a n c h i n g  rat io of /2(1720) ~r~'x - 

ALEXANDER 88 
ALBRECHr 87 
BUCHMUEL 87 
BARU 86 
BEAN 86 
ALBRECHT 85(3 
KURAEV 85 

ARTAMONOV 84 
BESSON 84 
GILES 84S 
MACKAY 84 
ANDREWS 83 
GILES B3 
NICZYPORUK 83 
TUTS 83 
ALBRECHT 82 
ARIAMONOV 82 
NfCZYPOR'UK 82 
BERGER 80C 
BaCK B0 
8ERGER 79 

ALEXANDER 88 
COOPER 86 
KOENIGS 86 
ALBRECHT 84 
ARTAMONOV 84 
ARTAMONOV 82 
MAGERAS 81 
MUELLER 81 
NICZYPORUK 81 
ALBRECHT 80 

J ANDREWS 80 
BOHRINGER 80 
KOURKOU 80 
ANGELIS 79 
BADIER 79 
DARDEN 79 
BERGER 78 
BJENLEIN 78 
DARDEN 78 
GARELICK 78 
KAPLAN 7B 
YaH 7B 
COBB 77 
HERB 77 
INNES 77 

' [ ' (1.9) REFERENCES 

SLAC PUB4501 +Bonvlclnl Orell Frey Luth (LBL MICH SLAC) 
ZPHY C35 283 ÷Binaer Boeckmonn Gloeser* (ARGUS COlIOD ) 

MIT LNS 159 8ucnmueller COOl;)er (HAHN MIT) 
ZPHY C30 551 +BllnOV Bonaar Buktn+ (NOVa) 
PR D34 905 +BODDInR Brock Engler÷ (CLEO Coflab ) 
PL 154B 452 ÷Dresct~er Hell÷r+ (ARGUS COlIOD ) 
SJNP 41 466 ÷Faaln (ASCI) 
Translalea fi'om YAF 41 733 
PL 137B 272 
PR D30 1433 
PR D29 1285 
PR D29 2483 
PRL 50 807 
PRL 50 877 
ZPHY C17 197 
Cornell Cant 284 
PL 116B 383 
PL 118B 225 
ZPHY C15 299 
PL 93B 497 
ZPHY C6 t25 
ZPHY CI  343 

- - -  OTHER 

SLAC PUB 4501 
Berkeley Cant 67 

DESY 86,' 136 
PL 1348 137 
PL 137B 272 
PL 1188 225 
PEt 46 1t t5 
PRL 46 1tBI 
PRL 46 92 
PL 93B 500 
PET 44 1108 
PRL 44 111t 
PL 91B 481 
PL 87B 398 
PL 86B 98 
PL 80S 419 
PL 7bB 243 
PL 78B 360 
PL 76B 246 
PR DIB 945 
PRL 40 435 
PRL 41 6B4 
PL 72B 273 
PRL 39 252 
PRL 39 t240 

• Boru Bllnov BonOOr+ (NOVa) 
+Green Hicks NomJoshl Sanne$+(CLEO Collob ) 
+~assora Hembsteaa Klnosfllto+ (CLEO Coilob ) 
+ (CUB8 Collob ) 

(CLEO ColIOb ) 
(HARV OSU ROCH RUTG SYRA VAND*) 

{LENA Collab ) 
(CUSS COllab ) 

÷Hofmonn÷ (OESY DaRT HEID LUND ITEP) 
+Boru Bllnov Bondar BukJn Groshev+ (NOVa) 
÷Foiger Blenleln+ ('LENA Collob ) 
+Lackos+ (AACH DESY HAMB SIEG. WUPP) 
+Blanor Slum÷ (HEID MPIM DESY HAMB) 
~.Alexonaere (AACH DESY HAM8 SIEG WUPG) 

RELATED PAPERS - - - -  

+Bonvlclnl Drell Frey Luth (LBL MICH SLAC) 
(Mn) 

KoenJgsmonn (DESY) 
+Dtescher Hell÷r÷ (ARGUS Collob ) 
÷Baru Bllnov Bonaor÷ (NOVa) 
+Baru BllnOV Bonaor ~Jkln Groshev+ (Nova) 
+Bohrlnger Flnoccnloro~(COLU STON LSU MPIM) 

(RUTG SYRA LEMO VAND CORN ITHA+) 
•Chen Vogel Wegener÷ (LENA Collob ) 
eHotmonn+ (DESY DaRT HEID LUND) 
÷ (CLEO Collob ) 

+Costantlnl Finocchloro (COLU STON) 
kourkoumells+ (ATHU NTUA. BNL CERN+) 

+Besch Blumenfela÷ (CERN COLU aXE ROCK) 
÷BouCrOt÷ (SACt CERN CDEF EPOL LALO) 
÷Hofmann Schubert+ (DESY DaRT HElD LUND) 
+Alexanaei+ (AACH DESY HAMB SIEG WUPG) 
÷Glow÷ Back Blanar+ (DESY HAMB HElD MPIM) 
÷Hofmonn Sctluberl÷ (DESY DaRT HEID LUND) 
+Gouthler HIcks Oliver+ (NEAS WASH TUFT) 
+Abpel Herb Ham* (STON FNAL COLU) 
+Heft) Horn Leaermon+ (COLU. FNAL STON) 
~.lwolo Foblon+ (BNL CERN SYRA YALE) 
•Horn Leaermon Abbel Ito÷(COLU FNAL Si'ON) 
+Appel Brown Hero Ham+ (COW FNAL Si'ON) 

J x (1 P) 
o r  X b o ( 9 8 6 0 )  J IG(j Pc) = 9'~(0 preferred *+) 

O b s e r v e d  in r a d l a t l v e  d e c a y  at  t h e  T(2S).  t h e r e f o r e  C 
+ B r a n c h i n g  ra t i o  r e q u i r e s  E l  t r a n s i t i o n ,  M I  is 

s t r o n g l y  d i s f a v o r e d ,  t h e r e f o r e  P = + 

x m C t P )  M A S S  

_VALUE~MeV) DOCUMENT IO TECN COMMENT 
9859.8 ± 1.3 O U ~ V E I ~ A G E  . . . . . . . . . .  
9860 0 ± 0 5 :L 1 4 I ALBRECHT 85E ARG Y ( 2 ~  ~ cony  "7 X 
9 8 5 8 . 3 ± 4 . 6 ± 2 . 7  INERNST 85 CBAL T ( 2 ~  ~ ~ X 
9864.1  ± 7 ± 1 I HAAS 84 CLEO 1.(2~ ~ c o n y  "r X 
• • ° We d o  not  use the fo l Iow lng  d a t a  fat averages,  fits Jlmlts e tc  * • • 
9 8 7 2 . 8 - + 0 , 7 ± 5  0 IKLOPFEN 83 CUSB T(25') ~ 3' X 

IFrom ~ ene rgy  be low,  assuming T(2S) mass = 10023 4 MeV 

"I' E N E R G Y  IN T ( 2 5 )  D E C A Y  

VALUE (MeV) DOCUMENT ID rECN COMMENT 

162.3 ± 1.3 OUR AVERAGE 
162. I :t 0 . 5  ± 1 4 ALBRECHT 85E ARG T(2S) ~ c o n y  "y X 
163 B ± 1 6 ± 2 7 NERNST 85 CBAL T(25) ~ "7 X 
158 0 ± 7 ± I HAAS 84 CLEO T ( 2 ~  ~ c o n y  ~. X 
• • • We clo not  use the fo l l ow ing  clara for averages  fits l lmits e t c  • * ° 

149 4 -+ 0 7 ± 5 0 KLOPFEN 83 CUSB T(2S) ~ "7 X 

X m ( I P )  D E C A Y  M O D E S  

F r a c t i o n  ( r f / r )  C a n t  L e v  

1't × ~ ( 1 P )  - , -  T ( t S ' } ~  < 6 ~ I 0 - 2  90% 



See key on page 129 

×bo(9860), ×b](lP) = ×b (9890), 

X ~ ( 4 P )  B R A N C H I N G  RATIOS 

r(T(IS) ~ , ) / r t o t o  , r,/[" 
VALUE CL% OOCUMENT ID TECN COMMENT 
<0 .06  90 WALK 86 CBAL T(2$) ~ "t~'#'+~ - 
• • • We (to not use the fol1owlng ( Iota for averages,  fits. llmlts, etc • • • 
< 0  11 90 PAUSS 83 CUSB 1`(2S) ~ " t " ~ + E  ' -  

xm(IP) REFERENCES 
WALK 86 PR 034 2611 +Z|chorsch+ (Crystal Ball ColKlb ) 
ALBRECHT 85[ PL 160B 331 +Dre|chet Heltet+ (ARGUS Callao ) 
NERNST 85 PRL 54 2195 +Antt~$yon A$chmon÷ (Crysta~ Ball Collab ) 
HAAS 84 PRL 52 799 +Jenten Kogon Ko$$ BehrenO$÷ (CLEO Colbab) 
KLOPFEN 83 PRE 51 160 Kloptensteln Horstkotte+ (CUSS Collob ) 
PAUSS 83 PL 130B 439 +Dletl Elgen+ (MPIM COLU CORN LSU STON) 

I I or Xb,(9890) lG (J  PC) = 9';'(1 + + )  

O b s e r v e d  In r a d i a t i v e  d e c a y  of  t he  T(2S), t h e r e f o r e  C 
= + B ranch ing  ra l l o  requ l res  El t rans i t ion .  M I  Is 
s t rong ly  d l s f avo red ,  t h e r e f o r e  P = + J = I f r om 
SKWARNICKI 87 

X~I(tP) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
9 8 9 1 . 9  ± 0.7 OUR AVERAGE 
9890 8 ± 0 . 9 ± 1  3 IWALK 86 CBAL "I"(2,9) ~ , , u , r { + ( -  
9890 8 :t 0 3 ± I .  I 1 ALBRECHT 85E ARG '1[,(25") ~ cony '7 X 
9 8 9 2 . 0 ± 0  8 ± 2 . 4  1NERNST 85 CBAL '1[,(2,9) ~ ~, X 
9 8 9 3 . 6 ± 0 . 8 ± 1 . 0  1 HAAS 84 CLEO '1[,(259) ~ cony "y X 
9894.4  ± 0 .4  ± 3 0 I KLOPFEN 83 CUSB 1`(2S) ~ ~ X 
9892 0 ± 3 . 0  IpAUSS 83 CUSB ,1[,(25') ~ "y ' ) ' (+(-  

1From "~ energy below, assuming T(2S) moss = 10023 4 MeV 

"y ENERGY IN  T(2 ,9)  D E C A Y  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
130.6 ± 0.7 OU~ /ER,~GE . . . . . . .  
1 3 1 . 7 ± 0 . 9 ± 1 . 3  WALK 86 CBAL 1`(2S) ~ ", t , 'yC+{- 
131 7 ± 0 .3  ± 1.1 ALBRECHT 85E ARC- T(2S) ~ cony "{ X 
1 3 0 . 6 ± 0  8 J : 2  4 NERNST 85 CBAL 'I"(25") ~ "~ X 
1 2 9 . 0 ± 0 . 8 ± 1 . 0  HAAS 84 CLEO ,1['(25") ~ cony "y X 
128.1 ± 0 4 ± 3 0 KLOPI:EN 83 CUSB T(2S) ~ "I" X 
130 6 ± 3 . 0  PAUSS 83 CUSB T(2S) ~ " y ~ + t  ~ -  

I '  t 

X ~ I ( I P )  D E C A Y  M O D E S  

F r a c t i o n  (rj/r) 
x ~ , C I P )  --,- "][ '(15)3' ( 3 5 ± 8 ) x t o  - 2  

X b 1 ( I P )  B R A N C H I N G  RATIOS 

r ( T (  1 S) ' y ) / r t o t o  I r 1/I"  
VALUE OOCUMENT ,~ TECN COMMENT 

0.35 ± 0 . 0 8  OUR AVERAGE 
0 3 2 t 0  0 6 ± 0 . 0 7  WALK 86 CBAL T(2S) ~ " r y C + {  - 
0 4 7 ± 0  18 KLOPFEN 83 CUSB T(2S) ~ " { ' y ( + , { -  

SKWARNICKI 87 PRL 58 972 
WALK 86 PR D34 2611 
ALBRECHT S5! PL 160B 331 
NERNST B5 PRE 54 2195 
HAAS 84 PRL 52 799 
KLOPF[N 83 pl~ 51 160 
PAUSS 83 PL 130B 439 

X ~ ( 1 P )  REFERENCES 

*Antreolyon Be$1et+ (Crystal BoIl Collob ) J 
eZschofSCh+ (Crystal BOll Collob ) 
+Dreschet" Heller÷ (ARGUS Collob ) 
÷Arltreosyon AsChrlnon+ (Crystal Boll ColIoI:)) 
+Jet4en Kagon, Kat~ Behfencls+ (CLEO Collob ) 
Klopfen$leln Horstkon®+ (CUSB Collob ) 

+Dletl Elgen+ (MPIM COLU CORN LSU SrON) 

Xb2(1P) 

341 

Meson Full Listings 
×b2(9915), T(2S) -- T(10023) 

I or Xb2(99t5) I I G ( j  PC) = ?~(2 ++) 

O b s e r v e d  In r a d i a t i v e  d e c a y  of t he  T(2S). t h e r e f o r e  C 
= + Bronch lng  ra t i o  requ l res  El t rans l t ion ,  M I  Is 
s t rong ly  d i s f a v o r e d ,  t h e r e f o r e  P = + J = 2 f r om 
SKWARNICKI 87 

x,,,,O P) MASS 

VALUE (MeV) _D~C_ UME~T ID TECN COMMENT 
99t3.2 ± 0 , 6  OUR AVERAGE 
9915 8 ± 1 . 1 ± 1 . 3  IWALK 86 CBAL T(2S) - -  -y-ye+~'-  
9 9 1 2 . 2 ~ : 0 . 3 ± 0 . 9  IALBRECHT 85E ARG T ( 2 S ) ~ c o n v  ~ X  
9 9 1 2 . 4 ± 0 8 ± 2 2  I NERNST 85 CBAL 1`(2S) ~ T X 
9913 3 ± 0 . 7 ± 1 . 0  IHAAS 84 CLEO T(2S) ~ cony ' y x  
9914 6 :i: 0 . 3  ± 2 . 0  i KLOPFEN 83 CUSB 1` (2S)  ~ "y X 
9914 0 ± 4  0 IPAUSS 83 CUSB 1`(2S) ~ ~ ,~ ' , ( + ( -  

IFrom "{ energy below, assuming "I"(25") moss = 10023 4 MeV 

")' ENERGY IN ' I ' ( 25 )  D E C A Y  

VALUE .~MeV) DOCUMENT IO -- TECN COMMENT 
109.6 ± 0.6 OUR AVERAGE 
107.0 J: 1 1 ± t 3 WALK 86 CBAL T(2S) ~ ~ " y ~ + ( -  
1 1 0 . 6 ± 0 3 ± 0 9  ALBRECHT 85E ARG " f ( 2 S ) ~ c o n v  ~ X  
110.4 ± 0 . 8 ± 2 . 2  NERNST 85 CBAL "I"(25") ~ "{ X 
1 0 9 5 ± 0 7 ± 1 . 0  HAAS 84 CLEO 1`(2~ ~ cony "yX 
1 0 8 . 2 : t 0  3 ± 2 . 0  KLOPFEN 83 CUSB 'I"(2.9) ~ "7 X 
108.8 ± 4  0 PAUSS 83 CUSB ¥ ( 2 ~  ~ " y ' y ~ + { -  

£ I  

X m ( 1 P )  D E C A Y  M O D E S  

Fractlon ~ r / r )  

x D 2 ( t P )  ~ T ( I s ) ' ~  (22 ± 4 ) × 1 0  - 2  

x m ( t P )  B R A N C H I N G  RATIOS 

l ' ( T ( 1 S )  ~ ' ) /F to ta l  r i l l "  
VALUE ~OCUMENT ~O . C N  COMMENT 

0.22:1:0.04 OUR AVERAGE 
0 . 2 7 ± 0 . 0 6 ± 0 . 0 6  WALK 86 CBAL 1`(2S) ~ ~ ' y ~ + ( -  
0 . 2 0 ± 0 . 0 5  KLOPFEN 83 CUSB 1`(2S) ~ ~ , ( + { -  

X ~ ( ' I P ' )  REFERENCES 

SKWARNJCKI 87 PRL 58 972 +Anlreosyon Besset+ (Cw$lOl Boll Collob ) J 
WALK 86 PR D34 2 6 1 1  ÷Zschorsch* (Crystal Boll Collob ) 
ALBRECHT 85~ PL 160B 331 +Drescher Heiler+ (ARGUS COIIOD ) 
NERNST 85 PRL 54 2195 +Antreosyon, A$chman+ (Crystal Boll Collob ) 
HAAS 84 PRL 52 799 +Jensen Kogon Koss Behren~l+ (CLEO Collob ) 
KLOPFEN 83 PRL 51 160 Klopfenstein Horstkotte+ (CUSB Coilob ) 
PAUSS 83 PL 130B 439 +Dietl Eigen* (MPIM COLU CORN LSU STON) 

I'I'(2,9) or T(I0023) 1 IG(J  Pc) = 9 ~ ( t  - - )  

T ( 2 S )  M A S S  

VALUE (GeV) OOCUMENT IO TECN COMMENT 
10.02329 ± 0,00031 OUR AVERAGE 
10 0236:1:0.0005 I BARU 86B REDE e + e  - ~ laa(irons 
10.0231 ± 0 0004 BARBER 84 REDE e + e -  ~ ha(Irons 

1Reanalysls of ARTAMONOV 84 
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Meson 
T(2S) 

Full Listings 
= T ( 1 0 0 2 3 )  

VALUE (kev)  
44 -+ 9 

T(25) WIDTH 

DOCUMEN[ /D 

OUR EVALUATION See T mine r e v i e w  

T(25)  DECAY MODES 

I'~ T(2S') ~ e + e- 

l 3 T(2S) -- T*T- 

i'4 T(2S) -,- T(iS)~r" ~r- 

I S T(2S) ~ T(IS)~rOTro 
I~, T(25) -- T(15")}'/ 
I'~ T(2S) ~ ",,D~(1P)3' 
I B T(2S) ~ s.b,(IP)')' 
19 T(25") ~ \=o( IP)  ? 
1~0 T(2E) ~ T(1S)~ ° 

Fro_(:t,on (I~/,r) Co_nf Le__v 
( I 3 6 + - 0  26)~  I 0  - 2  

( 1 7 -+1 6 )~I0 -2 

(48 5 -+0 B )'40 -2 

( 8 8 _+1 I )'.I0 -2 

-:  2 , 10 - 3  90% 

( 6 6  - ' 0 9 ) " 1 0  - 2  

( 6 7 ±0 9 ) ~ I 0  - 2  

( 4 3 ± ~ . 0  ) . 1 0  - 2  

< 8 - 1 0 -  3 90% 

T(2S) r ( t ) r ( e +  e - ) / r ( t o t a t )  

1 ( h o d r o n s )  < l ' ( e -  e-)/l'totol 
VALUE (keV)_ DOCUMENT I0 TECN 

+ 0 .034  OUR AVERAGE 0.8.74 _ 0 . 0 3 3  

0 58. ~ 0 . 0 3  +- 0 . 0 4  2 GILES 648 CLEO 
0 . 5 9  :t 0 , 0 3  ~+ 0 05 2TUTS 8.3 CUS6 
0 6 0 + - 0 . 1 2 - + 0  07 2ALBRECHT 62 DASP 

0 5 4 - + 0  0 7 + 0 -  0 5 0 9  2NICZYPORUKB.IC LENA 

044 -+ 018 2 BaCK 80 CNTR 
2ROOIOtivB Co r rechons  r e e v o l u a t e c I  by 

KURAEV BS 

I o[ '2 /r  
COMMENT 

e -  e -  ~ h o d r o n s  
e + e  - ~ h o d r o n s  
e + e  - ~ h a d r o n s  

04 e -  ~ hOdrOns 

e + e- ~ hodrons 
BUCHMUELLER 8.7 following 

'T(2S) PARTIAL WIDTHS 

I ( e  + e - )  
VAL U[ (k@ V) DOCUMENT ID 
0 .600  ~ 0 .036  OUR EVALUATION e + e  - ~ h o d r o n s  See T mm~- rewew 

12 

T(2S) BRANCHING RATIOS 

l'(/J-" P- - )lI'tota~ I"I/1" 
VALUE CL% DOCUMEN~ ID ~ECN COMMENT 

0.0~36 :f0 00~8 OUR XVERAGE 
0 0 4 3 8 . - - . 0 0 0 2 6 - + 0 . 0 0 4 6  LEE FRANZINI 67 CUSS e + e  - - -  ,u+.u - 
0 009 ¢ 0 . 0 0 6  +_0,006 3ALBRECHT 85 ARG e + e  - - -  ,u+/x - 
0 0 t 8  z O  008 _ + 0 0 0 S  HAAS 848 CLEO e + e  - - -  # + ~ -  

• * • We do  not  use tMe f o l l o w i n g  d a t a  for o v e r a g e s  fits llrn~ts e t c  • • • 
~:0 038 90 NICZYPORUK81C LENA e + e  - -o ,u+,u - 

3Re e v a l u a t e d  us ing  BR(T(fS~ ~ ~ + u - ) = 0  02b  

I ('r + "/'-)/|'fatal 
VALUE 
0.047 _+ 0.016 z 0 .006  

l (T(1S) ~r- ~r-)/rtoto~ 
VALUE EVrS 
0.185 +- 0 .008  OLIR AVERAGE 
0 181_+0 005_+0  010 "f~6k 

0 169 -+ 0 0 4 0  

0 191 -+ 0 012 -+ 0 00b 
0 t8.9 _+ 0 026 

0 24 -+0 07 7 

]'(']'( 'I S) ~o 71"0) / l ' l o lo  I 

VALUE Evrs 
[ ) .088 +- 0.011 OUR AVERAGE 
0 095 z 0 019 -+ 0 019 25 
008,0 -+ 0 0 4 5  
0 1 0 3  -+ 0 0 2 3  

DOCUMENT 19 . . . . . .  TECN COMMENT 
HAAS 648 C L E O  e + e -  . T 4- ~- 

r j l '  

[ ' 4 / [ "  
DOCUMENT I(? TECN COMMENT 

ALBRECHT 67 ARG e + e -  ~ ~ + ,-.r- 
MM 

GELPHMAN 6~ CBAL e + e -  
e + e - ~ + ~  - 

BESSON 84 CLEO ~r+;,r - MM 
FONSECA 84 CUSS e + e -  

f + / -  =+,-r- 
N I C Z Y P O R U K  BIB LENA e + e -  

6+l-~r+~,- 

I 5 / [ '  

DOCUMEN~ /D ~[CN COMMENT 

ALBRECHT 67 ARG e + e  - ~ ' ~ , ° ' n0~+ t ' -  
GELPHMAN 85 CBAL e + e -  ¢" + E -  ~o~o I 
FONSECA 84 CUSS e + e -  ~ / " / - ~rOr,~ 

I'(T(IS) ~)/] total 1 6/] 
VALUE CL % DOCUMENT ID TEEN COMMENT 

< 0  002 90  FONSECA 84 CUSB 
• • • We d o  no l  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  fit hmlts e t c  • * • 

,':0 005 90 ALBRECHT 87 ARG e + e -  ~ J 
~ + x ' - /  + /  - MM 

~.0 007 90 LU~Z 87 CBAL e + e  - ~ [ + ( - ( % ~  J 
31:. o) 

- . 0010  90 BESSON 84 CLEO 

I ' ( X D 2 ( 1 P )  "Y)/|'IoIQI ['T" r 
VALUE OOCUMENr /O TECN COMMENT 

0 .066  --. 0 009 OUR AVERAGE 
0 098 ¢ 0 .021  -+. 0 024  ALBRECHT 8SE ARG e + e  - ~ ~ c o n y  X 
0 0 5 8 - + 0 . 0 0 7 - 0  010 NERNST 85 CBAL e + e  - ~ ~ X 
0 102 _+0.0'16 ":'-0 021 HAAS 84 CLEO e ' e -  ~ ~ c o n y  X 
0 0 6 1 _ + 0 . 0 4 4  KLOPFEN 83 CUSS e + e  - ~ "~ X 

F ( X  D,(  1 ,~) - , / ) / r  tot a, I 8,,'r 
VALUE DOCUMENT tO TECN CO.MMENT 

0 .067  ± 0 .009  OUR AVERAGE 
0 091 -+0 018 ~ 0 022 ALBRECHT 85£ ARG e ÷ e  - ~ ~ c o n v  X 
0 065 -+ 0 007 -+ 0 042 NERNSI 85 CBAL e t e -  ~ ") X 
0 0 8 0 - + 0  0 1 7 + - 0  016 HAAS 64 CLEO e + e  - ~ "r c o n v X  
0 0 5 9 - + 0  014 KLOPFEN 83 CUSB e + e  - ~ ~ X 

['( X I~ (  I P)  ~' ) / l ' t o  Io l  I'~'/I 
VALUE DOCUMENT ID 7ECN COMMENf 

0 .043  -+ 0.010 OUR AVERAGE 
0.064 -+ 0 0 1 4  +- 0 0 4 6  ALBRECHT 65E ARG e + e -  ~ ~ conv X 
0 0 3 6 - + 0  0 0 8 - + 0 . 0 0 9  NERNSI 85 CBAL e + e  - ~ ~) X 
0 044 _+ 0 023 ~: 0 009 HAAS 8.4 CLEO e + e -  ~ ~ c o n y  X 
• • • We clo not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

0 0 3 5 + - 0  014 KLOPFEN 83 CUSB e + e  - ~ ") X 

[ ' (T( IS) ~-o)/! ~oto~ J r°'/I 
VALUE CL % DOCUMENT ID TECN COMMENT 

"<0 .008 90 LURZ- 67 CBAL e+e - ~ t + t - ~ ' ~  J 

ALBRECHT 87 
BUCHMUEL 87 
LEE FRANZINI 87 
L URZ B 7 
BARU 86S 
ALBRECHT 85 
ALBRECHT 85| 
GELPHMAN 8.5 
KURAEV 85 

NERNSI 85 
ARTAMONOV 84 
BARBER 84 
8ESSON 84 
~ONSECA 64 
GILES 848 
HAAS 84 
HAAS 848 
KLOPFEN 83 
IUTS 83 
ALBRECHT 82 
NICZYPORUK 8tB 
NICZYPORUK 81C 
BaCK 80 

ALEXANDER 88 
COOPER 86 
WALg Bb 
AIJBRECHI 84 
ARTAMONOV 84 
ANDREWS 13 
GREEN 82 
MAGERAS 81 
MUELLER 81 
ANDREWS 80 
ARESIOV B0 
BOHRtNGER B0 
KOURKOU B0 
UENO 79 
BtENLEIN 78 
DAROEN 78 
KAPLAN 78 
YaH 78 
COBB 77 
HERB 77 
INNES 77 

T(2S) REFERENCES 

ZPHY C35 283 eBincle¢ 8oeckmann GlOeser+ (ARGUS CollOb ) 
MIT LNS 159 Buchmueller Cooper (HANN MIni) 

Homburg ConE (CUSS Co,lob ) 
ZPHY C3b 383 .AntreosyOn Besset+ (C~y:',IOl Bo~t Co,tab ) 
ZPHY C32 b62 eBl~nOV BabOO{ BL4kln+ (NOVa) 
ZPHY C28 45 +Oreschell Heller+ (ARGUS Coiled ) 
PL 1608 331 .Dre$chet He)let* (ARGUS COtLab ) 
PR D11 2893 +Lurz Anlreosyon* (Crystal BOLt COlIOb ) 
SJNP 41 460 +FOOln (ASCI} 
Tron$1olea from YAF 41 733 
PRL 54 2195 +Antreosyon A$chmon~ (CPCSIOI 8OII COIIOb ) 
PL 1378 272 
PL 1358 498 
PR 030 1433 
NP B242 31 
PR D29 1285 
PRL ~2 799 
PR 030 1996 
PRL $1 160 
Comell  Conl 284 
PL 116B 383 
PL IQ08 95 
PL998 lb9 
ZPHY C6125  

- - -  OTHER 

SLAC PUB 4501 
BerKeley Cant b7 
PR 034 26~I 
PL 1348 137 
PL 1378 272 
PRL 50 807 
PRL 49 617 
PRL46 1t15 
PR1.4b 1181 
PRL 44 1t08 
[HEP 80 t65 
PRL 44 t t l l  
Pt 91B 481 
PR~ 42 466 
PL ?8B 360 
PL 7bB 246 
PRL 40 435 
PRL 41 b84 
PL 72B 273 
PRL 30 252 
PRE39 1240 

*Boru Btlnov Bonclor+ (NOVa) 
+ (DESY ARGUS COIIQD Cry$1ol BOll ColtOb ) 

+Green Hicks Nomfost~ Sonne$+(CLEO Coflob ) 
+Mogetas Son Dletl t lgen+ (CUSS CO~IOID) 
÷Hassard HemDsleocl KInoshltO÷ (CLEO CoIIob ) 
+Jensen KoRan KOSS Behrends+ (CLEO Co$1ab) 
*Jensen KORan KOSS Behrends÷ (CLEO Cotiob ) 

Klopfensleln Hor$tko1te* (CUSS CalLaO ) 
(CUSS Co,lab ) 

.Hc4mann* (DESY DaRt HEID LUNO ITEP) 
echen Folger LurZ+ (LENA CollOb ) 
+Chert Vogel Wegener÷ (LENA Co~lob) 
÷BlanQr Bruin+ (HEID MP~M D[SY HAMB) 

RELATED PAPERS - -  - -  
÷Bonvlclnl Drell Frey Lulh (LBL M~CH SLAC) 

EMIT) 
+Z$chofsch+ (Crystal Ball COIleD ) 
+Drescher Heller+ (ARGUS Callao ) 
+Baru BIInov Bonclor* (NOVa) 

(CLEO COIIOb ) 
(CLEO COllOb ) 

~Bor!nnget FInoooiIIaro.KCOLU SFON LSU MPJM) 
~R'UTG SYRA LEMO VAND CORN ITHA+) 

(CLEO COIIob ) 
+BogollubSkJ ÷ (SERP) 
+Coslonllnl FInoccrfloro (COLU SION) 

KOU~'wournelis+ (A'{HU NTUA 8NL CERN+} 
*Brown Herd Horn FJSJ(+ (FNAL COLU STON) 
+Glowe Back Bfonor+ (DESY HAMB HEID MPIM) 
+Hofmonn Schubert+ {OESY DaRT HE~D LUNO) 
+Appel Herb Home (S10N SNAL COLU) 
*He¢b Ham LeOermon* (COLU FNAL STON) 
, (wola rqb ion .  (BNL CERN SYRA YALE) 
*Ham Le~etmon Appel Ito+(COLU f:NAL STON) 
+ApPel Brown Held Hom~, (COLU FNAL SrON) 



,gee key on page 129 

Xbo(2P) = Xb0(10235), Xbl(2P) = Xl, l(10255), 

3 4 3  

Meson Full Listings 
Xh2(2P) = X t , 2 ( 1 0 2 7 0 )  

J Xbo(2P) or Xbo(10235) I IG(J PC) = ~(0 preferred **) 

Observed ~n rod~ahve decay of the T(3S') therefore C 
+ B r a n c h i n g  ra t i o  r e q u i r e s  El  t r a n s i t i o n  M1 ~s 

s t r ong (y  d i s f a v o r e d ,  t h e r e f o r e  P = + 

X~)(2P) MASS 

VALUE.(GeV) DOCUMENT ID TECN COMMENT 

'10.2383 = 0.0011 OUR AVERAGE 
10 2353 _+ 0 0016 I LEE FRANZINI 87 CUSS e + e -  ~ 3 X 
10 2352 _+ 0 0016 I LEE FRANZINI 87 CUSB e + e -  / ~ / - - , ~ ,  

IFrom -~ energy  be low  assuming T(3S) mass : 10355 3 MeV 

"I' ENERGY IN T(3S) DECAY 

VALUE (MeV) OOCUMENr {D TECN COMMENT 
119.3 -+ 1,4 OUR AVERAGE 

119 3 -+ t 6 LEE FRANZINI 87 CUSS e + e -  ~ ", x 
1 1 9 4 + - 1  6 LEE ~:RANZINI 87 CUSS e + e  - ~ / + / - ' ~  

X~(2P')  DECAY MODES 

Fractlon ( [ / l  ) . . . . .  
1 i XD~(2P) ~ T(IW) "y (I 4 ± I 0) • I 0 - 2  
1"2 "(b0C2P) ~ T ( 2 S ) ~  (7 _'4 )~10 -2 

X ~ ( 2 / ~  BRANCHING RATIOS 

I ' (T(15)  "Y)II'fo)o i l ' t / r  
VALUE DOCUMENT ID TECN COMMENT 
0.014 _+0 010 2LEE FRANZINI 87 CUSS e + e  - , 3 - ~ / ' + I -  

r ( T ( 2 S )  3, ) l l ' to la l  [ 2 / r  
VALUE DOCUMENT ID TECN COMMENT 

0.069-+0.041 2LEEFRANZINI87 CUSS e + e  - ~ 3 ~ / + / -  
2Uslng BRO'(3S" ) ~ ~DO(2,°)~,)= 0 048 -+0 014 

X ~ ( 2 P )  REFERENCES 

LEE FRANZlNI 87 Homburg Conl fCUSB COIleD ) 

OTHER RELATED PAPERS - -  

JUTS 83 Comer Conl 284 (CUSB COIleD ) 
[IGEN 82 PRL 49 16t6 ~8ohnnger Herb+ (CUSS COIleD ) 
HAN 82 PRL 49 1 6 1 2  *Horslkotte ImlOy+ (CUSS Coiled ) 

I Xbt(2P) J or X61(I0255) I G ( J  pC) = ";")(1 p r e f e r r e d *  +) 

Observed m rad~ahve decay of the T(3S)  therefore C 
= + B r a n c h i n g  r o h o  r e q u i r e s  E1 t r a n s i t i o n  M I  is 

s t r o n g l y  d i s f a v o r e d  t h e r e f o r e  P = + 

Xb,(2P) MASS 

VALUE (_G.e.V_)_. E)OCUMENr ID rECN COMMENT 
1 0 . 2 5 5 2  +- 0.0004 OUR AVERAGE Error inc ludes  sca le  foc lo r  of t 2 
10 2556_+0 0005 rLEEFRANZINI 87 CUSB e + e  - o ; X  
10 2548 _+ 0 00045 i LEE FRANZINI 87 CUSB e + e -  / ' + I  - ~ 

IFrom ~ energy  be low  assuming T(35) moss = 10355 3 MeV 

3' ENERGY IN I"(35) DECAY 

VALUE (MeV) DOCUMENT ID rFCN COMMEN; 
99.6 -~ 0 4 OUR AVERAGE Error inc ludes scale factor of 1 2 

99 2 +_ 0 5 LEE FRANZINI 87 CUSB e + e . -. X 
100 0 _t" 0 45 LEE FRANZINI 87 CUSB e + e -  - / ÷ / " -. -: 

Xb,(2P) DECAY MODES 

F t a c h o n  ( I  I ) 
11 X~,(2P) ~ T (15 )3  ( 6 i+_I 7) ~0-2 
I' 2 \b , (2P)  ~ T(2S') 3 (25 t8  ) 10 2 

XbIC2P) BRANCHING RATIOS 

l ( T O S ) ' ~ ) / I  ~oto, I ~ I 
VALUE DOCUMENT tO rECN COMMENT 
0.061 _+ 0.017 2 LEE FRANZINI 87 CUSS e *  e ~ ~ -. i + / • 

r(f(2E) 3 ) / I  fore, 1 2.' I 
VALUE DOCUMENT ~D rECN COMMEN! 
0.247-+0.083 2LEEFRANZINI87 CUSB e + e  ~ -hi'l- 

2Using BR(T(35) ° ~,D~(2P)~)=0 120 ±0 026 

Xb,(2P) REFERENCES 

LEE FRANZINI 87 Homburg Cone {CUSB Coiled ) 

• - - -  OTHER RELATED PAPERS 

fUrS 83 CoInell Cant 284 (CUSS CoIIob ) 
(IGEN 82 PRL 49 1 0 1 0  *Bohr,nger He{b* (CUSB CollaD ) 
HAN 82 PRL 49 1Dr2 eHOf$1kotte ]relay* (CUSS Coiled ) 

I Xb2(2P) I 
or Xb2(I0270) 

I G ( j  Pc) = 9~(2 p r e f e r r e d  + -  ) 

O b s e r v e d  in rOd lOhVe  d e c a y  of t h e  T(3E)  l h e r e f o f e  C 

= + B r a n c h i n g  r o h o  r e q u i t e s  E1 I r a n s l h O n  M1 ~S 
s t r o n g l y  d l s f a v o r e d  t h e r e f o r e  P = 4- 

Xb~(2P) MASS 

VALUE (GeV) OOCUMENT ID rECN COMMENt 

I0.2690 ~. 0 0007 OUR AVERAGE ErrOr inc ludes scale rector of 2 2 
10 2682 ± 0 0005 r LEE FRANZINI 87 CUSB e ~ e -  . -, x 
10 2697+-0 00045 tLEEFRANZINI87 C U S B  e ~ e  - ~ / - /  

1From 3 energy  be low assuming 1(35) mass = 10355 5 MeV 

~, ENERGY IN T(3S) DECAY 

VALUE (MeV) DOCUMENT ID [FCN COMMENT 
85.9 ~ 0,7 OUR AVERAGE Error inc ludes SCale fooler  of 2 1 

86 7_+0 5 ;.EEFRANZINI87 CUSS e * e  ~ ". X 
85 3 + 0  45 ,E[ FRANZINI 87 CUSB e + e  - - / ' t  

X ~ ( 2 P )  DECAY MODES 

F r a c h o n  (I ~.l ) 
l r  \02(2P) ~ T ( IS) '~  ( 6 3 : 1  8) 10 2 
1 2 \ D 2 ( 2 P ) ~ T ( 2 S ) 3 ,  (19 .7  ) lC 2 

X ~ ( 2 P )  BRANCHING RATIOS 

r ( T ( 1 . 9 - ) , ) l h o f o l  
VALUE DOCUMENT ID 
0.063 - 0.048 2 LEE FRANZINI 87 

1:]  
;ECN COMMENT 

CUSB e + e  - . 3 , : t + l  - 



344  

Meson Full L i s t i n g s  

Xb2(2P) = xh2(10270), T(3S) = T ( 1 0 3 5 5 ) ,  T(4S) = T(10580) 

1 (T(2S) "f) / l ' lota I I'2/I" 
VALUE DOCUMENT ID rECN COMMENT 

0 .189 -±0 .065  2~E-FR~ZIN I8 -7  CUSS e + e  - ~ 3 3 [ + ( -  

2using BR(T(3S) ~ X/:>2(2P)'))=0 128 ± 0 029 

X ~ ( 2 P )  REFERENCES 
LEE FRANZINt 87 HOmiDurg Conl 

- - .  OTHER RELATED PAPERS 

IUTS 83 Cornell Cant 284 
EIGEN 82 PRL 49 t616 *Bohrmger HerD. 
HAN 82 PRL 49 1 6 1 2  +Horslkotte Imloy+ 

(CUSS C OIIOID 

(CUSB COllOID 
(CUSS CdllOiD 
(CUSB Collob 

T(3S) 
or T(I0355) I IG(J pC) = 9~(1 - - )  

T(355 MASS 

yALUE {Gev) DOCUMENT ID TECN 

t0.3553 ± 0.0005- '1 BARb .... 86B REDE 

'IReanolysts of ARTAMONOV 84 

COMMENT 

e + e  - ~ hadrons  

T(355 WIDTH 

VA.L~JE (keV) DOCUMENT ID 

26 ± 6 OUR EVALUATION See "~ mini  revlew 

1'(355 DECAY MODES 

1"i T(355 -- /.z+p - 

I" 2 T(3S) ~ e + e- 

l" 3 T(3S) ~ T(IS')Tr+~ "- 

14 T(355 -- T(2S)Tr- Tr- 

rs T(3S) ~ X~2(2P) 3' 
1' 6 T(3S) ~ XD,(2P)y 
1' 7 T(35) ~ X~oC2P)3 
rs T(3S) ~ T (25 )any thmg  

Frachon (1"~/1") Sca le  
1 6  ± 0  4 )~ : I0  - 2  12 

3 63z0 31)×10 -2 

22 __0 5 )'I0 -2 

(12 8 ±2 9 ),'10 -2 

(12 0 --_2 6 )" 10 -2 

( 4 8 ± 1 4 ) \  I0 - 2  

(10 I _+I 7 )>(10 - 2  

T(355 r O ) l ' ( e +  e - ) / r ( l o l a l )  

r ( h a d r o n s )  × l'(e*e-)/l'tofal r01"2/I" 
VALUE (keV) DOCUMENT tO TECN COMMENT 

0.415 ± 0.030 OUR AVERAGE Error inc lu( ies sca le  factor  of 1 1 
0.45±0 03±0.03 2GILES 84B CLEO e + e  - ~ ha(Irons 
0 3 9 ± 0 . 0 2 ± 0  03 2TUTS 83 CUSS e + e  - ~ hodrons  

2Rad lo l l ve  cor rechons  r eeva lua ted  Dy BUCHMUELLER 87 fo l low ing  
KURAEV 85 

T(355 PARTIAL WIDTHS 

r(e-e-) 
VAL.U( (k_eV) DOCUM~N_ r ~D 
0 . 4 4 ± 0 . 0 3  OUR EVALUATION e ~ e  - ~ ha( i rons S e e T m m l r e w e w  

]'2 

r ( T ( 1 5 5  71-- R - - ) / r t o t a  I 
VALUE E V f S  DOCUMENT ID 

().0363 ~ . ' 0 0 3 1  OUR AVERAGE . . . .  

0 0347 ± 0 0034 3 9k BOWCOCK 87 

0 049 ± 0 010 22 GREEN 82 

0 039 :t: 0 013 26 MAGERAS 82 

1 (T(2S') "rr* 7 r - ) / ] ' t o t o  I 
VALUE EVTS DOCUMENT ID 

0 . 0 2 2  +_ 0~,005 OUR AVERAGE 

0 021 _+0 005 314 BOWCOCK 87 

0 031 ± 0  020 S MAGERAS 82 

I'(XID2(2P) ~ ) / I  totaJ 
VALUE DOCUMENT ID 

0, t28 _+ 0.012 ± 0.026 LEE-FRANZINI 87 

l (X IDt(2 P) "( )/ l ' tofal 
VALUE DOCUMENT ID 

0,120 _+ 0 011 _~ 0.024 LEE FRANZINI 87 

i'(x=C2P) ~)li'tofol 
VALUE DOCUMENT ID 

0,048 ± 0.010 _+ 0.010 LEE FRANZINI 87 

I ' (T(25) any t  h lng) / l ' to la l  
VALUE EVTS DOCUMENT ID 

0,101 _+ 0.017 1 6k BOWCOCK 87 

I"3/I" 
TECN COMMENT 

CLEO e + e  - ~ ~ + T r -  X = + = - / + ( -  
CLEO T(3S) 

~ + x - ( + ( -  

CUSS T(3S) 
~*r-(+i- 

I"4/I" 
TECN COMMENT 

CLEO e ~ e  - ~ ~r+~, - X 
~ T ~ r - I  + (  - 

CUSS T(3S) .- 
7 r + r , - / + i -  

I ~,/r 
TECN COMMENT 

CUSB e + e  - .~ ") X 

1611" 
TECN COMMENT 

CUSS e + e -  ~ "t X 

r 7 / l "  
TECN COMMENT 

CUSS e + e -  ~ "i X 

1 8 / I  

rECN COMMENT 

CLEO e + e  - ~ ~ - + r -  X 
7 r + r - ( + / -  

8OWCOCK 87 
BUCHMUEL 87 
KAARSBERG 87 
LEE FRANZINI 87 
BARb 868 
KURAEV 85 

ARTAMONOV 84 
GILES 848 
ANDREWS 83 
IbIS 83 
GREEN 82 
MAGERAS 82 

T(355 REFERENCES 

PRL 58 307 +Giles HOSSorCl K¢IOShlIQ• (CLEO CollOb ) 
MIT LNS 159 Bucrlmueller Cooper (HAHN MIT) 

PR D35 2265 +Lee Fronzlnl LOvelock Naroln* (CUSS II Colloid ) 
Homburg Conf (CUSS CoIIOb ) 
ZPHY C32 662 +8hnOV Bondor Bukln+ (NOVa) 
SJNP 41 466 +Fodin (ASCI) 
lronslolecl from YAF 41 733 
PL 1378 272 +Baru Blinov 8ondor* ~N~vO) 
PR D29 1285 *Hassard Hembsteod KinOshlto~ (CLEO COllOID ) 
PRL 50 807 (CLEO CoIIOb ) 
Comell Cant 284 (CUSB COllOID ) 
PR!. 49 617 ~ (CLEO Colloid ) 
PL 118B 453 *Herb Imlav+ (COLU CORN kSU MPIM STON) 

OTHER RELATED PAPERS 

ALEXANDER 88 SLAC PUB 4501 
ARTAMONOV84 PL 1378 272 
GILES 84B PR 029 1285 
HAN 82 PRL 49 1612 
PEIERSON 82 PL 1148 277 
ANDREWS 80 PRL 44 1108 
BOHRtNGER 80 PRL 44 1111 
UENO 79 PRL 42 486 
KAPLAN 78 PRL 40 435 
YOH 7B PRL 41 684 
COBB 77 PL 72B 273 
HERB 77 PRL 39 252 
INNES 77 PRL 3g 1240 

+Bor~vlcinl Drell Frey Luth (LBL MICH SLAC) 
+Baru BIInov Bonaor+ (NOVO) 
+HOssarcl Hembsteod KJnoshlto. (CLEO COllOID ) 
*Horstko11e ImlOy+ (CUSS COllOID ) 
+GIOnnlnl Lee Fronzlf1~i (CUSS CollOb ) 
• (CLEO COllOID ) 

+Coslantlm FinocchlarO (COLU STON) 
+Brown Herb Ham FlSk+ (FNAL COLU STON) 
*Appel  Herd Hom* (STON FNAL COLU) 
+Herb Ham Ledermon+ (COLU FNAL SION) 
+lwoto FOIDIOn+ (BNL CERN SYRA YALE) 
+Horn Ledermon Appel ttD+(COLU FNAL STON) 
+Abpel Brown HeriD Ham+ (COLU FNAL SION) 

T(4S) 
or T(10580) ] IG(jPC) = ~'(I--) 

I ' (355 BRANCHING RATIOS 

l'(U + U )ll'fotal 
VALUE EVTS DOCUMENT ID TECN COMMENT 

0.016 ± 0.004 OUR AVERAGE Error Inc ludes sca le  factor  of I 2 
0 0 1 5 3 ± 0 . 0 0 3 3 ± 0 . 0 0 2 1  697 KAARSBERG 87 CUSB e ~ e  - 

/ j + # -  

0 033 ± 0  013 --.0.007 1096 ANDREWS 83 CLEO e + e  - 
~ z + u -  

I"i/1" 

T ( 4 .¢) MASS 

VALUE (_GeV) DOCUMENT ID TECN COMMENT 
IdSSO0±O.O03S I B E 8 [ £  " -  87 C:'.(b e~"e "=-'" naarons 
• • • We do  not use the fo l low ing d a t a  for averages  fits [Imits etc  • • • 
I0 5774 ± 0 0010 2 LOVELOCK 8,5 CUSS e + e -  ~ hadrons 

IReonaWsls of BESSON 8,5 
2No systemat ic error g w e n  
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Meson Full Listings 
T(10580), T(10860), T(11020), K +-, K ° 

VALUE (MeV) 
2~.--8 +- ~.2 our A~ERAGE 
20 0 ± 2  +_4 
25, +-2 5 

T(4S) WIDTH 

DOCUMENT ID TECN COMMENT 

BE88ON 85 CLEO e + e  - ~ hadrons  
LOVELOCK 85 CUSB e + e -  ~ hadrons  

]'1 T(4S) ~ e + e -  

T(45) DECAY MODES 

F!act lon ( I ' i / I ' )  
(1 0 0 ± 0  2 1 ) x t 0  - 5  

T(4S) PARTIAL WIDTHS 

r(e+e-) 
VALUE.(k_eV) DOCUMENT ID TECN COMMENT 
0.24 ~ 0.05 C)UR AVERAGE Error Inc ludes sca le  factor  of 1 7 - -  

0 192 +- 0 007 +- 0 038 BESSON 85 CLEO e + e -  ~ hadrons 
0 283 +_ 0 037 LOVELOCK 85 CUSB e + e -  ~ hadrons  

T(4S) REFERENCES 

BEBEK 87 PR DM) 1 2 8 9  ÷8etkelmon Blucher CaSSel+ (CLEO COllob ) 
8ESSON 85 PRL 54 381 ~Green Namjoshl Sonnes* (CLEO Collob ) 
LOVELOCK 85 PRL 54 377 +Norslkotte Klopten$leln~ (CUSB COIIQD ) 

- OTHER RELATED PAPERS - - - -  

ANDI~WS 808 PRL 45 219 + (CORN HARV ITHA SYRA ROCH RU|G*) 
EINOCCHI 80 PRL 45 222 FInocchloro Glonnlnl+ (STON COt.U LSU) 

I T(I0860) I IGCJ ~C) : "o--) 

T( t0860 )  MASS 

VALUE (GeV) DOCUMENT IO TECN COMMENT 
10.865 ± 0.008 OUR AVERAGE Error inc ludes  sca le  factor  of 1 1 

10 8 6 8 ± 0 . 0 0 6 _ + 0  005 BESSON 85 CLEO e + e  - ~ hodrons 
10 845 = 0 020 LOVELOCK 85 CUSB e + e -  ~ hodrons  

VALUE (M_eV) 
110 ± 13 OUR AVERAGE 
112 0_+17 +-23 
110 0 +- 15 0 

T(10860)  WIDTH 

DOCUMENT ID I'ECN COMMENT 

BESSON 85 CLEO e + e -  ~ hadrons 
LOVELOCK 85 CUSS e + e  - ~ ha(Irons 

i" I 

T(10860)  DECAY MODES 

Fraction ( l ' / r )  
T(10860)  ~ e + e  - (2 8±0 7)×i0-~, 

I"(10860) PARTIAL WIDTHS 

l ' ( e ' e - )  
VALU_E_ (keV) DOCUMENT IO TECN COMMENT 
0.31 +- 0.07 O U R  AVERAGE Error inc ludes  scale toc tor  of 1 3 

0 22 :I:0 05 ± 0  07 BESSON 85 CLEO e + e  - ~ hodrons  
0 365 +- 0 070 LOVELOCK 85 CUSB e + e -  ~ hodrons  

I" 1 

T ( I 0 8 6 0 )  REFERENCES 

BESSON 85 PRL 54 381 +Green NOmlOShi Sonnet+ (CLEO Collob ) 
LOVELOCK 85 PRL 54 377 +Horstkotte Kloplensteln+ (CUSB Collab ) 

! T(11020) l ,G(.j,'c) = ",'(1--) 

T ( t t 0 2 0 )  MASS 

VALUE (GeV) DOCUMENT ID rECN COMMENT 
11.019 +-0.008 OUR AVERAGE 
11 019 ± 0 005 +- 0 007 8ESSON 85 CLEO e + e -  ~ i~adrons 
11 020 ± 0 030 LOVELOCK 85 CUS8 e + e -  ~ hQdtOnS 

T(11020) WIDTH 

VALUE (MeV) DOCUMENT IO 
79 ± 16 OUR AVERAGE 

b l  0 ± 13 ± 22 BESSON 85 
90 .0+ -20  0 LOVELOCK 85 

TECN COMMENT 

CLEO e + e -  ~ hodrons  
CUSB e + e -  ~ hadrons 

r l  

T(11020) DECAY MODES 

Fract lon (I~/1) _ _ _  
T(11020) - -  e + e  - (t 6=0 5)~1o-6 

I['(11020) PARTIAL WIDTHS 

F(e*  e - )  
VALU_E (.keV) DOCUMENT ID TECN COMMENT 
0.130 +- 0 030 -OUR AVERAGE 

0 0 9 5 _  0 03 +_ 0 035 BESSON 85 CLEO e + e -  ~ hodrons 
0 156~:0 040 LOVELOCK 85 CUSB e ~ e  - ~ hadrons 

T(11020)  REFERENCES 

8ESSON 85 pl~. 54 381 *Green Nomjoshl Sonnes. (CLEO COllob ) 
LOVELOCK 85 PRL 54 377 +Hor$1kOlte Klopfensleln÷ (CUSB Collab ) 

STRANGE MESONS 
(S= _+t, c = e = o )  

/ ( jp )  = 12(o- ) 

SEE STABLE PARTICLES 

D 
SEE STABLE PARTICLES 

/(JP) = 12 ( o - )  
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Meson Full Listings 
K*(892) 

I/C~(892) I ,u3= ;(~ ) 

\ ( ) 1  t'. ( ) \  K ( 8 9 2 )  %1%.%,%1"..% % \ 1 )  %1%N,% I ) I F I - ' I , ~ R -  

I ' \ (  I ~  

I, I t l f c L i h s l l L c l l l \  s m a l l  C i l O l S  , l l C  I c p o ~ l c d  ~)\ s o f t i e  C \ i ) c ~ l -  

Mlenlx \ \ C  U'~C '~]111p]C I c J ] l ' q l ~ . ' "  IL•'~IN ('01 I h c  l l l l n l i l l l l n 1  

¢ I  I ( ) I  h ( )1/  1 I lL'  dgIg1111111.[l I ( ) I I  uI" 111~1%% .~IIILI \~, I d l h  I'~ o m  ,i sCl m -  

I l k '  (1l ~ ¢ \ ¢ i i I ~ ,  

(~mH ( n ~ )  _ 1  A ' 4 l 
',. ~ m;n (I) . . . . .  { .  

(l"oI ;.I dL'1.Llilcd dlN(.'LI%~,I(HI SCC the 19"71 cLh1.1on ul" I]II', 

II()[c ) ~ C  L()nNl'~IC111.1\ InLIC:INC unI'cLIDNHL" CIItH% hqtui¢ 

, i \  C1,1~111~ 

K ~ ( 8 9 2 )  M A S S  

C H A R G E D  O N L Y  
This is w h a l  o p p e a r s  in the  Meson Summary  Table 

VALUE (MeV) Evrs DOCUMENT ID TECN CHG COMMENT 

8 9 2 , 0 9  +_ 0 30 OUR AVERAGE Error inc ludes  sca le  factor of 1 4 See lhe  
~deogram b e l o w  

892 6 +- 0 5 5840 BAUBILLIER 848 HBC 8 25 K p 

888 0 +_ 3 0 NAPIER 84 SPEC + 200 7 r - p  .~ 
2K~ X 

891 0+_1 0 NAPIER 84 SPEC - 200 ~ - D ~  
2K~ X 

891 7_+2 1 3700 BARTH 83 HBC ~ 70 K+D ~ 
KO;T + X 

890 0 ± 2  3 800 12CLELAND 82 SPEC + 30 K + D  
K~-+p  

896 0 _+ 1 1 3200 I 2 CLELAND 82 SPEC + 50 K + p  

893 0_*.1 0 3600 I 2CLELAND 82 SPEC - 50 K + p  
~ . = - p  

896 0 +- 1 9 380 DELEOSSE 8t  SPEC + 50 K+_ p 
K -+ ;TOD 

886 0 + 2  3 187 DELFOSSE 81 SPEC 50 K+-p 
K+- ,'TOp 

891 0 : r l  0 4100 FOAEF 81 HBC 6 5 K - D - .  
K 0 ~ - p  

892 8__.1 b AJINENKO 80 HBC + 3 2 K ~ p ~  
KO~ + X 

890 7 ± 0 9 1800 AGUILAR 78B HBC _+ 0 76 p p  

886 6 +_ 2 4 1225 BALAND 78 HBC +- t2  p p  . .  
(K~)_ +- x 

891 7 _* 0 6 6706 COOPER 78 HBC _+ 0 76 DP .~ 
(K.'r) +- x 

895 3 *_ 4 0 3 MARTIN 78 SPEC 10 K~ p . 
K ~ = p  

88q 5 t 4 1 3 MARTIN 78 SPEC 10 K+- p 
K ~ = p  

891 9+_0 7 9000 4pALER 75 HBC 143 K - ' p ~  
(K,-r)-  X 

894 2 _* 2 0 765 ! CLARK 73 HBC 3 13 K -  p 
k'~ 7r- p 

894 3_+1 5 1150 I 2CLARK 73 HBC 3 3  K p ~  
K~,~- p 

892 2+_1 5 4404 AGUILAR 718 HBC - 3946 K-p~ 
(K;T,)- p 

891 0+-2  0 1000 CRENNELL 690 DBC 3 9 K - N  . 
K ~ - X  

894 +- 1 0 2886 t FRIEDMAN 69 HBC 2 1 K - D  
K ~ r -  p 

892 +_ 2 728 FRIEDMAN 69 HBC 2 45 K -  p 
K ~ r -  p 

892 ~ 1 0 3229 FRIEDMAN 69 HBC - 2 6 K - p  
K 0 ~ - p  

892 _+1 6 1027 FRIEDMAN 69 HBC - 2 7  K - p  o 
Ko;,r. - D 

888 +_ 2 5 540 t DEWIT 68 HBC - 3 K -  n 
K ~ - n  

892 0*_2 6 341 i SCHWEING 68 HBC - 5 5  K - p  ~ 
K~r, - p  

890 + 3 0 720 BARLOW 67 HBC _+ 1 2 D p  
(KO ~,) ± K:r 

889 +- 3 0 600 BARLOW 67 HBC ± 1 2 p p  
(K~) :t K~r 

891 +_ 2 3 620 ~ DEBAERE 67B HBC + 3 5 K + p . 
K0 ~-+ p 

89 t  0 + I 2 1700 2WOJCICKI 64 HBC - I 7 K - p  
K~ ~r- p 

WEIGHTED AVERAGE 
892 09  + O 3 0  (Error scaled b y 1 4 )  

i 

i 

i 

8 8 0  885  8 9 0  

K~(892) tmass (MeV) 

I v 

F 
f 

J 

v 

NEUTRAL O N L Y  

2 
X 

8AUBILLIE'R 848 HBC I 0 
NAPIER 84 SPEC ' 9 
NAPIER 84 SP[C 12 
BARTH 83 HBC 0 0 
CLFLAND 82 SPEC 0 8 
CLELAND 82 SPEC 12 6 
CLELAND 82 SPEC 0 8 
3ELFOSSE 8' SPEC 42 
DFLFOSSF BI SPEC 7 0 
TOAFF 81 HRC I 2 
AJINENK0 80 HBC 02 
AGUILAR- TB~ tlBC 2 4 
BALAND I8 HBC 52 
COOPER 78 HBC C 4 

I MARTIN 78 SPEC 
MARTIN 78 SPEC 
PALER 75 HBC 0 I 

I CLARK 73 HRC ' I 
I CLARK 73 HBC 2 2 

• AGUILAR- 718 HBC 0 0 
CRENNELL 693 OBC D 3 

" i n  FR.EOMAN 69 HBC 3 6 
FRIEDMAN 69 ttBC 0 0 
FREDMAN 69 HBC 0 0 
~'R EOMAN 69 HBC 0 0 
OEWIT 68 HBC 2 7 
SCHWEING 6R HBC O 0 
RARLOW B7 HRC 051 
BARLOW 67 HBC k DEBAERE 67B HBC 0 2 
WO.CICKI 64 HBC 0 @ 

;TT 
, ~ (Colnf,dence Level = O 0041 

895 9 0 0  9 0 5  

VAL(JE (Mev) Evr$ DOCUMENr ID fECN CHG COMMENT 

8 9 6 . 2 4  +_ 0 32 OUR AVERAGE Error inc ludes  sca le  factor  of 1 7 See the 
i d e o g r a m  b e l o w  

895 9 ± 0  5 +-0 2 ASTON 88 LASS 0 11 K - p  ~ I 
K - r r +  n 

894 52+_0 63 25k 4ATKINSON 86 OMEG 20-70 " )p  I 
894 63 _+ 0 76 20k 4 ATKINSON 86 OMEG 20-  70 "~ D I 900 7 +- 1 1 5900 BARTH 83 HBC 0 70 K + p  

K+T. - X 
897 _* 1 28k EVANGELISTA80 OMEG 0 10 ,-r-D 

K+~r -  (% "_) 
898 4 _- 1 4 1t80 AGUILAR 788 HBC 0 0 76  p p  

K~ K~=+- 
894 9 +- I 6 WICKLUND 78 ASPK 0 3 4 6 K+- N 

(K=)O N 
897 6 ± 0 9 BOWLER 77 DBC 0 5 4 K + d 

K + 7r - p p  
895 5 _~ I 0 3600 MCCUBBIN 75 HBC 0 3 6 K -  p 

K - . ~ . + n  
897 1 -~0 7 22k 4pALER 75 HBC 0 143 K - D  

(KTr)O X 
896 0 _+ 0 6 10k FOX 74 RVUE 0 2 K - p  

K -  ,-r+ n 
896 0 +_ 0 6 FOX 74 RVUE 0 2 K ÷ n  

K+ ,-r- p 
896 +_ 2 5 MATISON 74 HBC 0 12 K + p 

K+ T : - A  
896 0 +_ I 0 3186 LEWIS 73 HBC 0 2 1-2 7 K + p  

894 0 +_I 3 5LINGLIN 73 HBC 0 2-13 K + p  
K+T, - T r ~ p  

898 4 +_ 1 3 1700 IBUCHNER 72 DBC 0 4 6  K ~ n  o 
K+r,-p 

897 9 +_I I 2934 IAGUILAR- 71B HBC 0 3 9 4 6 K - p ~  
K - r r +  n 

898 0 -~0 7 5362 IAGUILAR 718 HBC 0 3 9 4 6 K - p ~  
K - T r + ~ - D  

895 0 Z 1 0 4300 2 HABER 70 DBC 0 3 K -  N 
K - t r +  X 

893 7 _+2 0 10k DAVIS 69 HBC 0 12 K + p  
K + ~ - ~ + p  

894 7 .'~I 4 1040 IDAUBER 678 HBC 0 2 0 K - D  
K -  7 r + T r - p  

• * • We do  no l  use fhe fo l l ow ing  dora  for averages  flts hmlts e l c  • • • 
892 8 _+ 1 3 5 LANG 79 RVUE 0 
895 7 ~-0 3 6ESTABROOKS78 ASPK 0 13 K + - p ~  

K+- : +- (n S) 
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Full Listings 
K*(892) 

WEIGHTED AVERAGE 
8 8 6  24 + 0 3 2  (Error  , ,ca led  b y  17 )  

+ 

_T_ v 
v 
v I 

o 

i 

i 

8 9 0  895 9 0 0  9 0 5  

K~(892)o moss (MeV)  

2 
X 

ASTON 8B LASS 0 4 
ATK[NSON 8B OMEG 7 5 
ATKINSON B8 OMEG 4 S 
BAfiTH 83 HBC 1B 4 
EVANGELISTA BO OMEG 0 6 
AGUILAR- 788 HBC 2 4  
WICKLUND 78 ASPK 07 
BOWLER 77 DBC 2 3 
MCCUBBiN 75 HBC 0 
PALER 75 HBC 1 S 
FOX 74 RVU[ 0 2 
FOX 74 RVUE 0 2 
MATISON 74 HBC 0 0 
LEWIS 73 HBC 0 t 
LINGLIN 73 HBC 3 0 
BUCHNER 72 OBC 2 8  
AGUILAR- 718 HBC 2 3 
AGUILAB- 71B HBC B 3 
HABER 70 DBC I 5 
DAVIS BB HBC I B 
DAUBER B7B HBC t 2 

55 g 
(Conhdence Level < 0 00'] 

i 

IMass errors e n l a r g e d  b y  US Io I / N  1,'2 See no te  
2Number  of events  in p e a k  re -evotua fed  by  us 
3SysfemaflC error adc led  
41nclusive reac t ion  C o m p l l c a t e d  b a c k g r o u n d  a n d  phase -space  effects 
SFrom p o l e  ex t rapo la t l on  
6From phase  shift analysis of 155 000 evenfs 

/C4~(892) ° - / ~ ( 8 9 2 )  ± M A S S  DIFFERENCE 

VA_L~JE (MeV) EVr$ DOCUMENt IO ~ECN CNG COMMENT 
6.7 ± t . 2  OUR AVERAGE . . . . . . . . .  
7 7 ± 1.7 2980 AGUILAR 788 HBC ±0  0 76 p p  

8 7 ± 1 . 7  7338 AGUILAR- 71B HBC - 0  3 9 . 4 6  K - p  
6 3 z 4 1 283 7 8ARASH 67B HBC 0 0 ~ p  
• • * We d o  not  use the  fo l l ow ing  d a t a  for overages  fits l lmits e t c  • • • 
6 . 5  -+ 5 0 1400 89FICENEC 68 NBC 1 3 K - D  
9 5_+5 0 1600 89FICENEC 688 HBC 2 7  K - p  

7Number  of even ls  in p e a k  re -eva lua led  by  us 
8Moss errors e n l a r g e d  b y  us to I / N  1/2 See no te  
9Data wi th  mass error of 3 MeV or more  no t  a v e r a g e d  

/ ~ ( 8 9 2 )  R A N G E  P A R A M E T E R  

.VALUE (C~pV-_ f )  DOCUMENT IO TECN C_ HG COMMENT . . . . .  
3 . 4 ± 0 ° 7  ASTON 88 LASS 0 11 K - p  

K - ~ r + n  

K ~ ( 8 9 2 )  WIDTH 

C H A R G E D  O N L Y  
Thls IS wha t  a p p e a r s  In the  Meson S u m m a w  Table 

V_A[_U.E_ (MeV) EVTS OOCUMENT IO TECN 
81.3 _+ 0 .8  OUR FIT Error inc ludes  sca le  factor  of 1 1 
51.3 ± 0 . 8  OUR AVERAGE E~'ror i nc ludes  sca le  fac lo r  of I I 

CHG COMMENT 

49 .0  + 2 .0  5840 8AUBILLIER 84B HBC - 8 25 K - p  
K % r - p  

54 0 :I: 9 .0  NAPIER 84 SPEC + 200 ~ -  p 
2K~ X 

56 .0  +-4 0 NAPIER 84 SPEC - 200 "~ ' -p  2~x 
42 .8  :L 7.1 3700 8ARTH 83 HBC + 70 + p  

/<° ~r + X 
64 0 _ + 9  2 800 1011CLELAND 82 SPEC + 30  K + p  

K~r  + p  
62 0 ± 4  4 3200 10 11CLELAND 82 SPEC + 50 K + D  ~ 

/ ~ = + , O  
55 0__.4 0 3600 10 11CLELAND 82 SPEC - 50 K + D  ~ 

62 6 ± 3 8 380 DELFOSSE 81 SPEC + 50 K± p - -  
K± ~-Op 

50 .5  Z 3 .9  t87 DELFOSSE 81 SPEC - 50 K ± D  - -  
K ± ~,-Op 

51 0 ± 2  0 4100 TOAFF 81 NBC - 6 5 K - D ~  
K o ~ - p  

50 5 ± 5 6 AJINENKO 80 HBC + 32 K + D  
K°= + X 

45 8 -+ 3 .6  1800 AGUILAR 7BB H8C 

43 0 ± 8 . 4  1225 BALAND 78 HBC 

52 0 z 2 5 6706 10 COOPER 78 HBC 

50 9 ± 2 3 MARTIN 78 SPEC 

52 1 ± 2 2 9000 12 PALFR 75 HBC 

46 3 -+ 6 7 765 ~0 CLARK 73 HBC 

48 2 ± 5  7 1150 10 ' i ICLARK 73 HBC 

54.3  ¢ 3 3 4404 10 AGUILAR 718 HBC 

53 ± 4 0 2886 10 FRIEDMAN 69 HBC 

49 ± 7 3 728 10 FRIEDMAN 69 HBC 

46 ± 3 2 3229 10 FRIEDMAN 69 HBC 

49 _+ 6 1 1027 10 FRIEDMAN 69 HBC 

44 0 ± 8 0 540 10 DEWIT 68 DBC 

43 ± 9 0 720 10 BARLOW 67 HBC 

53. ± 9 0 600 BARLOW 67 H8C 

56 0 _+ 9 0 620 10 DEBAERE 878 HBC 

46 0 -+ 5 0 1700 10 11 WOJCICKI 64 HBC 

NEUTRAL O N L Y  
%/ALUE .(MoV) ..... E__VTS DOCUMENT ID TECN 
80.5 ± 0 . 6  OUR FIT Error inc ludes  sca le  factor of I 1 
50.8 ± 0.6 OUR AVERAGE Error inc ludes  scale factor  of 
50 8 ± 0 8 -+ 0 9 ASTON 88 LASS 

46 .5  _+ 4 3 5900 BARTH 83 HBC 

54. +_ 2 28k EVANGELISTA80 OMEG 

4 5 . 9 ± 4  8 1180 AGUlLAR 788 HBC 

51.2 _+ 1 7 WICKLUND 78 ASPK 

48 9 ± 2 .5  BOWLER 77 DBC 

+ 3. 3600 MCCUBBIN 75 HBC 48.  - 2 .  

50 6 -+ 2 5 22k 12 PALER 75 HBC 

47 ± 2 i0k  FOX 74 RVUE 

51 ± 2 FOX 74 RVUE 

46 0 _+ 3 3 3186 10 LEWIS 73 HBC 

51.4  ± 5 0 1700 10 BUCHNER 72 DBC 

5 5 . 8 _  + 4  42 2934 '0AGUILAR 718 HBC 

48 5 -+ 2 7 5362 AGUILAR- 718 HBC 

54.0  z 3 .3  4300 10 11 HABER 70 DBC 

53 2 ± 2 1 10k 10 DAVIS 69 HBC 

44 ± 5 .5  1040 10 DAUBER 678 HBC 

• • • We d o  ha l  use the fo l tow lng  d a t a  for overages  fits 
40 1 ± 6 0 13 LANG 79 RVUE 
52 9 _+ 0 4 14 ESIABROOKS 78 ASPK 

47 ± 3 13 MATISON 74 HBC 

46 5 z 1.5 '13 LINGLIN 73 H8C 

_+ 0 76 p p  

_+ t2 p p  
(Kr.)  ~ X 

Z 76 pp -- 
(KE) *- X 

+ 10 K ± p  

- 1 4 3  K - p ~  
(K~ r ) -  x 

- 3 1 3 K - D  ~ 
/d~= p 

- 3 3 K - p ~  
K~ tr - p 

- 3 9 4 6  K - p  
(K,,r)- p 

- 2 1 K - p ~  
KO,=- p 

- 2 4 5  K - D ~  
K O ~ - p  

- 2 6 K - p ~  

- 2 7 K - p ~  
K~-p 

- 3 K - n ~  
KO,.r- n 

_+ 1 2 p p ~  
(K°_~) ± K ;  

± 1 2 p p ~  

K O ~ + p  
- 1 7 K - D ~  

K'0 ~-- p 

CHG COMMENt 

11 
0 t l  K - p  

K - ~ + n  
0 70 K + p  

K + =  - X 
0 t0 ~ r - p  

K + ,~_- ( '~ ,*,) 
0 0 76 p p  

K ~ : / ~ r  ± 
0 3 4 6  K : t N ~  

(K'rr)o N 
0 5 4  K + d ,  

K+ Tr-  p p  

0 3 6 K - p ~  
K - ~ + n  

0 143 K - p ~  
(K=)0 X 

0 2 K - p ~  
K - T . + n  

0 2 K + n ~  
K + ~ r - p  

0 2 1 - 2 7  K + p ~  
K~rTrO 

0 4 6 K + n ~  
K + ~ - p  

0 3 9 4 6 K - D ~  
K -  ,-r + n 

0 3 9 4 6 K - p ~  
K -  Tr + Tr - p 

0 3 K - N ~  
K - ~ + X  

0 12 K + D  
K+ ,-r- r, + p 

0 2 0 K - p ~  
K-  ~ + ~ r - p  

l imits etC • • • 
0 
0 13 KZ p 

K-+ ~r _+ (n ~)  
0 12 K + D  

K+ ~,--A 
0 2-13 K + D  

K+ ;,:-- .-r + p 
~0Width errors e n l a r g e d  by  us to 4 × I ,N  1 2 see note 
11Number of events in p e a k  re -eva lua ted  bY us 
121nclusive reac t ion  C o m D h c o t e d  b a c k g r o u n d  a n d  phase  space  effects 
13From p o l e  ex t raDo iahon 
'L4From phase  shift analysis of 158 000 events 

/ ~ ( 8 9 2 )  D E C A Y  M O D E S  

1" I / C ~ ( 8 9 2 ) ±  ~ K~" 

F 2 / C ~ ( 8 9 2 ) 0  ~ K~T 

I" 3 K"4c(892) ~ K ~ T  

I" 4 K ~ ( 8 9 2 ) ±  ~ K ± 7  

i" 5 K ~ ( 8 9 2 ) 0  ~ / ~ ,  

F_rachon_ ( I  ,('! ) _ _  

(99 902 _+0 0 0 9 ) ,  10 - 2  

(99 770_+0 020) -  10 - 2  

< 7 " 10 - 4  

( 9 . 8  _+09 ) ~ 1 0  ' 4  

( 2 3 0  _+0 20 ) ~ I 0  - 3  
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Meson Full 
K*(892) 

Listings 

CONSTRAINED FIT INFORMATION 

An overall fit to the total width and a parhol width 
uses 30 measuremenls and one constraint to deter- 
m~ne 3 parameters The overall fit has O ~,2 = 33 4 
for 28 degrees of freedom 

The f o l l o w i n g  o f f - d r a g o n a l  a r r a y  e l e m e n t s  o r e  t h e  c o r r e l a h o n  c o e f f l -  

c ~ e n l s  / ,p,  ,')p/, rap ,  ,~p/). ~n percen t ,  f r o m  t h e  h i  to  p a r a m e t e r s  p ~ ,  

i n c l u d l n g  t h e  b r a n c h i n g  f r a c t i o n s  x~ - [ i  " l ' to~al The  flt c o n s t r a i n s  
t h e  x, in  th is  a r r a y  to  s u m  to  o n e  

x4 100 
l" 17 17 

Xl X4 

Rate ( M e v )  
]1 K'~(892): ~ K~ 51 3 _+0 8 

]'4 K'~(892) ± ~ K± ~ 0 05O _+ 0 O05 

Sca le  
11 

CONSTRAINED FIT INFORMATION 

An overall hi to the total width and o parhal width 
uses 18 measuremenls and one constraint to deter- 
mine 3 parameters The overall ht has a ,2  = 18 4 
for 16 degrees of freedom 

The f o l l o w i n g  o f f - d f o g o n a l  a r r a y  e l e m e n t s  o r e  t h e  c o r r e l a h o n  coef f~-  

c m n t s  ,bp, ;~pi,/'(6p~ ~Pl)  in p e r c e n t ,  f r o m  t h e  h t  to p a r a m e t e r s  p , .  

i n c l u d i n g  t h e  b r a n c h i n g  f r a c h o n s ,  x t " ] ' j r t o t a l  The  f l t  c o n s * r a m s  
t h e  x t in  th is  a r r a y  to  s u m  to  o n e  

x 8 100 
l" 14 14 

X 2 X 5 

R a t e  _ ( M e V )  S c a l e  

l" 2 K ~ ( 8 9 2 ) o  ~ KTr 50 4 +_ 0.6 1 1 

1" 5 K ~ ( 8 9 2 )  o ~ K ~  / 0 117 ± 0.010 

/ ( ~ ( 8 9 2 )  PARTIAL WIDTHS 

r (K -  ~ -y) 
VALUE (keY) DOCUMENT ID TECN C HG COMMENT .... 
so  +_ 5 o u R  n t  
50 ± 5 OUR AVERAGE 
48 0 z  11.0  BERG 83 SPEC - 156 K - A  

~ A  
51 0 _+ 5 0 CHANDLEE 83 SPEC + 200 K + A  

K = A  

1" 4 

r(Ko-y) ]'~ 
VALUE (keV) EVr5  DOCUMENT ID TECN CHG COMMENT 
~17 - 10 OUR FIT 
116 5 _+ 9 ,9  584 CARLSMIrH 80 SPEC 0 K~A ~ K~TrOA 

K ~ ( 8 9 2 )  BRANCHING RATIOS 

I ' ( K ~ ( 8 9 2 )  ~ K 'n '~ ' ) / l ' (K~(892)  z ~ K~r) l '3/ l"  1 
VALUE CL % DOCUMENT tO TECN CHG COMMENT 
< '0 .0007 95  JONGEJANS 78 HBC 4 K - D  

p ~ 2 ~  

• * * We dO not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits I lmi ls e t c  • * • 
<.0 002 WOJCtCKI 64  H8C 1 7 K - p  

~ 0 = - p  

I ' (K  z "y ) / l ' to ta  I I"4/I" 
VALUE (u9.it55_10-.31 CL % D_O_CUMENT ID [ECN_ CH_G _COMMENT 

0 98 -+ 0 .09  OUR FIT 

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e l c  • • • 
< 1  6 95  8EMPORAD 73 CNTR + 10 -16  K + A  

I'(/('D "~' ) I ]  'total I '51 [" 
VALUE (units tO-3)._ DOCUMENT ID [ECN CHG COMMENT 
2.30 -+ 0 .20  OUR FIT 

• • * We d o  not  use the  t a l l o w i n g  d a t a  for a v e r a g e s  hls hml lS e t c  * ° ° 
1 5 -+0 7 CARITHERS 75B CNTR 0 8 - t 6  ~(~A 

K ~ ( 8 9 2 )  REFERENCES 

AS/ON 88 NP 8296 493 
ATKINSON 86 ZPHY C30 521 
CARLSIVIITH 86 PRL 56 18 
BAUBILLIER 848 ZPH¥ C26 37 
NAPI(R 84 PL 149B 514 
8ARTH 83 NP 8223 296 
BERG 83 Thesis 
CHANDLEE 83 COO 3065 354 
CLELAND 82 NP 8208 189 
DELI:OS~ 81 NP 8183 349 
TOAl:F 81 PR D23 1500 
AJINENKO 80 ZPHY 5 177 
EVANGELISIA 80 NP 8165 383 
LANG 79 PR D19 956 
AGUlLAR 788 NP 8141 101 
BALAND 78 NP 8140 220 
COOPER 78 NP 8136 365 
ESIABROOKS 78 NP 8133 490 

AlSO 788 PR D17 658 
JONGEJANS 78 NP 8139 383 
MARTIN 78 NP 8134 392 
WICKLUND 78 PR D17 1197 
BOWLER 77 NP 8126 3r 
CARIIHERS 75S PRL 35 349 
MCCUBBIN 75 NP 886 13 
PALER 75 NP 896 1 
FOX 74 NP 880 403 
MATISON 74 PR D9 1872 
BEMPORAD 73 NP 851 1 
CLARK 73 NP 854 432 
LEWIS 73 NP 860 283 
LINGLIN 73 NP 855 408 
8UCHNER 72 NP 845 333 
AGUILAR 71S PR D4 2583 
HABER 70 NP 817 289 
CRENNELL 69D PRL 22 487 
DAVIS 69 PRL 23 1071 
FRIEDMAN 69 UCRL 18860 Thesis 
DEWII 68 Thesis 
FICENEC 68 PR 169 1034 
FICENEC 688 PR 175 t725 
SCHWEING 68 PR 166 1317 
BARASH 678 PR t56 1399 
BARLOW 67 NC 50A 701 
DAUBER 678 PR 183 1403 
DEBAERE 678 NC 51A 401 
WOJCICKI 64 PR t358 484 

- - O T H E R  

BERG 81 PL 988 119 
BALDI 788 NP 8t34 365 
ENGELEN 78 NP 8134 14 
KIRK 76 NP 8116 99 
BRANDEN8 75 PL 898 405 
BERTHON 73 NP 863 54 
CHARRIERE 73 NP B51 317 
WALUCH 73 PR D8 2837 
ABR'AMOVI 72 NP 839 189 
BINGHAM 72 NP 841 1 
BRUNET 72 NP 837 114 
CRENNELL 72 PR D6 1220 
DEUrSCH 72 NP 836 373 
ENGELMANN 72 PR D5 2162 
ROUGE 72 NP 846 29 
TIECKE 72 NP 839 596 
AGUILAR 71 PRL 26 466 
BARNHAM 71C NP 828 17t 
BUCHNER 71 NP B29 381 
CORDS 71 PR 04 1974 
MERCER 7t NP 832 381 
YUEA 71 PRL 26 1502 
ATHERTON 70 NP 816 416 
DEBAERE 69 NC 61A 397 
JUHALA 69 PR 184 1461 
LIND 69 NP 814 1 
KANG 68 PR 176 1587 
8OMS I: 67 P9 158 t298 
CONI:ORTO 67 NP 83 469 
FRENCH 67 NC 52A 438 
GEORGE 67 NC 49A 9 
SALLSTROM 67 NC 49A 348 
ADELMAN 650 Athens Cant 527 
I:ER'ROLUZZl 65g NC 39 4~7 
GELSEMA 65 ThesJs 

AlSO 64 PL 10 341 
WANGLER 65 PR 137B 414 
CHADWICK 638 PL 6 309 
C_~LDHABER 63 Athens Cant 92 
ALEXANDER 62 PRL 8 447 
COLLEY 628 CERN Cant 315 
ALSION 61 PRL 6 300 

+AwGII BJenz Slid+ (SLAC NAGO CINC tOKY) 
+ (BONN CERN GLAS LANC MCH5 LPNP+) 

+Bernsleln Peyoud lur lay (EFt SACL) 
+ (81R'M CERN GLAS MICH LPNP) 

+Chef'.+ (TUl:r ARIZ FNAL FLOR NDAM+) 
+Drevermann+ (BRUX CERN GENO MONS+) 

(ROCH) 
*Berg Cihonglr Colhck+ (ROCH FNAL MINN) 
+Delfosse Dorsaz GIoor (DURH GEVA LAUS PITT) 
+Gulsan Martin Muhlemonn WeHI+(GEVA LAUS) 
*Musgrave Ammor Davis ECWIUnO+ (ANL KANS) 
+Barth DUlardln+ (SERP LIBH MONS SACL) 
* (BARt 8aNN CERN DARE GLAS LIVP*) 

+Mos Parareao (GRAZ) 
Agullar 8entreE+ (MADR IAIA CERN+) 

*Grard+ (MONS BELG CERN LOIC LALO) 
+Gurtu. (TATA CERN CDEI:+) 
*Carnegie+ (MONT CARL DURH SLAC) 
Estabrooks Carneg ie .  (MONI CARL DUR'H+) 

+Cefrado~ (ZEEM CERN NIJM OXl:) 
+S~imado BQIdl Bohrlnget+ (DURH GEVA) 
+Ayres Diebold Greene Krorner PQwlIcRI (ANL) 
+DaJnlon Drake Wffhams (OXl:) 
+Muhlemann UnderwOOd* (ROCH MCGI) 
+Lyons (OXl:) 
*Tovey Shah SDIrO+ (RHEL SACL EPOL) 
+Gdss (CIT) 
,Gal t ler l  Gornlost l:latte Friedman* (LBL) 
*Bausch Freudenrelch+ (CERN ETH LOIC) 
+Lyons ROaOjiClC (OXF) 
*Al len JaCObs+ (LOWC LOIC CDEI:) 

(CERN) 
*Dehm ChQrriere Comet+ (MPIM CERIN BRUX) 

Agullat BenlleZ Eisner Klnson (BNL) 
+Shoplro Alexander+ (I~HO SACL 8GNA EPOL) 
+Karshon LOi ON+al l  Scoff (BNL) 
+Derenzo l:latle AlSton Lynct~ Solmllz (LRL) 

(LRL) 
(ANIK) 

+Hulslzer Swanson f lower (ILL) 
+Gordon Trower (ILL) 

SchwelngruDer Derrick l:lelas* (ANL NWES) 
*KIrsch Miller Ton (COLU) 
*Lillestol Montonel*  (CERN CDEI: IRAD LIVP) 
*Schleln Slaler hcho (UCLA) 
*GOldSchmldt Clermont Henri* (8RUX CERN) 

(LRL) 

RELATED PAPERS 

+Chandlee Sial+ (ROCH FNAL MINN) 
+BOhrlnger Dorsaz Hungerbuhler+ (GEVA) 
*Jongelans* (HUM ZEEM CERN aXE) 
÷Klein+ (AACH 8ERL CERN LOIC WIEN) 

BrandenDurg Carnegie Cosl~more÷ (SLAC) 
+Montanet Paul Berlranet+ (CERN SACL) 
+Drliatd DeBoere+ (CERN BELG) 
+l:latfe Friedman (LBt) 

AbramovicP ChOlOUpka Chung HIIpert.~CERN) 
. (International K+ Collob ) 

+Oonysz Goldsock+ (CDEI: SACL LOK~ LOWC) 
+Gordon ta l  Scorr (BNL) 

Deulschmann+ (ABCLV Collob ) 
~Musgrave l:orman+ (ANL El:I) 
*Vldeau Voile DeBnon+ (EPOL SACL) 
*GrlJns Helneh DeGrool* (NIJM AMST) 

Agullor Senltez Barnes 8ossono Eisner* (8NL) 
+Colley Jobes Gflffllhs HugheS+ (BIRM GLAS) 
+Dehm Goebel+ (MPIM CERN 8ELG) 
+Carmony E~Vln Melere* (PURD UCD IUPU) 
+Anhch Cal lahan Chlen Cox+ (JHU) 
+Derrick Engelmann Musgrove (ANL EFt) 
÷Fronek French l:rlsk Beclno;* (CERN PRAG) 
*Golaschm~dt Clermont Henr)* (BELG CERN) 
+Leacock Rhode Kopelman Ubby+ 0SU COLa) 
*Alexander l:ireslone Fu Goldhaber (LRL) JP 

(IOWA) 
+8orenstein Cole GiIlesple+ (JHU) 
+MoreChal4 (CERN CDEI: IPNP LIVP) 
+Klnson McDonald Rlddlfotd~ (CERN 81RM) 
+GOldSChr'nldtCletmonl Henri+ (CERN BRUX) 
+Otter {kspong (STOH) 

(CAVE) 
.George Goldschmldl  Clermont* (CERN) 

(AN/K) 
Gels+too Kluyver Tanner Wolter$ (ZEEM) 

+Etwtn Walker (WI$C) 
.Ctennel l  Davies Belt lnl ,  (OXl: PADO) 

(LRL) 
+KalbtlelsCh Miller Smllh (LRL) 
*Gel fand* (COLU RUTG) 

Alston Gamjost Alvarez Eberhard Good* (LRL) 



See keyon page 129 

I / ( i (1270) 
was Q(1280) J 

Ic1+ ) IcJP) = 

O u r  I o l es f  m = n l - r e v i e w  o n  fh~s p o r h c l e  c o n  b e  f o u n d  =n 
t h e  '1984 e d d l o n  

K ~ ( 1 2 7 0 )  M A S S  

P R O D U C E D  BY B E A M S  OTHER T H A N  K M E S O N S  
VALUE (MeV) EVT$  DOCUMENt, ID TECN CHG COMMENT 

t242.o +~:~ , AST,ER ~ ""C o ~D 
• • • We d o  no l  use the  fo l l ow ing  d a t a  for overages  fits l imits e tc  • • • 
t294 ± 10. 3 t 0  RODEBACK 8t  HBC 4 ~ ' - p  -- 

', K2:~ 
1300 40 CRENNELL 72 HBC 0 4 5 ~ ' - p  

~. K2~ 
1300 45 CRENNELL 67 HBC 0 6 7 r - p  

~tK2w 
1This was c o i l e d  the  C meson 

P R O D U C E D  BY K - .  B A C K W A R D  S C A T T E R I N G ,  H Y P E R O N  

3 4 9  

Meson Full Listings 
K (1270) 

E X C H A N G E  
VALUE (MeV) EV1'S 

t275.0 ± 10.0 700 
DOCUMENt, ID 1,ECN CHG COMMENT 

K ~ ( 1 2 7 0 )  D E C A Y  M O D E S  

F r a c t , o n  ~ ! ~ q  ) ._. 

I'~ K~(1270) ~ K'4C(892)~r (16 _+s )~ ~o -2 

1" 2 K ~ ( 1 2 7 0 )  ~ K p  (42 +_6 ) - t 0  - 2  

l" 3 K , ( 1 2 7 0 )  ~ Ku. ( ~  0-+2 0 )~10  - ~  

I '  4 Kr(1270 ) ~ /~(1430)7r (28 _+4 ) ~ 0 - ~  

l '  s K~(1270) ~ Kfo(1400 ) ( 3 0 ± 2  o).Io -2 

GAVILLET 78 HBC + 4 2 K -  p 
- - ( K ~ r ~ r ) +  

PRODUCED BY K BEAMS 
VALUE (MeV) DOCUMENT ID 1,ECN CHG COMMENT 

1270• :t: 10. DAUM 81C CNTR - 63 K -  p 
K2~rp 

• • * We d o  no t  use the  fo l l ow ing  d a t a  for overages ,  flJs, l imits e t c  • • • 
1276 0 2 TORNQVIST 820 RVUE 

~ 1 3 0 0 . 0  VERGEEST 79 HOC - 4 2 K -p  

(K.'r ~ ' ) -  O 
t 2 8 9 . 0  :t: 25 .0  3 CARNEGIE 77 ASPK +- 43 K ± O  

(K'K ~r) :t: p 
~ 1 3 0 0 .  BRANDENB 76 ASPK :t: 13 K:±D 

(Kx  ~') :t p 
~ 1270.0 OTTER 76 HBC - 10.14 46 

K _ - p ~  
(K~r ~r)- p 

12 K + p  
12 K + d 

1260 DAVIS 72 HBC + 
1234 :t: 12. FIRESTONE 720 DEC + 
2From o un l to r ized Quark-mode l  c a l c u l a t i o n  
3From a m o d e l - d e p e n d e n t  fit w i th  Gausslan b a c k g r o u n d  to BRANDEN- 

BURG 76 d o f o  

K ~ ( 1 2 7 0 )  PARTIAL  WIDTHS 

l'CK'*(e92)'rr ) 
~/ALUE (_MeV) . DOCUMENT ID 1'ECN CHG COMMENT 

• • • We d o  not  use the  fol low~ng d a t a  for averages  hls limits e tc  • • * 
14 0___11 0 MAZZUCATO 79 HBC *f- 4 2 K - p ~  

- -  (KTr ~')+ 
2 0 ± 2 0 CARNEGIE 778 ASPK _+ 13 KZ p 

(KJr =) :t: D 

r (Kp)  
VALUE (MeV) DOCUMENT ID 1,ECN CHG COMMENT 

• • • We d o  not  use 1he foUowlng d a t a  for averages  his limits e tc  • • • 
57 0 ± S  0 MAZZUCATO 79 HBC + 4 2  K - p  

--- - (K~r  ~',) ÷ 

75.0  _+ 6 0 CARNEGIE 778 ASPK _+ 13 K ± p 
(K~" ~) --- D 

VALU_E (MeV) _ _ DOCUMENT ID 1,ECN CHG COMMENT 

• • • We d o  no1 use the  fo l l ow ing  d o t e  for averages  fits, Ilrtlits e l c  • • • 
4 0_+.4 00 MAZZUCATO 79 HBC + 4 2  K - p  

- - -  (K~- Tr)+ 
24 0 ± 3 . 0  CARNEGIE 778 ASPK 4_ 13 K ± p  

(K~- Tr) ± p 

I ' C K ~ ( 1 4 3 0 )  7r ) 
V_ALUE (MeV) . . . . . . . .  DOC.LIMENT tO TECN CHG COMMENt 

• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e tc  • • • 
26 0 ± 6 0 CARNEGIE 778 ASPK ± t3 K¢ p 

(KTr :~r) +- p 

I ' ( K f o ( 1 4 0 0 )  ) 

VALU_~. (MeV_) . . . .  DOCUMENT ID 1,ECN CHG COMMENt, 

• • • We do  not  use the fo l l ow ing  d a t a  tar overages  fits l imits e l c  • . -  
22 .0  ± S 0 CARNEGIE 778 ASPK __. 13 K± O 

( K = ~ )  :t: p 

K ~ ( 1 2 7 0 )  WIDTH 

P R O D U C E D  BY B E A M S  OTHER T H A N  K M E S O N S  
.VALU~ (MeV) __ EVTS DOCUMENt' I0. 1,ECN C HG COMMENT 

-+2~:~ AST,ER ~ .~c o ~,~ t27 .0  

• • • We d o  no t  use the fo l l ow ing  d a t a  for overages  fits, l imits, e tc  • • • 
66 ± 15 310 ROOEBACK 81 HBC 4 ~ ' - p  

~ K2;'r 
60 40 CRENNELL 72 HBC 0 4.5 7r- p 

60 45 CRENNELL 67 HBC 0 6 ~ - p  
~. K2 ~" 

P R O D U C E D  BY K - ,  B A C K W A R D  S C A T T E R I N G ,  H Y P E R O N  

E X C H A N G E  
VALUE (MeV) EWS DOCUMENt, ID 1,ECN CH_G COMMENT 

75•0 ± 15.0 700 GAVILLET 78 HBC 4* 4 2 K -  p 
---- K~" ~" 

P R O D U C E D  BY K B E A M S  
VALUf (Mere_ . . . . .  

90.  :I: 8. 
DOCUMENT TD 1,ECN CHG COMMENt 

DAUM 81C CNTR - 6_3 K - p  
K27rp 

• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  flls, l imits, e t c  • • • 
~ t 5 0 . 0  VERGEEST 79 HBC - 4 2 K -D  

( K ~ ' x ) -  p 
150 0 0 : t 7 1  0 4CARNEGIE 77 ASPK :z 13 K: t :p  

(K,-.r x )  :z p 
~ 2 0 0 .  BRANDENB 76 ASPK ± 13 K ± p  

(KTr ~-) :t: p 
120. DAVIS 72 HBC 4* 12 K + p  
188. :t: 21 FIRESTONE 726 DBC 4* 12 K + d 
4From o m o d e l - d e p e n d e n t  fit w l fh  Goussion b a c k g r o u n d  to BRANDEN- 

BURG 76 d a t a  

I 2  

i 3  

i "  4 

I" 5 

• • * We d o  no l  use The fo l low ing  d a t a  fat averages  fits fimllS e tc  • • • 
< 0  30 95 RODEBACK 81 HBC 4 . ' r - p -  ~K2,"r 

D - w a v e / S - w a v e  RAT IO  FOR K , ( 1 2 7 0 )  - -  K ~ ( 8 9 2 ) T r  
VALUE DOCUMENt, 10 TECN COMMENT 
I . ( ] ~ 0 . 7  - -  5DAUM - 81C CNTR 63 K - D  ~ K 2 E p  

5Average  from low a n d  h igh  f d a t a  

DOMINANT PODEBACK 84 HBC 4 ~ ' - D  -o ~K2,-r 

l ' ( K u . ) / F l o r a  I I"3,; I" 
VALUE DOCUMENT TD TECN COMMENT 
0.qq ±0 .02  "" 5DAUM 81C CNTR 63 K - p  ~ K 2 = D  

I ' ( K ~ ( 1 4 3 0 )  ~ l " ) / l ' f o ta  I 14//I 
VALUE DOCUMENT tO TECN COMMENT 

0•28+-'0.'04 .... 5[)AUM BIC CNTR 63 K - D  o K27rp 

I ' ( K f 0 ( 1 4 0 0 ) ) / l ' t o t a  I I 51'I 
VALUE DOCUMENT ID 1,ECN COMMENT 
0.03 ±0 .02  $DAUM 81C CNI"R 63 K - p  - -  K 2 ~ D  

I ' ( K ~ : ) / I ' ( K p )  l 3/I 

VALUE CL % DOCUMENt' tO 1'~CN COMMENT 

K I ( 1 2 7 0  ) B R A N C H I N G  R A T I O S  

I ' (  K"Ic( 8 9  2 ) "/r ) / l ' t o t a l  I ' i / I  
VALUE DOCUMENT 10 TECN COMMENt, 

0.q6 :±[~.05 5DAUM 81C CNTR 63 K - D  ~ K2~rp 

l ' ( K p ) l [ ' t o t o l  1 2 / I  
VALUE DOCUMENT 10 1,ECN COMMENT 
0 .42±-0 .06  5DAuM 81C CNTR 63 K-.O ~ K2~D 
• * • We do  nol  use the fo l low ing  d a t a  for overages  fits hinds etc  * • • 
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Meson Full Listings 
K (1270), K (1400) 

KI(1270)  REFERENCES 

TORNQVIST 828 NP 8203 268 
DAUM 8!C NP 8187 1 
RODEBACK 81 ZPHY C9 9 
MAZZUCATO 7g NP B156 532 
VERGEEST 79 NP 8158 265 
GAVILLET 78 PL 768 517 
CARNEGIE 77 NP 8127 509 
CARNEGIE 778 PL 688 287 
BRANDENB 76 PRL 26 703 
OTTER 76 NP 8106 77 
CRENNELL 72 PR D6 1220 
DAVIS 72 PR D5 2688 
FIRESTONE 728 PR D5 505 
AST:ER 69 NP B10 65 
CRENNELL 67 PRL 19 44 

- -  OTHER 

8AU81LLIER 828 NP 8202 21 
FERNANDEZ 82 ZPHY C16 95 
GAVILLEI 82 ZPHY C16 t t9  
OTTER 8t NP B181 1 
BACON 80 NP 8162 189 
DIONISI 80 NP 8169 1 
ETKIN 80 PR 022 42 
iRVING 80 JP G6 153 
RADFORD 80 NP B167 18t 
BASOEVANT 79 PR D19 246 
BEUSCH 78 PL 748 282 
WOHL 78 NP 8t32 401 
BASDEVANT 76 PRL 37 977 
8PAL 76 PR D14 2998 
BOWLER 76 JP G3 775 
VERGEEST 76 PL 62B 471 
ANTIPOV 75 NP BB6 381 
BOWLER 75 NP B97 227 
DaRE 75 LNC 13 265 
DREVILLON 75 Pl 558 245 
DUNWOODIE 75 NP 891 189 
OTTER 75 NP BB4 333 
OTTER 758 NP 893 365 
OTTER 75C NP 896 29 
tOV[Y 75 NP Bgs 109 
ANGELOPO 74 NC 20A 49 
BOWLER 74 NP B74 493 
DAVIDSON 748 PR DO 77 
DEUTSCH 74 PL 498 388 
BARLOUtAUD 73 NP 859 374 
BINGHAM 73 NP 882 31 
DEJONGH 73 NP 858 110 
JONES 73 NP 852 383 
LEWIS 73 NP 860 283 
WERNER 73 PR D7 1275 
ANDERSON 72 PR D6 1823 
BINGHAM 72C NP B48 589 
BRANDENB 72 PRL 28 932 
8RANDENB 728 NP 845 397 
FIRESTONE 72 NP B47 348 
FRATI 72 PR D6 2361 
HAATUFI 72 NP B4B 78 
BARNHAM 718 NP 825 49 
DENEGRI 71 NP B28 t3 
FORMAN 71 PR D3 2610 
GARFINKEL 71 PRL 26 1505 
ABRAMS 708 PR DI 2433 
ANTICH 70 NP 820 201 
BOWLER 70 PL 318 318 
FARBER 70 PR Ol 78 
ALEXANDER 698 NP 813 503 
ANDREWS 69 PRL 22 731 
BARBARa 69 PRL 22 t207 
BETTINI 69 NC 62A 1038 
BISHOP 60 NP B9 403 
CHIEN 69 Pt 29B 433 
CHUNG 69 PR t82 t443 
COLLEY 60 NC 59A 5t9 
ERWIN 69 NP 89 304 
FRIEDMAN 69 UCRL 18860 |he$~s 
WERflER 69 PR 188 2023 
BARTSCH 688 NP 88 9 
BOMSE 68 PRL 20 1519 
DENEGRI 68 PRL 20 1194 
BASSOMPIE 678 PL 268 30 
8ERLINGHIERI 67 PRL 18 1087 
DEBAERE 67 NC 49A 374 

AlSO 67 Prlvole Carom 
GOLDHABER 67e PRL t9 076 
SHEN 66 PRL 17 726 

AlSO 66 Private Carom 
ALMEIDA 65 PL 16 184 
ARMENTEROS 64 PL 9 207 

AlSO 66 PR 145 1095 
ARMENTEROS 648 Dubna Cant 1 577 

AlSO 64C Dubna Cant 1 617 

(HELS) 
*HeflzDerger, (AMST CERN CRAC MPIM OXF+) 
+SIogren+ (CERN CDEF MADR STOH) 
+Pehnpngton+ (CERN ZEEM NIJM OXF) 
*Jongejons DlOnlsio (NIJM AMST CERN OXF) 
~Oiaz Dlon~sr+ CAMS/ CERN. NIJM OXF)JP 
*Cashmote Oavler DunwoodJe LoslnSkl+ (SLAC) 
+Cashmore Ounwoodle LaslnSkJ+ (S~AC) 

Brandenburg Carnegie Coshmore+ (SLAC) JP 
+ (AACH BERL CERN LOIC VIEN LPNP+)JP 

*Gordon kol Scoff (BNL) 
~AIslon Barbara Flatle Friedman LyncP+ (LBL) 
*Goldhober LlSSouer Trilling (LBL) 
+Morechal Montane1+ (CDEF CERN IPNP LIVP) IJP 
*KolbflelSCh LOI Scap SChumann (BNL) I 

RELATED PAPERS 

(8[RM CERN GLAS MSU LPNP) 
+Agudor Benpfez* (MADR CERN CDEF STOH) JP 
+Armenteros* (CERN CDEF PADO ROMA) 

(AACH 8ERL LOIC VIEN BJRM BELG CERN+) 
*Barrey Butterworlh Ansorge. (LOIC CAVE) 
*Gavillef÷ (CERN MADR CDEF S/OH) 
+Foley Llndenbaum Kramer+ (BNL CUNY) JP 

(LIVP) 
+Brandenburg (MIT) 
+Berger (ANL) 
+Birmon Konlgs Otter+ (CERN AACH ETH) JP 
+Paler Chaurond+ (LPNP RHEL SACL) 
*Betger (FNAL ANL) 
+Edwards Kamal Torgeson (ALBE) 

(axE) 
+Engelen Jongelans+ (AMSI CERN NIJM OXF) JP 
÷Ascoli BusneHo Klenzle* (SERP CERN ILL)JP 
+Game Altchison Damton (axe DARE) 
+Guldonl LaokSo Marinl Conforto~ROMA RHEL) 
+Borenslein+ (EPOL BOHR CDEF) JP 
+Grant* (CERN BELG MONS MPIM) JP 
+ (AACH BERL CERN LOIC VIEN AIHU+) JP 

+Rudolph* (AACN BERL CERN LOIC VIEN) JP 
+Rudolph* (AACH 8ERL CERfl LOIC VIEN) lIP 
+Hanson 8orenSleln Borg+ (RHEL EPOL SACL) IJP 

AngelopOulos+ (ATHU ATEN LIVP VIEN) JP 
,Dalnlon Kaddoura Alfchlson (OXF) 
*Chapman Green Lys ROe (MICH) 

Deulschmann* (AACH BERL CERN LOIC VIEN) JP 
+Orevlllon Shah+ (SACL EPOL RHEL) JP 
+Sarwell+ (LBL ORSA BNL SACL MILA)JP 
+Cornel Chomere+ (BRUX MONS CERN MPIM) 

(CER'N) JP 
,Al len Jacobs+ (LOWC lOIC CDEF) 
÷Slattery Fetbel (ROCH) 
÷Franklin Godden Kopelman LIDDy Tan(COLa) 
*E~senstem Grard Herauet+ (CERN BRUX) 

Brandenburg Johnson Lelth LOPS+ (SLAC) 
8rondenburg Brady JOhnson Leith+ (SLAC) 

(CIT) 
+HahOern Horg~s Snope+ (PENN CINC) 
+Arnold Haguenauer+ (BERG STRB EPOL MADR) 
~Colley Gtlfhths Alper+ (BIRM GLAS OXF) 
÷Antlch Collohan Carson Chlen Cox+ (JHU) 
+Gelfand Leo~ Maser Seldl Wolf$on (EFI) 
÷Holland Carmony Lander+ (PURD UCO) 
.Elsensleln Kim MorshoN O HOlloran+ fILL) 
*Carson Chlep Cox Denegrl Etlhnger+ (JHU) 

(OXF) 
+Ferbel SlOftety YUIO (ROCH) 
+Fireslone Goldhober ~ (LRL) 
+tOch Ludlom Sondwelss 8erger* (YALE LRL) 
Barbara Galtleri Davis Flatte+ (LRL) 

+CreStl Llmenlanl Bertonzo Blgl* (PADO PISA) I 
+Goshow Erwin Walker (WISC) 
+Malamud Mellema gudnick SchleJn+ (UCLA) 
+Eisner Boll Luers (BNL) 
+Easlwood+ (BIRM GLAS LOIC MPIM OXF~) 
.Walker Goshow Welnberg (WISC PRIN VAND) 

(LRL) 
+Ammar Davis KrODaC Yorger+ (NWES ANL) 
+Cocconl+ (AACH BERL CERN LOIC VIEN) 
+8o~enslein Callahan Cole Cox+ (JHU) 
+Callahan Eltllnger GIIleSple~ (JHU) 

8dssomp~erre Goldschmldt*(CERN BRUX BIRM)IJP 
+Forber Ferbel Formon (ROCH) lIP 
+Debals~eux Fast FiIIppas+ (CERN BRUX) 

Jongelons 
(LBL) 

+Butterworth Fu Goldhober Tdlllng (LRL) 
GoldhaDer (LRL) 

+Atherlon Byer Damon Forson+ (CAVE) 
+Edwards D Andlau* (CERN CDEF) 

BO¢OSh Kitsch Miller Tan (COLU) 
,EOwatcIs D Andlau+ (CERN CDEF) 

Armenteros 

I/(i(1400) I was Q(1400) 
l(jp) = I 4 

2(I ) 

KI(1400)  MASS 

VALUE (Mev)  DOCUMENF ID TECN CHG COMMENT 

1401 _+ 10 OUR AVERAGE 
1373 ±14  .+_t8 I ASTON 87 LASS 0 11 K - p  . 

KQ ~ ~ ,'r n 
1392 ± 18 BAUBILLIER 828 HBC 0 8 25 K -  p 

1410 ± 2 5  DAUM 81C CNTR 63 K - p  
K2,'r p 

1415 ± 15 ETKIN B0 MPS 0 6 K p 
K'o~+ ~ -  n 

• • • We do  not use lhe  ta l low ing d a t a  far averages  his limits etc • • • 

1350 2 TORNQVIST 828 RVUE 
~1400  0 VERGEEST 79 HBC - 4 2 K - p  

(K~" ~)- p 
1404 0_+10 0 3 CARNEGIE 77 ASPK ± 13 K ± p ~  

(K= 7r) ± p 
~1400 BRANDENB 76 ASPK ± 13 K±D 

(KTr ,-r) ! p 
1420 DAVIS 72 HBC + 12 K + p  
1368 _+ 18 FIRESTONE 728 DBC + 12 K + d  
1From porhoI  wave analysis of /('C~+ ~-,- system 
2From a un i to r lzed auoFk-mode l  co t cu l ohon  
3F,'om o m o d e l , d e p e n d e n t  tit with GaUSSlQn D a c k g r o u n d  to BRANDEN 

BURG 76 d a t a  

KI(1400 ) WIDTH 

VALUE (MAY) DOCUMENT ID TECN CHG COMMENT 

184 _~ 9 OUR AVERAGE 
188 ± 5 4  ± 6 0  4ASTON 87 LASS 0 11 K - p  o 

276 ± 65. BAUBfLLIER 828 HBC 0 8 25 K -  D - 

195 ± 25. DAUM 81C CNTR - 63 K p - 
K2r, p 

180 _+ t0 ETKIN 80 MPS 0 6 K - p  -o 
/~ ~ + r, n 

• • • We do  no l  use the fo l lowing d a t a  for averages  fits hinds etc • • • 

~200  0 VERGEEST 79 HBC - 4 2 K - D  
( K ~ t ) -  p 

142 0 _+ 16 0 5 CARNEGIE 77 ASPK ± 13 K ± p 
(K,-r =) ± p 

~160 8RANDENB 76 ASPK +_ 13 K -+ P 
(K~ ,-r) ± p 

80 DAVIS 72 H8C + 12 K + D  
241 ± 3 0  FIRESTONE 728 DBC + 12 K + d  

4From par t ia l  wave analysis of K°~ + , ~  system 
5From a m o d e l  d e p e n d e n t  fit wtth Gausslan b a c k g r o u n d  to BRANDEN 

BURG 76 d a t a  

K~(1400) DECAY MODES 

I 1 KI (1400)  ~ K * ( 8 9 2 ) ~  
12 / ( i (1400) ~ Kp 
1" 3 Kq(1400) ~ K,.,.: 
14 K,(t400) ~ k'~(1430)'tr 
15 K~(1400) -,,. Kfo(1400) 

Fractvon 0'~/!..) 
~4 ~6 )'I0 2 

3 0_+3 0 ) ' 1 0  - 2  

I 0+_I 0)-I0 -2 

2 0_.+_2 0 ) ~ 1 0  - 2  

I'(K~(892) ~) 
VAL~E_ (.MeV) 
117.0 ± 10.0 

r(Kp) 
VALUE (MeV) 

2.0 ± 1.0 

t (K=) 
VALUE CM_ev) 
23.0 ± '12.0 

KI(1400 ) PARTIAL WIDTHS 

DOCUMENFID 

CARNEGIE 

IECN CHG COMMENt 

77 ASPK ± 13 K ± p  
(K,-r ~r) ± P 

DOCUMENT ID 
CARNEGIE 

TECN CNG COMMENT 

77 ASPK _* 13 K ± D 
(K~. ~) ± p 

OOCUMENr ID 
CARNEGIE 77 

TECN CHG COMMENT 
ASPK ± 13 K ± D 

(K~ 7r) ± p 

11 

]2 

13 
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Meson Full Listings 
Kl(1400 ), K*(1415) 

KI(1400 ) BRANCHING RATIOS 

I'(/C*(892) ~)/rtola I l ' i / r  
VALUE DOCUMENT ID TECN COMMENT 
0.94_+0.06 6DAUM 81C CNTR 63 K - O  ~ K2 / rp  

l ' ( K p ) / l ' t o t o l  r2 / l '  
VALUE DOCUMENT IO TECN COMMENT 
0.03 _+0.[)3 6£)AUM 81C CNTR 63 K - D  ~ ~(2~rp 

I'(K~ )/l'totol ['3/1 
VALUE DOCUMENT ID TECN COMMENT 
[}501 ¢0.01 ...... 6D~,~JM --81C CNTI~ ()3 K-p----  K2~rp 

I '(K~(1430) 1T)/l'total ] 4/r 
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  not use the follOWlng d a t a  for overages  fits hmllS etc 
~ 0  00 6DAUM 81C CNTR 63 K - p  ~ K2~TD 

l '( Kfo(1400) )/Fmta~ I'5/]" 
VALUE DOCUMENT ID TECN COMMENT 

6.02 - -_0.~ "" 6DAUM 81C CNTR 6-3 K - D  ~ . -K2~rp  

D-wave/S-wave RATIO FOR K~(1400) ~ K~(892)~ " 
VALUE DOCUMENT ID TECN COMMENT 

0.04 _+0:O1 6£)AUM 8tC CNTR 6 T K - p  ~ K 2 ~ p  

6Ave ;age  f lom low a n d  h igh ; d o t o  

/(',(t400) REFERENCES 

ASTON 87 NP 8292 693 
BAUBILLIER 828 NP 8202 21 
TORNQVIST 828 NP 8203 268 
DAUM 81C NP B187 t 
ETKIN 80 PR D22 42 
VERGEESI 79 NP 6158 265 
CARNEGIE 77 NP 8127 500 
BRANDENB 76 PRL 26 703 
DAVIS 72 PR DS 2688 
FIRESTONE 728 PR O5 505 

. . . . . .  OTHER 

FERNANDEZ 82 ZPHY C16 95 
OTTER 81 NP B181 1 
RODEBACK 81 ZPHY C9 9 
BACON B0 NP B162 189 
DIONISI 80 NP B169 1 
IRVING 80 JP G6 153 
RADFORD 80 NP 8167 181 
BASOEVANT 79 PR D19 246 
MAZZUCATO 79 NP 8156 532 
BEUSCH 78 PL 748 282 
GAVILLEI 78 PL 76B 517 
WaHL 78 NP B132 401 
CARNEGIE 779 PL bBB 287 
BASDEVANT 76 PRL 37 977 
BOAL 76 PR Ot4 2998 
BOWLER 76 JP G3 775 
OTTER 76 NP 8106 77 
VERGEEST 76 PL 628 471 
ANIIPOV 75 NP Bfb 38t 
BOWLER 75 NP 897 227 
DORE 75 LNC 13 265 
DI~ViLLON 76 PL 558 245 
DUNWOOD[E 75 NP B91 189 
OTTER 75 NP 884 333 
OTTER 758 NP 893 365 
OTTER 75C NP 896 2<) 
IOVEY 75 NP BOS 109 
ANGELOPO 74 NC 20A 40 
BOWLER 74 NP B74 493 
DAVIDSON 748 PR D9 77 
DEUTSCH 74 PL 490 388 
BARLOUTAUD 73 NP B50 374 
BINGHAM 73 NP B52 31 
DEJONGH 73 NP 858 110 
JONES 73 NP 852 383 
LEWIS 73 NP 060 283 
WERNER 73 PR D7 1275 
ANDERSON 72 PR D6 1823 
BINGHAM 72C NP 848 589 
BRANDEN8 72 PRL 28 932 
BRANDENB 728 NP 845 397 
CRENNELL 72 PR D6 1220 
FIRESIONE 72 NP 847 348 
FRATI 72 PR D6 2361 
HAATUFT 72 NP 848 78 
BAI~IHAM 71B NP B25 49 
DENEGRI 71 NP 828 13 
FORMAN 71 PR D3 2610 
GARFINKEL 71 PRL 26 1505 
ABRAMS 708 PR Dt 2433 
ANIICH 70 NP 820 201 
BOWLER 70 PL 31B 318 
FARBER 70 PR DI 78 
ALEXANDER 698 NP B13 503 

+AWOl I D Amore* (SLAC NAGO CINC TOKY) 
* (BIRM CERN GLAS MSU LPNP) 

(HELS) 
+Hertzberger÷ (AMSI CERN CRAC MPIM OXF+) 
*Foley Llndenbaum Kramer* (BNL CUNY) JP 
~Jongelons Dionl$1* (NIJM AMSI CERN OXF) 
~Cashmote Davler Dunwoodle La$1nskl÷ (SLAC) 

Brandenburg Camegle Coshmore+ (SLAC) JP 
*AIsIon Barbara Flatle Friedman Lynch+ (LBL) 
+Goldhabe( LIS$OUet rrllling (LBL) 

RELATED PAPERS 
+AgullOl Benltez+ (MADR CERN CDEF STOH) 

(AACH BERL LOIC VIEN 81RM BELG CERN*) 
+Slogren+ (CERN CDEF MADR STOH) 
+Borrey Bul;erworth An$orge+ (LOIC CAVE) 
tGovlllet+ (CERN MADR CDEF STOH) 

(LIVP) 
.Brandenburg (MIT) 
+Berger (ANL) 
+Pennlnglon+ (CERN ZEEM NIJM OXF) 
+Blrman Konigs Of;el+ (CERN AACH ETH) JP 
~DlaZ Dlonlsi+ (AMST CERN NIJM axE) JP 
÷P:~ler Chaurand+ (LPNP RHEL SACL) 
*Coshmore Dunwoodle LaSlnSWl+ (SLAC) 
+8erger (FNAL ANL) 
+Edwards Komal Torgeson (AL~) 

(aXE) 
e (AACH BERL CERN LOIC VIEN LPNP+) JP 

+Engelen Jongelons+ (AMST CERN NIJM OXF)JP 
+ASCOh Busnello Klenzle÷ (~RP CERN ILL) JP 
+Game Altchlson Dalnton (OXF DARE) 
+Gulcloni taak$o Morlni Con;orlo+(ROMA RHEL) 
+Borenste~n+ (EPOL BOHR CDEF) JP 
+Granl* (CERN 8ELG MONS MPIM) JP 
+ (AACH BERL CERN LOIC VIEN ATHU+) JP 

÷Rudolph÷ (AACH BERL CERN LOIC VIEN) JP 
*RudOlph+ (AACH BERL CERN LOIC VIEN) IJP 
+Hanlen Borenslein Borg+ (RNEL EPOL SACL)IJP 

Angelopoulos+ (ATHU ATEN LIVP VIEN)JP 
+Dalnfon Kaddouro Allchlson (OXF) 
÷Chapman Green LVS Roe (MICH) 

Oeulschmann+ (AACH BERL CERN LOIC VIEN)JP 
*Drevdlon St~Oh* (SACL EPOL RHEL)JP 
.Farwell+ (LBL ORSA BNL SACL MILA)JP 
+Cornet Chomete+ (BRUX MONS CERN MPIM) 

(CERN) JP 
+Allen Jacobse (LOWC LOIC CDEF) 
+SIOttOry Ferbel (ROCH) 
+Franklin Godden Kopelmon Llbby Ton(COLO) 
+Etsenstein Grara Herquel÷ (CERN BRUX) 

Brandenburg Johnson Lelth LOOSe (SLAC) 
Brandenburg Brady Johnson Lellh* (SLAC) 

+Gordon Lai Scarr (BNL) 
(C11) 

+Halpern Hargls Shape+ (PENN CINC) 
+Arnold Hoguenauer+ (BERG STRB EPOL MADR) 
+Colley Griffllhs Alpel+ (BIRM GLAS OXF) 
+Antlch Callabdn Carson Ch~en COX+ (JHU) 
+Gelfand Leaf',, Maser Sepal Wolr$on (EFI) 
+Holland Carmony Lander÷ (PURD UCD) 
+Elsensle~n KIm Marshall O Holloran+ (ILL) 
*Carson Ch~en Cox Deneg. Et111nger+ (JHU) 

(OXF) 
*Ferbel Slaltew Yuta (ROCH) 
*Flrestone Goldhabet+ (LRL) 

ANDREWS 69 PRL 22 731 
ASIIER 69 NP 810 65 
BARBARa 69 PJ?L 22 1207 
BETTINI 69 hie 62A 1038 
BISHC~ O 69 NP B9 403 
CHIEN 69 PL 298 433 
CHUNG 69 PR 182 1443 
COLLEY 69 NC 59A 519 
ERWIN 69 NP B9 364 
FRIEDMAN 69 UCRL 18860 Thesis 
WERNER 69 PR 188 2023 
BARTSCH 686 NP B8 9 
BOMSE 68 PRL 20 1519 
DENEGRI 68 PRL 20 t194 
BASSOMPIE 678 PL 268 30 
8ERLINGHIERI 67 PRL 18 1087 
CRENNELL 67 PRL 19 44 
DEBAE!~ 67 NC 49A 374 

AlSO 67 Private Carom 
GOLDHABER 679 PRL 19 976 
SHEN 66 PRL 17 726 

ALSO 66 Private Comm 
ALMEIDA 65 PL 16 184 
ARMENIEROS 64 PL 9 207 

Also 66 PR t45 1095 
ARMENIEROS 648 Dubna Cant t 577 +Edwards D Andlau* 

AlSO 64C Dubno Con1 1 617 Armentefos 

÷LOCh Ludlam Sondwe,ss Berger* (YA.E LRL) 
+Marechal Momonet* (CDEF CERN IPNP L'VP)IJP 

BarDaroGaltlerl Davis ~lafle+ (L~L) 
+Crestl Limenlonl Bertonza Blg,+ (PAOO PISA) t 
*Goshaw Erwln Walker (W'SC) 
+Malamud Mellema RudnlCk SchbeiP- (UCLA) 
+Eisner Bah Luef$ (BNL) 
+Eastwood- (BIRM GLAS LOIC MP!f~ OXF4) 
+WC]lket Goshaw WelnDerg (WISC PRIN VAND) 

(LRL) 
.Ammot Davis KrOpQC Yarget* (NWES ANL) 
*Cocconl- (AACH BERL CERN LOIC VIEN) 
*Borensteln Cotlahan Cole Cox. (JHU) 
*CallahaP Ettllnger GiIlesple• ~JHU) 

8OSSOmpRe,le GoIdschmldl+ (CERN BRUX BIRM)IJP 
+rather ~eroel rotmon (ROCP) IJP 
÷KoIbflelSch LQI Scott Schumonr (BNL; 
+oebolsleux Fasl Flllppos+ (CERN 8RUX) 

Jongelans 
(.EL) 

.Buttetworlh Fu Go,dhabet Trl,hng (L~L) 
GoldhOber (.~L) 

.Atherton Bye( Dornan Forson• (CAVE) 
+Edwards O Andtau• (CERN CDEF) 

8atash Kitsch Miller Ton (COW) 
(CERN CCEF) 

I/C*( 14 _1_5) 
was /~(t4t0) I 

1(I ) I(JP) : 2 

/(~(1415) MASS 

VALUE (~4_eV) DOCUMENT ID rECN CHG COMMENT 

1414 _+ 15 OUR AVERAGE ErrOr inc ludes scale f oc l o l  of 1 3 
1380 z 2 1 z  19 ASTON 88 LASS 0 11 K - O - -  

K - ~ , + n  
1420 _+ 7 = 10 ASTON 87 LASS 0 11 K - p  

K a y -  ..T- n 

• • • We d o  not use the fo l l owmg d a t a  for overages fits hmlts e l c  • • • 

t474 z 2 5  8AUBILLIER 82B HBC 0 8 25 K - p  
K~ 2,-r n 

1500 - 30 ETKIN 80 MPS 0 6 K - p  
K0 ,..r ~ ~ -  n 

K*(14t5) WIDTH 

VALUE (MeV) DOCUMENT tO TECN CHG COMMEN; 

232 -~ 21 OUR AVERAGE Error inc ludes scale factor of 1 1 

176± 52_+22 ASTON 88 LASS 0 11 K - p  
K - ~ * n  

240 ± 18 Z 12 ASTON 87 LASS 0 11 K - D  
KOz+ ,-T- n 

• * • We d o  not use the ta l low ing d o l o  for averages  hls hmds etc • • • 

275 ± 65 BAUBILLIER 82B HBC 0 8 25 K - p  
KC2=n 

500 --- I00 ETKIN 80 MPS 0 b K- D .- 

10~(t415) DECAY MODES 

F_r ac t '0 n_._fl~,_' [ ) 
r I /c~(1415) ~ KTr (6 6 :1  3),10 -2 
12 K'*(t415) --  K*(892)~- 
I" 3 K*(1415) ~ Kp 

/~ (1415)  BRANCHING RATIOS 

l ' (Kp)/l '(tC~(89217r) 13.12 
VALUE CL% DOCUMENT tO ;ECN CHG COMMENT 

• • • We do  not use the fo l lowing dora  for overages  fits limits e l c  • • • 

<0 17 95 ASTON 84 LASS 0 11 K - p  - 
~ 2 = n  

1 (KTr)/ I ' (K~(892) 7r) I1 12 
VALUE CL % DOCUMENT ID TECN CHG COMMENT 

• • • We do  not use the fo l low ing d o l a  for averages hts hefts etc  • • • 
<0 16 95 ASIAN 84 LASS 0 ~I K - p - o  

/d~2r n 
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Meson Full Listings 
X*(1415), X (1430), X (1430) 
! (K~')/l'tota I ]'1/t" 
VALUE DOCUMENT ID TECN CHG COMMENT 
0 .066 , , , 0 .010  = 0 . 0 0 8  ASTOf~ 88 LASS 0 11 K - ~  ~ - -  

K - ~ r + n  

K'4"(1415) REFERENCES 

ASTON 88 NP B296 493 +AWall Blenz Bircl+ (SLAC NAGO CINC TOKY) 
ASTON 87 NP B292 693 +AwoI I D Amore+ (SLAC NAGO C~NC rOKY) 
ASTON 84 PL 149B 258 eCamegle Ounwooclie÷ (SLAC CARL OTTA) JP 
BAUBILLIER 828 NP B202 21 + (BIRM CERN GLAS MSU LPNP) 
ETKIN 80 PR D22 42 +FOley Linclenbourn Kromer* (BNL CUNY)JP 

/~o (14~0) 
was /~"0 (1350) 
was K(1350) 

I ICJ P) : 5 (0  +) 

Our latest m~m-rewew on this particle con be fauna =n 
the 1984 edthon 

K~(1430) MASS 

VALUE (IVleV) DOCUMENT IO TECN CNG COMMENT 

1429 -+ 4 -+5  ASTON 88 LASS 0 11 K - p ~  
K -  ,-r+ n 

• • • We clo no t  use tt~e t a l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • * 
4 1 4 3 0  8AUBILLIER 84B HBC 8 25  K - p  

Kan t -  O 
1350.  1 2 TORNQVISt 82 RVUE 13 K :t: p 
1278 - 50 3 4 LANG 79 RVUE 0 
1425 3 5 ESTABROOKS 78 ASPK 13 K = p 

K = ~r :t: ( n , ~ )  
~ 1 4 5 0  0 MARTIN 78 SPEC 10 K C p  

/ ~ (1430 )  REFERENCES 
ASTON 88 NP 8296 493 

I BAUBILUER 84g ZPHY C26 37 
rORNQVIST 82 PRL 49 624 
LANG 79 PR D19 956 
ESEABROOKS 78 NP B133 490 
MARTIN 78 NP B134 392 
MATLSON 74 PR D9 1872 
FIRESTONE 72c PR D5 2188 

. . . .  OTHER 

TOAFF 81 PR D23 1500 
ESrABROOKS 79 PR Dr9 2678 
8ALDI 7811 NP B134 365 
ENGELEN 78 NP B134 14 
BOWLER 77 NP B126 31 
SPIRO 77 NP B125 162 
CHIEN 76 NP BI06 355 
BAKER 75 NP B99 21t 
LAUSCHER 75 NP BBb 189 
MORGAN 75 A;gonne Cant 45 
FOX 74 NP S80 403 
MORGAN 74 PL 5tB 71 
CORDS 73 NP S54 109 
GAL/IERI 73 LBL 1772 
LINGLIN 73 NP B55 408 
YUTA 73 NP B52 70 
AGUILAR 72 PR D6 11 
BINGHAM 72 NP B41 1 
BUCHN~R 72 NP B45 333 
CHUNG 72 PRL 29 1570 
CRENNELL 72 PR D6 1220 
DIEBOLD 72s Sotovlo Cant 3 17 
ENGELMANN 72 PR D5 2162 
FRATI 72 PR D6 2361 
MA/ISON 72 LBL 1537 Thesis 
ROUGE 72 NP 846 29 
FIRESTONE 71C PRL 26 1460 
MERCER 71 NP B32 381 

J YUTA 7t PRL 26 1502 
CRENNELL 69D PRL 22 487 
DODO 69S PR 177 1994 
GOLDBERG 69 PL 30B 434 
SCHLEIN 69 Argonne Cant 446 
TRIpPE 68 PL 28B 203 

i J (t4:1:.°) J 1Mass d e f i n e d  as t he  e n e r g y  w h e r e  the  p h a s e  shift passes 90  ~ (for a dis J 
cuss ion  see  m i n i - r e v i e w  on  aq(1260) )  

2From a u n l t a r l z e d  q u a r k  m o d e l  c a l c u l a t i o n  J w a s  /C"(1430) 
3Moss d e f i n e d  by  DOle pos i t i on  I 
4po le  e x t r a p o l a t i o n  us lng  FIRESTONE 72C a n d  MATiSON 74 d a t a  
5From e las t i c  KTr p a r t i a l - w a v e  ana lys i s  

+Awojl 81enz Slrd+ (SJ.AC NAGO CINC 1OKY) 
(~RM CERN GLAS MICH LPNP) 

(HELS) 
+Mos PororeOa (GRAZ) 
+Carnegie+ (MONr CAR~. DURH S~.AC) 
+ShlmoOa Baldl Bohringer+ (bURN GEVA) 
~Goltlerl Gornjost Flatte Ftleclmon, (LBL) 
+Golat laber tlssouer Trilling (LBL) P 

RELATED PAPERS - - .  

• Musgrove Ammor Davis Eckluncl+ (ANL KANS) 
(CARL) 

+Bohrlnger Dorsoz Hungerbuh~er÷ (GEVA) 
+Jongelans+ (NIJM ZEEM CERN OXF) 
+Dalnton Drake Williams (OXF) 
+Barlouroud Comber Paler. (SACL RHEL EPOL) 
+Felock LUCOS Pevsr~er ZoonJs (JHU) 
+8anerjee Cambbel l  Allen+ (LCCC LOWC) 
• Otter Wieczo~'ek~ (ABCLV Collob ) 

(RHEL) 
+Grls$ (CIT) 

(RHEL) 
+Cormony Lander Melere÷ (PURD UCD IUPU) 
+Mallson GOmlO$t Flal le Frleclman+ (LBL) 

(CERN) 
+Engelmonn Musgrove Forman+ (AN~ EFI) 

Aguilar Benllez Chung EIsner (BNL) 
+ (International K+ Collob ) 

+Oehm Cf~orrlere Cornel+ (MPIM CERN BRUX) 
+Eisner Agullo~ 8enltez (BNL) 
+Gordon LOl Scarf (BNL) 

(ANL) 
+Musgrove Fotmon+ (ANL EFI) 
÷Holpem Horgl$ S¢lape+ (PENN CINC) 

(LBL) 
• Vldeou Volte DeSrlon÷ (EPOL SACL) 
• Golclhaber Lissouer (LRL) 
~.Antlch Cal lohon Chlen Cox+ (JHU) 
+Derrick EngelmOnn Musgrave (ANL ER) 
÷Karshon LOI O Neoll Scarf (BNL) 
+Jolclersrno Palmer Samlo$ (BNL) 

(SABRE ColFob ) 
(UCLA) 

+Cnien Malomucl Mel lemo Schleln+ (UCLA) 

I ( 2+ )  / (JP) = 2 

/0~(1430) WIDTH 

VALUE (MeV) DOCUMENT ID rECN CHG COMMENT 

2 8 7 _  + 10-+21 ASTON 88 LASS 0 11 K - p ~  - -  
K - T r + n  

• * * We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  flts l lmits, e t c  * • • 
~ 2 0 0  BAUBILLIER 84B HBC - 8 25 K -  O 

K O n - p  
:>430 6TORNQVIST 82 RVUE 13 K C p  

540 = 106 7 LANG 79 RVUE 0 
200 to 300 8 ESTABROOKS 78 ASPK 13 K = p 

K= ~r ,,, (n._~) 
6From a un i t o r i zed  q u a r k  m o d e l  c o l c u l a h o n  
7po le  e x t r a p o l a t i o n  us ing  FIRESTONE 72C a n d  MATtSON 74 d a t a  
8From e las t i c  K~" p a r t i a l - w a v e  ana lys i s  

i" I 

/ ~ (1430 )  DECAY MODES 

Fraction (]'~/F) 
K~(1430) ~ K~" (93 = 10):<10 -2 

/ ~ (1430 )  BRANCHING RATIOS 

l'(K~)ll'tota I FI/I" 
VALUE DOCUMENr tO rECN CHG COMMENr 

0 •93 - - -0 °04 - - -0 .09  ASTON 88 LASS 0 11 K - p  
K - T r + n  

• • * We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  flts l imits e t c  • * * 
4 0 . 9 3  9 TORNQVIST 82 RVUE 13 K'" p 

9From o u n l t a r l z e d  q u a r k  m o d e l  c a l c u l a t i o n  

W e  c o n s i d e r  that p h a s e - s h i f t  a n a l y s e s  provide m o r e  

r e l i a b l e  d e t e r m t n a h o n s  of  t h e  m a s s  a n d  w t d t h  

I K~(t430)  MASS 

CHARGED ONLY, WITH FINAL STATE KTr 
VALUE (MeV) Evr$ DOCUMENT IO 7ECN CHG COMMENr 

1 4 2 5 . 6  = 1 .5  -OUR AVERAGE Error i n c l u d e s  sca le  t ac to r  of 1 1 
1420 ± 4 1587 BAUBILLIER 848 HBC 8 25 K - p  

/ ~ v - O  
1436 = 5 5 400  1 2 CLELAND 82 SPEC + 30 K + p  

K~=+D 
1430 = 3 2 1500 1 2 CLELAND 82 SPEC + 50 K + p 

K~Tr+ p 
1430 = 3 2 1200 1 2 CLELAND 82 SPEC - 50 K + p 

~ ",T - ,O 
1423 0 = 5 0 935  TOAFF 81 HBC - 6 K -  p 

1428 0 = 4 6 3 MARTIN 78 SPEC + 10 K :i: p 
K~=p 

1423 8 = 4 6 3 MARTIN 78 SPEC - 10 K :L p 

1 4 2 0 . 0 ¢  3 1 1400 AGUILAR- 71B HBC 3 4 6  K - p  
1425 :t: 8 0 225 I 2 BARNHAM 71C NBC + K + p  ~ K ° ~ ' + p  
1416 0 , , , 1 0  0 220 CRENNELL 69D DBC 3 9  K - N ~  

~ : r - N  
1414 = 13 .0  60 I LIND 69 HBC + 9 K + p  

K0~-+ p 
1427 0 , , , 1 2  0 63 ISCHWEING 68 HBC 5 5  K - p ~  

k~rN 
I 1423 = 11 0 39 I BASSANO 67 HBC 4 6 - 5  0 K -  p 

~0~r-  p 

• * • We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fl ls l imits e t c  * * * 
1448 5 = 5 0 579 r DELFOSSE 81 SPEC 4- 50 K =  p 

K¢  -K~p 
1431 8 = 5 6 292 I DELFOSSE 81 SPEC 50 K :t: p 

K = ~.0p 



3 5 3  

See key on page 129 Meson Full Listings 
K (1430) 

NEUTRAL O N L Y  
~'ALUE ( ~ V )  _ _  EVTS D OCUME_NLI p T ECN CHG COMMENT 
1425.8 ! I .8  OUR AVERAGE Error includes scale factor of I 6 See the 

laeogram betow 
1431 2 1 1.8 -+0.7 4ASTON 88 LASS 0 11 K - p  

K - = + n  
1434 _. 4 -+6 4ASTON 87 LASS 0 11 K - D  

KO/r+ ~ -  n 
1450. I 30. ETKIN 80 $PEC 0 6 K -  p 

1440 0 -+ t0 0 4 BOWLER 77 DBC 0 5 5 K + a 
K = p p  

1420.0 1 7 0 300 HENDRICK 76 DBC 8 25 K + N 
K+~'N 

1421 6 _+ 4 2 800 MCCUBBIN 75 HBC 0 3 6 K -  D 
K-  Tr+ n 

1420.1 _ 4 3 5LINGLIN 73 HBC 0 2-13 K+D 
K+Tr - X 

1427. I 3 1100 8UCHNER 72 DBC 0 4 6 K + n 
K+ ,-r- p 

1419.1 _ 3 7 1800 AGUILAR- 718 HBC 0 3 9,4 6 K - p  
1416. _+ 6 600 CORDS 71 DfC 0 9 K+n 

K+~1.-p 
1421,1 ± 2 6 2200 DAVIS 69 HBC 0 12 K+p  

K + x  - X 
• • • We do not use the following da ta  for overages, fits limits etc • • • 
1408 45 I 6 22 t402 6 ATKINSON 86 OMEG 20-70 "yp 
1435 39 _+ 6 49 1582 6 ATKINSON 86 OMEG 20-70 "fp 
1471. t 12 4 8AUBILLIER 828 HRC 0 8 25  K -  p 

N ~  
1434 0 I 2 0 4 ESTABROOKS 78 ASPK 0 13 K I p  

DK= 
1423 0 ! 3 0 7 ETKIN 76 SPEC 0 6 K - D  

K~?r + ~r- n 

WEIGHTED AVERAGE 
14255 + 18  (Error scaled b y 1 6 )  

2 
X 

ASTON 88 LASS B 8 
| ~ . . ASTON 87 LASS 14 
# ~ ETKIN B0 SPEC 
I V ~ BOWLER 77 DBC 2 1 

| NENORICK 76 oec 0 B 
I ~ J MCCUBBIN 75 HBC 0 9 

~ LINGLIN 73 HBC 16 
I ~ - -  | BUCH.E. 72 0,c o 
l,~,~, | AGUILAR- 718 HBC 3 0  

~ l coRDs 7, OBC zs 

239 
[Confidence Level -- 0 005) 

1400 1420 1440 1460 1480 

K~(1430) mass neutrol only (MeV) 

IErrors enlarged Dy us to | ' /N I,'2 see the note with the K'~(892) mass 
2Number of events in peak re-evaluated by us 
3Sysfemofic error added  by us 
4From phase shift or partial wove onalysis 
5From pole extrapolat ion using world K+p da la  summary tape 
61ncluslve react ion Compl i ca ted  background and phase space effects 
7See more recent parhal wave analysis (ETKIN 80) 

K ~ ( 1 4 3 0 )  WIDTH 

C H A R G E D  ONLY .  WITH FINAL STATE K 'n  
~/ALUE (MeV) E_V.TS DO C_UMEN7 ID ___ TECN CHG COMMENT 

9 9 . 0  1 2 . 4  OUR FIT 
99.0 -+ 2.4 OUR AVERAGE 

102. i 10 1587 8AUBILLIER 84B HBC 8 25 K - D  
K 0 = - p  

I09,  -+22 400 89CLELAND 82 SPEC + 30 K+D 
K~Tr+p 

124, ± 12 8 1500 89CLELAND 82 SPEC + 50 K+D 
K~/r + D 

113. ± t2 8 1200 89CLELAND 82 SPEC 50 K+p 

118.9 - .20 0 579 80ELFOSSE 81 SPEC + 50 K p 
K ± ,-.r o p 

96 0 1 2 2  5 292 8 DELFOSSE 81 SPEC 50 K i p  
K_+ -tr0p 

85.0_+16 0 935 TOAFF 81 HBC 6 5 K - D - -  
/ (o~-  p 

96 5 _+ 3.8 MARTIN 78 SPEC + 10 K -  D 
K~=D 

97 7-+ 4 ,0  MARTIN 78 S P E C  1 0 K ± D ~  
K~=p 

+15  
94 7 1 2  ,~ 1400 AGUtLAR- 718 HBC - 3 9 4 6  K - D  

NEUTRAL O N L Y  
.VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENr 

115.0 + 3.3 - 3 . 4  OUR AVERAGE 

1165-+  3 6 - +  t 7  10ASTON 88 LASS 0 11K  . O ~  
K-; . r+n 

129 _ + 1 5  _+15 '~0 ASTON 87 LASS 0 11 K - D  
/ d ) : + ~ -  n 

140 _+ 30. 10 EIKIN 80 SPEC 0 6 K p 
K'0 :r - .~ " n 

1t6 _+ 18 800 MCCUBBIN 75 HBC 0 3 6 K - D 
K- ,T+n 

t09 ! 1 4  0 1100 8BUCHN[R 72 DBC 0 4 6  K~n 
K+ Tr- p 

10.3 1800 AGUILAR 718 HBC 0 3 9 4 6 K  D 116 6+15-  5 
101 _4- 10. 2200 DAVIS 69 HBC 0 12 K*  p .- 

K + , . r - = + p  
• • • We do not use the fol lowmg data  for averages fits limits etc • • * 
143 ! 3 4  108AUBILLIER 82R HBC 0 8 25 K - p  

NK~r ~ 
98 0-+ 5 0 10 ESTABROOKS 78 ASPK 0 13 KZD 

DK~r 
170 0 ! 2 0  0 I0 BOWLER 77 DBC 0 5 5  K ~ d  

K,TDp 
61.0-~ 14 0 11LINGLIN 73 HBC 0 2-13 K+D 

K+r. - X 
8Errors enlarged Dy us fo 4i .'N I '2  see fhe note wlth the K~(892) mass 
9Number of evenls in peak re-evaluoled by US 

10From phase shift or parhal-wave analysis 
'11From Dole extrapolahon uslng world K+D data summary lope 

K ~ ( 1 4 3 0 )  D E C A Y  M O D E S  

l" r K ~ ( 1 4 3 0 )  ~ K / r  

1" 2 K ~ ( 1 4 3 0 )  - , .  K ' ~ ( 8 9 2 ) T r  

r 3 K ~ ( 1 4 3 0 )  --,. Kp 

r 4 K ~ ( 1 4 3 0 )  ~ K ~  

I" S K ~ ( 1 4 3 0 )  ~ KT/ 

[" 6 / ~ ( 1 4 3 0 )  ~ K * ( 8 9 2 ) ~  

1" 7 K ~ ( 1 4 3 0 )  ~ K w / r  

1" 8 K ~ ( 1 4 3 0 ) - +  ~ K + ' ~  

Scale/ 

Fraction 0"Jl') Conl Lev 

(49 7 1 1,2)×10 -2 

(25 2 ! 1 . 7 ) × I 0  - 2  

( 8 8:1:0 8 ) ' < 1 0  - 2  S=12 

( 2 910 8)×10 -2 

( 142~ ~)×IO-~ s=18 

(13 0-+2 3)'<10 - 2  

< 7 2 ~,10 - 4  CL195% 

( 2 .4 -+0 5);<10 - 3  S=12 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An ove ra l l  fl! to the  to ta l  w id th ,  o pa r t i a l  w id th ,  a n d  
10 b r a n c h i n g  ra t ios  uses 30 m e a s u r e m e n t s  a n d  o n e  
cons t ra in t  to  d e t e r m i n e  8 p a r a m e t e r s  The o v e r a l l  fit 
has a X 2 = 20 7 for  23 d e g r e e s  of f r e e d o m  

The fo l l ow ing  o f f -d iagona l  a r ray  e l e m e n t s  a r e  the  c o r r e l a t i o n  coe f f i -  
c ien ts  ~ p j  ~pl:,,,'(?)pl ~)Dj) in p e r c e n t ,  f rom the  flt to  D a r o m e l e r s  p~,  
i nc l ud ing  the  b r a n c h i n g  f rac t ions,  xj - ['J/['~mal The fit cons t ra ins  
t he  xj w h o s e  labe ls  a p p e a r  in this a r ray  to sum 1o o n e  

X 2 - 16 
X 3 - 11 38 
x 4 11 2 - 7  
X 5 5 - 1 1  8 4 
x 6 - 3 3  74 52 - 2 5  
X s 1 1 - 1  0 
r o o o o o 

xr x2 x3 ,I(4 x5 

]'~ K ~ ( 1 4 3 0 )  ~ K~" 

r 2 K ~ ( 1 4 3 0 )  ~ K * ( 8 9 2 ) ~  

r 3 K ~ ( 1 4 3 0 )  ~ Kp 

['4 K ~ ( 1 4 3 0 )  ~ K~, 

r~  / ~ ( 1 4 3 0 )  ~ Kr/  

I" 6 / C ~ ( 1 4 3 0 )  ~ K * ( 8 9 2 ) ~  

l" 8 K ~ ( 1 4 3 0 )  + ~ K+,,(  

7 
0 t 

0 - 1 1  

x6 x8 

R a t e  (Me.V) 

49 2 11.7 

249 11 8 

88 _+08 

29 -+08 

0 14 * 0  50 
- 0  09 

129 ±23 

0 24+-0 05 

S c a l e  

12 

18 

12 
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Meson Full 
K (14301 

Listings 

h ~ ( 1 4 3 0 )  P A R T I A L  WIDTHS 

r(K+~) ],~ 
VALUE (keY) DOCUMENT IO TECN CHG COMMENT 
240 ± 50 OUR FIT Error inc ludes  sca le  factor  of I 2 
240 ~_ 45 CIHANGIR 82 SPEC + 200 K + Z 

ZK+~r 0 ZK~= + 

K ~ ( 1 4 3 0 )  B R A N C H I N G  R A T I O S  

r (  K ~T ) l  |'totol 
VALUE 
0.497 ±'0.012 OLJR FIT 
0.48B ±0 .014  OUR AVERAGE 
0 .485  _+ 0 006 _+ 0 020 

0 49 - 0  02 

12From phase  shift anolySls 

1 " ( / C ~ ( 8 9 2 )  7 r ) / I ' ( K ~ - )  
VALUE 

i i / r  
DOCUMENT /D TECN CHG COMMENT 

12 ASTON 88 LASS 0 11 K - / 3  
K - ~ r + n  

12 ESTABROOKS 78 ASPK _ t3 K ± p 
/3Ks 

DOCUMENT ID 
| ' 2 / ( I ' 1 + r 2 + I ' 3 )  

rECN C , ~  COMMENT 

• • • We dO no~ use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e f t  • • • 
0 4 7 ¢ 0  t0  8ASSANO 67 HBC - 0  4 6 5 0  K - / 3  
0 4 5 ± 0 . 1 3  14BADIER 65C H8C - 3 K - D  

I ' ( g p ) / l ' ( K ' l r )  i ' 3 / ( r f + l ' 2 + r 3 )  
VALUE DOCUMENT tO TECN CHG COMMENT 

• • • We clo not  use the  fo l l ow ing  d a t a  for averages  flts l imits e tc  • • • 
0 1 4 ± 0  10 
0 1 4 ± 0 . 0 7  

r(K~(89217r)/r(K~-) 
VALUE 
0.st = 0_04 ouR~-~ 
0.48 ± 0 .05  OUR AVERAGE 
0 44_+0 09 

0 62±0 19 

0 5 4 ± 0  16 
0 4 7 ± 0  08 

BASSANO 67 HBC - 0  4 6 5 0  K - p  
14 BADIER 65C HBC - 3 K - p  

i ' 2 / r  t 
DOCUMENT IO TECN CHG COMMENT 

ASTON 84B LASS 0 13 K - D  
KO2~r n 

LAUSCHER 75 HBC 0 10.16 K - p  
K - ~ r + n  

DEHM 74 DBC 0 4 6 K + N 
AGUILAR- 718 HBC 3 9 4 6  K - / 3  

• • * We d o  no t  use the  fo t low lng  d a t a  for averages,  flts, l imits e l c  • • • 
0 52__.0 12 SCHWEING 68 HBC 0 4 1 ,55  K- .O 
0 65 ± 0 20 SHEN 66 HBC 0 N ~  p r o d u c e d  

l ( K u : ) / l ( K T r )  1"4/1' ~ 
VALUE DOCUMENt ~O rECN C,G COMMENr 
~.o59 ± o ~  O U R n W  . . . . . . . .  

0.070 ± 0.035 OUR AVERAGE 
0 05  ±0  04 AGUJLAR- 718 HBC 3 9 , 4 6  K - D  
0 13 +_0 07 8ASSOMPtE 69 HBC 0 5 K + p  

I ' ( K p ) / l ' ( K l r )  l ' J ] "  1 
VAL_UE _ _ .  DOCUMEN~LI_D " TECN CHG COMMEN ~ 

n 4v l  + 0,018 . . . . .  - 0 . 0 1 7  OUR FIT Error Inc ludes  sca le  factor  of 'I 2 

0 4c, '~ + 0.034 . . . .  - 0 , 018  OUR AVERAGE 

0 18 ± 0 05 ASTON 848 LASS 0 '11 K -  p 
KO2=n 

_+~ 10 DEHM 74 Dec 0 4 6  K+N 0 02 02 
0 1 6 ± 0  05 AGUILAR 718 HBC 3 9 4 6 K - / 3  

• • • We d o  not  use )he fo l l ow ing  d a t a  for averages ,  fits hmlts e t c  • • • 
0 26 _+ 0 16 SCHWEING 68 H8C 0 4 1  5 5 K - / 3  

< 0  09 CHUNG 65 HBC + 0  3 9 , 4 2  ~r -O 

l ' ( K p ) / l ' ( K ~ ( 8 9 2 ) l r )  1"3/I" 2 
VALUE EVr5 DOCUMENT/D TECN CHG COMMENT 
0~-3-5;I-'z_ 0.032 0UR FIT--Error inc ludes  sca le  fac tor  o f -T5  . . . .  
0.354 ± 0 033 OUR AVERAGE Error Inc ludes  sca le  fac tor  of '~ 4 See ine 

i d e o g r a m  b e l o w  
0 293 ± 0 032 :¢ 0 ,020  ASTON 87 LASS 0 '~I K - / 3  

K % r + ~ -  n 
0 38 ± 0 09 BAUBILLIER 828 HBC 0 8 25 K - / 3  

N K ~ r  7r 
0 39 ± 0 03 DAUM B I c  CNIR 6 3 K - / 3  

K27r p 
• • • We d o  not  use fr le f o l l ow ing  d a t a  for ove rages  fits l imits e t c  • • • 
0 36 ± 0  10 13VERGEEST 76 H8C 0 4 2  K - p ~  

/3Ko.a- = 
0 13 ± 0 09 t30  13 OTTER 75 HBC 0 8 10 '16 K -  p 

K ~ N  
13From pa r t i a l -wove  analysis of /(0~r+ r , -  system 

WEIGHTED AVERAGE 
0 3 5 4  ± 0 0 3 3  (Error scaled by  14} 

V ~ 

0 2  0 3  0 4  

Values above of weighted average Brr0r 
and scale factor ere based upon the date ~ 
this ideogram only They are not neces- 
sarJty the same as our "best"  values 
0b:amed from 8 least-squares constrained ht 
uhhzmg meesu'aments of other (related) 
qu8tltltlBS as additional mformBtJon 

X 2 

ASTON 87 LASS 2 8 
BAUBILLIER 828 HBC 0 1 
DAUM 81C CNTR 14 

(C~)nf,dence Level -- O 14"~61 

0 5  0 6  0 7  0 1  

I (KiO/i (K~(B92) r,) 

r(K=,)/r(/~(89217r) I ' 4 / i '  2 
VALUE DOCUMENT tO TECN CHG COMMENT 
0.116 ± 0.034 OUR l~ff . . . . . . . . .  
0.10 ¢ 0,04 F)ELD 67 H8C 3 8 K -  p 

I ' (  KYI ) / I ' (  IC4=(892)  ~ ' )  I 's / I"  2 
VALUE DOCUMENT IO TECN CHG COMMENT 
0 . 0 0 6 ¢ 0 . 0 2 0  OURFIT Error I n c l u d e s ~ c a l e  fa -c to ro i~ -B  
0.07 ± 0.04 FIELD 67 HBC - 3 8 K - p  

I'( K )7 ) I I ' (  K Tr ) I ' s /  I" , 
VALUE CL % OOCUMENT ID rECN CHG COMMENT 

0.003 ._. 0.010 OUR FIT Error incFudes sca le  factor  of 1 8 
0 ± 0  0056 ASTON 888 LASS - 11 K - / 3  

K - U p  
• • • We d o  not  use the  fo t low lng  d a t a  for averages,  fits l lmits, e t c  • • • 
< 0  04 95 AGUILAR 718 HBC 3 9 , 4 6  K - D  
.<0,065 14 BASSOMPqE 69 HBC 5 0 K + D  
.<0 02 BISHOP 69 HBC 3 5 K + p  

I ' ( / C ~ ( 8 9 2 )  ~ " t r ) / l ' t o t a  ~ I '6/1" 
VALUE DOCUMENT ID TECN CHG COMMENT 
0.130 ± 0.023 OUR FIT 
0.12 ± 0.04 15 GOLDBERG 76 HBC - 3 K_- p 

/3K0 ~-=Tr 

r ( K ~ ( 8 9 2 )  ~r l r ) / I ' ( K = )  I '6/I" I 
VALUE DOCUMENT/O TECN CHG COMMENT 
0.26 ¢ 0.05 OUR FIT 
0 . 2 t ± 0 0 8  14 15 JONGEJANS 78 HBC - 4 K - D ~  

p K O ~  r. 

l ' ( K ~ '  7 r ) / l ' t o t a l  I ' 7 / I "  
VALUE__ u ( ~  tO-3 )  CL % EVTS DOCUMENT I~)_ LECN COMMENT 
< 0 . 7 2  95 0 JONGEJANS 78 HBC 4 K - p  ~ DK°47r 

14Restated by  US 
15Assuming /r~" system has Jsospin I wh l ch  is suppo r ted  by  l he  d a l e  

ASTON 88 NP 8296 493 
ASTON 888 PL 8201 169 
ASTON 87 NP 82¢2 693 
ATKINSON 86 ZPHY C30 521 
ASTON 848 NP 8247 261 
BAUBILUER 848 ZPHY C26 37 
8AUBILLIER 828 NP 8202 2t 
CIHANGIR 82 PL 1178 123 
CLELAND 82 NP 8208 189 
DAUM 81C NP 8187 1 
DELFOSSE 81 NP 8183 349 
IOAF$ 81 PR D23 't500 
ETKIN 80 PR D22 42 
ESTABROOKS 78 NP e133 490 

AlSO 788 PR Dt7 658 
JONGEJANS 78 NP 8139 383 
MARTJN 78 NP 8134 392 
BOWLER 77 NP e't26 31 
EIKIN 76 PRL 3.6 1482 
GOLDBERG 76 LNC 17 253 
HENDRICK 76 NP 8112 189 
VERGEES! 76 PL 628 471 
LAUSCHER 7:5 NP 886 t89 
MCCUBBIN 75 NP ebb 13 

/ C ~ ( 1 4 3 0 )  REFERENCES 

+Awop elenz 8fie÷ (SLAC NAGO CINC TOKY) 
+Awoll 8renz* (SLAC NAGO CINC TOKY) 
+AWOl I DAmore+ (SLAC NAGO CINC TOKY) 
+ (BONN CER'N GLAS LANC MCHS LPNP+) 

+Cornegle Ounwoodle+ (SLAC CARL OTTA) 
(BJRM CERN GLAS MICH LPNP) 

+ (81RM CERN GLAS MSU LPNP) 
+Berg 81el Chanalee+ (FNAL MINN ROCH) 
• Denosse Oo~saz GLoat (DURH GEVA LAUS PITT) 
÷Hertzberger~ (AMST CERN CRAC MPIM OXF+) 
• GUlSan Martin Muhlemonn Welfl*(GEVA LAUS) 
+Musgtave Ammor Davis EckIunO+ (ANL KANS) 
÷Foley LinOenboum Kramer+ (8NL CUNY)JP 
+Carnegie+ (MONT CARL DURH SLAC) 
Estobrooks Carnegie* (MONT CARL DURH+) 

• CerroOol (Z[EM CERN NIJM OXF) 
+Shlmoaa 8Qldl 8ohringer+ (DURH GEVA) 
• Oacnton Drake Wl(llams (ox f )  
• f:o[ev Goldman Lindenboum KIm+(BNL CUN¥) 

(HALF) 
• VJgnau@ 8urlaucl+ (MONS SACL LPNP BELG) 
+[ngelen Jongejans+ (AMST CERN NIJM OXF)JP 
+Otter Wieczorek~ (ABCLV Coflob ) JP 
+Lyons (OXf) 
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Meson Full Listings 
K2(14301, K(1460), K2(1580 ) 

OTTER 75 NP 884 333 
DEHM 74 NP 875 47 
LINGLIN 73 NP B55 408 
BUCHNER 72 NO 845 333 
AGUILAR 7tS PR 04 2583 
8ARNNAM 71C NP 828 171 
CORDS 71 PR D4 1974 
8ASSOMPIE 69 NP fi13 189 
8~SHOP 69 NO 89 403 
CRENNELL 69D PRL 22 487 
DAVIS 69 PRL 23 1071 
LIND 69 NP Bt4 t 
SCHWEING 68 OR 166 1317 

AlSO 67 Tnesls 
8ASEANO 67 PRL 19 968 
FIELD 67 PL 248 638 
SHEN 66 PRL 17 726 

AlSO 66 Prlvole Carom 
8ADIER 65C PL 19 612 
CHUNG 65 PRL t5 325 

fiALDI 788 
8OHM 78 
ENGELEN 78 
KIRK 76 
CHARRIERE 73 

AtSO 75 
CLARK 73 
DEJONGH 73 
WALUCH 73 
CRENNELL 72 
DEUTSCH 72 
ENGELMANN 72 
FRATI 72 
ROUGE 72 
TIECKE 72 
ABRAMS 708 
DEBAERE 69 
ANTICH 68 
KANG 68 
CRENNELL 67 
DAHL 67 

AlSO 65 
DEBAERE 678 
GOLDHABER 67 
SHEN 66 

ALSO 66 

+ (AACH 8ERL CERN LOIC VIEN ATHUe) 
+Goebel  Wlttek+ (MPIM 8RUX MONS CERN) 

(CERN) 
+Dehm Chofr lere Cornel+ (MPIM CERN 8RUX) 

Aguf lor  8enltez Eisner Kinson (8NL) 
+Col ley JaDes Grlfflt~S Hughes+ (BIRM GLAS) 
+Cormony Erwm Me,ere+ (PURD UCD IUPU) 

8ossomolerre~ (CERN 8RUX) 
+Goshaw Erwin Worker (WISC) 
+Korshon LO[ 0 NeoII Scarf (8NL) 
*Oerenzo Flotle AlStOn Lyncl~ Solmilz (LRL) 
+Alexander  Firestone Fu GoIdhober  (LRL) 
S~hwelngtuDer Delt~ck Fields+ (ANL NWES) 
Schwelngrubet  (NWES NWES) 

+Go ldberg  Goz 8ornes Lell~el+ (8NL SYRA) 
eHendl lck$ Plcclonl Yoger ( U C ~ )  
+Butterworlh FU Go ldhober  Trilling (LRL) 
Go ldhobe r  (LRL) 

+Oemouhn GoldDerg+ (EPOL SACL AM$1) 
+Oohl Hardy Hess Jocobs K~rz (LI~L) 

- - -  OTHER RELATED PAPERS . . . .  

NP 8134 365 +8ohrlnger Dorsaz Hungerbuhler+ (GEVA) 
PRL 41 t761 *VonOolen~ (AACH UCR CE!~N HARV MUM+) 
NP 8134 14 +Jongelans+ (NIJM ZEEM CERN OXF) 
NP B110 99 ~Kleln+ (AACH BERL CERN LOIC WIEN) 
NP 851 317 +Orqald DeBoere+ (CERN 8ELG) 
Private Carom Goldscf~m~al Ctermonf (CERN) 
NP 854 432 +Lyons Radol ic ic (OXF) 
NP 858 1t0 +Cornel  Chorriere~ (8RUX MONS CERN MPIM) 
PR D8 2837 +Flatte Fr iedman (LBL) 
PR O6 1220 +Gordon Lot Scarf (8NL) 
NP 836 373 Deutschmann Honecker*  (ABCLV COllo P  ̀) 
PR OS 2162 +Musgrove Formon+ (ANL EEl) 
PR D6 2361 +HOlDern HargJ$ SPioDe+ (PENN CINC) 
NP 846 29 .VJdeou Voi le DeBllon+ (EPOL SACL) 
NP 839 596 +Grqns He~nen DeGroot+ (NIJM AMST) 
0R O~ 2433 +Elsensteln Kim Marshall O HollOrOn~ (ILL) 
NC 61A 397 +GoIdsChmldl  Clermont  Henri+ (BELG CERN) 
PRL 21 1842 +Col lat ion Carson Cox Oenegrl+ (JHU) 
PR 176 1587 (IOWA) 
PEt 19 44 +KolDIleqscf~ LoI Scarf S<:t~umonn (BNL) 
PR 163 1377 +Hardy Hess KIIZ Mil ler (LRL) 
PRL 14 401 Hardy Chung  Dab[ Hess Kltz Mil let (LRL) 
NC 51A 40t  +GoIdsChmldt C lermont  Henri+ (8RUX CERN) 
PRL 19 972 +Firestone Shen (LRL) 
PRL 17 726 *8uHerworth Fu GoldhaDer  h l lhng (LRL) 
PrWole Carom Go ldhaber  (LRL) 

II 

IK(1460) J 
I w a s  / ( ( t 4 0 0 )  J ( / )  : ;(0-) 

OMITTED FROM SUMMARY TABLE 

Observed fn K~,E parhal-wave analysts 
VERGEEST 79 Wad conhrmahon 

Not seen by 

/ ( (1460)  MASS 

VALUE (Me)/) DOCUMENT IO 7ECN CHG COMMENT 

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imi ts  e t c  * * • 

~ 1 4 6 0  D A U M  81C CNTR - 63 K -  p 
K27r p 

~ 1 4 0 0  t BRANDENB 768 ASPK -+ 13 K+-p  -- 

K,'T~N 
I C o u p l e Q  m a i n l y  to  Kf0(1400 ) D e c o y  i n l o  /(r~(892), 'r  s e e n  

/ ( (1460)  WIDTH 

VALUE (MeV) DOCUMENT IO FECN CHG COMMENT 

• * • We d o  h a l  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s ,  fits bruits e t c  • • • 

~ 2 6 0  D A U M  8 t C  CNTR - 63 K - D  -- 

K2,'r p 
~ 2 5 0  2BRANDENB 768 ASPK ± 13 K+-p- 

K~ ,'r N 

2Coupled mainly to Kfo(1400 ) Decoy inTo K~(892)Tr seen 

/ ( (1460)  DECAY MODES 

I" I K(1460) ~ K~(B92)Tr 
12 /('(1460) ~ Kp 
13 K(1460) ~ K~(1430)~ 

/ ( (1460)  PARTIAL WIDTHS 

I'(K~(892) ~') 11 
VALUE (MeV) DOCUMENT ID FECN COMMENT 

• • • We d a  n o t  use t h e  f o l l o w i n g  d a t a  for a v e r a g e s  tiTs l imi ts  e l c  • • • 

~ 1 0 9  O A U M  81C CNTR 63 K - p  ~ K2;':,o 

r ( K p )  = 2 
VALUE (MeV) DOCUMENT ID 7ECN COMMENt 

• • • We d o  no t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  fits hml ts  e t c  • • • 

~ 3 4  D A U M  81C CNTR 63 K - p  ~ K2,~D 

]'(K~(1430) ~) 13 
VALUE (MAY) DOCUMENT /D TECN COMMEN; 

• • * We d o  no t  use t h e  f o l l o w i n g  d O l a  for o v e r a g e s  fits l im i ts  e l c  • • • 

~ 1 1 7  D A U M  81C CNTR 63 K - D  o K2,TD 

DAUM 
VERGEEST 
8RANDEN8 

8ARNES 
TANIMOTO 
VERGEEST 

/ ( (1460)  REFERENCES 

81C NP 8t87 I +Hertzberger,  (AMSI CERN CRAC MPIM axE+) 
79 NP 8158 265 +JongelOnS DiOnlSl+ (NIJM AMST CER'N OXF) 
768 PRL 36 1239 8 rondenbu lg  Carnegie Casnmore*  (SLAC) JP 

. . . .  OTHER RELATED PAPERS 
82 PL 1168 365 +Close (RHEL) 
82 Pt t168 t98 (81EL) 
79 NP 8t58 265 ~Jongelans Dlonlsl~ (NUM AMST CERN aXE) 

JK2(1580) J w a s  L ( t 5 8 0 )  ~c-J3 : '~(2-) 

OMITTED FROM SUMMARY TABLE 

S e e n  in  p a r t i a l - w o v e  a n a l y s i s  o f  t h e  K - ~ + ; T ,  - s y s t e m  

Needs corltlrmQllOn 

/('2(1580 ) MASS 

VALUE (MeV) DOCUMENT ID CHG COMMENT 

• • • We d o  no t  use t h e  f o l l o w i n g  d Q t a  far o v e r a g e s  fits l imi ts  e t c  • * * 

~ 1 5 8 0  OTTER 79 - 10 14 16 K - D  

K2(t580 ) WIDTH 

VALUE (Met,') DOCUMENT ID CHG COMMENT 

• • • We d o  n o t  use t h e  f o l l o w i n g  d a t a  for o v e r a g e s  tits l im i ts  e t c  * * • 

4 1 1 0  OTTER 79 - 10 14 16 K p 

/('2(1580) DECAY MODES 

rl K2(1580 ) ~ K~(892)Tr 
12 K~(1580) ~ / ~ ( M 3 0 ) ~  

I(2(1580 ) BRANCHING RATIOS 

I (K~(892)~)/I tolal I ,,'I 
VALUE DOCUMENT ID 7[CN CHG COMMENI 
SEEN OTTER 79 HBC -. tO 14 16 K-p 

1" ( /~ (1430) / r ) / l ' ,o ,o  ' I 2. J 
VALUE DOCUMEN; I0 T[CN CHG COMMENT 
POSSIBLY SEEN OTTER 79 HBC - 10 14 16 K ~o 

O T T E R  

/ (2(1580 ) REFERENCES 

79 NP 8147 1 -RudOlOh* (AA~H 8ERL CERN LOC WI~.N) JF 
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Meson Full Listings 
K (1650), K*(17IS) 

J K~(1650)  J '(/) : ~(~+) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

1"his e n l r y  c o n t a i n s  v a r i o u s  p e a k s  in s t r a n g e  m e s o n  sys- 
t e m s  (K+~,',. K,-T Tr) r e p o r l e d  ~n p a r h a l - w a v e  ana lys~s m 
t h e  1 6 0 0 - 1 9 0 0  m a s s  r e g i o n  

K r ( 1 6 5 0  ) M A S S  

VALUE (MeV) OOCUMENr ID TECN CHG COMMENt 
1650. -+ 50. FRAME 86 OMEG + 13 K + p ~ J 

~,~K+ p 
• • ° We d o  no t  use the  fo l l ow ing  d a t a  for averages,  fits l imits e tc  ° • • 
~1840  ARMSTRONG 83 OMEG - 18 5 K - p  ~ J 

3 K p  
~1800  DAUM 81C CNTR - 63 K - p  ~ l 

K 2 ~ p  

K ' 1 ( 1 6 5 0 )  WIDTH 

VALUE_ (Me.V) . . _DOCU_MENr ID TECN CHG COMMENT 
150. -+50. FRAME 86 OMEG + '13 K + D  ~ J 

• • * We d o  not  use the  folJowlng d a t a  for averages  fits hmlts e tc  * * • 
~ 2 5 0  DAUM 81C CNTR - 63 K - p  ~ J 

K2~r p 

K r ( 1 6 5 0  ) D E C A Y  M O D E S  

l '~ K ~ ( 1 6 5 0 )  --* K ~ r ~  

l" 2 K ~ ( 1 6 5 0 )  ~ K~,~ 

K I ( 1 6 5 0  ) REFERENCES 

FRAME 86 NP B276 667 ~.Hughes Lynch Minto McFadzeon÷ (GLAS) 
ARMSTRONG 83 NP 822'I I + (BARI ~IRM CERN MILA LPNP PAVI) 
DAUM 81c NP S187 1 ÷HertzDerger÷ (AMST CERN CRAC MPIM OXF+) 

J/~(171.5)  
was / ~ ( 1 7 9 0 )  I /(JP) = 12 ( I - )  

K ' ~ ( 1 7 1 5 )  M A S S  

VALUE (Me'/) DOCUMENr IO "fECN CHG COMMENt 
1717 -+ 27 OUR AVERAGE Error Inctudes sca le  factor  of 1 4 
1 6 7 7 ± 1 0 ± 3 2  ASTON 88 LASS 0 11 K - p ~  

K - i r + n  
1735-+10_+20 ASTON 87 LASS 0 11 K - D ~  

• • • We d o  nor use the  fo l l ow ing  d a t a  for overages  fits I lmds e tc  • • • 
1800 -+ 70 ETKIN 80 MPS 0 6 K - p  

KO~r + ~-- n 
~1650  ESTABROOKS78 ASPK 0 13 K ± p  

K ± ~ r ± n  

K ' ~ ( I  7 1 5 )  WIDTH 

VALUE (MeV) OOCUMENr ID TECN CHG COMMENT 
322  ± 110 OUR AVERAGE Error inc ludes  sca le - fac tor  of 4 2 . . . . . .  
205:1:16-+34 ASTON 88 LASS 0 11 K - D  

K - T r + n  
4 2 3 ± 1 8 _ + 3 0  ASTON 87 LASS 0 11 K - ~ o ~  

~'~E+ ~ ' -  n 
• • • We d o  no t  use the fo l l ow ing  d a t a  for ave rages  fits l imits e fc  • • • 
'L70. _+ 30 ETKIN 80 MPS 0 6 K - p  

K0~r+ ~ -  n 
250 to 300 ESTABROOKS 78 ASPK 0 13 K ± P 

K±~.+_n  

K ~ ( 1 7 1 5 )  D E C A Y  M O D E S  

F r a c h o n  (] ' f / l_ ' )  S c a l e  

I" i  K ~ ( 1 7 1 5 )  ~ K~r  (38 7 ± 2  5 ) × 1 0 - 2  - - -  

r 2 K ~ ( 1 7 1 5 )  ~ K ~ ( 8 9 2 ) ' t r  (29 9_+2"99)~10-2  14  

f'3 K'*(1715) ~ Kp (3t 4+~ ~)~to-2 14 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  fit t o  4 b r a n c h i n g  rahos  uses 4 m e a s u r e -  
m e n t s  a n d  o n e  c o n s t r a i n t  t o  d e l e r m m e  3 p a r a m e -  
ters The o v e r a l l  f it h a s  a X 2 = 3 0  for 2 d e g r e e s  of  
f r e e d o m  

The f o l l o w i n g  o f f - c l i a g o n a l  a r r a y  e l e m e n l s  a r e  t h e  c o r r e l a h o n  coe f f i -  
c m n t s  ,3x~3xr,,,,'(/~x ~ 3xi), fn p e r c e n t ,  f r o m  t h e  f i l  t o  t h e  b r a n c h i n g  
fTachons ,  x I = | ' t , ' ] ' tOtal  The Ell c o n s t r a l n s  t h e  x l  in thlS a r r a y  to  s u m  
to  o n e  

X 2 30 
x 3 23 86 

Xl  X 2 

K ~ ( 1 7 1 5 )  B R A N C H I N G  RAT IOS 

I ' (  K p ) / I ' (  I C ~ ( 8 9 2 )  7r ) 1'3/I" 2 
VALUE DOCUMENT ID rECN CHG COMMENt 

1..~n~ _ + 0.210"48 OUR FIT Error ~ncludes scale factor  of I 6 

n 09 + 0 . 3 0  0"97-+ v" - 0 . 1 0  ASTON 87 LASS 0 11 K - p  
Kay-+ r , -  n 

r ( K T r ) I r ( K ~ ( 8 9 2 )  7r)  l i / I '  2 
VALUE DOCUMENT ID TECN CHG COMMENT 

~,n + 0 . 3 5  t . ~ v  _ 0.19 OUR FfT Error InCludes sca le  factor  of 1 3 

2 8-+1.1 ASTON 84 LASS 0 11 K - p  
k,~ 2~,- n 

l ' ( K p ) / r ( K l r )  1"3/1" I 
VALUE DOCUMENT ID rECN CHG COMMENt 

0R4 +0 .18  OUR FIT Error Inc ludes sca le  factor  of 1 3 
• v .  _ 0 . 12  

I . 2  ± 0.4 ASTON 84 LASS 0 11 K -  P 
~ 2 ~ ' n  

I ' ( K t r ) / r t o t o  I I " i / I "  
VALUE DOCUMENT IO TECN CHG COMMENT 
0.387 ± 0.025 OUR FIT 
0.388 - 0.014 ± 0.022 ASTON 88 LASS 0 11 K -  p 

K -  :~+ n 

K ~ ( 1 7 1 5 )  REFERENCES 

ASTON 88 NP B296 493 +Awap Slenz Slrcl÷ (SLAC NAGO CINC TOKY) 
ASTON 87 NP B292 693 ÷AWal I D Am.ore+ (SLAC NAGO CINC TOKY) 
ASTON 84 PL 149B 258 ÷Carnegie Dunwoodle÷ (SLAC CARL OTTA) JP 
ETKIN 80 PR D22 42 ÷Foley Lindenbaum K~amer÷ (BNL CUNY) JP 
ESTABROOKS 78 NP B133 490 ÷Carnegie÷ (MONT CARL DUR~ S~AC) JP 
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Full Listings 
K2(1770) 

J K2(1770) J was L(1770) 
I ( J  9) = '12(2- ) 

Our totesl mlnl-revlew on thls part icle con b e  found in 
lhe 1984 edfl~on 

/('2('1770) D E C A Y  M O D E S  

I'f K2(1770 ) ~ K l r / r  
I'2 K2(1770) ~ k ~ ( 1 4 3 0 ) ~ -  
l S t (2(1770 ) ~ K*(892)} ' r  
l' 4 K2(1770) ~ K~: 
I s /('2('1770) - -  Kf2(1270) 
l't, K~('1770) ~ K~,'> 

K ~ ( 1 7 7 0 )  MASS 

yALuE (MeV_)__ Errs pOCUMEN_LID rECN C__H.G CO_M_.MENT ..__ 
1762 - 10 ()UR AVERAGE Error ,nc ludes scale factor  of 2 2 See the 

i d e o g r a m  b e l o w  

1810 ± 20 FRAME 86 OMEG + 13 K + p 
0 K + p 

1710 z t5 60 CHUNG 74 HBC - 7 3 K - p  
K -  u.'/:) 

1767 ± 6 BLIEDEN 72 MMS - 11-16 K - p  
1730 ± 20 306 I FIRESTONE 728 DBC + 12 K + d 
1765 0 ± 4 0  0 2COLLEY 71 H8C + 10 K + p  

K27r N 
1745 0 -+ 20 0 AGUILAR 70C HBC - 4 6 K -  p 
1780.0 ± 15 0 8ARTSCH 70C HSC - 10 1 K - p  

• * • We do  nol  use the fo l low ing da ta  for averages  fits, hmllS etc • * • 

1730 ARMSTRONG 83 OMEG - 18 5 K -  p 
3Kp  

~1820 DAUM 81C CNTR - 63 K - p  
K 2 = p  

1740 0 DENEGRI 71 DBC - 126 K - d ~  
K2,"r d 

1760 0 ± 15 0 LUDLAM 70 HBC - 12 6 K - p  

1p roduced  in c o n l u n c f l o n  with exc i t ed  deu te ron  
2SystemotlC errors a d d e d  cor resDond to sp read  of di f ferent his 

WEIGHTED AVERAGE 
1782 ± 10 (Error scaled by 2 2 )  

" - I - -  

I 

, / /  
1650 17OO 1750 18OO 1850 

2 
X 

FRAME B8 OMEG 5 B 
CHUNG 74 HBC ;19 
BLIEDEN 72 MMS 0 8 
FIRESTONE 728 OBC 2 5 
COLLEY 71 HBC 
AGUILAR- 70C HBC 0 7 
BARTSCH 70C HBC 15 

= 

232 
(C(~nhdence Level <: 0 001) 

I 

1900 1950 

K2(1770 ) mass (MeV) 

K2(1770 ) WIDTH 

VALUE (MeV) EVTS DOCUM_ENT IO rECN CH_G COMMEN~. 
136 ~ 18 O-UR AVERAGE Error inc ludes sca le  factor  of 1 2 
140 _+40. FRAME 86 OMEG + '13 K + p  

o K + p  
110 _+ S0 60 CHUNG 74 HBC - 7 3 K - p  

K - = ' p  
100 ± 2 6  BLIEDEN 72 MMS - 11-16 K - p  
210 ± 30 306 3 FIRESTONE 728 DBC + t2 K *  d 

90 : 70 4 COLLEY 7t HBC + 10 K + p 
K2)T N 

100 0 ± S 0  0 AGUILAR- 70C HBC - 4 6  K - p  
138,0 ± 4 0  0 BARTSCH 70C HBC - 10 1 K - p  

• • • We d o  not use the fo l low ing da ta  for overages  fits l imits etc  • • • 

~ 2 2 0  ARMSTRONG 83 OMEG - 18 5 K - p  
3Kp  

~200 DAUM 81C CNTR - 63 K - p  
K2,"r p 

130 0 OENEGRI 71 DBC - 126 K - d ~  
K2~ 'd  

50 v _ 2 0 ,  0 n + 4 0  0 LUDLAM 70 HBC - 126  K - p  

3 p r o d u c e d  in COnlunct lon with exc i t ed  deu te ron  
4Sysfemahc errors a d d e d  co r respond  lo  sp read  of di f ferent fits 

/('2('1770 ) BRANCHING RATIOS 

For discussion of the e x p e r l m e n l a l  ev i dence  on other d e c o y  
modes  see HUGHES 71 $LATTERY 71 EISNER 74 

l'(/C~(1430) ~)/r(K~-'x) I 2,,I r 
(K~(1430) ~ KTr) 

VALUE DOCUMENT ID TECN CHG COMMENT 
0•2_+0.2 AGUILAR" 70C EIBC - 4 6  K - p  

• • • We d o  not use the fo l lowing d a t a  for overages Ills hinds etc * * • 

~0 6 DAUM 81C CNTR 63 K P 
K2,'r p 

~ I  0 5RRESTONE 728 DBC ~" 12 K + d  
< t  0 COLLEY 71 HBC 10 K + p  
<1 0 8ARTSCH 70C H8C 10 I K - p  

I 0 BARBARa- 69 HBC + 12 0 K ~ p 

5Produced  [n con junc f l on  wlfh e x c d e d  d e u l e r o n  

l ' (  K , c  ) / l ' t o ta  I l 4 / r  
VALUE DOCUMENT lO TECN CHG COMMENT 
SEEN OTTER 81 HBC -+ 8 2 5 1 0 1 6  K ± p  
SEEN CHUNG 74 HBC 7 3 K -  p 

K - ~ D  

]'(/C#:(892) ~)/I (K'x'tr) 1"3/[ I 
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  nor use the fo l low ing d a t a  for overages his limits e l c  • • • 

~ 0  24 OAUM 81c CNTR 63 K - p  ~ K2Jrp 

I (K I2 (1270) ) / I ' (KTTTr )  I S/l f 
(12(1270) ~ ~'Tr) 

VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  ha l  use the fo l low ing d a t a  for averages fits hmlts e l c  • • • 

~ 0  16 DAUM 81C CNTR 63 K - p  ~ K2~ 'p  

l ' ( K ~ p ) / l ' t o t o  I 1"6,/I 
VALUE DOCUMENT IO TECN CHG COMMENT 
SEEN ARMSTRONG 83 OMEG - 18 5 K - p  

K - o N  

FRAME 80 NP 8276 067 
ARMSTRONG 83 NP B221 1 
DAUM 81C NP 8187 1 
OTTER 81 NP 8181 1 
CHUNG 74 PL 518 4'13 
EISNER 74 Boston Cant 140 
BLIEDEN 72 PL 398 668 
FIRESTONE 728 PR D5 505 
COLLEY 71 NP 826 71 
OENEGRI 7t NP 828 13 
HUGHI~S 7t Bologna Cant 293 
~ATTERY 7'1 UR 875 332 
AGUILAR 70C PRL 25 $4 
BARTSCH 70C PL 338 '186 
LUDLAM 70 PR O2 '1234 
BARBARa 09 PRl 22 1207 

/('2(1770 ) REFERENCES 

+Hughes Lynch Minlo MCFOOZeQn+ (GLAS) 
+ (BARI BIgM CERN MILA LPNP PAVI) 

+Hertzt)erger+ (AMST CERN CRAC MPIM OXF*) 
(AACH BERL LOIC VIEN BIRM 8ELG CERN+) 

• Eisner Protopopescu Scimho$ SlrancI (SNL) 
(BNL) 

+Finocchloro Bowen EoIles+ (S/ON NEAS) 
+GolCIhobef Ll$SOuer If,lithe (LBL) 
• Jobes Kenyon POtPQk Hughes+ {BIRM GLAS) 
• AntlCh CQilahOn Carson Ch,en Cox+ (JHU) JP 

(GLAS) 
(90CH) 

AgullOl BenlleZ Bolnes BQssono Ct~ungo (BNL) 
+OeulsCt~monn, (AACh BEPL CERN LOIC VIEN) 
+SancIwel$S Slougmer (YALE) 

Barbara Gol|lerl Dov,s FIQHe* {LRL) 

OTHER RELATED PAPERS --- 

OTTER 79 NP 8147 1 
ANTIPOV 75 NP B86 381 
OTTER 758 NP fig3 305 
DEUISCH 74 PL 498 388 
BARLOUIAUD 73 NP 859 374 
BINGHAM 73 NP 852 31 
CHARRIERE 73 NP 851 317 
ANDERSON 72 PR D6 1823 
ANDREWS 09 PRL 22 731 
COLLEY 69 NC 59A 5.19 
BARTSCH 086 NP 88 9 
DENEGRI 68 PRL 20 1194 
BERLINGHIERI 67 PRI. 18 1087 
CARMONY b7 PRL 18 615 
JOSES 67 PL 268 49 
BARISCH bb PL 22 357 

*RudOlph* (AACH BERL CERN LOIC WIEN) .P 
*A$coII Busnello K1enzleo ($ERP CERN IkL) JF 
°Rudolph* (AACPI BERL CERN LOIC VIEN) JP 
OeutSChPr~onn+ {AACH BERL CERN LOIC VIEN) JP 

+Orevllion Shah* {SACL EPOL RHEL) 
+Fotwell+ (LBL ORSA BNL SACL MILA) 
*OrllOla DeBoere* (CERN BELG) 
+Franklin GocIden KOpelman Llbby Tan(COLD) 
+LoCh LuOIom Sondwelss Berger* (YALE LRL) 
*Eostwooa~ (BiRM GLAS LOtC MPtM OXF4) 
*Cocconl+ (AACH 8ERL CE~N LOIC VIEN~ 
,CaliQrlQrl Ettllngef Gl,le$[~le+ (.HU) 
+FaTher Ferbel Formon (gOCH) 
+ HenclrlCk$ Lander (UCSO) 
+8Qs$Omplerre oeBoere+ (819M CEI~N BRUX) 
+Deurschmonn* (AACH BEgL CE~No) 
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Meson Full Listings 
K~(1780) 

I/~3 (q 7~,.0) w a s  K"(1780) I '(/) = 1(3-) 

Our la test  m ln l * rev lew  on  thls p a r f l c l e  c a n  b e  f ound  in 
the  1984 edd~on 

K ' ~ ( 1 7 8 0 )  M A S S  

.VALUE (MeV). E_.VrS DOCUMENr lD rECN_ CH_G CO MMENr .... 
1776 _+ 4 OUR AVERAGE Error includes scale factor of 1 3 See the 

ideogram below 
1781 _+ 8 ± 4 I ASTON 88 LASS 0 11 K - p  ~ J 

K -T r+  n 
1749 _+ 10 ASTON 88S LASS - 1t K - p  ~ J 

K - ~ p  
1740 -+ 14 _+ 15 I ASTON 87 LASS 0 1_I K - p  ~ I 

K0:¢ + ;,r- n 
1780 0 ± 9 0 300 8AUBILLIER 848 HBC - 8 25 K - p  

K0~r- p 
1790 0 ± 1 5 . 0  8AUBILLIER 828 HBC 0 8 2 5 K - p ~  

~ 2 = N  
1784 0 ~ 9.0 2060 CLELAND 82 SPEC ± 50 K + p  

K~Tr-+ p 
1786 _+15 2ASTON 81D LASS 0 11 K - p  

K - ~ . + n  
1762 0 ± 9 0 190 TOAFF 81 HBC - 6 5 K -  p 

~ - - p  
1850 ± 50 ETKIN 80 MPS 0 b _ K - p  

/ ~ r +  ~ -  
1812 0 -+28 0 BEOSCH 78 OMEG 10 K - p  

k'o~ + 7r- n 
1786 0 -+ 8 0 CHUNG 78 MPS 0 6 K - p  

K - = + n  
1779 0 ± 1 1  0 3BALDI 76 SPEC + 10 K + p  

Kay-+ p 
1776 ± 26 4 8RANDENB 760 ASPK 0 13 K ± p  

K ± ~ ~:N 

IFrom energy independent  part ia l -wove anolysls 
2From a flf to the ~. moment  
3From o fit to I~ moment° JP = 3 -  found 
4Conf i rmed by phase shift analysls of ESTABROOKS 78 yields JP = 3 -  

WEIGHTED AVERAGE 
1778 + 4 [Error scaled by 13) 

- 't-- 

+ - - -  - ' t - - -  

1700 1750 1800 1850 

/~ (1780)  mass (MeV) 

2 X 

ASTON 88 LASS 0 3 
ASTON 888 LASS 7 5 
ASTON 87 LASS 3 2 
8AUBILUER 848 HBC 0 2 
BAUBILLIER B2B HBC 0 8 
CLELANO 82 SPEC 0 7 
ASTON 810 LASS 0 4 
TOAFF 81 H8C 2 8 
ETKIN B0 MPS 
BEUSCH 78 OMEG 1 8 
CHUNG 78 MPS t 4 
BALDI 78 SPEC 0 1 
BRANDENB 7150 ASPK 0 0 

187 
(Conhdence Level -- O 067) 

i i 

1900 1950 

/ ~ ( 4 7 8 0 )  WIDTH 

.VALUf (_MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
160 ± 15 OUR AVERAGE Error Includes scale tacfor of- 1 4 See the 

ideogram below 
20,3 ± 3 0  ~ 8 5ASTON 88 LASS 0 11 K - p  ~ l 

K - ~ r + n  
193 +51  ASTON 888 LASS - 11 K - D  ~ J 

- 3 7  K - r l  p 

17t _+42 _+20 5ASTON 87 LASS 0 IJ K - D  ~ I 
K0~r + : r -  n 

99 0 ± 30 0 300 BAUBILLIER 848 HBC - 8 25 K - p  
T(%r - p 

191.0 ±24°0  2060 CLELAND 82 SPEC ± 50 K ' * p  
/~ ' r  ± p 

225 _+60 6ASTON 810 LASS 0 11 K - p  
K - ~ r +  n 

240 _+ 50 ETKIN 80 MPS 0 6 K -  p 
Ko=+ ~r- 

181,0 ± 44 0 7 BEUSCH 78 OMEG 10 K-  13 
/('0 ~r + :¢- n 

96 .0  ± 31 0 CHUNG 78 MPS 0 6 K -  D 
K -  ~r+ rl 

135o0 ± 22 0 8 8ALDI 76 SPEC + 10 K + p  
KO~r + p  

• • • We do not use the fol lowing data  for averages, fils llmlts, etc • * • 
~ 1 3 0 . 0  BAU81LLIER 82'8 HBC 0 8 25 K - D  

-- 80, 190 TOAEF 81 HSC 6 ~  ~'- '  ~) ~ 
K0~-- p 

270, _+70. 98RANDENB 760 ASPK 0 13 K ± p  
K ± ~ ~:N 

5From energy independent  part lal*wove analysis 
heroin o fir to Y[~ moment  
7Errors enlargec~ by us to 41 /N  I /2 see Jhe noJe with the K~(892) mass 
8From a tit to Y2. moment JP = 3 -  lound 
9ES~ABROOKS 7~ find that BRANDENBURG 760 data  are consistent wlth 175 

MeV width Not averaged  

WEIGHTED AVERAGE 
160 + 15 (Error scaled by 14) 

X 2 

ASTON 88 LASS 1 9  
~ ASTON 888 LASS 0 8 

ASTON 87 LASS 0 1 
BAUBJLLIER B4B HBC 4 2 
CLELANO 82 SPEC I 8 
ASTON B1D LASS 12 
ETI(IN B0 MPS 2 S 
BEUSCH 78 OMEG 0 Z 
CHUNG 78 MPS 4 3 
BALDI 78 SPEC I 3 

,T7 
(Confidence Level -- 0 O341 

• i 

O 100 200  3 0 0  4 0 0  5 0 0  

K~(1780) width (MeV) 

K ~ ( 1 7 8 0 )  D E C A Y  M O D E S  

F r a c t i o n  ~PL/!') S c a l e  

['1 K ~ ( 1 7 8 0 )  ~ K~" (19.2_+~ 0 ) × 1 0 - 2  

I" 2 K ~ ( 1 7 8 0 )  ~ K ~ ( 8 9 2 ) T r  ( 2 6 . 6 ± 3 . 2 ) × 1 0  - 2  13  

r 3 K ~ ( 1 7 8 0 )  ~ K p  (44 _+4 ) ~ 1 0  - 2  13  

r4 K~0780)  - -  K~0430)= 
[ 's K ~ ( 1 7 8 0 )  ~ KT/ (11 _+45 ) × t 0 - 2  13 

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An o v e r a l l  fit to  4 b r a n c h i n g  ra t ios  uses 5 m e a s u r e -  
ments  a n d  o n e  cons t ra in t  to  d e t e r m i n e  4 p a r a m e -  
ters The ove ra l l  fit has o X 2 = t 8 for 2 d e g r e e s  of 
f r e e d o m  

The fo l l ow ing  o f f - d ~ a g o n a l  ar ray  e l e m e n t s  a t e  the  c o r r e l a t i o n  coe f f i -  
c i en ts  ,:~x I ;~xl)/(6x I AXl). in p e r c e n t ,  f rom the  hf to  the  b r a n c h i n g  
f rachons ,  x i ..-: | ' i / l ' l o ta l  The fit cons t ra ins  the  x i in this a r r a y  to  sum 
to o n e  

x 2 -- 4 
x 3 25  - 26 
x 5 6 44  73 

x l  x2 x3 

K ~ ( ' 1 7 8 0 )  B R A N C H I N G  RATIOS 

r ( K ~ 1 - ) / r f o t a  I l ' i / l "  
VALUE DOCUMENT IO TECN CHG COMMENr 

~--0.010 OUR FIT 0.192 - 0 .009  

0.t88 ± 0 .0 t0  OUR AVERAGE 
0 . 1 8 7 ± 0  0 0 8 ¢ 0 . 0 0 8  ASTON 88 LASS 0 11 K - p ~  

K - ~ r + n  
0 19 ¢ 0 02 ESTABROOKS 78 ASPK 0 13 K ± p 

K~'N 
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Meson Full Listings 
K (1780), K(1830), K (1960), K2(2075 ) 

F(Kp)/I'(K~(892) =) r3/I '  2 
VALUE DOCUMENT 10 TECN CHG CCP*eWENT 
1.64 ± 0 .29  OUR FII Error i n c l u d e s  s c a l e  fac to r  of I 3 
1.82 +-0.21 :t 0 . I 0  ASTON 87 LASS 0 I._I K - p  ~ I 

/(o~r + ~--  n 

I ' (K~(1430) ?r)/1"(K~(892) ~r) i"4/i" 2 
VALUE CL % OOCUMEN~ 10 7[CN CHG COMMENT 
<:0 .75  95  ASTON 87 LASS 0 11 K - p  ~ I 

/(o~r + ~r -  n 

r(K~(892) ~r)/r(K~r) I'~/I'1 
VALUE OC~_UMENT ID TECN CHG COMMENT 
%38 +-0.18 OUR FIT Error I n c l u d e s  s c a l e  fac to r  o f l  3 

I .D9 +-0 26 ASTON 848 LASS 0 I ' I  K - p  
K02-x n 

i ' ( K t l ) / I ' ( K 1 T )  1"5/1" t 

VALUE OOCUMENT ID ~ECN CHG COMMENT 
0 .55  ± 0 .24  OUR FIT Error i n c l u d e s  s c a l e  f a c l o r  of 1 3 

0 . 5 0 ± 0 . 1 8  ASTON 888 t.ASS 11 K - D  ~ J 
K - ~ D  

ASTON 88 
ASTON 888 
ASTON 87 
ASTON 8411 
BAU61LLIER B4g 
BAU~ILLIER B2B 
CLELAND 82 
ASIAN 8~0 
TOAFF 81 
ETKIN 80 
BEUSCH 78 
CHUNG 78 
ESTABROOKS 78 

AJ:IO 78S 
BALDI 76 
8RANDENB 76D 

CLELAND 80 
ENGELEN 80 
BOWLER 77 
GRASSLER 77g 
WALUCH 73 
CARMONY 71 
FIRESTONE 71 

K~(1780) REFERENCES 

NP 8296 493 +AwoJl Blenz Bird+ (SLAC NAGO CINC TOKY 
PL 8201 169 +AwoJl Bienz+ (SLAC NAGO CINC TOKY JP 
NP 8292 693 +AWQll D Amore+ (SLAC NAGO ( I N (  TOKY 
NP 8247 261 ÷Corn+g)+ Dunwoo~le+ (.~AC CARL OTIA 
ZPHY C26 37 + (BIRM CERN GLAS MICH LPNP 
NP 8202 21 + (BIRM CERN GLAS MSU LPNP 
NP 8208 189 +Dello$$e Dorsaz Gloor(DUR'H GEVA LAUS PITT) 
PL 998 .502 +OunwOod~e Durk~n FleguIh+(SLAC CARL a r IA  Jp 
PR D23 1500 +Mu,~gfove Ammor DovJs EckJund+ (ANL KANS) 
PR D22 42 +Foley L lndenbaum Kramer+ (BNL CUNY JP 
PL 748 282 ÷Bffman Konlgs Otter+ (CERN AACH ETH)JP 
PRL 40 355 +Etkm+ (gNL BRAN CUNY MASA PENN JP 
NP 8133 490 +Cornegle.  (MONT CARL DURH SLAC) j~o 
Pg D17 658 Estobrooks Carnegie+ (MONT CARL DURN~ 
PL b3B 344 *BOlhrlnger Dorsoz Hungel.buhler. (GEV~ JP 
PL 608 478 Brandenburg Camegle Cal~hmore* (SLAC) JP 

- -  OTHER RELATED PAPERS 

PL 97B 465 +Dorsaz Mortln Net+ (PffT GEVA LAUS DURH)JP 
NP 8167 61 +Jongejan$ Olonlsl+ (NIJM AMST CERN OXF) JP 
NP 8126 31 +Dalnton DraKe Wllllams (OXF) JP 
NP 8125 189 +Klugow+ (AACH BERL CERN LO~C VIEN) 
PR 08 2837 +Flatte Friedman (LB~) 
PRL 27 1160 +Cords CIODp Erwln Melere+ (PURO UCO IL~oU) 
PL 368 513 + G o l d h o ~ r  Lissouef Trilllt~g (LBL) 

I /((1830) I ,(/) : J(o-) 
OMITTED FROM SUMMARY TABLE 

S e e n  in  p a d ~ a l - w a v e  o n o l y s l s  of  K - ( ~  s y s l e m  
c o n f i r m a h o n  

Needs 

I  (196°) I : 
OMITTED FROM SUMMARY TABLE 

K~(1960) MASS 

VALUE DOCUMENT 10 TECN CHG COMMENT 
~$7 -= 17 DUe ^v~^-G~ . . . . . .  
1945 ± 10 _+ 20 I ASIAN 88 LASS 0 11 K -  p 

K- }T+  n 
1973 ± 8 +_25 ASIAN 87 LASS 0 '11 K - p  

K0~-+ ~r- n 

l W e  take  l h e  cen,1ral v a l u e  of the  two  so lu t lons  a n d  the  l a rge r  error g l v e n  

K'~('1960) WIDTH 

VALUE DOCUMENT 10 ~'ECN CHG COMMENT 
3 0 6 ±  80"-0UR AVER,~E Error i n c t u d e s  sca le  fac to r  of 1 6 - 
2 0 0 ± 3 4 ± 7 9  2 ASi"ON 88 LASS 0 11 K - D  

K - l : + n  
373 ± 33 +- 60 ASTON 57 LASS 0 11 K -  p 

i('O 7r + ,-c - n 

2We t a k e  the centra l  va lue of the two soJuhons a n d  the  l a rge r  error  g w e n  

K~(1960) DECAY MODES 

I" t K~(1960) ~ K'rr 
I" 2 /C~(1960) -,, /C~(892)~" 
I" 3 K~(1960) ~ Kp 

Fraction (~l'/l') . . . . . .  

( $ I  ± 1 4 ) x  10 - 2  

K~(t960)  BRANCHING RATIOS 

i'(Kp)/i'(K~(892)Tr) I'311" 2 
VALUE DOCUMENT IO ZECN CHG COMMENT 
~ . 4 9 ¢ 0 . 2 4 - Z 0  0 9 -  ASTO--N - 87 LASS 0 11 K - D  

K0.~-+ ~. -  n 

['(K~')/I'IoIa I 1"i/1 
VALUE DOCUMENT 10 TECN CNG COMMENT 
6 . S ~ ~ . 0 8 ~ . 1 2  - 3~S~ON-- -88 L~ss 0 ~ K - p ~  

K - ~ T + n  
3 w e  t a k e  the  c e n l r o l  vQlue of the  two  so luhons  a n d  the  l a rge r  error  g i v e n  

/ (~(1960) REFERENCES 

ASIAN 88 NP 8296 493 +Awap Bienz Bird* (SLAC NAGO CINC TOKY) 
ASIAN 87 NP 8292 693 ~Awoli D Amore+ (SLAC NAGO ( I N ( I O K Y )  

/((1830) MASS 

_VALUE (MeV) . . . . . .  DOCLffVIEN7 ID TECN CHG COMMENT 

• • • We  d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s ,  flts, l lml ts  e,1c • • • 
~ 1 8 3 0  0 ARMSrRONG 83 OMEG - 18 5 K - p  

3Kp  

l ( J  P) = 12 (4 +) 

/((1830) WIDTH 

VALUE (MeV) OOCUMENT IO TECN CHG COMMENT 

• • • We d o  not  use  t he  f o l l o w i n g  d a t a  for ove rages ,  fits llmi,1s e f t  • • * 
~ 2 5 0  0 ARMSTRONG 83 OMEG - 18 ~. K -  p 

3Kp  

K(1830) DECAY MODES 

I'i K(1830) ~ K4J 

/((1830) REFERENCES 
ARMSTRONG 83 NP 8221 1 * (8ARI BIR'M CERN MILA LPNP PAVI)JP 

/C~(2075) MASS 

VALUE (MeV) EVr$ DOCUMENT I0 rECN CHG COMMENT 
2074 :t 14 OUR AVERAGE " 
2062 Z I 4 z I 3  IASTON 86 LASS 0 11 K - D ~  

K - ~ 1 - n  
2 0 8 8 .  +- 20 650 8AUBILLtER 82 HBC - 8 25 K -  p 

K~E-  D 
• • • We d o  na t  use the f o l l ow ing  d a t a  for averages tlts l~mtts e,1c * • ° 
2079  z 7 431 TORRES 86 MPSF 400 DA ~ 4K X 
2030 ± 10 400 2 3CLELAN D 82 SPEC +_ 50 K + D  

K~.-. +- D 
211.5 ± 46  488 CARMONY 77 HBC 0 9 K + d 

K* ,T  s X 
IErom a tlt to a l l  m o m e n t s  
2From a fit to  8 m o m e n t s  
3 N u m b e r  of even t s  e v a l u a t e d  by  us 
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(2075), K2(2250 ), K3(2320 ) 

K ' ~ ( 2 0 7 5 )  WIDTH 

VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 

204 + 50 OUR AVERAGE 
- 4 0  

221 z 4 8 ~ 2 7  4ASTON 86 LASS 0 11 K - p  
K -  :r+ tl 

170 ~ 100 650 BAUBILLiER 82 HBC - 8 25 K - p  
50 K~ r:. - p 

• • * We do  no1 use the  to~tow~ng d a t a  tar overages  t~ls bruits e tc  * • * 
61 _+ 58 431 TORRES 86 MPSF 400 p A  ~ 4K X 

189 -+ 35 400 56CLELAND 82 SPEC +_ 50 K + p  
K~"  +- p 

300 -+ 200 CARMONY 77 HBC 0 9 K + d 
K + ~"S X 

4From a tlt to al l  m o m e n t s  
5From o flt lo  8 m o m e n l s  
ONumber of events  e v a l u a t e d  by  us 

K ~ ( 2 0 7 5 )  D E C A Y  M O D E S  

Frachon ( ! '  , J ~  

1" I K ' ~ ( 2 0 7 5 )  ~ K~r  (9 9 ± I  2 ) × 1 0  - 2  

l" 2 K ~ ( 2 0 7 5 )  ~ K~(B92)~-~r [9 ± 5  ) ' ~ i 0 - 2  

l 3 K ~ ( 2 0 7 5 )  --, p K T r  (5 7+_3 2 ) × 1 0  - 2  

] '  4 / C ~ ( 2 0 7 5 )  ~ = ' K ~ "  (4 9 z 3  0) " ,10  - 2  

l" s K ~ ( 2 0 7 5 )  ~ K~(892)~-~r (7 +_5 ) '<10 - 2  

l" 6 K ~ ( 2 0 7 5 )  ~ o K ' x  (2 8_+I  4 ) , 1 0  - 2  

I" T K ~ ( 2 0 7 5 )  ~ ~K~(892) ( I  4±0 7 ) < t 0  - 2  

/ ~ ( 2 0 7 5 )  B R A N C H I N G  R A T I O S  

l ' ( K ' ~ ' ) / l ' t o t a  I 
VALUE DOCUMENT IO TECN CHG 
0.099 _ 0 .0 i2  AS1ON- 8B LASS 0- 

('(K~(892) ~ ' n ' ) / r ( K ~ r )  
VALUE DOCUMENT I~ TECN 
0.89 ± 0 .53  - BAUBILL~-R 82 HBC 

I" t /1"  
COMMENT 
1t K - p  
K - £ + n  

| ' 2 / | ' I  
CHG COMMENT 
- 8 2 5  K - p ~  

p K~3"~" 

I 3/1"1 
CHG COMMENT 
- 8 2 5  K - p ~  

pK~3~  

l ' 4 / r  I 
CHG COMMENT 
- -  8 2 5  K - p ~  

pK~3=  

l 5 / l ' 1  
CHG COMMENT 
- 8 2 5  K - p ~  

pK~3~- 

l ~ / r  
COMMENT 
400 p A  ~ 4 K  X - - - - -  

l ' ( p K ~ r ) / l ' ( K ~ )  
VALUE DOCUMENT ID TECN 
0.58 +_ 0.32 BAUBILLiER 82 HBC 

l ' ( = , K 1 r ) l l ' ( K ~ r )  
VALUE DOCUMENT ID rECN 
i]~50 +- 0.30 8A-UBILLIE R 8-2 HBC 

[ (K~(892) ~" 7r 7r)/l'(K'rr) 
VALUE DOCUMENT ID rECN 
0 75 -+ 0.49 fiAUBILLIER 82 HBC 

['(~'~ K ~ ' ) / [ ' t o t a l  
VALUE DOCUMENT ID 
0 . 0 2 8  +_ 0.044 ? TORRES- 86 

7Error d e t e r m l n o l l o n  is m o d e l  d e p e n d e n t  

| (, : ,  K * ( B 9 2 ) ) / r t o t o J  
VALUE DOCUMENT ID 
0.014 _+ 0.00:~ " B TORRES - 86 

8ErrOl d e t e r m i n a t i o n  is m o d e l  d e p e n d e n t  

TECN 
MPSF 

l71r 
TECN COMMENT 
MPS~ 400 p A  --  4-K'X 

ASTON 88 
ASTON 86 
TORRES 86 
BAUBILLIER 82 
CLELAND 82 
CARMONY 77 

ASTON 
BROMBERG 
CLELAND 
CARMONY 

87 NP B292 693 
80 PR D22 ~513 
80 PL gTB 465 
71 PRL 27 1160 

K ~ ( 2 0 7 5 )  REFERENCES 

NP B296 493 +Aw(]}I 81enz Bird+ (S~.AC NAGO CINC |OKY) 
PL B180 308 +Awaji D Amore+ (SLAC NAGO CINC rOKY) 
PR 34 707 +LC]I+ ~VPI ARIZ FNAL FSU NDAM TUFt*} 
PL 1188 447 +Burns+ (BIRM CERN GLAS MSU LPNP) 
NP B20B 189 ,Deilos$e Dofsoz Gloat (DURH GEVA LAUS PITT) 
PR DIO 1251 +CIopD Lander Melere Yei~+ (PURD UCO IUPU) 

- - -  OTHER RELATED PAPERS 

,AwaJl D Arnore~, (SLAC NAGO CINC TOKY) 
+HoggelIV At3rams Dzlllrbo(Cl] FNAL ILLC ~ND) 
+Dc~'saz Martin Net+ (PITT GEVA LAUS DURH) JP 
*Cards ClOpp Erwln Meier*+ (PURD UCD IUPU) 

IK (2250) I ' 
I jwos K(2250) ~(J") = 2(2-) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

Thts e n t r y  c o n l a l n s  voi' lOUS p e a k s  in s t r a n g e  m e s o n  sys- 
J te rns  r e p o r t e d  ~n t h e  2 1 0 0 - 2 3 0 0  M e V  r e g i o n ,  as  w e l l  

as  e n h a n c e m e n t s  s e e n  in t h e  a n h h y p e r o n - n u c l e o n  
s y s t e m ,  e~ lhe t  m t h e  m o s s  s p e c t r a  or  ~n t h e  JP = 2 -  
w a v e  

/ ( 2 ( 2 2 5 0  ) M A S S  

VALUE (MeV) EVTS OOCUMENT ID TECN CHG COM__M_ENT 

2 2 4 7  -+ 17 OUR AVERAGE 
2200 0-+40 0 IARMSTRONG83C OMEG - 18 K - D  ~ ~.r) 

X 
2235. +_ 50 1 8AUBILLIER 81 HBC - 8 K - p  ~ ~[3 X 

I CLELAND 81 SPEC -+ 50 K + P  ~ ~,~) 2260 +_ 20 X 

• • • We d o  ~ot L4se the  (oUowilr~g d a t a  for averages,  fits l imits e tc  • * • 
2147 -+ 4 37 CHLIAPNIK 79 HBC + 32 K + p  ~ -~P 

X 
2240 ¢ 2 0  20 LISSAUE R 70 HBC 9 K * p  

1J p = 2 -  from momen ts  analysis 

/ ( 2 ( 2 2 5 0  ) WIDTH 

VALUE (MeV) EVTS DOCUMENT ID r_EC_N.. CHG COMMENT 
180 ± 30 OUR AVERAGE Error inc ludes  scale factor  of I 4 
150 0_+30 0 2ARMSTRONG83c OMEG - 18 K - D ~  '~)  

X 
210 _+ 30 2 CLELAND 81 SPEC _ 50 K + p ~ %P 

X 
J • • ,  We d o  not  use the fo l l ow ing  d a t a  tar overages  fits limits, e tc  • • -  

~ 2 0 0  2 BAUBILLiER 81 HBC 8 K -  p ~ ~,~ X 
40 37 CHLIAPNIK 79 HBC + 32 K + p  ~ %P 

X 
80 _+20 20 LISSAUER 70 HBC 9 K + p  

I 2J p = 2 -  from momen ts  onalysls 

/ ( ' 2 (2250  ) D E C A Y  M O D E S  

I '  1 K 2 ( 2 2 5 0  ) ~ K ~ ' ~  

I" 2 / ( 2 ( 2 2 5 0  ) ~ ~ .p  

/ ( 2 ( 2 2 5 0  ) REFERENCES 

ARf~SI~ONG 83C NP B227 3&.5 (BA~I BlgM CERN MILA LPNP PAVe) 
BAUBILLJER 81 NP B183 1 * (BIRM CERN GLAS MSU LPNP) JP 
CLELAND 81 NP B184 I +Nel MOrtln+ (PITT GEVA LAUS DURH) JP 
CHLIAPNIK 79 NP B158 253 ChllapnlkOV Getdyukov+ (CERN BELG MONS) 
L{SSAUER 70 NP BiB 49t +AL6xo~a~'r FffeMor~e Poo~dha~r (LBL) 

- -  OTHER RELATED PAPERS 

ALEXANDER 68B PRL 20 755 +FlreStone GoldhaDer Shen (LRL) 

I K3(2320) 
was /((2320) I i(J') = 12(3") 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

Thls e n t r y  c o n t a i n s  e n h a n c e m e n t s  s e e n  in t h e  JP = 3 + 
w a v e  of  t h e  a n h h y p e r o n - n u c l e o n  s y s t e m  

/ ( 3 ( 2 3 2 0  ) M A S S  

VALUE (Me'/) OOCUMENT ID ~E_C_N. C_.HG. CO_M_MENr 

2324 Z 24 OUR AVERAGE 
2330 0+_40 0 I ARMSTRONG83c OMEG - 18 K - p  ~ '~p 

X 
2320 0+_30 0 ICLELAND 81 SPEC +_ 50 K + p  -o ",P 

X 
1J P = 3 + from momen ts  analysis 
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K3(2320 ), K~ (2380), K4(2500), 
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Meson Full Listings 
D -+ , D 0, D*(2010) +- 

K~(2320) WIDTH 

~/ALUE (~V_) . . . .  DOCUMENT ID TECN CHG COMMENT 
4 5 0 . 0  _+ 30 ,0  2 AR~MSTRON~83C b M ~ G  - ' -  48 K - p  - -  ~p -  

X 
• • * We d o  not  use t he  f o l l o w i n g  do'1o lo t  Ove rages  fits i lmlts e t c  * • • 
~ 2 5 0  0 2 CLELAND 8'I SPEC _+ 50 K + p  ~ ~P 

X 
2J P = 3 + '1ram m o m e n t s  ana lys l s  

/ ( 3 ( 2 3 2 0  ) D E C A Y  M O D E S  

I" I K 3 ( 2 3 2 0  ) ~ A p  

K ~ ( 2 3 2 0 )  REFERENCES 

ARMSTRONG 83C NP B227 365 + (BARI BIRM C/RN MILA LPNP PAVI) 
CLELAND 81 NP 8184 1 +Net Martin÷ (PITT GEVA LAUS DURH) 

I @( J 2380) '(/) =2 (5-) 
O M I T T E D  F R O M  S U M M A R Y  TABLE 

S e e n  in m o m e n t  a n a l y s i s  of  t h e  K - , - r  + s y s t e m  

confirmation 

N e e d s  

/ @ ( 2 3 8 0 )  M A S S  

VALUE.(MeV) . .D.~___UMENr ID TECN. CH.G C~vfMENr 
2382,  _+ '14 -+ 19 " 4 ASTON 86 LASS 0 11 K -  p 

K - ~ * n  

tF rom o fit ta  o i l  the  m o m e n t s  

/@(23e0) WlDTH 

VALUE (Me'/) _ DOCUMENLID rECN. 
178, _+ 37 - 32 2 A.STON 86 LASS 

2Fram a fit to o i l  The m o m e n l s  

CHG COMMENT 
0 '11 K - p  

K - ~ . + n  

I" t 

/@(2380)  DECAY MODES 

Fraction ( lyF )  
/ ~ ( 2 3 8 0 )  -,. K/r (6 1:1:4 2),. i0 -2 

/ @ ( 2 3 8 0 )  B R A N C H I N G  R A T I O S  

[ ' ( K / r ) / r t o t a l  [ ' t / t "  
VALUE DOCUMENT IO TECN CHG COMMENT 
o-.~,t-+o.o12 ASTOr B8 [Ass o-TIK-~ 

K -  ~r+ n 

/@(2380) REFERENCES 

ASTON 88 NP 8296 493 +Awoll Blent Birch (SLAC NAGO CINC IOKY) 
ASTON Sb PL B180 308 +AwOll D Amore÷ (SLAC NAGO CINC IOKY) 

I wK4(2500) I 
as K(2500) ~(/) : ~(4-) 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

Thls e n t r y  c o n t a i n s  e n h a n c e m e n t s  s e e n  m t h e  JP = 4 -  
w a v e  of  t h e  a n h h y p e r o n - n u c l e o n  s y s l e m  

K,(2500) MASS 

}/AL.UE (MeV). DOCUMENT ID 
2 4 9 0 , 0  -+ 20°0 'I CLELAND 8'I 

I J  P = 4 -  f rom m o m e n t s  ana lys is  

/ ( 4 ( 2 5 0 0 )  W I D T H  

TECN CHG COMMENT 
SP~C -+ 50 K + D  ~ \ p  

VALUE (MeV)_ DOCUMENT ID TECN CHG COMMENT 

• * ° We d o  not  use the  fo l i ow lng  d a t a  for a v e r a g e s  hls hmds eJc • • • 
42 .50  0 2CLELAND 81 SPEC ~ 50 K + p  -- ~F3 

2J P = 4 -  t ram m o m e n t s  ana lys is  

/('4(2500) DECAY MODES 

/(4(2500 ) REFERENCES 

CLELAND 81 NP 8184 I *Net Martin+ (piEr GEVA LAUS DURH) 

CHARMED MESONS 
( C =  +_I, B = 0 )  

r ~  1 
l ( J  P) = 2 ( o _ )  

SEE STABLE PARTICLES 

P] 
SEE STABLE PARTICLES 

1 
I ( / )  = 2(o-)  

I D*(2010)± I '(JP) : '2(1) 

D ~ ( 2 0 1 0 )  ± M A S S  

yAL_U_E (Met/) DOCUMENT ID rICN CHG COMMENr 
2010, I  _+ 0 ,6  OUR EVALUATION From D o moss a n d  mass d i f f e r e n c e  b e l o w  

• * • We do  not  use the  f a l l ow ing  d a t a  for a v e r a g e s  fits I lmds e l c  * • • 
2008 ± 3  tGOLDHABER 77 MRKI -+ e + e  - 
2008 6 ± 1  0 2PERUZZI 77 MRKI ~ e + e  

1From $1mul toneaus fit to D ~ ( 2 0 t 0 )  + D * ( 2 0 1 0 )  0 D + a n d  DO nat  m d e p e n  
d e n t  of FELDMAN 778 moss d i f f e rence  b e l o w  

2pERUZZI 77 mass not  i n d e p e n d e n t  of FELDMAN 778 moss d i f f e r e n c e  b e l o w  
a n d  PERUZZI 77 DO moss va lue  

D * ( 2 0 1 0 )  + - D o M A S S  DIFFERENCE 

VALUE (MeV) EVTS DOCUMENT iD ;ECN COMMENT 
148,45 ± 0 .07 OUR AVERAGE 
145 4 6 - + 0  07_+0 03 ALBRECHT 85F ARG D ~-*  . ,  De= + 
145 8 -+1 5 16 AHLEN 83 HRS 6 + ~ D°z  + 
145 1 -+1 B 42 BAILEY 83 SPEC D~-* ~ DO,-,± 
145 5 ± 0  3 28 BAILEY 83 SPEC D ~-+- . C~: :±  
t 45  t ± 0  5 14 BAILEY 83 SPEC D ~+- o Dc.'r ~" 
145 5 -+ 0 . 5  14 YELTON 82 MRK2 29 e *  e - K -  :': * 
145 5 _+0 3 60 FITCH 81 S P E C  n - - A  
t 45  2 ± 0 0 2 8LIETSCHAU 79 BEBC t ' p  
145 3 ± 0  .5 30 FELDMAN 778 MRKI D ~ "  ~ DC~: " 

• • • We do  not  use the f o l l ow ing  d a t a  for o v e r a g e s  his l imits e t c  • • • 
~ 1 4 8  5 AVERY 80 SPEC ": A 



3 6 2  

Meson Full Listings 
D*(2010) -+, D*(2010) o 

D ~ ( 2 0 1 0 )  + - D ~ ( 2 0 1 0 )  o M A S S  D IFFERENCE 

VALUE (M~V) DOCUMENT ID TECN CHG COMMENT 
2.9  _+ 1.3 OUR EVALUATION From ~ +  DO a n d  D *~  DO mass d l f f - e r e n c e s -  

• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits, l imits e t c  • • • 
2 6_+1 8 3pERUZZI 77 MRKI ~: e + e  - 

3Not i n d e D e n d e n l  of FELDMAN 77B mass d i f f e r e n c e  a b o v e  PERUZZI 77 DO 
mass a n d  GOLDHAOER 77 C ~ ( 2 0 1 0 )  0 mass 

D ~ ( 2 0 4 0 )  ± W I D T H  

VALUE.(MeV) CL % E V T S  DOCUMENT lO TECN COMMENT 
< 2 . 0  90  30 FELDMAN 77B MRKI D ~ +  - - - ~ ' +  - -  
• • • We d o  no t  use I he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • * 
< 2  2 YELTON 82 MRK2 e + e  - ~ K - ~ ' + ~  - 

I r  

I" 2 

I" 3 

D ~ ( 2 0 t 0 ) ±  D E C A Y  M O D E S  

D ~ ( 2 0 1 0 )  - m o d e s  a re  c h a r g e  c o n j u g a t e s  of t he  m o d e s  
b e l o w  

F r a c t i o n  . ( l ' , J l ' )  

D ~ ( 2 0 1 0 ) +  ~ D ~ r  + ~ 9 ±  8 ) ' ~ 0 - 2  

D - ~ ( 2 0 1 0 ) +  -,,. 0 + 3 ,  (~7_+1~)×~0-2 

D ~ ( 2 0 1 0 ) +  ~ D + ~  "0 (34_+ 7 ) ~ . I 0  - 2  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  f l f t o  2 b r a n c h i n g  r a H o s  u s e s  3 

m e a s u r e m e n t s  a n d  o n e  c o n s t r a m t  t o  d e f e r m m e  3 

p a r a m e t e r s  The  o v e r a l l  f l t h a s  a X 2 = 0 8 for  I 

d e g r e e s  of  f r e e d o m  

The  f o l l o w i n g  o f f - c h a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a t i o n  c o e f f i -  

c i e n t s  , ~x  I ~xj.,/(~x~ ~xl) .  in  p e r c e n t ,  f r o m  t h e  fit t o  t h e  b r a n c h l n g  

f r a c h o n s ,  x l  = | '~ / l '~ota ~ The  fit c o n s t r a m s  t h e  x~ in  t h l s  a r r a y  t o  s u m  

to  o n e  

x 2 -- 77  
x 3 0 - 6 4  

X4 X 2 

O ~ ( 2 0 1 0 ) ±  B R A N C H I N G  R A T I O S  

r(DO,rr +)/l'tota I I"i/I" 
VALUE oocuMeNr IO rECN CHG COMMENT 

0 .49  - [ ) .08 OUR FIT 
0 .49  -+ 0 .08  OUR AVERAGE 
0 4 4 ¢ 0  10 COLES 82 MRK2 e + e  - 
0 6 - 0  '15 4GOLDHABER 77 MRKI + e + e  - 

4Assum ing  t ha t  Isospln ~s c o n s e r v e d  in t he  d e c a y  

r ( o  + "Y)/l'fotal l ' # r  
VALUE DOCUMENT ID rECN COMMENT 

o.  ~7 ._-6:IY-6-u-R nT 
• ° • We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  flts l imits e l c  • • • 
0 2 2 ± 0  12 SCALES 82 MRK2 e + e  - 

5Not i n d e p e n d e n t  of ] ( D ° ' ~ + ) / l  total a n d  I ( D  + ~0)/ l ' total  m e a s u r e m e n t  

] ' ( D  ÷ ~ ' O ) / l ' t o f a  I ] ' 3 / P  
VALUE DOCUMENT lO rECN COMMENT 
o .34  -+ 0 .07  o U R - F i i - - -  
0 . 3 4  -+ 0 .07  COLES 82 MRK2 e + e -  

D~(2010 )  ± REFERENCES 

ALBRIECHT 85F PL 150B 235 + (ARGUS Col lab ) 
AHLEN 83 PRL 51 4147 +Akerlof+ (ANL IND LBL MICH PURD 5LAC) 
BAILEY 83 PL 132B 230 +BarOsley+ (AMST BRI$ CERN CRAC MelM+) 
COL~S 82 PR D26 2190 +Abrams Blocker BloncJel) (LBL SLAC) 
YELTON 82 PRL 49 430 +Feldman GolClhobe¢+ (54.AC LBL UCB HARV) 
FITCH 81 PRL 46 761 +Devaux Cavagl lo MOy+(PRIN SACL TORT ~%q.) 
AVERY 80 PRL 44 1309 +WilS Bullet GlaClcllng+ (ILL FNAL COLU) 
BLIEISCHAU 79 PL 86B f08 + (AACH BONN CERN MPIM OXF) 
FELDMAN 770 PR!. 3B 1343 ePeruZZi Piccolo Abrams Alam+ (S4.AC LBL) 
GOLDHABER 77 PL 69B 503 ,,Wiss Abrams Afore+ (LB¢ SLAC) 
PERUZZI 77 PRI. 39 1301 )Piccolo re ldmon)  (SI.AC LBL NWES HAWA) 

- -  O T H E R  RELATED PAPERS 

ALTHOFF B3C PL 1268 493 )Fischer Burkhardt) (TASSO Collob ) 
BE~K 82 PRL 49 610 + (HARV OSU ROCH RUTG SYRA VAND+) 
TRILLING 81 PRPL 75 57 (LBL UCB) 
PERUZZI 76 PRL 37 569 +Piccolo FelOn'~on Nguyen Wlss+ (SLAC LBL) 

J D~:(20t0) ° J ,(J3 = ~o-) 

d c o n s i s t e n t  w l t h  1, v a l u e  0 r u l e d  o u t  ( N G U Y E N  7 7 )  

D ' ~ ( 2 0  t 0 )  o M A S S  

VALUE (MeV) . . . .  DOCU_M.ENT IO TECN C~_MENr 
2007.1 -+ 1.4 OUR EVALUATION From DO mass a n d  mass d i f f e r e n c e  b e l o w  

• • * We cJo not  use t he  f o l l o w m g  c la ta  for a v e r a g e s  fits l imits e t c  * • * 
2006  +_ 'I 5 I GOLDHABER 77 MRK1 e + e -  

rFrom s i m u l l o n e o u s  fit to  D,~(2010) ÷ D ~ ( 2 0 1 0 )  0 D + a n d  DO 

L ~ ( 2 0 1 0 )  o - D o M A S S  D IFFERENCE 

VALUE (MeV) DOCUMENT ID rECN CHG COMMENT 
'142.5 - I~3--OUR AVEI~'AGE . . . . . . . . . . . .  
142 2 -+ 2 . 0  SADROZINSKIO0 COAL 0 L> ~1~0 ~ O°Tr 0 
142 7 - + t  7 2GOLDHAOER 77 MRKI 0 e + e  - 

2From s i m u l t a n e o u s  tit to  L ~ ( 2 0 t 0 )  + D'~(2010) o 0 + anc l  D o 

D - ~ ( 2 0 4 0 )  o W I D I H  

VA£_U_E (_Me. V) _.. DO_.CUMENT tO TECN C_OMML;NT 
< 5 .  GOLDHABER feb  MRK4 e + e  - ~ O~xD • ...... 

r I 
i, 2 

D ' ~ ( 2 0 1 0 )  0 D E C A Y  M O D E S  

~ k ( 2 0 1 0 )  ° m o d e s  a re  c h a r g e  c o n ) u g a t e s  of m o d e s  b e l o w  

D*(2010)o __. ~o 
D*(2010)o ~ /3°3' 

D ~ ( 2 0 1 0 )  0 B R A N C H I N G  R A T I O S  

r(Do~)l[r(oo~o) + r (c~)]  r2/(rf+r~) 
VALUE DOCUMENT rO TECN COMMENT 
0.~48_+ 0 .07  OUT AVERAGE . . . . . . . . . . . . . . . . . . .  
0 4 7 : / : 0  23 LOW 87 HRS 2 9 G e V  e + e  - 
0 5 3 ± 0  13 BARTEL 85G JADE e + e  - h a d r o n s  
0 4 7 _ . 0  12 COLES 82 MRt(2 e + e  - 
0 45__.0 15 3GOLDHABER 77 MRKI e + e  - 

3We q u o t e  t he  n o r m a l  fit v a l u e  f rom t a b l e  I The i s o s p i n - c o n s t r a l n e d  fit is 
n o w  k n o w n  to g i ve  a DO~, f r ac t i on  w h i c h  is too  l a r g e  See de ta i l s  in toot-  
n o t e  21 of FELOMAN 77c  r e v i e w  

D~(2010 )  ° REFERENCES 

LOW 87 PL BtB3 232 ÷Abachl Akerlof Borlnger,, (HRS Col lab ) 
BARREL 85G PL 161B 107 ~Oletrich Ambrus+ (JADE CollOID ) 
COLES 82 PR D26 2190 +Abrams Blocker BJonOel÷ (LBL SLAC) 
SADROZINSKt 80 Madison Cant 681 + (PRIN cIr  HARV SLAC STAN) 
FELDMAN 77C Banff Sum Inst 75 (SLAC) 
GOLDHAB{R 77 PL 69B 503 +WISS Abrams Alarn+ (LB¢ SLAC) 
NGUYEN 77 PRL 39 262 +Wiss Abrams Alam 8oyarsk~) (LBJ. ~AC)J 
GOLDHABER 768 ~:d.AC Cant 379 (LBL SLAC) 

AvailaDle as LBL 5534 

- -  O T H E R  RELATED PAPERS 

TRILLING 81 PRPL 75 .57 (LBL UCB) 
FELDMAN 77C Banff Sum Inst 7,5 (SLAC) 
GOLDHABER 76 PRL 37 255 +Pierre Abrams Alam* (LBL SLAC) 



See key on page 129 

Dj(2420) °, 

3 6 3  

Meson Full Listings 
-t- ~ + , D ~  D s , B - ,  B °, B ,  NON-qq-CANDIDATES 

I DJ(2420)° I 
Seen ~n D ~ ( 2 0 1 0 ) *  rE- 

l(J P) = ~(~?) 

JP = 0 + ru lea out 

BOTTOM MESONS 
(B= +_I) 

D X 2 4 2 0 )  o MASS 

VALUE ( M i l l )  DOCUMENT 113 TECN COMMENT 

2~122 _ 4 OUR AVERAGE 
2424±6  BEBEK 87B CLEO e + e  - ~ D~+r¢ - X 
2421 ± 5 I PRENTICE 87 ARG e + e -  ~ L~ + ~-- X 

41ncluclo$ data of ALBRECHT 86E 

J [ ~ ]  /(/) = '12(o-) 
SEE STABLE PARTICLES 

D X 2 4 2 0 ) °  WIDTH 

VALUE (Melt)  OOCUMENT ID TECN COMMENT 

n + 43 OUR AVERAGE " - ' H  

+ 30 5 3 2 0  BEBEK 87B CLEO e + e  - ~ D~+/r  - X 
62.+.+ '14 2pRENTICE 87 ARG e + e  - ~ Dae+~r - X 

21ncludes (:Iota of ALBRECHT 86£ 

r ~ l  l(JP) = 12 (o_) 

SEE STABLE PARTICLES 

D X 2 4 2 0 )  ° DECAY MODES 

I ' i  D j ( 2 4 2 0 )  o ~ D * ( 2 0 1 0 )  + 7r -  

D j ( 2 4 2 0 )  o BRANCHING RATIOS 

I ' ( D * ( 2 0 1 0 )  + ~'-)ll '.oral r , / r  
VALUE OOCUMENr I0 rECN COMMENT 
SEEN BEBEK 87B C~EO e ~ e - ~  O~+~ - X 
SEEN ALBRECHT 86E ARG e+e  - ~ D~+T  - X 

D j ( 2 4 2 0 )  ° REFERENCES 

BEBIK 875 upplolo Cone DrQD * (CL[O Collab ) 
Quolecl In PRENTICE 87 

PRENTICE B7 Uppsolo ConE 13 qi0 + (ARGUS COllOiD ) 
ALBRIECHT 96l PRL 56 549 *Binder Horde)re (ARGUS Collob ) 

D 
SEE STABLE PARTICLES 

I(JP) = 0(0-)  

SEE STABLE PARTICLES 

l ( J p) = "~(~ ~) 

r ~  l(JP) = ~( ' ) ' )  

SEE STABLE PARTICLES 
OMITTED FROM SUMMARY TABLE 

NON-qq CANDIDATES 
We i n c l u d e  h e r e  m l n l - r e v l e w s  a n d  r e f e r e n c e  lists 
o n  n o n - q q  c a n c l l d a t e s  These  a r e  d ~ v l d e d  i n to  
t w o  s u b s e c h o n s  
I )  G l u o m u m  c a n d i d a t e s ,  a n d  
2)  O t h e r  n o n - c t q  c a n c h c l a t e s  q q q q  a n d  qclg 
h y b n d s  
S e e  a l so  N - N ( 1 1 0 0 - 3 6 0 0 )  fo r  p o s s i b l e  b o u n d  
s ta tes  

N O I L ~  ( ) N  . N ( ) N - q ~ -  M E S O N S  

T h e  c x m t c n c c  o l  a g l u o n  se l l  u o u p h n g  m Q (  D suggcnt , ,  

that in ;addition Io the L(.)IY','.'lItlOndl (/(/ nlci..,l)n ",,|d|c',, l.hclc 

may bc bound su.llc~, m(.ludHTg gluon,, gluon,a o, glucball,, 

a n d  h x b l l d s  (qqk') - M l o t l l c l  c \ a m p l c  Ol l l (m-~ H nlc4~,irl ~, 

c o u l d  bc n l u h i q u : a l k  sI,iI~.'s F o l  d c l a l l c d  Ic~ ic~ ' ,  ,,co c g 

( ' L O S E  g7 ( . O O P E R  86 \ I I ! % H K ( ) \ . '  S6 l I E (  % ( 1 t  Xh 

T h c  l h c o l e t K a l  ~L i ldL l i lcc  o i /  lhu' p i o p e l  I1¢~, o l  LIIll, l ',Ll,l] 

s t a t e s  is ot ' lcn LOIlllddlLlOI\ ~lnd m o d e l s  \~hKh d~ICL" I11 lhc  

q ~  s e c t o r  o f ten  dl| 'l 'cl in lhc l l  pl CdlCllons :.ll'~otll nc~A st,ilLS 

-kn long  the  h a l \  el.', c \ p c c l e d  s igl~l l t i i  c ~, lol g l t l (ml t l l l l  ,il c 

(1) no plcicC 111 (I(I rLoncls 

(l l) l la \o l -s inglc t  uouplillg,, 

( l i l  ) cnhailccd pl odu~.tlon irL gluon-i i~. h • hdl'mcl,, ',u,. h 

as I .'~/, dcca.x 

(1\)  r e d u c e d  y y  c o u p l i n g  

( \ )  e x o t i c  q u d n l u n l  llUmbCl:,, no t  , l l l(}~cd Ioi q,I ( m  

SOIllC CdSL'S ) 
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Meson Full Listings 
NON-q - CANDIDATES 

H o ~ c ~ c r  it Illtl~,,t I)u" r ) t i l l l l cd  t)Lll lh , l l  1111\i11~ c|'l~.'cts and  

olhuu d) l l , lm~c~l l  c l lc 'c ls ~ i l l  o h s c u l c  l l lcsC Sil l lp10 signalUlOS 

II the i111\1117 lk I,ll~,c" o n l )  c( ) t l l l l l n~  the i l t i l l l [ )Ci  o |  

()h~,c,l t c'tl kldlCk I u'nl , i l i ls ,i c 104i Sll~nill l'ol l lO l l -C \o l l c  noi l -q~ 7 

sl, l lCk ] ] \ e r i c  t l t l d l l i t l l l l  l l t ln l [ lc ' l  slLtlcs (() ( ) "  I 

2 " ) ~ o u l d  bc t i le  hu'sl s lgnalLi l0S i'oi ilOl'i-~tq St;llc'~ 

])Oll l t~ ( i l l )  d l l t l  ( l~ )  cdl l  [)C M. l l l l i l ld l IZCd b', t i l t '  " h i l n o ~ l t l  

~, l~al, l i l lc' lCl ( ( t t  \ N ( ) \ V I I Z  SSI 

P S ( ~ < - - *  \ ) % l'f I .~, - ~  ~ \ ) ×, . . . .  

~ h o r 0  1~.~ sl<llltiS Io~ ph4sc  Space S is u'\pt ' t ' lu'd to  h0 lai~tc'i 

1"oI l~]ut) l l iUi l l  i l l , In 1Ol qq Sidlc's 

[I s h o u l d  be Cll lpJlLlSl/cd th, l t  no  ~,,lLltc' hds Llll;.ll l l l l l~LI- 

o t i s l )  been i d c ' n l l l ] u ' d , i s g i u o n i L i n l  el cisl l  h \ l~ l l t t  [ h t ' c a n -  

thti/ l lCS \\ h ich  ~tc, thst'tlSy, l'~c'lo~ ,lie" tho~,t 'n hot'arise" lhc l l  

l i l le1 i)ic'1{111o11,1~ t r i l l \  CllilO1141 tl t l( l l  k - m o d e l  <t<t ~,I{110£ 111{1.~ 

h , l \C t h l l ] c u i l i c s  ] h g h c i  l i ld l , i l  0 \ c i t a t i o n s  o l ' q q  o r  l l l t l h l -  

t iBd lk  sI{IIC~, OI Il l I\ILIIC'~ o t " Ihcs0  C{l l lnOi tit" c ' \ t l u d e d  MI1CC 

i11 ~Cll t ' i , l l  l i l t ' i t '  is u'iI()tigh r i ce \ t om Io l i t  l hc  da la  

| h e  ~ca la r  me, ,Oi l  ~,t,¢lilr T h 0  C~labhsl~cd iso~,cill i l lS ~ i l h  

l P(  - 0 "  " ,uc  the 1()1975) lhc" 1()(14()0) and  lhe  

I 0 ( ] 590)  In iho  q u a r k  rood01 on\" c \ p 0 c l s  I~O 13/ ' i ]  sl; i l t '~ 

l ~ t )  231 '  0 slal t 's  in tilt" I 2 ( i c V  l eg i on  l h u ~  b', ~,li11- and  

pie ~ ia lc  tOLl l l l l l l~,  al l  ~ t ' l l -u ' s labhshc t l  sca la is  t'~lll c>asi]) f i nd  

a p lace in l i l t  t iL l4 ik  111t>tlc'l i l i l t t  Oil\" n luk l  i n \ o k 0  d ) n ; i n l l -  

t a l  i.li~Ul11cnts t)l hchc~ c i11 i l onc 's l i l bhshed  $t410s It) cLii111 

the C\lSICi1CC t ) l  non- f / f /  ic~,t) l l [ intcs 

In ;.111 a n a l ) s i s  UiSlll~, Ll K-II1~111 i \  coup lc 'd -chann t ' l  t'oi ma l -  

i~>111 l i l t ' h id l l l ~  Ihc ~r7r ~liltl ~/~ c h a n n e l s  I \ { i  ~4 ,~7) Ih rcc  

icst)ll~.lll(.C l )o lcs LIlC C[: l l l l Icd 111 the ] t I C \  i11{IS ~, ICTIon 

[I0(g75)] i n  f i l l s  ant l l \~ lS f i le I%R t l : , la ( \ K E S , ~ ( ) X  ~ 6 ) o n  

p l o n  p l o d u c t l t ) i l  Ill l i lt" ct ' l l l l~l l  IC~1O11 LII'C \e l ' )  Ir11I)Olli lnI 

]-hu" 4i l<l l )s lS ] l icks h o ~ c ' \ o i  the ~7~/ ~/r/' al l t t  17'l 7' l t l i e sho l t t s  

In  p , i l t i cu la l  s ine0 the ISR \k i t4  s l l t )~ a d l p j l i S l  b 0 f o l c  lht" 

~ /~ / thresho ld  the i lna l )s lS  ]c'ii~c's r(ll.)ll l f 'or t lOt lh i  ~l() ic '  

dd ld  LIic n e t t l e d  on  7t.A dnd T/T/ In lhc  I ( ' i t ' \ "  ict~ion Io iCilch 

{1 I ] I l l lC i  tOll t . ]USlt)n 

T h 0  I 0 ( 1 4 0 0 )  is s¢cn i l l  ~ r  l~hasc-shl l I  a n a l ) s o s  and  is 

LOl l \  t 'n l i (J l la l l )  lntCI p i t t e d  as a tlU~ll k - m o d e l  (uzf - UU) 

st,it\ '  Ht) ' ,~c',cI LI I, l I~c ~luonlu111 iI11\1111~ IS no l  c \CIL ldgd 

hc'c,iusc' ihc  ~ / ~ / ~ r  t~r~inthl i l~ i~illO is on l~ h a l f o t  the 

t ] , i ~ O l - s \ m n l c l I )  p i c t h c i l o n  ( \ l . r ) [  Ig61)) 

The  / ( i t  1590) seen In ~ / ~ rc';.iC!lons at 314 ( i t ,  V l< 

( B I N ( ) N  b;3 B I N ( ) N  144( 4 L I ) E  ~7. \ L I ) E  ~TBt  has a 

l~cculi, i i  dc'c4 b pa l iu ' in  t'oi a <1<t Stale 

~rO'w ° A ~  r/~/ ~ / '  4~r 0 ( ) 3  I I 3 ( )N  

( d { R S H T [ ! I N  144 c l a i m  l ha l  lh ls  c o u l d  l h ~ o r  111¢ g lL lon lun l  

in ic ' r i )10 i , l l lon  ] i  c o u l d  poss ib l }  b o a  4 - t l u a r k  Slal0 

fl/~/ - ( / ( / ) ~  ~ l l lhough t i l ts i r l i e rp ru ' t a l i on  is shgh l l )  d is-  

la \O lu 'd  b~ Ihc b r a n c h i n g  i a l i o  tklk."iTiT, t~hich s h o u l d  be" ] 

T h e  pseudoscalar me.~on s e c t o r  T h e  c s t a b h s h e d  ~sos- 

c , l l , u s  ~ l t h  l I'( - 0 - -  a ] c  t h e  r/ r / ' (95~)  r/(12140) a n d  

T/(1430) Iscc h o x ~ c \ c r  l i l t  T/(143(/) i l l l l l l iC ' ,  ic~,~.) In the ttq 

~c" CXl)u'ul lt~t) I I .s0 ant i  1~o 2 I.% 0 pseuch)scalars Ill l l lOdc'l 

the 0 5 1 5 ( I C \ '  Ill,lSb I[ l l lgC 

\Vhc rcas  lh¢ dSM~l l i l lCi l l  o f  lhc  T/( I 2NO) Io Ihc 21 SO 

( I IH - f [ ( t )  sial\" IN I1{litlr~11 It IS l l ] o rc  l ) r o b l e n l a l l t  to  {lSSll~n 

T/ (14 t  1) Io  lilt" 21.S 0 ~ ~icilt" l h c  r/( 1430i  is l i l t  i)hsc-r% 0tt 

i i i  ~ - d c p l c i o d  lOac' l ions hkc  / r - j J  --~ #l"lr'l'rll ( - \ \ ' D ( )  ~6) cind 

7r - i  s --, al)(91~())~ P ( ( ' l l t ' \ ( i  <~5) Lllld iS I1Oi ~Ct'n i l l  the 

~-c ' i l r i c 'h t 'd  t t lan i lu ' l~  l i ke  L p ~ L*(<Nt)2)Tk t ( 4 S I O N  

S?I l~lt)lc't)\c,t i1~, k; p: l ia l l lC1ci  is ]ili~Zu" COlll[) i l lCtt Io 

i c l a i c d  t/(l Stales 

()nt." n l t l \  undcl~, i i l l l t t  the Ml ld l l  "F~" c o u l l h n ~  ;.llld l he i c l ' o i e  

the Itill~c" S" tx l r4mcIC i  ~ t l l h ln  ~i #q  n lodc l  i l ' l h c  qt ia l 'k  Sl l t ic-  

l l . l lc IS ( I t t l  • <It~ • 5 ~  ) ~l ] lc 'h a lso docoup l cs  t ' ronl 5 ) '  1 h e  

Idol lh , i t  \ .X , [ ) ( )  SO scc" the 17(1470) , ind lhc  ~/(12~f)) ~1111 

MI I l l l i l l  lntCllMtlCy, s|)c;.IkS in 1":1\Ol o f  lhcsc Stales hc i i lg  o f  

s111111;.11 i i , l lUlc' i c i , id ia l  C\CltilllOn~,, o f  17 and  i7' T h e r e  

ii1{i\ c \c i1 [)c" sc'~cidl ic'st)I1;.lllt't's 1il Ihc 17(143(]) MILI f l t l IC 

] h c  c\ l )Cl  I l l lCI l l { l l  ~,liLla[IOI1 111tis iC l l l d lns  t 'Ol l fuscd : l l ld t i le  

pt)ssiblc" ~INolI ILInl  I l i l l l l lC t ) f  T/(143()) is far  f r o m  ~c l l  csta- 

I )hshcd 

' t h e  t ensor  m e s o n  sector ,  lhc  I \ t o  131J~ (t(1 Sl{llt 's Lilt" 

~c'i b ] i kc l )  I h c l ~ o  ~ c ' l l - k n o ~ n  ~ialu's / ~ ( 1 2 7 0 ) a n d  

! -~(1525) F o u r  nl() lC IP (  _ ~ " - slalc's t];.lt c" to  bc con -  

s ldo rcd  the 1~(1720)  I d 2 [ ] l ( ) l  I d 2 3 ( l O l a n d  ! d 2 3 4 f l )  

T h e  qq  qt ia l  k m o d e l  p ro f i le Is  tn t lced fOUl states li1 the 

[ $ ~ 5 (it.'% Ill,l~,~, I~.ilI~C (t\~.t) 23/)-~ l ind  I~.~.o 131 ~) t t o ~ -  

e \ C l  t i l ls  l l U n l c i I t d ]  :l~.iCt'l l lCilt ii1:1\ t~t." t't)IILIIIOLIS MIGLC al l  

It)I l l  icsol]al]Lc~, hd \ C \ CI ) pt.'cllhal" l)I ope l  i ICS 

I hc ! d 172()i  has hccn so0n n l ; l l n l )  i l l  Ihc " 'g luon- i  ich ' 

/ .'~ l ad la l l ~  0 dcca)  s ~ ho le  it is tOl) lOusl  ) prodLl t '0d 

l i  t lds l lOl [)c'c'l/ sc'u'll in h a t h o n l c  p l , , ) du t t l on  (t~ / ~ --~ 

A A  t l  ( L O N G A ( ' R I {  ~6 .%SF()N 14s() el  i11 ~ ,  --~ 

I ~(172()) It is p roducoc i  ii1 ] ~, i:lth411',c" deca )s  w i t h  ~ u'r) 

d i l tC lC l l l  hcht i t .~ cOul)hi lgS lhan  the qq lc 'nsor me'sons 

I ~(127())  and  I ~ I 1525) T h e  la l lO o i  ihc  b r a n t  h l l lg  lh ic -  

llOll~, Illdlc'~llC ,I s ize'able ~ t 'on l l lOl l t ' I / I  IIo~o%er IIS I11(ISS 

IS tot) l.'l{)St." It) the ~ t -~ ( 1525/  to  he the ra t t i a l l )  c \ c l t e d  ~x 

Sill\C" not  is it con lp< l l l b l c  ~xilh an 5 [ ( ) l s i i l g l e t  a h h o u g h  

its ~" p{ t ra l l lCtCr t~l\ ors  ;.I large ~.]tlOnltligl COl l lp()r l t 'n l  

.s'l~e(i27m l sl/{115251 ] S' i /2~172( i }  ] l ~ .20  

F o r  recent  i c ~ l c ~ s o n  the t a l l 7 2 0 )  s ¢ e ( ( ) O P t R  146 

M A L L I K  147 

T h e  th ree  t -, r csonant 'es  b c l ~ e e n  2 ;.llltl 2 4 ( i c V  h : / \ c  

bccn o[')sc'i ~ cot i11 tin O Z I - r u l c - f o l  b l t l dcn  process ~rl~ --~ @@, 

( E ' I K I N  1414) l h c  ( ) Z I  s u p p r e s s i o n  h4s been Llscd ;is a 

~ t i on#  ail~umc'l~t fo l  t ~ l \ o r i n#  ;I g l uon iL im  intc'rprc' l~l l~on o1 



See key on page 129 

GLUONIUM CANDIDATES, OTHER 
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Meson Full Listings 
N O N -  CANDIDATES 

these states T h c a l g u m e n t  ls, ho~e~er  not l'ullb compel-  

hng stncc Stead icsonanccs,  b x tlnltarlt), arc expected to 

nlix substantlall~ and therefore l h c O Z l  lulc m;.l) not 

applx Morct) \cl .  one o r l h e s c  lesonanccs lhc t)nc closest 

tU the 4~45 lhrcshold could posslbl.x bc intciprclcd as a ~ 

m o l e c u l c ( n l e s o n i u m ) c a n d l d a l c  Thc DM2 and M. \RK-I I I  

collaboiatiEms scc thlcshold ~@ product ion bul p rchmlna l )  

I l l d lLa i l ( l l lS  a l e  [hLll ii OCCLIIS In l i l t  I P - 0 [ ) a l l l a J  \L,a'~c 

Other  exotic eandmdates. .\ ~Tr 0 icst)nance has been 

rcp()ltcd I n  71" /)--~*(~)TT()I! J',cep(1450)] PrcJlnlln;.ir.~ I i l t h -  

C ; . l t l t ) n s  l ' a ~ t ) l  I I , (  I --  --  I C n o n - e x o t i c  hE l l  t h e  

[Mailq,. 'hlllg l a l l t )  ~ i~ co~ HOel11% p e c L i h a r  f i ) l  a ( t i n  dd) 
1 I q q  objccl -\ qqqTi inlcrplctal ion conies h) mind 

-% nallt)~ icsonancc at 3100 MeV has bccn icpoitcd in 

tl)rr~-a -" t p r r ' r r ' a -  . a n d  \lt~ " 7r ( B O U R Q I ; I N 8 6 )  

The thlcc diffelcnt chaigc stales ~ould  icquirc a 1 -= 3/2 

ch.issil]catlt)n clcall.x outside the qq s)stcnl  haLle',el 

these o[lsel % al iens  nccd Lentil mat lon 

RYBICKI 
ARMSTRONG 
AU 
BINON 
DAUM 
GERSHTEIN 
LINDENBAUM 
MORGAN 
ARMSTRONG 
8AUBILLIER 
81NON 
CASON 
aND 
lEPER 
EDWARDS 
ETKIN 
ETKIN 
ETKIN 
LIPKIN 
CHABAUD 
DAUM 
DONOGHUE 
LINDENBAUM 
$CHARRIE 
DtONISI 
JAFFE 
STANtON 
ROBSON 
JAFFE 
8AILLON 

85 ZPHY C28 65 +Sokreldo (CRAC) 
84 PL 1468 273 ÷BlOOdworfr' Burns+ (AIHU BARI 81Rf~ CERN) 
84 PL 1678 229 iMorgon Pennmgton (RL) 
84C NC 80A 363 tBrlcman Donskov+ (BELG LAPP SERP CERN) 
84 ZPHY C23 339 +Hertzberge,, (AMST CERN CRAC MPIM OXF.) 
84 ZPHY C24 305 *Llkhoded ProkOShkln (SERP) 
848 PL 1498 407 *Llpkln (BNL FNAL) 
84 Pk 1378 411 *Penmnglon (RHEL DURH) 
838 NP 8224 193 • (BARI BIRM CERN MRA LPNP PAVI) 
83 ZPHY C17 309 + (BIRM CERN GLAS MSU LPNP) 
83 NC 78A 313 +Donskov Duted+ (BELG LAPP SERP CERN) 
83 PR D28 1 5 8 6  +Connofo 8aumbaugh 81SHOD* (NDAM ANt) 
83 ZPHY C2t 109 *Pone (AACH ORSA) 
83 Brighton Cone 4 (LAPP) 
B2F PRL 49 250 iPotlridge Peck+ (Cll HARV PRIN STAN SLAC) 
82 PRL 49 1620 +Foley Longacre Llndenbaum+ (BNL CUNY) 
828 PR D25 1786 ÷Foley Lot* (BNL CUNY IUFI VAND) 
82C PR D25 2446 +Foley Lot+ (BNL CUNY TUFt VAND) 
82 PL 1098 326 (ANL) 
8t APP 812 575 +NiczYporuk Becket+ (CERN CRAC MPIM) 
810 PL 1048 246 +Bordsley+ (ACCMOR CoIIob ) 
81 PL 998 416 +Johnson LI (MII) 
81 NC 65A 222 (SNL) 
81 Bonn Cone 163 (SLAC) 
80 NP 8169 t ,Gavlllet+ (CERN MADR CDEF SlOH) 
80 PRL 34 1645 *Johnson (ME1) 
79 PRL 42 346 +Brockman+ (OSU CAI~L MCGI INIO) 
77 NP 8130 328 (LIVP) 
76 PL 608 201 +Johnson (MIT) 
67 NC 50A 393 +Edwards D Andlou ASller+ (CERN CDEF IRAD) 

l aTHER NON-qq CANDIDATES I 
OMITTED FROM SUMMARY TABLE 

I GLUONIUM CANDIDATES J 
OMITTED FROM SUMMARY TABLE 

ALD~ 87 
ALDE 878 
AU 87 
CLOSE 87 
GIDAL 87 
GIDAL 878 
MALLIK 87 
PARTRIDGE 87 
SINHA 87 
AIHARA 868 
AIHARA 86C 
AIHARA 86D 
AKESSON 86 
ALOE 868 
ALDE 86C 
ALOE 86D 
ANDO 86 
ARMSTRONG 86D 
BISELLO 868 
BRAMON 868 
CHUNG 86 
COOPER 86 
EISNER 86 
HEUSCH 86 
LINDENBAUM 86 
LONGACRE 86 
MESHKOV 86 
AUGUSTIN 85 
8ALTRUSAITIS 85D 
CHUNG 85 
COOPER 85 
ETKIN 85 
LJNDENBAUM 85 
LINDENBAUM 8,50 

GLUONIUM CANDIDATES REFERENCES 

- -  OTHER RELATED PAPERS - -  

PL 8198 286 +Blnon 8rlcmon÷ (LANL BRUX BERP LAPP) 
CERNEP.,87 197 +Bellazzlnl Blnon+ (LANL Bl~JX SERP LAPP) 
PR D35 1633 •Morgan Pennlngton (DUR'H RAL) 

RAL 87 072 (RHEL) 
PRL 59 2012 *Bayer Butler Cords Abrams+ (LBL S4.AC HARV) 
PRL 59 2016 *Bayer Butler Cords Abrams÷ (LBL SEAC HARV) 

SLAC PUB 4238 (MARK Ell Callas ) 
Motlond XXll Cone Potrldge (SLAC) 
PR D35 952 ÷Okubo luon (kOCH HAWA) 
PRL 57 404 ,AIslon Gotnlost+ (TPC TWO Gamma Collob ) 
PRL 57 2500 +Al$lon Gomjost+ (TPC TWO Gamma Callas ) 
PRL 57 $I +Alston Gomjost+ (IPC Two Gamma Callas ) 
NP 8264 154 +Albrow Almehed+ (Axial Field Soec Callas ) 
PL 8177 120 +81non Brlcman+ (SERP BELG LANL LAPP) 
PL 8182 105 +81non 8rlcman+ (SERP 8ELG LANL LAPP) 
NP 8269 485 +BInon 8Ucman+ (8ELG LAPP SERf ) CERN) 
PRL 57 t296 +lmol+ (KEK KVOT NIRS SAGA TOKY TSUKI) 
Berkeley Cant 7870 (CERN) 
PL 8179 294 +Busetto Castro Llmentanl÷ (DM2 COIIOI3 ) 
ZPHY C32 467 +Cosullelas (BARC) 
Berkeley Cone 725 (BNL) 
Berkeley Cone 67 EMIT) 
Berkeley Cone 1211 (SLAC) 
Seewlnkel Symposium on Mult~partlcle Dynamics (SLAC) 

BNL 37412 preprlnl (BNL) 
PL 8177 223 ÷Etkin+ (8NL 8RAN CUNY DUKE NDAM) 
Aspen Winter Cant (NBS) 
Monond XX 1 479 +Colcaleffo Cosme* (ORSA CLER PAPa FRAS) 
PR D32 566 +Coffman Hauser+ (C11 UCSC ~LL SLAC WASH) 
PR'L 55 779 +Femow 8Oehnleln+ (BNL FLOR IND SMAS) 
BOll Cant 947 (SEAC) 
PL 1658 217 +Foley Longocre Linaenboum+ (BNL CUNY) 
PL 4658 202 +Longacre (BNL) 

BNL 36610 preprlnt ÷LOngocre (8NL) 

81TYUKOV 87 
CHANOWITZ 87 
LIU 87 
BALTRUSAITIS 868 
BISELLO 86 
BOURQUIN 86 
BRIDGES 86 
BRIDGES 868 
BRIDGES 86C 
ACHASOV 85 
DOVER 84 
JENKINS 84 
KITAZOE 84 
aND 84 
AGUILAR 81C 
APEL 81 
BIONIA 81 
EVANGELISTA 81 
FRAME 81 
IRVING 81B 
KOOIJMAN 80 
SCHARI~ 80 
ALAM 78 
ARMSTRONG 78 
HOLMGREN 78 
8OUCROT 77 
HOOGLAND 77 
MASER 77 
BRUNDIERS 76 
8ALTAY 758 
DAVIS 758 
ALAM 74 
COHEN 74 
OREN 74 
COHEN 738 
DURUSOY 73 
EAIMAN 73 
LIPKIN 73 
BUHL 72 
CHO 708 
GIACOMELLI 70 
LYS 70 
ROSNER 70 
DODD 69 
ROSENFELD 68 
ROSNER 68 

OTHER N O N - q q  CANDIDATES REFERENCES 

- - -  OTHER RELATED PAPERS . . . . .  

PL 8188 383 +DzhelyaChn Dorofeev GolovkJn* (SERP) 
PL B187 409 (LBL) 
PRL 58 2288 +KIu Lr (STON) 
PR D33 1222 ÷Coflman Hausel÷ (MARK III Callas ) 
PL B17g 289 ÷Buselto Castro Llmenlonl, (DM2 Callas ) 
PL 8172 113 +Brown÷ (GEVA RAL HEID LAUS BRIS CERN) 
PRL 56 211 ÷Brown+ (BLSU BNL CASE COLU UMD SYRA) 
PRL 56 215 +Daftorl KalogeroDoulos Debbe* (SYRA CASE) 
PRL 57 1534 ÷Daftarl Kalogeropoulos* (SYRA) 
ZPHY C27 99 +Devyanln Shestakov (NOVa) 
PL 146B 103 (ORSA) 
PR D30 1 4 0 q  •Dlomond KItsch÷ (ESU BRAN 8NL CINC SMAS) 
ZPHY C24 t43 •Wado Koburagl Kowaguchl Marie (KOBE MIT) 
ZPHY C26 307 (ORSA) 
ZPHY Cb I00 Agullar 8endez+ (CERN CDEF MADR S/OH) 
NP 8193 269 +Augenstem 8ertoluccl Donskov* (SERP CERN) 
PRL 46 970 ÷Corfotl Erie(stem+ (BNL CMU FNAL SMAS) 
NP 8178 107 + (BARI BONN CERN DARE LIVP÷) 
PL 1078 301 ÷Hughes CoRey Armstrong+ (GLAS BIRM CERN) 
NP 8193 1 ÷Layette÷ (CERN CDEF MADR SIOH) 
PRL 45 316 +Arenfon Ayres Diebold May• (ANL EFI) 
PL 978 329 +Trdl~ng Abrams Alam Blocker, (SLAC LBL) 
PRL 40 1685 ÷Boggell Baghn+ (IND PURD SLAC VAND) 
PL 778 447 ÷Frame Hughes Blenlem* (GLAS OESY) 
PL 778 304 +Pennmgton (SIOH CERN) 
NP 8121 251 +Navach Rivet÷ (LALO CERN CDEF EPOL) 
NP B126 t09 ÷Graver HyDroS 81urn OletI*(AMST CERN MPIM) 
NP Bt2q 28 (EFI) 
PL 548 107 +8run Flurl* (FREI SACL ETH) 
PL $78 293 .Cautls Cohen kOlelkor Pnsello÷ (COLU 81NG) 
NP 896 426 .Ammar Kiopac Yargeio (KANS CCAC ANL) 
PL 538 207 +BtCIbSon Galloway* (IND PURD SLAC VAND) 
Boston Cant 7g CCOLU) 
NP 87t t89 +Cooper FlelCt,~ Rhlnes AIIisonl (ANL OXF) 
NP 853 t +Ferbel Slaltery Werne" (POC'~) 
PL 458 517 +BaubJlller George Ar~enlse* (LPNP BA~) 
PL 438 307 +GolOhabe' Zorml (CERN) 
PR D7 2262 (ANL FNAL) 
NP 837 421 +Chne lerrell (wIse) 
PL 328 409 +DemCk Johnson Musgrove+ (ANL NWES KANS) 
PL 338 373 (BGNA SACL AMSI REHO EPOL) 
PR D2 2525 * (MICH) 
Exp Meson Speciroscopy 499 
PR 177 tgg l  *JolOelsmo Palmer Samlos (BNL) 
Phil Cant 455 (LRL) 
PRI. 21 950 1468 (TELA) 
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Baryon Full Listings 
N's and A's 

N O I E  ( ) N  N % N I )  A R E . % O N  % N ( ' E S  

I I n t r o d u c t i o n  

(b.~ (J Hohle )  [n t , . c t s l t . , ,  o f  K a i l s i u h e )  

l h e  e x c , t e d  s t a t e s  ot the  n u c l e o n  h a x e  b e e n  s t u d i e d  m a 

l i l ,gc nt, n tbc i  o f  fin m a r i o n  a n d  p ~ o d u c h o n  e x p e r i m e n t s  

F ' i o d u t t t o n  expe l  l l ] ]e l t ls  a l e  i]oi stHU.ible for a c c u r a t c  d e l e t -  

11111}a[ion Of i eSol}ancc  p a l a n l e t e l s  bt l t  ,,~,111 be e s s e n t i a l  in 

s c ' a i c h l n g  I'ol thc" man) pJcdlclcd nuch. 'on r e sonancc ' s  t ha t  

dc t . t )uplc  f/on} the  rr \ c h a n n e l  I 

T h e  m a s s e s  v,.,dths, a n d  e l a s t i c i t i e s  o f  the  \ a n d  _% reso-  

nance, ,  m the  Bat x on  S u m m a t  x T a b l e  c o m e  a l m o s t  cntlrcl.,. 

1"lonl pal tlal-x',ax e a i l a l x s c s  o f  r \ f e t a l  e laMic  a n d  c h a l g e -  

e x c h a n g e  s c a l l c t l n g  d a t a  (scc Scc 11 b e l o ~ )  Sml f l a i  

n l c t h o d s  h a ~ c  bccn  used  It) get  the  \ r/ ~,h a n d  EA 

b l a n c h i n g  t ' l a c t tons  Other b l a n c h i n g  f l a c t i o n s  c o m e  f r o m  

isobai- inodcl a n a l ) s o s  of ~r V --~ \ rrlr d a t a  (Sec I11) 

Pinall) some \ ~ b r a n c h l n g  fiactions haxe been dolor- 

nl incd floi'n pholop lodt ic l lon experiments (Sec IV) 

Table 1 lists all t h c \  and ..% entries in the Bar)on l.lsi- 

i n g s  l i n d  g l \  o h  OUt ex a l u a t l O D  Of the s t a t u s  o f  e a c h ,  both 

o ~ e l a l l  a n d  c h a n n e l  b.~ c h a n n e l  Onl) the  e s t a b h s h e d  ix'so- 

n a n t e s  ( o x c i a l l  s t a l u s  3 oi 4 Mars)  a p p e a r  m lhe  Ba~bon 

Su imnm.~  T a b l e  .\ r e s o n a n c e  ~s c o n s i d e r e d  to be wel l  

e s t a b h s h e d  onl.~ d" ~t ha s  b c e n  seen  m al  l eas l  two  i n d e p e n -  

d e n t  anal.~ sos a n d  ~ts pa r t i a l  x~a~ c d o e s  no t  b e h a \  e e r r a t l -  

call.~ ol h a ~ c  l a lgc  c l l o i s  S o n i c  r ecen t  d a t a  2 3 d~fl'cr a p p r c -  

clabl.~ f l o r a  e a r h c r  d a t a  a n d  f i on l  p r e d i c t i o n s  o f  the  e x i s t i n g  

a n a l ~ s c s  s o a c a u t l o u s a t t l t u d e i s c a l l e d  for 

l h e  Bai., ,on L i s t i n g s  gl ' ,c ,  in a d d i t i o n  to  the  usua l  

t ' h e i t - ~ ' l g n c r  p a l a m e t e r s ,  the  p o s i t r o n s  a n d  r e s i d u e s  o f  the  

po l e s  o f  the  r c s o n a n t  p a r t m l  w a v e s  on  the  s e c o n d  shee t  o f  

the  c o m p l e x  cncrg.x p l a n e  as  o b t a i n e d  f r o m  rr \ ~ rr \ 

p a r u a l - ~ a x  e anal.~ ses  a n d  t 'ronl 7r \" ~ .\ rrrr t s o b a r - n l o d c l  

anal) ses  

T h e  L i s t i n g s  a re  m u c h  s h o r t e n e d  b) the  o n l i s s l o n  o f  

m a n ~  n o , a - o b s o l e t e  l e s u l t s ,  near l ' ,  a l l  o f  w h i c h  ','.ere pub-  

h s h c d  b c f o l c  1975 T h e r e  a l so  used  to be s e p a r a t e  C h i n e s  

Im b u m p s  seen  m p r o d u c t i o n  e x p e r i m e n t s  b u m p s  ,a i lh  

m a s s e s  itl the  1440 Me\. '  r e g m n ,  the  1520 M e V  reg ion  e tc  

-- bu t  t h e s e  h a x c  been  r e m o v e d  -\11 the  o m i t t e d  m a t e r i a l  

may  be f o u n d  in o u r  1982 e d i t i o n  4 

T h e r e  a re  t w o  ex t ens i ' ,  e i c', ic',~ s o f  n u c l e o n  r e s o n a n c e s  5 

See a l s o  the  p r o c c e d m g s  o f  the  r ecen t  W o r k s h o p  on  ~r V 

[)h,,slt.S 6 for f u r t h e r  c o m m e n t s  on  V a n d  .X r e s o n a n c e s  b.~ 

t t l l s  a u t h o r  a n d  o t h e r s  

F u r t h e r  p r o g r e s s  m u n d e r s t a n d i n g  the  .V a n d  ..X reso-  

n a n c e s  d e p e n d s  on  ~nx e s h g a t t o n s  o f  t h r e e  d i f f e r e n t  t', pes  

( I )  N e w  a c c u r a t e  d a t a  M u c h  n e w  d a t a  is c o m i n g  f r o m  

g r o u p s  w o r k i n g  at  I.-%MPF. 3 7 a n d  t h e r e  is a l so  s o m e  n e w  

d a t a  f r o m  L e n i n g r a d  8 T h e  r e s u l l s  i n c l u d e  s o m e  p r e h m -  

mar ' ,  s p i n - r o t a t i o n  d a t a .  the  f i rs l  s u c h  in the  r e s o n a n c e  

Table I The  status o f  the .V and ", resonances  Onl,, those with an 
overall slatus of *** or **** ;ire included in the n'laln BaQ..on .~um- 
mar3' Table 

Status as seen in -- m _  

O',erall  
Particle 1-21 21 status V;r .% r/ %K vA An" ,Vp 3. ";. 

~(939) P l l  **** 
N(1440) PII  **** **** * 
N(1520) 1)1. t **** **** . 
.~'(1535) SII  **** **** **** 
.V(1540) PI3 * 
.V(1650) SII  **** **** , 
N(1675) 111~ **** **** * 
N(1680) 1"15 **** **** 
N(1700) I) 1~ *** *** . 
.V(1710) P l l  *** *** ** 
V(1720) P I t  **** **** * 
V(IO60) " . 

. V ( 1 9 9 0 )  F I ?  * *  * *  , 

X(2000I I"i5 ** ** . 
..X (2080)  / )  11 ** ** * 
V(2090) ~11 * * 

A (2100) t ' l l  , . 

\(21001 ¢;17 **** **** * 
. \{ . .00)  DIS ** ** , 
,V(2220) 1119 **** **** . 
%(2250) (;1~ **** **** * 
, \ ( 2 6 0 0 1  I 1 1  I * * *  * * *  

.V(2700) K I I t ** ** 

.x ( ~ 3000) 

A(12321 I>~ **** **** F 
A(1550) Pal * o 
A(1600)  P a l  ** ** r b 
A(1620) SII  **** **** 
A(1700) D~I **** **** 1 
A{1900) $II *** *** d 
M19()51 /:t5 **** **** d 
A(1910) Pal **** **** e 
A(1920) P t I  *** *** n 
A(1930) D t5 *** *** F 
A(1940) 1)1t , * o 
A(19501 ~17 **** **** r 
A(2000) F~5 ** b 
A(2150} $ t l  , , 'd 
A(2200) ( ; w  * * 
M2300) 11t0 ** ** d 
A(2350) I135 . . c 
A(2390) 1:37 , . n 
A(2400) ( i~9 ** ** 
A(2420) 11t l  I **** **** 
M2750) I31 t ** ** 
A(29501 K315 ** ** 
A( ~ 3000) 

* * *  * * * *  

* * * *  * * * *  * * * *  

* * *  * * *  

* * *  * * * *  

* * * *  * * * *  

* * * *  * * * *  * * * *  

* *  * * *  

* *  * * * *  

* *  * * *  

* * * *  * * * *  * * *  

* * * *  * *  * * *  

* * *  * * * *  

* * * *  * * * *  

G o o d ,  clear and unrmstakable  
G o o d ,  but m need o f c l a n f i c a t m n  or not absolute ly  certain 
Not  e s tabhshed ,  needs  c o n f i r m a t m n  
E,.qdence ".*,eak. could disappear  

r eg ion  L l n f o r t u n a t e l ) .  h o w e ' , e r ,  n o n e  o f t h l s  w o r k  e x t e n d s  

a b e ' , c a  m a s s o f a b o u t  1500 M e V  a n d  we k n o w  o f n o  p l a n s  

an .~whcre  for n e ~  m e a s u r e m e n t s  at  h~gher m a s s e s  

R c c c n t l }  p u b l i s h e d  r e s u h s  2 o f  an  o l d e r  h i g h - s t a t i s t i c s  m e a s -  

m e m e n t  o f  n'~-I ) b a c k w a r d  d f f f e r e n l m l  c ros s  s e c l m n s  f rom 

1 3 to 2 5 G e V / (  dLsagree w i t h  e a r l i e r  h i g h - s t a t i s t i c s  e x p e n -  

rnen t s  a n d  t h u s  a l so  w i t h  p r e d i c t m n s  f rom e x i s t i n g  p a r t m l -  



See ke)' on page 129 

\~,l\ c anal.% sos 5 ( %loM {I f  tilt,' o lhe i  juM-pLibhshcd rOSLIll,S 9 

\~¢r¢ a\ a i lab lc  long ago a l ld  \%¢1"C InClLldod 111 the pr inc ipa l  

dildl.% st.':', ) 

(2) New parlml-wave analyses t-lxlsmlg solLmons \\HI 

nccd to be ,Idlu'-,l,cd to g,.'t a gtlod ill, to l,h(-" no\,. dal,a The 

t ] lM MLp shou ld  be I,o IlL{ f lu Ill single'-tile{g.% ana l \  sc's com- 

b i l l¢d \\ i lh  czilt, tll,ll,lt)11% o f  l,h¢ /¢I  os o f  lilt," l,i ~lll~,\ Ci MI.% 

, in l l )h lud¢s :i~ \\as dol l¢  b} \ b a t \  ¢I al 10 bul, add ing  

¢ \ lM ing  iilI'(l1111;.111``111 Oll {h¢ l.al] o f  h@l  p;.ll l l i l l  \ \ax o's (st't." 

S¢c I I )  l h ¢ / c ' l o ~ ,  IliUM, h¢ on l,l,i.lLulOrl¢t~ {hat fult] l l  co l ld l -  

I,IOt1% d ¢ i l \ ¢ d  t ] t )m l , \ \ t )-Xal l ; . iblc ,~in{ll\ |l(-ql,\ (SOt," ~¢(." 2 4 3 in 

RLf  5) [:llldll.% d ll¢\\ ,lI),ll.%SIS o f  the t.%pc CLllrlLd OLll, b \  

l,h¢ K, i t l s luh¢  ,ind ( M I  - [ . B l .  giOLIp", I~ n¢c¢%",ill'\ bul lh¢4¢ 

glo t lps  I,it,k l,hc I l lanpt l \ \c l  I,o do  ii l h c  Ka l l s l t l h¢  gloLip 

, ind R \ \ ind l ,  IVP l  , ind %l,al,¢ I" ) ha \¢  begun ~i t 'o l labt l la-  

l,lt)ll lhc d ln l  b¢i l lg lt l  l i l l p I o \C  l,hc n l0 thod o f  Rt'f" I1 b\ 

ii11p()MI1~ 11dll ( i f  Ih¢ (_',11141,1,111114 tb l lo \ \  111g t'lL)lll lhc M a n -  

d¢ls>hilII h.% polh¢slS 

(3) New theoretwal irlresllgallOnS ~,11111\ aLII'II(HS h a \ ¢  

d ls lLga ldLd  the tdcl thai  l,hc icst l l lanc¢ palanlcl ,crs hstcd in 

t)Lll l,ablc , l i t  dil'tL'Ic'nt ('toil~ ihc tlLlanii11¢s calcLllatcd f lo ra  

l,h¢ii n lodc ls  Th is  is nt) p lob lLn l  1oi %k.%inlioil models.  

\\ hi(-h piLdiul, st,,ll,l,¢i illg a n l p h l u d c s  but ii~ qu, l rk  shell 

inod¢ls  ol I,i1111¢ c;l lcLIlal lt l i ls {he aul,hols, dcl ,¢r i l l lnc sl,abl¢ 

C\cl lCd sl,;.llCS igno l lng  II1(-" ii1~.1s'~ shif ts c \pcc lcd  f ' lom Ih¢ 

Ml( ) l lg  t,OLlp]lllg It) l,h¢ t(c(-a.% channels  II, is LSSCIll,lal to CSI1- 

M;.il¢ l,hc~¢ l~l/.i',t> ~hll'l~ bLfo i¢  mak ing  d¢l,ailcd compar i~on~ 

r e f e r e n c e s  hl r  ~t ' t ' l l l l l l  | 
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5 (~ Ilohl¢i / ' l~ , l - \H( /cr~ l  ~'(tll[l'#l#lk" Lalldoll,- 
BOlilSl,cin \ o l  1/962 ( 1 9 8 3 ) t d  t t  %'.'t'lopp¢i 
%pllng¢i \ ¢ I l a g  and  -\ 1 ( ;  It¢.% and  R I. K¢ll.% Ph\ , ,  
R ¢ p o l t s 9 6  "71 (1``1831 

6 /b,,< ('('U~nV~ l 'h! ~/~ x u/I/I l.lk'hr A/t'w,H~ ,/#I(/I/1(' 
~)t't~l/l¢/ hl[('lllNllt!H¢l/ I1 ~ul~stl~l~ o// 7r \ /~/11 '4( x cd 
\ \  R (;ll 'lbs and  13 M K Ncl 'kcns l . o s - \ l , u n o s  R¢poll, 
L \ -11184-("  (19871 

7 .\ l \ l o k h t a t i c t , l l .  Ph.%s R¢\ !)33 296 (19861 and  
i )35 81()119871 M E ";adl¢l el, al I~h~s R e \  I)35 
271~ (19,S?). ,lnd M E Sadl,¢l In I'~o(ccdl#lk'~ l 'h! w , ,  
II l / i /  LI.k'/ll lie's+ vls anU I/It' .S'ct Olld /11[¢'111cl[l~Ul~l/ 
II o#/, stl+~ 1) oH re\ Phi ~1~ ~ Los -\1amos, Rcpor l  1. \ -  
11184- ( ' (1987) .  p 20(I 

8 \: \" -%bat\ ¢t al J Ph\s  (713. 119 (14871 

9 Y Suzuki  el, al , .Nucl Ph.%s B 2 9 4  961 (1997). and  
M Mli~O\\a el, ;.ll . Nucl Ph-%s B 2 9 4  ")79 (1987 )  

It) \" \ . \ b a c \  ct al Z P h } s  %322 603 (19851 

11 R - \  - M n d t ¢ l , a l .  I)h-%s Re \  1)32 1()85 (1985) 

Baryon 
367  

Full Listings 
N's and A's 

i1 l~u ) - Imd~  p a r t l a l - ~ a ~ c  an ah , , e , ,  and dclurnl ln , l l lon  ot 

resonance paramclcr~  

(b-% ( ;  Itc, hlcl [ m,.,:l,,n-% ,,H Kall~lull¢) 

l r N  pa r l l a l -wave  analysis r:,. cn iI ,"r \ ~ ~ \ 'v.all,.'l- 

Ing dal,a \ \ t i c  Illt,',l",LIICd \ \LIh Itl(]nll,C dt,t,l.ll~lk} I1 \xtltth.I Ilt+l 

b¢  p t l sNlb lc  Ill l,hc lll¢ld', , llk I¢~lOll  l,t) dci ,Cll l l l I IC ,I UlllqUk' ",¢l 

t)I" pd l l , ld l  \ \ d \  C", l ) o t l l  !.he ddl ,d , l l ( in¢ ]l ~<, cs<,cnl~dl to ,aid 

[hco lCl l ' , . , l l  L t l n M i a l n l , h  dll(-I IAIlll,dl I1\ , l l ld] \  l i t  II'\ 4 n d  r.,ox- 

p i l l  i l l \ , l l l , | n t , c  d I c  t,ho%cI1 Ill ( ) IdcI  I(I d\*.Ht,I lhu' bl,l%C',, 1]ldl ,I 

bpCc li]C n l t )d¢l  Ol pdl dlllCl,I I /d l lO l l  I l l l gh l  11111 ()dLILt, 

\l,kln',,t)n C{ 41 l ,..()tll,lntlltlg c',tt hot \\*,)t k ,lS,.,tilll,¢d 

tier ..]~_.l ;int,t 1~ angLilal dl", l , l lbLll lOllS )'lit ~ ' 1 1  cld',.llt, ',,t. d11CI- 

l l lg  I,O b c  g l \ ¢ n  ill, o11c c l l , ¢ l g \  \ \ l l ,h  \cI .x latgll p~,,,cLsum , ind 

in\¢',,tlg,ll,¢d ho\\  xxcll 111,,, pdll'Ml-XXd\¢ amphl,u,.l¢s uould b¢ 

(-iLl,el mHlcd fl unitaz if,\ bul, IlOl ,in,fl-% !ht, I1\ \\,l', ,114o us¢d 

I I1¢.\ Iound thal, l,h¢ s4nlc dlstlll 'Rlllons couh.I b¢ I]I b\ ,l 

\ gll I¢i,', oi" :,,ohllItlll ' , ,  dl1"l't.'l I l lg II o111 ()I1¢ , l l lo l ,h¢l  S t lbM,I I l l ld l l \  

111 MHll¢ ot'l,hc lotkCl p 4 1 l t d l  \ \ a \ c ' " ,  dllt,t MI' . 'dlgl} in l,hc I,,ll] 

o f h @ l  pmtml  \ \ a \ c s  lh¢-% cont,lud,¢d {hal t u l l l n g t H f t h ¢  

13dl I,KII-\\,I\ k' ¢ \ p , l l l M O I 1 % h , l l  pl-% (\\ hlc 'h  hd',, 13¢,,,11 dOllC ¢ \  c n  
"3)  Ill %t)lll,,, I,¢c.¢111 dll{ll.%M.'%- 1% I1()I Ll',,l,l['icd bLIl, II, t,,lll OI 

J..t)UI%¢ hdpp,¢I1 Ihll  I. il n¢ [ l l ] i  t,OlT¢t,l <,{)hil ton I% o l l l , a l n ¢ d  

,In.', \\ a-% 

111 (,.)('D IM)SplI1 IS I/O1, CXdLI,I\ uons¢z \¢d  ill sl,long 

inl,¢iilL Iion,s ['~,¢ciltlS¢ 1,11,,, lll,lhh,¢s ill" 1,110 tip :llld do\\  n qtllil ks 

a l l  d111L'l¢nl, The  onlx \\¢ll-¢,,l,,tbhshcd c \pc lml¢nl ,a l  ¢\ i- 

d ¢ n t . ¢  I l l  71"\ ",t , 'dlIgl ' l l lg tot ;l \ lo l , l l , lOl l  I% Ill {he A( 12321 

rLgloI1 \ \h¢I¢ II nl,nllt¢,,l<, ll,:,,¢lI" II1 l,h¢ ,>hghll\ dHtct,,,nt 

m a s w s  and  \\ldl,h,, ol l,h¢ A '  " ant,l x" (5,cc R¢I 4 hn ,I 

l,t.'Sl, tiI IStlS[Mn ln \~ l l  i,illt,¢ all, h l g h ¢ l  Illtllllt,'llI~l ) 

I h c  p i o b l t m  otg¢l,l,mg a t l l l l q t l¢  %t)[Lll,l()n l¢llldln4 t.'\Cll 

It (Hie l l l , , . I t ld¢s ddl:.l t"10111 al l  1111¢,," I,¢~1cI1()11"~ (71" " /J --~ 7r " p 

r e  I ) --,,. ~0H ) plt14 Llllll,:.ll I1,.% d n d  i%()hpln ii1\ ill KII'iLC II, IN 

'.,II]l n¢``.¢s,",dl\ l,t)add d l ld ] \ l , l t , l I \  t,t)llMli.lll]l% ~llld 111clch 

Mlt l l l g¢ l  O11¢% 111,111 JLI',,I. 1,11,,, l ( H \ \ i l l d  ch,.,p¢l',.l(~n t¢]dlloFl',, 

("t)ll%l,Idllll,!', b d h c d  Oll M d n d c l s I , l n l  4 2 - \  dl I , Iblc  i ln , l l \  lit. ilk 

II,l\,,, b¢c.n uwd  suc(-¢~,:,,1"ull\ tml.', in th¢ ( M r  - I B I  5 ,uld 

Kallszt , l lc- l lc ls lnkl  6 : dn,ll-%,,,.'s In l,hcsc long I,itl <, ol high 

pdIl ' l , l l  ~.\,1\'¢ ~, \ \C1¢ [Id111111,ct,t I'~lll, on] . \  g h l b d l  ll.'%u[1~ tot 

[h¢%c \~,IXL'S IlOl' ll lOh¢ dboLl l  ,I pdl l'lk'tll,ll h igh ``\il\ C hho l l ld  

13,,, tdk,,. 'n ",,CI lOLls, l-% 8 

l h c  1"¢sO11{111c¢ lll{tM.,¢S \\ I d lhs  ,lllt,] ¢],l%l,lt IIIC ~, Il l lhc  

~LlI-%t)11 ~Ulllm~.ll-% T,lblc dlC l l l d l l l l \  t l¢[¢t mt i l ¢d  b \  IhLsc 

l,t,\o , in, l l)scs The 4nl l~hludcs ;.llC sllox``n ill I i  7 I ,lll``l 

111oi¢ d¢la i lLd figLllCS al ld speed ploi~ 111;it b¢ h/Lind In 

Re(" 9 Results t ' lonl o lhcI  dildl}>,¢s should be uonsldctcd 

p ILh l l l l l~a l }  ,IS long ,is Ihc t,onlp<ll lblhl, b X\llh d l l , i lk l lc l I \  

co11Mialnl,:~ dnd fi le el'foul, tit ihc Ilcgl¢cl, ol hl/2hu'l )'~,111141 

\~a\¢s h a \ o  11o1 bc¢n ln \¢Mlgd l¢d  (%'¢ ~'.,¢c _~ I il l Rcl -~ 

Foi a f c \ \  o l t h ¢  ]o\\-ill<lSt, ILSt)lldllCc'4 kt lbM,I l l l ld l  plO- 

gl ¢%S 111~.1-% b¢ ¢ \  p¢cl,¢d \\ hen i Lsul ls  of l ¢ t t ' l l l  cxpc i  i111t'111, 4 d; 
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Fig I(a) The 1.,)1 "~I = S'II 1'11 P13' and D13 partlal-v~axe amphtudes for lr,V elastic" scattering The upper plot for 
each ampl i tude is fr"c~m H O E H I E R  ? () and the lower one is from C U T K O S K Y  g0 In the Argand plots, the ticks arc at 
integral mult iples of  50 MeV, and the established resonances are shown at their nominal  posmons The real and =ma- 
gmary parts of  the ampl i tudes as functions of  energy are shown proJected in al ignment with the Argand plots (in the 
proJections of  the C U T K O S K Y  80 amphtudes, the "'data points'" arc results of  e n e r g y - i n d e p e n d e n t  fits. and the curves 
are from an e n e r g b - d e p e n d e n t  fit t o j o m  them) 
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pro.lect~ons of  the ( ' I ' T K O S K Y  80 amphludes,  the "'dala points'" are results of  energ,,-mdependenl fits and the curves 
are from an energy-dependent fit to join them) 
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l .os \ l a m o s  and  l . cnmgrad  are a n a b z e d  No,,`. ana lyses  

shou ld  use p t ed lc t ions  for the tall of" high pait ial  `.`.axes 

based on a llCX ,̀ c'`aluallOll o f  the laearb} parts  o f l h e  M an-  

d c l s t a n l d o u b l c s p c c t t a l  func t ion  10 R Koch  8 i n c l u d e d  

these  p l ed l c t i ons  in gel l ing a sn loo lh  in tc rpola l lon  o f  the 

calhc~ K a l l s l u h e  so lu t ion  tbl /) and  h igher  part ial  ~a '~es  

collsli a ined  b) the cond l l lon  that  the pal tial-,aax e disper-  

sitltl i c la l lons  be sat isf ied Koch ' s  so lu t ion  m~pro`.es 

kno`.`, ledge about  the shapes  o f  the r e sonances  and  has  been 
II used  l'tn a d c l c t t m n a t m u  o f ' t he  pole pa rame t e r s  

In a second  paper .  12 Koch  ga ' ,c  leal par ts  o t 'par t la l  

'`+a'`cs up to 500 Me\"/(  f rom a project ion o f  fixed-/ d isper-  

s ion  t c lar ions  (an eM.lCt .̀ el s lon ,:.)F the app~ oach o f  R c f  131 

. \ g i e e m c n t  `.`.lth the restllts o f  the qui te  dlft;crenl a p p h c a t l o n  

otanal.~nc~t.x col lMlainls  in tile first paper  is m general  

good f o g c t h c i  v, ilh the  d e m o n s t r a t i o n  o f  the  compa l ib l l -  

tt.~ o f t h c  K a i l s l u h e  so lu t ion  ,.',llh \ a i l o u s  o ther  single- 

.̀ at table dispel  s lon re la t ions  7 this  jus l i f ies  Ihc use o f  Man-  

de l s l am anal.x liCit} in pal-tlal-`.~ax c ana l \  ses 

-~ s m o o t h  s ta r l ing  so lu t ion  fin a nex'` anal)sis has  been 

prepared  flora tile i c s u h s  o f  Rct~ 8, and  12 but  a slud~ of  

t h e / e l o  t tajecloi~es o f  transxcrslt.,, a m p h t u d e s  shox,.s thal  

a r o u n d  600 Me\ ' /~  l e  a r o u n d  the \ ( 1 4 4 0 )  the  so lu t ion  

is not  .',ct sat tsfacloi$ near  lhe b:iek`.'`ard d i rec t ion  

Data  a te  still too pool and  haxe  too man}  gaps for a 

good  delel m m a t m n  of  r c sonances  w ilh m a s s e s  abox e abou t  

2 2 GcV t{`. i d e a t e  for r e sonances  in lhls  range has  been 

repor ted by Hcndr~ 14 and  also b$ Koch  6 '`'`ho used addi-  

t ional  lalgc da ta  sets f rom . \ rgonne  and  f lom K E K  15 

DelermmaOon of resonance parameters Since a 

d ~ n a t m c a l  theory ot 'Tr \  sca t ter ing does  not yet exist  the 

r e sonance  p a r a m e t e r s  arc not  umquel. ' ,  de f ined  O n e  can  fit 

a pal tlal-`.`.a`, e a m p h t u d e  x̀ . itil a phenomenolog~ca l  ansa t z  

cons i s t ing  o f  a gcnc rahzcd  Bre i l -Wigner  form plus  a back- 

g r o u n d t c r m  and  m o s t o f t h e e a r h e r a n a b s e s  i n c l u d l n g t h e  

first ( ' M I . - I . B [ .  ana lys i s  and  thc  KH 78 anal}s is .  6 used a 

p resc r ip t ion  o f  this  l}pc .\ more  soph i s t i ca ted  m u l t l c h a n -  

nel coupled  r e sonance  schen le  ,,`.as used in tile more  recent  

`.`.ork o f  the ( ' M t  :-LBL group  5 T hc  pa r ame t e r s  hs ted  m 

the Bar~on S u m m a r y  Table  x`.eie ob ta ined  us ing  these  

n l c l h o d s  
.-\ diff icult ' ,  tha t  b e c o m e s  m o r e  and  m o r e  m~por tan t  as 

the cncrg.,, increases  ts thal  " 'background  t e rms  "" n a m c b  

di f f ract ion and  p exchange ,  m a k e  c o n t r i b u t i o n s  to the par- 

tial `.'`a`. es that  r esemble  those  o f  highl.~ inelast ic  r e sonances  

(sue Scc 2 4 1 1 in Ref  7) T he  energb d e p e n d e n c e s  are rill- 

fmcnt ,  bu t  at h igh  energies  da ta  arc insuff ic ient  to detcr-  

m i n e  accuratel`, the speed v, lth `.`.hlch a par t ia l -v .avc amph- 
I u d e t r a x e r s e s t h c c o m p l e x  plane F u r l h e r m o r e .  i t l s a  

d x namtca l  ques t i on  ,* he the r  this  backg round  is part  o f  the 

r e sonance  f l lechanlsm 
[f the  r e sonances  are ordered accord ing  to the shapes  o f  

thetl %tgand plots t h e r e l s a  c o n l m u o u s t r a n s i l K ) n  from 

clean tex tbook- tape  r e sonances  to t in) wtggles tin large 

backg rounds  The  Barbon S u m m a r }  f a b l c  lists all objects  

that  h a , c  a " ' t csonance-hkc ' "  shape  on the - \ rgand du ig ram 

and  a m a x m m n l  o f  the speed Tile reader  mus t  decide 

vduch  of  these  arc " ' resonances '"  m the t'rame`.`.ork o f  Ins or 

her  mode l  

{ h J s  d t s c u s s m n  shov, s that  a c o m p a r i s o n  o f  the reso- 

rtai~ce n' tasses hs ted  m the Bai.,,on Summar , ,  Table  v, lth 

p red ic t ions  flora lattice ca lcu la l lons  ol f rom quark-shel l  

bag. . 'Sk, , imion or other mode l s  is ra lhcr  unce r l am,  espc- 

cmll.x tf smal l  m a s s  dH'fercnces arc cons~dercd since mos t  o f  

the mode l s  canno t  )el  descr ibe thc sca t ter ing process and  

take into accoun t  the background  

Resonance poles The  Bar}on Lts lmgs  gtxe a second set 

o f  r e sonance  pa t amc texs  the pos i t ions  and  res ldues  o f  the 

l e sonance  pc)los o f  the patttal-~`.a'.e a n l p h t u d c s  on the 

second  sheet  o f  the ~ plane These  ma.~ be d e t e r m i n e d  m a 

m i n e  or less modcI -HldependenI  ~`.a.~ f a b l e  2 s u m m a r i z e s  

s o m e  o f  the recent  resul ts  2 5 I I Note.  hov.'c'` c~, thai Fonda  

ct a[ 16 v.ele able to fil eken  the / '33 a m p h t u d e  in the ' , leln- 

it} o f  123LI McV n II]lolH a pole .\ theoretical  ass t ln lp l ton  

t)i" a l g u n l c n t  thai  exc ludes  such  p a r a m e l n / a t m n s  ~s needed  

A special s i tua t ion  ai iscs ,.'` hen a iesonallCe is Iocaled 

ncal the l h i e sho ld  o f  an  inelast ic channe l  that  is strongly 

coupled  to tile r r \  , ; \ s t em For m~tance  the  _XTr th resho ld  

~s ncar  the `., '(I440)/ '11 and  the \ 'r/  th reshold  is near  the 

\ ( 1 5 3 5 ) S ' I I  In these  cases  a s l n g l e r e s o n a n c e  usually has  

p o l e s l n d l f f c i e n t s h e e t s o f t h c  R l c m a n n i a n  sur tace ( u t k o -  

sk', 17 has  callcd a t t en t ion  to this. and  in tact it `.vas ah+ead ,. 

nol lccd in the earl', 1960 s 

The  ( M t : - L B L  group  has  hs tcd onl)  the poles nearest  

to the real ~ aMs 5 I. 'slng a coup led -channe l  K-ma t r ix  fin- 

n lahsn l .  -\i ndt  cl al 2 li)und t,ao poles on dltl'ereilI shects  

fol the V f 1 4 4 0 ) / ' l l  but  on l \  one p o l c l b r  the .\ (1535) S II 

()b`. iousl', th is  shou ld  not  bc in te rpre ted  as a " ' sph t tmg  o f  

t i l e .X(1440) ' "  S imi lar  e f f ec t s i n  nuc lear  p h y s l c s h a ` . c  

rccentl} been d i scussed  m the h te ra lu re  17 

4 more  sansfactor.~ t r e a tmen t  o f  the mu l t l channe l  prob- 

lena `.`.as d e \ c l o p c d  b) Culkosk}  ct al 5 ,,`.ho used coupled-  

channe l  D.',son e q u a t i o n s  But unfo r tuna te ly ,  these a u t h o r s  

have  not con t i nued  their  wo~k for man.~ ~ears 

-~nolher aspect  ts that poles lying near  t h re sho lds  o f  

s t r o n g b  coupled  inelastic channe l s  could  bc an essen tml  

part  o f l h e  r e sonance  m e c h a n m m  18 O f  course  this is at 

.̀ a r tance  w ith the t r e a tmen t  o f  these r e sonances  in the 

quark  shcll model or m la tuce ca lcu la t ions  Fur the rmore .  

lhc  rapid incieas¢ O|" the  inelast ic cross  sect ion leads ", ia 

anal.xt~c~t3 to a positl` .e real part and  thereb} con t r ibu te s  to 

a r c sonancc -hkc  `.`.lggle in tile -~rgand d m g r a m  It) 

R e m a r k a b b  t h c r e c \ l s t  f a m H i e s o f r e s o n a n c e s i n  v~hlch 
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Table  2 Recent  d e t e r m i n a t i o n s  of  pole p~rameters  of  3- aq, d 4- 
star .V and A resonances Cutkosk.v et al ' and  Arndt  et al - take 
into account  ne ast c channc s n the isobar approxmlatmn 
Sararu 11 uses Koch ' s  smoo thed  versmn 8 of  the Karlsruhe solu- 
t ion wi thout  taking into account  inelast ic  scat ter ing In general 
a resonance has polcs m several  sheets of  the energy plane The 
paramete r s  here are oF lhe pole reached most  dlrecll.,, from the 
phxsucal rcgmn This  cond~tmn can bc a m b i g u o u s  when a s trong 
inelast ic  channel  (..Xrr..\ r/ \ p e t c  ) opens  w~thm the width of  
the resonance Theorencmns  \vorkmg on quark  or bag models  
who use the pa ramete r s  should  kccp m mind  that their  models  
do not m~.'~udc the ctl~:cts caused bx the opening  of  inelast ic 
channe l s  "" In par t icular  3~he\ should  not lrx to descr ibe the t \ \o  
po lc sgu \cn  b\ . \ r n d t c t a l -  f o r t h c  \ ( 1 4 4 0 )  P 1 A s p h t t m g o f  
this  resonance \~as c a m l e d  earher  from an anal~,ms of  the elastic 
da ta  a lone  but Ihls 'aas nol tenable  (see the remark  m Sec 2 I 8 
of  Re(  71 

Pole posit ion (Me\,') Residue 

Resonance  Rel l  - 2 " < l m i l  I , I  (McV) 0(°) Re(  t 

. \ (1440)  P11 1375+30  1 8 0 : 4 0  52_+5 - 1 0 0 : 3 5  C 
1355 200 62 108 -% 
1416 156 118 4 

A(1520)  DI3  1510+5 114+10  35-:-2 12+5 C 
1508 124 40 -- 9 \ 

A(1535) S+II 1510+50  2 6 0 + 8 0  120_+40 4 1 5 - 4 5  C 
1464 150 40 - 4 4  .% 

N ( 1 6 5 0 ) S I 1  1640+20  150+30  6 0 : 1 0  7 5 + 2 5  ( 
1656 108 34 - 5 4  -% 

.V(I675) DI5 1 6 6 0 - 1 0  140=10  31_+5 30_--10 C 

1658 136 32 - 2 0  -% 

.%(1680) FI5  1667.+5 110_+10 3 4 = 2  25_+5 (" 
1668 l lO 33 - 1 8  -% 
1671 122 25 2(1 S 

~.(1700) DI3  1660.+30 90_+40 6_+3 ( /+50  (" 
1676 48 2 +43 -% 

A(1710)  P I I  1690_+20 80.+20 8_+2 + 1 7 5 + 3 5  (" 
(not seen) .\ 

N(1720) f'13 1680+30  1 2 0 , 4 0  8 : 2  -160_+30  ( 
1690 66 3 7 138 -% 
1670 188 8 - 1 2 7  S 

.\ '(2190) GI7  2100_+50 4 0 0 : 1 6 0  2 5 = 1 0  3 0 - 5 0  (" 
2056 580 40 • 18 S 

.%(2220) 1119 2160:_80 480_ '100  45_+20 - -45+25  (" 
2130 340 19 - 4  .7' S 

A (2250) (;19 2150_+50 360_+100 20_*6 50_,2(I ( 

.V(2600) II  I I  2589 460 S 

A(1232) P33 1210=I I 0 0 - 2  53+2 -47_+ I (" 
1211 102 56 30 -% 
1209 100 S 

M1620),~,31 1600.  15 120+20 15+2 -. I I 0 = 2 0  (" 
1592 108 13 117 -% 

.-'x(1700) D33 1675_+25 220_+4(.) 13_-.3 - 2 0 ~ 2 5  (" 
1674 336 32 - 24 -% 
1680 226 14 ~- 34 S 

A(1900)$31 1 8 7 0 : 4 0  1 8 0 : 5 0  1 0 z 3  * . 2 0 t 4 0  (" 

A(1905) F35 1 8 3 0 z 4 0  2 8 0 . 6 0  2 5 . 8  - 5 0 : 2 0  (" 
1872 228 23 - 13 -% 
1850 220 10 - II S 

A(1910)/ '31 1880+30  2 0 0 t 4 0  20_+4 9 0 + 3 0  (" 
1883 392 27 89 S 

A(1920) P3- t 1 9 0 0 ; 8 0  3 0 0 ; 1 0 0  2 4 . 4  -150_+30 (" 
(not seen) .\ 
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A(1930}D35 8 9 0 " 5 0  2 6 0 , 6 0  1 8 : 6  21 t . 4n  ( 

A(1950) 1.3. 7 8 9 0 * 1 5  2 6 0 t 4 0  5 0 . 7  1~,-S ( 
864 216 50 "+l \ 
890 " • 32 "" _4_ __ ~, 

" "~ 2 t 6 0 -  It)() 42() • 10(} 18_'-6 "~[I . 4() ( A(_4_0) #f 3 II " 

t ( ' = ( ' u t k o s k \  e l a l  5 -\ = . \ r n d t c l , l l  2 a n d S - S , l l , u u  I I  
. . . . . . . . . .  ~ . .  . . . . . .  - - - .  

i h c  poic p O S I t i o n s  :.lit.' t he  ~,dlllC \ ` ` l l h l l l  e l i o i s  i c degcn- 

elal.',x IS not e \ch ided 7 Fol c \an lp l c  all s l \  isospln-I. .2 

pai t la l  x~a``u's l'lOill S'II  lo ] 15 haxe a ``\ell-establisllcd i t ' s ( , -  

n a n c c  ~ l th  a polc ned l  ", s - { 1665-6()1 ) X l e V  d n d  at Icast 

Sl\ el lhc scxcn possfl~lc lsospin-J..'_ ~ icsonailccs t'lOill ~ "~l Io 

1 37 ha',e a pole near (1880-120t)  M c V  

W e  h a v e  no t  m d u d c d  m thc  l .ust tngs thc , 'c~os (+ l the  

palt lal- ' .``a\c anlphtLld l . 'sgt \cn in Rt ' f  2 because a zero In 

t he  n e l g h b o l  h o o d  o f  a i CSo l l a l l tC  p o l e  o111.% g1\ k's I111"(H M a -  

t lO l l  o n  f l i t "  b a l . k g l o l . l n t ]  llo\\e``e~ I e r o  t l a j e c t o l l e S  e l ' the  

I11', a l  l a l l t  r i n d  tl t i n s \  el sit% a l l l p h t t l d e s  ii1~.t} Ill." o f  t u n t i a l l l C l l -  

tal  m l p o t t a n c c  (scc Sou 2 4 3 H1 R c f  ":') 

Inelastic 2-bodj, reacttons - \na l ' , s c s  o f  the ucac t tons  

7r\ '  -,. \'r# r r \  --~ ~h and i rk  --.. L/t, a lcs ln l l l a t  It) r \  

-,- rr \ a n a l \  sos H i n g e \  or the  d a t a  a re  fal less  c o n l p l c t c  

and  a c c m  a te  und  cnct  g . x - d c p c n d e m  pat a m c l t  I/.:lHons n l u s l  

bc t iscd 

T h e  best  r e su l t s  g l \  mg  i c s o n a n c c  m a s s e s  a n d  \`  ̀i d t h s  :.is 

\~cll as  c o u p h n g s  follm~ l ' iom thc 7r / ~ --- \ h  c~ d a t a  o t t h c  

R u t h c l t o i d  g l o u p  20 ( )no  a n a l y s i s  t lscd a t c g g c l / c d  k, "- 

c \ c h a n g c  tk'l ill to  ICplCSCn[  t i le  n o n l c S O i l a i l l  a n d  h i g h  

\``d\CS \ i l o t h c l  used  a L a g l a n g i a n  m o d e l  tot I h c  Iong-  

t ango  fotl .cs 21 In g c n c l a l  a g l c c m c n t  ````lth the 7r \  + 7r \  

anal ' ,  sos is got)d [)Lit t h c l c  at c d i sc l  c i l a n t  lOS ;About the 

\ (__(10) \ ( 1 6 7 5 ) / ) 1 5 a n d  \{171())/>11 ``~ldths and tile ~ /)15 

lllass 

In an  a n a l ) s i s  e l  the less d l . tU l , i lC  71"-]J + II r I dat : l  22 

part ial  x%a``cs ``t, CiC p a i a n l c l l  l i e d  d s  BlClt-%,~','IgllCl ICSOl l a l l t c  ~, 

\ ` ` I t h o u t  b a l . k g t o u i l d  T h c  IcsonLI i ICC spct l t i i111 \L, ZiS a s s u n l e d  

and ihc data \ \c tc  uscd to dclcl ii1111c the n ~7 l.Oul)hngs [:or 

ICSOlldntcs \ \ l i b  te la t i \ c l )  laigc toupl l l lgS Ihe inasscs dnd 

\\ ndths ~wlc `̀  al icd In ,i scl.olld slop 

Ti le results dci i~ cd l ion l  lilt" bubblc-t  hdnlbcl data h)i 

~r p --~ "- "/x - ha \ c  latgc untci tal l l l iCS V,i lt lcs el lhc 

iCSo l l an l . e  nl~.isscs \ \C lC dSSLII11cd :.i l ld [ l l C l l - \ V l g l l C l  1Ol I l l \  

a n d  a l l  C i l l p i i l c a l  a l l S a i /  I'ol the b u t ' k g l o t i n d  ~ \e le  t isct l  h) l  

p a l t l a l  \ \a` `cs  I.lp t() I v , a \ c s  ( t i le  (~ \ x a \ c s  ;lit., piob,lbl`` llOl 

n c g h g l b l c  a l  I 7 ( i c V ' < )  T h e  icCCllt ; iddl l lOl l  o l p u c c i s c  

data f lon l  1820 to 2350 M c V  24 hds al lo\xcd dn i n l p l o \ c d  
25 ai la l%slS TilL" M i l t l l l t i n  t 'Oul ld  is U l l l qL l c  \ b o \ c  ~ ( m,,.'\ 

,ill the  ICSt) i /d l l tCS \ \ l l h  [\``o e l  n l ( l lC  MLilS a l e  ~,CCll b i l l  l l (mC 

t ) f l h c  l-slat sl,ilc-s is Sul)pollcd 

lsgur ]6 I l l s  po intcd ()Lit th,i l dlsint l ions t)l" lC~,O11,111cc 

couphngs can t)cctil 111 rases such d ~, 71" \ -4 ] + "/x II lhc 

th ies lmld is just bole\\  the tesondi l tc  nlas ~, 
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\ posslblc nc~ tcsonante an \(1960),  has been 

deter ted m the final state 75(1385) h " in tile scatter mg of 

n e u l t  t)ll~, I1 o m  cat  bo l l ,  a l u m l r l u n l  and copper tatgels 27 If 

t.onl]l nlcd the small ~ldth 27 * 15 McV mdtcatcs an 

CROtlL n a [ u l c  

References for section II 

I I) -Mkmson. M t)c Roo. and T Polmart. Ph'.s l.ett 
148B 361 (1984) D -Mkmsonand l  S Stcfancscu, 
( o m n l u n  Math Ph.~s 101 291 (1985) 

2 R -k -Mndt J M Fred and L D  Ropm, Ph'.s Re'. 
1)32 1085 (1985) (Thcpoleparamctersg t ` . en  m 
Table 2 me an updated cdmon of the pubhshcd 
results R .k -ktndt ptv, atc communtcatton ) 

3 \ V -\bat.'`., S I" KJuglo', and F N~chmn. Z Ph,.s 
• ~,322 603(1985) 

4 J -~ W t g h t m a n e t a l ,  Ph.~s Re,. D36 3529 (1987) 

5 R E ( utkosk.~ ct al Ph)s Re', D20) 2804 anti 2839 
(1979) and in Pt~J(('cd/nk'~ ol thc l l  t~ l t l lOtldt l+ma/ 
( ()lt l( ' l( ' t t(( '  Oil l l d l t ( q t  ]~('~()IkII1LCS (Toronto 1980) 
ed N lsgut, p 19. and m l'~o{('('(/,nt?s ol th(" 3 ~d 
I, I U P I  II llol]v~/tol) Vol 11 (1983)p 785 

6 E P~ct,utncr~ Nucl Ph\s BI07 21 (1976). R Koch 
m Pt +k ('('C/llt,'4~ of []lC l 1" th l l l l ( ' l  Ilalle.)ltgd/ ( "+)lt/t'l ('lit (' 
I)lt ]]dl 101l RC~olltlll{ ~'~ (Toronlo 1980) cd N Isgur 
p 3. O Hohlct ct al llanc//v~oh O/ PIOll- \ tic/COlt 
.S~Ut/C~m" Ph~swsData 12-1 (1979), R Koch andE 
thetatmcn Nucl Ph~s ~.336 331 (1980).G Itohlm 
m P~otcedm,'4~ o! the 3 'd t, I U P I  11 II mLd~op, Vol 1 
(1983)p 334 and LectureNotcsm Ph`.stcs234 111 
(1984) 

7 G Hohler. PlOll-\tl([( 'Oll S'(aIICIIII,~ Landoh- 
Botnstcm Vol I / 9 h 2 ( 1 9 8 3 ) c d  H Schoppct 
.Sp~mgei Vmlag (-~ reprint of the collccnon of tbrmu- 
las may bc obtained flom tile author ) 

8 R Koch Z Ph~s ('29. 597 (1985) 

9 R Koch and M Sarat u, Karlsruhe Report TKP 84-6 
(1984) 

10 G Hohler c t a l ,  Katlsruhe Report TKP 83-24 (1983) 
P -k Klumpp. Karlsrt.he Report TKP 84-2 (1984) 

11 M Satmu K a t l s t u h e R e p m t T K P 8 5 - 1 3 ( 1 9 8 5 )  

12 R Koch. Nucl Ph}s .~448 707(1986) 

13 G F Chew. M 1, Goldbergcr. F Low, and Y Nanlbu 
Pll~s Re~ 106 1337 (1957) 

14 A\\" llcndt,,. Ann ol'Ph~s I)21. 1(1981) 

15 K 4  J e n k m s e t a l  Ph~s Re,. D21.2445(1980). 
M F u k u s h m a a e t a l , N u c l  Ph)s BI67. 307(1980). 
S T c r a d a c t a l .  Nucl Ph.~s BI75. 1 (1980), Y Suzuk~ 
c ta l  Nucl Ph)s  B294 961 (1987), and M Mmov, a 
o r a l ,  Nucl Ph)s B294 979 (1987) 

16 L Fonda. (i ( Ghtrardt. and G L Sha,*. Ph.xs Re~ 
1)8 353 (1973) 

17 R (utkosk~ m I'~otecd/nt,,s Phrw{s  I I I lh  l.u,,ht 
lie,son s. am/ /~i t '  Sc¢ o/ld htlc~ ~tallOna/ l| (,.; ],, s/tOll o*l 
rr.\ Pin ~t~ s l. os -Mamos Report L&-I 1184-(7" (1987), 
p 167 For a smular ease m nuclear ph}stcs see 

(i M Hale et al .  Ph.',s Re'. Left 59 763 (1987), and 
I) Morgan et al Ph~s Rc~ Lett 59, 2818 (1987) 

18 B B l a n k l m d e r a n d G E  Walker Ph',s Lett 152B, 291 
(1985) 

19 J Ball and W R Ftazm, Ph}s Re'.' Left 7, 204 
(1961) 

20 R D  Bakcrc ta l  Nucl Ph',s BI41, 29 (1978), [) H 
S a x o n e t a l  Nucl Ph)s B162 522 (1980) ,KW Bell 
e t a l , N u c l  Ph~s B222 389 (1983). and R D  Baker 
e t a l ,  Nucl Ph)s BI26. 365 (1977) 

21 M Musette, Nuo, .o( ,ml  57~ 37 (1980) 

22 R I )  Bak me t a l  Nud Ph',s B!56. 93 (1979) 

23 Ph Ll`.artos el al m I'Jo~ c('dtng~ o/ /he II tit hl/('Jua- 
IIOIIM[ ( OIl/el t'ttc (' Oil II~H t Oil R( '~ol ta l t (  ('~ (Toronto. 
1980) ed N Isgm p 35 

24 DJ  ( a n d h n c t a I . N u c l  Ph~s B226. 1(1983) 

25 l ) J  ( a n d h n c t a I , N u c l  Ph)s B238,477(1984) 

26 N Isgut o ra l .  Nucl I"tDs B243. 189 (1984) 

27 .AN Mcex e ta l  Z Ph~s ("25 205(1984) BIS-2Col- 
lab.matron, So'. Jout Nucl Ph,'.s 44, 652 (1986), and 
N N -kmaglobche ta I ,Sox  Jour Nucl Ph~s 45 632 
(It~87) 

Ill .  The lrN -+ N~r~" reaction 

(by D M Manic}, Kent State L;np.crsn~} 

The 7r\ ~ .Vrrrr reacnon has been studied up to c m 

cnmg~esofabout  2000 MeV usmgtsobarmode l s  whlcharc  

`.ahdated b) the obser`.anon that almost all r . \  -.- .\'~'~- 

c~ents he m quast-2-bod`, bands m the Dahtz plots Isobar 

models parametnzc parnal-wavc amphtudes wtth a 

coherent sum of terms that describe quast-2-bod`, scattering 

processes, c g .  7r,\ ---.. X( 232br rrA --,- \ p and rr.\ 

,\ (1440)~r The couphngs obtained from these analyses pro- 

tde sn regent constraints on quark models of baryon struc- 

ture Details of the isobar-model formahsm are gp, cn m 

our 1982 edHton I 

The Listings gp,'e the results from fi`.e analyses, none of 

~,ll~c'h ate ne~ to tilts edmon 
L O N G A ( R E  752 and LONGA('RE 78 (LBL-SLAC) 3 

cstmlatcd resonance parameters based, tn part, on 71-V 

.\ rmr partml-`.`.'a`.e amphtudcs obtamed from an anal.vsls of 

170,000 7r p ~ nTr -Tr +, 7r p ~ pTr-Tr 0, and r + p  

p 7r + 7r 0 c`. cnts ~tth c m energies between 1300 and 1990 

McV4 Thcana l}s t smcludcdthc~(1232) r r .  Np, and 

..\'(rrTr)s mtermedmte states where (rrTr) S t s  the strong 

~sospm-0 S'-~a',c rrrr mtcractmn The lastings gp.e masses, 

~tdths. and couphngs tot mnc V and fi`.e .3 resonances 

from I,(.)N(i.A(RE 75 and pole positrons from ten N and 

sc~ cn .} resonances from I.ON(}A('RE 78 Resonance 

parameters mcludcd m tilts edmon were esnmated from a 

T matrix that sansfies umtant' ,  and which was derived 

from a K-matrix paramctnzatton of TrV -*..VTr and rrN -.. 



See  k e y  on page 129 

.\ rrrr par t ia l-wave ampl i tudes  Parameters  we give from 

L O N G A C R E  75 ,,,,ere es t imated  b.~ drawing Brmt-Wigner 

cLrcles through Argand plots (Method  II o f  that paper) 

Parameters  from L.ONG-~CRE 78 ','.'ere e snma ted  b> 

searching for poles m the 1" matrix (following Method Ill o f  

I . O N G . k ( ' R E 7 5 )  W c d o n o t m c l u d e m t h l s e d m o n  

paramctc l s  from Method  I o f  L O N G . k ( ' R E  75. since the 

masses  and ~vldlhs x~cre taken from an elastic partlal-,aaxe 

analysis  and the coupl ings ' . lolate un,tant.', These parame-  

ters may bc found m our  1986 e d m o n  5 

L O N G A ( R E  77 (Sacla~)6 ,s a sumla r  but independent  

anal,,s]s o f  91.000 l r - p  --,- n7r-Tr +, r c - p  ---+ pa" -7r 0 and 
+ 

mr p ---* pTr ~ ' 0 c x e n t s  v,lth c m energies betv,ccn 1360 

and 1760 McV 7 The l.]stmgs g, ve masses,  v, ldths, pole 

p o s m o n s  and couphngs  R)r ten .\' and fi~ e A resonances.  

m c l u d m g a n  \ '(1540)l'13andaA(1550)l'31 wh,ch this 

anal.,.sJs suggested tbr the first lmac 

N O V O S E L L E R  78 (Cal Tech) 8 e suma ted  resonance  

couphngs  to the melashc  channels  b~ fitting parhal -wa ' .e  

a m p h t u d e s  ~ Ith a resonant  parametrlzallon of  the 

T m a m  x Masses and ' ,~dths o f  resonances  ,,,.'ere fixed to 

tile results o f  elast,c phase-shffl  anal.~ses Two so lu lmns  are 

given one is based on the rr.\" ---* .\'rrrr a m p h t u d e s  o f  the 

[.BL-SL.-k(" anal>sis (referred to m tile Listings as a Brmt- 

Wigncr  fit to H E R N D O N  754). the o ther  ,s based on a 

s m n l a ,  anal>s~s that included the effects o f o n c - p m n  

exchange (refcrled to m tile b s l m g s  as a Brelt-Wigner fit to 

N() \ ' ( . )SELLER 78B g) The L~stmgs gp, e couphngs  for lv.o 

\ and three ._X resonances  betv.'ecn 1650 and 1970 MeV 

BARNFIAM 80 (Imperial  ( 'ollcge) 10 estmaaled reso- 

nance parameters  b> a procedt,  re sm~flar to Method 1 o f  

I .()NG.'kCRE 75 2 The a-.V ~ \ 'rrrr ampht t ,  des x~erc 

ob tamcd  fiona an anal \  s~s o f  44.000 a- +p  -....* / ~ ~ + rr 0 and 
4- 4- 4- 

rr p ~ n:,r rr e',.ents ,allh c m energms bel,aeen 1400 

and 1700 MeV hence tllls anal~s~s ]s concerned  only ~]th 

..X resonances  It included lhc k ( l_ .  _t-x. \ (14401"x. and \ p 

mtern led la tc  slates The l . ,s lmgs g~x c masses.  ~ id lhs  and 

couphngs  for fou~ ._X resonances  

M-XNLEY 84 (VPI&SU)  II ,s an anal~s,s o f  241.000 
• - ~ -  t..xO ~" p -..*. n'n" a" -n" p -.-*. p x  rr 0, ~r p .-...* prr  and 

7 r - p  ---* n ~ ' - a  "* e~ents  with c m energies be t~een  1320 

and 1930 McV It included the A(1232)~r. k'(144())~r. 

.\ (~r~r).s.. and \ p  mle rmcd ,a l e  slates Parual-wa ' ,c  a m p h -  

ludcs  ,acre filled to a ~csonant pa ramelHza tmn of  the 

T matrix to ob tam sm oo thed  -Xrgand plots, hov.exer,  reso- 

nance paramete ,  s were not pubhshed  The L~shngs g~ve 

signs o f c o u p h n g s  for e~ght X' and eight ._X ,csonances  

including a A(20001 I35  which this anal.xs,s suggested for 

the first tm~e 
A compf l a tmn  o f  the signs o f  '. ar ious a- \ ---* . \  ,-~r cot,- 

phngs  d e t e , m m e d  from these anal.',ses ,s g]x en m our 1986 

edi t ion 5 For  fur ther  details  o f  thc analyses,  refer to both 

our  1982 and 1986 ed] tmns  1.5 
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References for section 111 

1 Parltcle Data Group ,  Phys Lett I I I B  (1982) 

2 R S  Longac ree t  a l .  Ph~s Left 55B, 415 (19751 

3 R S  L o n g a c r e e t a l .  Phys Re~ DI7.  1795(19781 

4 l ) J  H e r n d o n e t a l .  Ph~,s Re;  D I I  3183(1975)  also 
see A H Rosenfeld et a l .  Ph.~s Left 55B. 486 (1975} 

5 Particle Data Group.  Ph)s  Lett 170B(19861 

6 R S  L o n g a c r e a n d J  Dolbeau Nucl Ph>s B122.4113 
(1977) 

7 J D o l b e a u e t a l .  Nucl Ph.,,s B108 .365(1976)  

8 D E  Novoseller.  Nucl Phys B I 3 7 . 5 0 9 ( 1 9 7 8 )  

9 D E  Novoseller ,  Nucl Phys B137 .445(1978)  

10 K W J  B a r n h a m e t a l .  Nucl Ph ) s  B I 6 8 . 2 4 3 ( 1 9 8 0 )  

II D M  M a n l e y e t a l .  Ph.~s Rcv D30. 904 (1984). and 
D M Manic',,. Phys. Rex Lelt 52. _1__(1984)  "~ "~'~ 

IV. Photoproduction and Compton scattermg 

(by R L ( ' rawtbrd .  Umversn.~ o f  Glasgow) 

Pmn photoproductton The A y couphngs  of  the : \  and 

', resonances  have been obta ined m a large number  o f  

part tal-waxe analyses o f  smgle-pmn pho toproduc t lon  on 

pro tons  and neut rons  The coupl ings . . I  I.,.'2 and 13/2. are 

related to the hehctt~, a m p h t u d e s  o f  the process. I t • and 

Bf- .  b~ 

,-11- = = a('.~...I 1/2 

B( . . . .  + c~ (2.1 11(2.1 + 3) C"~rr't3./2 

where 

Cg = m . . "  . . . . . . . .  

q (2.1 - I) .U R 1.2 

Here / ,  and q are the photon  and plon c m momen ta . . 1  ~s 

the angular n l o m e n t u m .  I1R ,s the mass. 1" ~s the full 

width,  and I'~. ,s the .\ ~r parlml w,dth o f  the resonance '~/x 

is the nucleon mass. and C.., ~. ,s the Clebsch-Gordan  coeffi- 

cmnt  for tile resonance dcca> into a specific 7r,\ charge 

state 

The large a m o u n t  o f  pmn photoproduct~on data inch,d- 

mg man} measuremen t s  from single and double  po lan /a -  

tmn e x p c n m e n t s  has porto, t ied an accurate cxalt, ahon  of  

the couphngs  for man} o f  the resonances  v, llh masses bclo~ 

2 ( ieV and has given at least quahtalp,  e mlb~malum aboul 

most  o f  the others  Most pholoproductJon  anal.~scs rcl\ 

hca',fl} upon 7r.\' --,. rr.V analyses for taro, matron on lilt 

existence masses,  and v,~dths of  the resonances  The onl.~ 

p h o l o p r o d u c l m n  anal.',ses thal quote  resonance masses  and 

w ~ d t h s a s v . e l l a s c o u p l l n g s a r e B E R E N I ) S  75 BERENI)S 

77. B A R B O U R  78. and C R . ~ W F O R D  80 I-hese , esuhs  
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,ilO t)l intclCM since tile') aloe about thee charge + I stales ol 

fIR" tcsotl, inccs In pai t lCt l lar  the mass o f  the .X( 1232 )  

seeenls It) be ,is uc l l  deit- ' ln l lncd ;.is lilt)see t)l" ti le A " al ld A c~ 

seeen Ill elastic rr" P ;.Ind + -p  scattering 

lheei c alee thi tee main nR'thods o f  anal) sis 

(a) The simple Isobar model Tile s inlple  isobar  modeel 

is an cnci g) -dcl.lcrldenl parlial-v, a \  ee ana l )  sis ( I)I"~,~"-\ ) in 

v. hit.h tile pallia] v,a\  es arc parameelrized as Brc i l -Wigncr  

t c s o n a n c e s  p lus  s m o o t h  b a c k g r o u n d  Thee mode l  +s reela- 

I I \ c l }  Silllplee but is tlee\lblc enough to glxee good fits | to\s-  

ee\ cl there ,lit." possible prt)blems about the unl(lueencss o f  

the sol t l t lo l ls  t )b ta l lwd 

The l. lSilngs gBe the results el'thee isobar anal)sees o f  

FELLER 76 T - \ K E D . \  80 and B R 4 T \ S I I E V S K I J  80 \ 

n luch quoted isobar anal',sis o f  Metca l f  and Walker  2 is nt)x~ 

obsole te  and  has  beeen onlltteed ('ton1 tilt" Lis t ings 

(by Iqxed-t &spersion relations (FTDR ) Here only 

lhc Hllagtnal.', par ts  o f  tile p h o t o p r o d u c t t o n  anlphtudees are 

paramclrizeed and  thee real parts  are calcukl lcd elon1 t hem 

USHlg fixed-I d~spcrsuln reelamms Thee dommancee  by reso- 

nanccs  o f  lhee mlagmary  parts  peermHs a reelatBelx simplee 

paraimeetrizatlon scheemc and  there are Ik'~wr amb~gtut.~ 

ptobleems than  m the isobar  mode l  I{ov, c \ e r  tt ~s less flex- 

ible than  tile ~sobar modeel and  gBees poorer  fils and  ~t can 

only bee used properly m a large-scalee anal,xs~s o\eer a \~dee 

eenorg,, range 

Thee l.~stings gp, e the t c s u h s  f rom the H I ) R  ana lyses  o f  

B-XRBOI, 'R 78 .%R-M 8 0 . ( R - ~ W F O R I )  80. F t ; J I I  81 and  

- \W ~Jl 81 

(c) Energy-independent analyses (IPWA ) Theesc 

cncrg) - /ndepeendent  par t ia l -v ,a \  c anal)sees fit thee da ta  at 

essen tml l )  single cneerg~cs \ \ "a l son ' s  theeoreenl ~s useed at IOV'. 

cnc ig tes  to fix tile compleex phases  o f  many oi" thee partml 

x~a\ees Th~s allox\s a u m q u c  so lu t ion  but  beecomees dl f f icuh 

a b o \ e  the first rcsonancee reDon duee to the onset  el + melas t t -  

c~l) B E R E N D S  77 is t h e o n l )  t r u e l P W - ~  that h a s b c c n  

c a r n c d  out  m thee seecond rcsonancee r cgmn B E R E N D S  75 

~s an carheer ana lys i s  m lhe firsl r e sonancc  reegmn C R A W -  

F O R D  83 ~s an I P W A  that  d e p e n d s  on the  ( ' R - X W F O R D  

80 H D R  anal.,.sis as a c o n s t r a m t  It) gt\  e a stable so lu t ion  

and is t hus  not  mdepeendcnt  o f  the eneerg)-depcndent  

a n a l ) s i s  h does  h o ~ \ e \ c r  ob ta in  a useeful l nap rovcmcn t  in 

thee quaht. ' ,  o f  thee fits, and shov, s ~.hat th is  can be ach~e,.ed 

v, i thout  m a k i n g  m l p o r t a n t  changes  to thee c o u p h n g s  f rom 

F T D R  anal.x sos 

(d) Other analyses N O E L L E  78 IS a hybrid anal)s is 

rising F T D R  In a coup l ed -channe l  i s o b a r  e a l c u l a t l o n  

Compton scattering Tv, o ana lyses  1SttlI 80 and  

\VAI)-X 84 con t r ibu t e  meeasureements o f  the c o u p h n g s  

ob ta ined  f rom ( - o m p l o n  s c a t t e n n g  on protons Bolh arc 

lsobal analyses In general, there is good agreellleelll ~ l t t l  

rcsults f rom ph{) loprodt lc t lon Tilt" thtTerenccs shotl ld not 

bc lateen seriously since tile qual i ty and quant i ty  o f  l i l t '  pho- 

Iop roduc l ion  d;.tta arc nluch higher and conMr;.lln lilt" \ ;.lltit_'s 

o f  the coupl ings mo le  strongly than do lilt" ( o n l p l o n  

scal lcrmg dala 

N')I branching fractions Tilt" Baryon ~un ln la l \  l a b l e  

l l \CS the \ "), branching fractions for the leeM)nancee% ~hosc" 

couphngs file' t l.)nsldeerl2d lo ha\ t' -:In unaFnblguou~ Mgn 

rilL, \~, part ial  ~tidlh l'., is 71\ell b\ 

F. T 71RiSl. tl 
~heree I1%. and 1/R are ti le masses e l ' the  nucleon and reso- 

nance ] is the rcson;.lnte Spill. al ld /, is lhee phi) ion t" ill 

dccay n lomen l t i i l l  The couphngs I 1:2 and ( I / "  are taken 

f rom [ a b l c  3 bclm\ 

Resonance colxphngs in the Listings l h e  [ iMings 

o m , t  a n u m b e r  o f  ana l ) so s  that arc n e e  cons ,dcrcd  to bc 

obsolete Most o f  them may bc found m our  1982 edi t ion 1 

l h e  'drlt)ls quo!.cd tor  the couphngs 11~ ttle l . ls lmgs are 

calculated 111 d i f fe lent  \\;.l)S in dlf]'eerenI anal xses and lhcle- 

fore should bee used \~.lth care In geencial it is hkel) th;.ll 

lhe S) Mcnl;.ltic dlffv'roncc>, be l t .con  thee anal)  sos catlscd bx 

uMng dl i ' t ) lCnl paranleetrizalion scheemcs ale nlolee l l ldltall%C 

of  It uc tlncertalntleeS than ;.lrc tilt" errors quoted ill thee 

separa tc  ana l )  sos 

Probably thee mos t  rchable  ana l ) sos  arc those  elon1 ( i las-  

gox~ ( B . k R B O t R  78 ( R - X W F O R I )  80. a n d ( R . k W f " O R I )  

831 and thosc  [ ronl T o k y o  ot based on the T o k y o  anal)sees 

(-~R-\I 80 F t ; . l l l  81. and . \W. \J I  81) Table ? g l x e s a  

compi l a t i on  o f  thee coup l ings  fronl tht-'see anal)sees 

( u n c h a n g e d  smcc  our  1986 edlliOn) The  c r i e r s  gi ' ,cn arc a 

con lb ina t lon  o f  ti le statistical ¢lrt)rs qtioteed in the anal)sees 

and the s )s tcmal icd l f fe renccs  boB~oeen lhenl T ~ o  \a lues 

are quoted for I I 2 o f  thee A(162(I) %')t to take account o f  

the SUlpllSlngl) large spread ill \ aRies  ,,)blalncd for it [ h i s  

s t e m s  It) bc caused  b) lhe  different  m e t h o d s  o f  I rca lmg tile 

imaginary  background  in lhls  partial u a ~ c  Thee seecond 

~ a l u c g B c n  u s e s o n l b  t h c G l a s g o \ \  a n a l y s t s  T h c s c h a \ c  

a l u a b s  succeeedcd in gett ing stable and  acceptable  \ a l u c s  tbr 

the m a s s  anti v, ldth ot" this; resonance ,  an t i  It SeeenlS reeason- 

able to mfeer that  tile c o u p h n g  ()blamed ~s accura te  

References  for sect ion IV 

I Particle Data G roup  P h ) s  [.eett I I I B ( 1 9 8 2 )  

2 W J M c t c a l t ' a n d  R [. \Valker N u l l  Ph.'.s B76. 253 
19741 
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Table  3 
S(=)CH CO% ;.ll C..g_l', ¢11 

( a )  Pro ton- ta rRut  

R c M ) i l a n c c  

\ (1440)  I ' I I  

\ ( 1 5 2 ( ) )  1) 1 

\{15353  ~"11 

\ ( 1 6 5 1 1 1  S i i  

\ ( 1 6 7 5 )  I315 

\ ( l f i X O l  1 15 

\ 171)n) 1313 

\ 171( ! )  Y l l  

\ 17203 1'13 

\ 1990) 1 17 

~(12321 / '33 

A( 55(11 1'31 

_~(6()1)) 1'~+, 

M 620) ~31 

A ( 7 ( ) ( ) )  I333 

AI I t.)O()) S+31 

_.X( 19051 1 35 

~ ( l q l ( I )  1'.t I 

._X( 192ll} I'.C+ 

~ l l q 3 0 )  13t5 

_\(IOS )) 1 37 

-~ ~-ompl ld t l tH1  o[  n l c d ' , , u l c d  "), \ dcc. 'a} t . .oupl l l lg% 

(b) Ncul ron- ta rRc l  

Resonal iCC 

\{ 4401 1'11 

\ ( 5 2 o )  I )  1 

\ ( 5353 ~, I 

.\ ( ] (',50) S" I 

• \ (16753 1315 

in the t c \ t  

coup l ing , ,  

t t ch-  ( ouphng% 
unix ( ( . c \  I 2,., l ( )  

I / 2  69 . 7 

I..'2 22. IO 
3/2 • In7 l(~ 

1/2 . 7 ~  14 

1,,~ . ,  -4S  Ib 

I."2 - 19 12 
;" • 19 12 

I /2  17 10 
3/2 +12"  12 

I ''+ ~ I t  , ,-  __ 
3/2 c) I ~) 

1:2 + +, It', 

I.."2 + 52 " 39 
3/2 % - 24 

I,'2 - 24 • ~,l) 
3.,'2 • ~l - 55 

I / 2  -. 141 • +, 
3/2 25S I I  

I. '2 - 16 16 

I."2 2+) 2u 
' "  + 1 "+ 

I.]2 . It) • 16 
(1:'2 - 3  • I0  

I / 2  - I 16 - I 7 
' 28  . ] _  

I / 2  • I ( I .  " 

1/2 . +7 . 13 
3/2 4 ~ " 19 

I / 2  I 2 - "+o 

l '+'_ • 4 0  + " 
~"" • 2 ~  ' " 

I.,"2 ~}  • 40 
3/2 -- I n .  ~5 

I..,2 ~~ - 14 
3,,'2 - 9 n .  13 

c o u p h n R %  

I l c h -  ( "OLiph rig', 
+..it\ ( ( ~ c V  I 2..< 1(1 3)  

1/2 • 3 ~ 19 

112 65 13 
3:,2 144 [4 

I / 2  76 32 

1.32 l ~ • 3 ~ 

I.'2 47 • 23 
3/2 69 + 19 

3) htattl% 

good 

good 
good 

~(~od llon/k'l (~ 
~( )l)d 110111C10 

~t}( id  11011/CI O 
guod 

good small 
laH small 

lau small 

I)Ot}l 
lhu 

pool  
b,td 

cl ~ good 
cl ) good 

doub l lu l  

potu smal l  
thu smal l  

td l l  
good -- scc I t \ t )  

good 
lhu 

,) 

goud 
Jan 

pOOl 
.) 
.> 

p o o l  
p o o l  

good 
good 

Stdtt£s 

I~lll 

good 
got,d 

l~lll 

pOOl 

Idl l  
[d l l  

\~  flN{h I IS I .2  
3:2 

\ ( 7(1()1 131 ~ 1:2 
332 

\ ( 7 1 ( 1 )  I ' l l  1:2 

\ ( 7 2 0 )  1'1.  ~ I .~ 
t ;2  

\ (1~)9())  1 i ~ 1'2 
3."2 
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Baryon Full Listings 
N's and Xs 

• "~I' t++ 

i). 'G~, 
"" 44 

2 2t', 
4"; u4 

4 ~ ) 4 +, 
122 g'~ 

,!_+t Iod 
~,ood 

I,,M 

I',,M 

l,ut ,,mall 

l,ut "-,nl,fl I 
\ ,. I '+ IXLd 

]'u u+t 

I'U )t )l 

\ I .  P roduc tmn  t. '\l)crnncnt% 

P~IIII(II- \%LI\C ~llld[\%C'~ t+I L+,ILIINC ~,CpdldlC p d l l i , l [  \ \d\u'% 

v+hclcd% ,l I'>u',lk I l l  ~l t. I()~,N %t.'LtltH1 (11 , i l l  II1\ dl Id I l l  l l lds% diN- 

I i i bu l l , ,m u%uall,, u,l t lnt.d be t..]l~,Cnldnglct.J hot11 h,Jt.kb, l t m n d  

dlld ,ll1,ll}/u'd [Ill 11% qkl,llllLl111 lItllllbCl ~, ,Iilt.] 111tHt.' t]l,lll OIlk 

IC%t.)lldllt.C II1d~ lit." kOI l | l  I b l l t t l l g  [0  t h e  peak \ \  k' tl~+Ct] Ill 

hd \  C NCpdl dtC C1111 IC ~, 111 I]IC Bdl \ o11 t . l%[ l l lg ~, Jol b t l l l l p  ~, Sk'v 11 

111 plodl lL1.1Oll  CXI)L'III11CII[,. I l l  the 144() X l c \  It.'gIOIl l i l t  

1521) M c V  icg lon  ~.t~ but tllcsC ]14xc bccl l  i c n l o x c d  lhc ' ,  

]d%l dpr~cdlc,.I It1 OUt l t ) S ~  t . 'd l l l lH/  [ 

r e D r e n c e  f l )r  , ,cotton \ I 

I Par t ic le  l )a ta  ( , t o u p  Ph\ , ,  l .c l t  I I I B I I , * , ' - : 2 )  

X .  F : lec l ropr .duL lzon 

T h e  C\£'ItdtlOl+l o l  \ d l l d  A tt.'",Olldtlt.,+. '~, b \  "+ utual  pho-  

tun,, ha% bccn M l l d l C d  b \  tllCdn% ol the d,.+'t tlt+I'Ht)'.Jtlt+.tt(Hl t+l" 

7T d t ld  "/7 nlk'N<+H1N [ h C  IC%LI]IIllE t l+lOIl l lHl l t .H+ 1% C\piu 's '~cd I l l  

lCIlll ' , , O1 I t ) l l l l  Id,. . tol i,' d t l d  It IN 11ot ptdCtlt_41 It.+ ~I',,+.' thc%c Ill 

h i b u l d t  tOt i l l  I h c i c l o l t . '  t h o l e  dl,,.' lll) c n l l l C S  in Lilt+" [ l'-+lIll~',, 

"1"11C lt+ItClt.i,,tCt.l l,.:4t.lCl IS t u ' l c l t c d  It., o u t  1~}$2 Cdlt l tH11 ,lI1d 
+ 

t o  t h e  cxtt++11%I\ k' It.",+ 1,2".\ t i \  l o%1,.'+ d l l d  J I uBhL  ''+, - 

I hc~e is D c w n t ] \  h t t l c  dt.tl ~. I t \  II1 tht2 f ie ld and tho le  In 

IiO I}C\\ I I I JO l l l l d [ IO l }  MI1LC O[11 I,}%l cdl [ IOI1 ~II1LL' ILia2 d 

%n1411 d i l l t l ( l l l [  i l l" 1111"oi m a [ i O l l  [Id+~ bCCtl O h t d l n c d  t1o111 

Clt+.'k tl Opl Ot.lUk tlOll dboklt the' hcl+~a\ Im o f  the llt.'hu U.x - I '2 4nd 

-"+ '2 lot nl l+..tk tol % td the \ (1 521i)1)~+, und \ (I 6~.t31 1 15 
~ l l d  111 rl + l t . ' c11op1()dut .  t l c m  4 the Q-"dcpct+dcncu  ul the 

h : t % b c c n c \ a n m l c d  I"(+i (.32 Ul'~tt) 3 (~cV2  In X(15"~5} %11 

bo th  u,p, cn the nla ln  Icatutc~, I~+tllld ~.\CIC dhcat.l.~ v, cll 

kllOV, ll dllt.J , I l l '  d c % k l l b c d  111 t h e  Iv ' \  It.',.'.'+, 111CIlll{H1cd d b O \ C  

retcrcnces tor ~,ect lon \ 

I l )a l t tc lc  D a t a ( h o u p  Ph\% I c t t  I I I B I I 0 ~ 2 1  

2 1. tunlcl  , l n d ( ,  l tughc ' ,  Rt.'p Iht+g Ph~s 46 1445 
t I 9,", .~ ) 

3 t4 Brcukcl c t , l l  Z P h \ s  ( 13 II'~<lU,',:23 

4 IX, ~, t 'han%cctal  Z P h \ s  ( ' 22  ~119,'.34) 
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Baryon Full Listings 
p, n, N(1440) 

N BARYONS 
(S = 0, I =  112) 

r ~  l ( j P )  = 1 1 .  2(2 ) 

SEE STABLE PARTICLES 

FI 
SEE STABLE PARTICLES 

1 I +  
l ( J ~ )  = 2 (2 ) 

I I 1 t +  N ( 1 4 4 0 )  P ~ I  ~ ( / )  : ~(~ ) s~atus * * * * 

M o s t  of  t h e  resu l ts  p u b h s h e d  b e f o r e  1975 o r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m l t t e c l  T h e y  m a y  b e  f o u n d  
in o u r  1982 e c l i h o n  (Phys l cs  Le t te rs  111B) In oc l c l l t l on ,  
resu l ts  ~n th~s r e g i o n  f r o m  p r o c l u c t i o n  e x p e r l m e n t s ,  
w h i c h  u s e d  to  b e  hstecl  s e p a r o l e l y  as  t h e  n e x t  e n t r y ,  
h a v e  b e e n  e n t i r e l y  o m H t e d  They  t o o  m a y  b e  f o u n d  
~n o u r  1982  e d i t i o n  

N ( t 4 4 0 )  M A S S  

VALUE (MeV) . . . . . .  L)(~CUMENT ID TECN COMMENT 
1400 to 1480 OUR ESTIMATE 
1440:2:30 CUTKOSKY 80 IPWA ~rN ~ 7rN 
1410 ¢ 12 HOEHLER 79 IPWA ~rN ~ ,'rN 
• • • We d o  ha l  use the fo l l ow ing  (:iota for ave rages  fits llrnlfs e t c  • * * 
1411 CRAWFORD 80 DPWA " I N -  ~'N 
1472 I BAKER 79 DPWA ~ r - D  ~ n~? 
1417 BARBOUR 78 DPWA "~N ~ 7rN 
1460 BERENDS 77 IPWA " IN ~ ~ N  
1380 2 LONGACRE 77 IPWA ~'N ~ N:¢~" 
1390 3 LONGACRE 75 IPWA ~ N  ~ N~'~r 

N ( 1 4 4 0 )  WIDTH 

VA~UE (MeV) DOCUMENT I0 TECN COMMENT 
1 2 0  to 350 OUR ESTIMATE 
340 _+ 70 CUTKOSKY 80 IPWA ~I"N ~ ~rN 
t35  ± 10 HOEHLER 79 IPWA ~'N ~ ~'N 
• • • We clo not  use the  fol low~ng d a t a  for ove rages  fits l lmlfs e t c  • * • 
334 CRAWFORD 80 DPWA " fN ~ ~'N 
113 I BAKER 79 DPWA = - p  ~ nrt 
331 BARBOUR 78 DPWA "yN ~ ~',N 
279 BERENDS 77 IPWA "yN ~ ~,N 
200 2 LONGACRE 77 IPWA ~'N ~ NT~r 
200 3 LONGACRE 75 IPWA I rN ~ N~rTr 

N ( 1 4 4 0 )  POLE P O S I T I O N  

REAL PART 
~/ALUE (MeV) DOCUMENT ID TECN COMMENT 
1375 ¢ 30 CUTKOSKY 80 IPWA ~ N  ~ ~ N  " 
• • • We Oo not  use the  fol iow~ng clata for ove rages  fits l imits, e t c  • • • 
1359 4ARNDT 85 DPWA ~rN ~ ~ N  
1381 or 1379 5LONGACRE 78 IPWA " ~ ' N ~  N:r;¢ 
1360 or 1333 2 LONGACRE 77 )PWA ~rN ~ N:¢~ 

- - 2  × I M A G I N A R Y  PART 
VALUE (_M_eV) . _. DOCUMENT IO TECN COMMENT 
180 ¢ 40 CUTKOSKY 80 IPWA ~rN ~ ~'N 
• • • We clo not  use the  fo l l ow ing  d a t a  for averages ,  fits, l imits e tc  • • • 
200 4 ARNDT 85 DPWA ~rN ~ ~rN 
209 or 210 5 LONGACRE 78 IPWA ~rN ~ N ~  
167 or 234 2 LONGACRE 77 IPWA ;'rN ~ N~r~r 

N ( 1 4 4 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VA_L_U.E [M e v) . . . . . .  DOCUMENT ID 
-- 9 -+_ 31 CUTKOSKY 80 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID 
- 51 _ 7 CUTKOSKY 80 

TECN COMMENT 
IPWA ~rN ~ ~rN 

N ( 1 4 4 0 )  B R A N C H I N G  R A T I O S  

l ' (  NTr  ) / l ' to ta  I I ' 1 / I "  
VALUE DOCUMENT IO TECN COMMENT 
0.5  to 0°7 OUR ESTIMATE 
0 .68  ¢ 0 .04  CUTKOSKY 80 IPWA :oN ~ ~ N  
0 51 ¢ 0  05 HOEHLER 79 IPWA ~rN ~ ~ N  

( | ' r l ' t ) ~ / : / ] ' t o t o l  In N'n" ~ N ( 1 4 4 0 )  --* NT/ 0 " ~ r 2 ) ½ / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  f o l l ow lng  d a t a  for averages  fits I lmils erc  • • • 
SEEN I BAKER 79 DPWA = - p  ~ n~ 
+ 0  328 6FELTESSE 75 DPWA 1488-1745 MeV 

Note Signs of coup l i ngs  from ~'N ~ N~'~" analyses were  
c h a n g e d  in The 1986 ed i t i on  to ag ree  wi th the baryon-f irst 
conven t i on  the overa l l  phase  a m b l g u i t y  Is reso lved b y  
choos ing  o nega t i ve  sign for the  A(1620) $31 c o u p l i n g  to 
A('~232) ~" ¢ 

( r l l ' l ) ~ / l ' t o t o t  i n  N~"  ~ N ( 1 4 4 0 )  ~ A ( 1 2 3 2 ) ~ ,  P - w a v e  ( l ~ l ' . ~ )½/ l "  
TECN COMMENT 
IPWA ~'N - -  N ~ "  
IPWA ~rN ~ N'rrx" 
IPWA ~ N  ~ N~r~" 

P - w a v e  ( l ' 1 1 " s ) ~ / l  ' 
COMMENT 
~',N ~ N~'~" 
7rN ~ N ~ r  

P - w a v e  ( 1 " 1 I ' 6 ) ~ / I "  
COMMENT 

IPWA ~rN ~ N~a"  
IPWA ~rN ~ N~r~" 

VALUE DOCUMENT ID 
+ (LARGE) 7 MANI~EY 84 
+ 0  41 28LONGACRE 77 
+ 0  37 3LONGACRE 75 

( l ' ~ l ' t ) ' ~ / l ' t o t a l  In  N~T ~ N ( 1 4 4 0 )  - , -  N p .  
VALUE DOCUMENT tO 

0 0 MANLEY 84 
- 0 , 1 1  2 8 LONGACRE 77 
+ 0  23 3LONGACRE 75 

( I i F i ) ! ~ / I ' t o f a l  i n  N~"  ~ N ( 1 4 4 0 )  ~ N O, 
VALUE DOCUMENT ID 

0 .0  MANLEY 84 
+ 0  t8  28LONGACRE 77 

S = I / 2 ,  
rECN 
iPWA 
IPWA 
IPWA 

S = 3 / 2 ,  
TECN 

( l ' ~ l ' / ) ' ; ' - / r t o t a  I in  N ' x  - . .  N ( 1 4 4 0 )  - . .  N ( ~ / r ) S . w a v e  ( I ' i I ' 7 ) ~ / I "  
VALUE DOCUMENT IO TECN COMMENT 
+ (LARGE) MANLEY 84 IPWA ;oN ~ N ~ r  
- 0 , 1 8  28LONGACRE 77 IPWA ~'N ~ N~r~" 
- 0  23 3LONGACRE 75 IPWA ~ N ~  N~rT 

rECN COMMENT 
IPWA ~rN ~ ~'N 

N ( 1 4 4 0 )  D E C A Y  M O D E S  

I" I N ( 1 4 4 0 )  --* N~" 

i" 2 N ( 1 4 4 0 )  ~ N ~  

i '  3 N ( 1 4 4 0 )  - *  N ' r r ~  

1' 4 N ( 1 4 4 0 )  -,,- A ( 1 2 3 2 ) ~ ,  P - w a v e  

I" 5 N ( 1 4 4 0 )  --,. N p .  S = 1 / 2 ,  P - w a v e  

]'~, N ( 1 4 4 0 )  - , .  N p ,  S = 3 / 2 ,  P - w a v e  

]'7 N ( t 4 4 0 )  ~ N(TrTr )S .wave  

] '8 N ( 1 4 4 0 )  ~ p ~ ' ,  h e l l c l t y = l / 2  

] '9 N ( 1 4 4 0 )  - , .  n ~ ' .  h e l l c l t y = l / 2  



See key on page 129 

3 8 1  

Baryon Full Listings 
N(1440), N(1520) 

N ( 1 4 4 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For de f i n l t i on  of t he  "yN d e c a y  a m p l i t u d e s  see Sec IV of t he  
No te  on  N a n d  "~ R e s o n a n c e s  p r e c e d i n g  the  Baryon List ings 

N ( 1 4 4 0 )  ~ p ~ ,  h e l i c l t y - I / 2  a m p h t u c l e  A t / 2  

VALUE (GeV-  f/2).. DOCUMENT ID TECN COMMENT 
- 0 . 0 6 9  ± 0  018 CRAWFORD 83 IPWA 
- 0 063 -+ 0 , 0 0 8  AWAJI 81 DPWA 
- 0 . 0 6 9  : tO 004 ARAI 80 DPWA 
- 0 066 _t. 0 004 ARAI 80 DPWA 
- 0 079 :t: 0 009 BRATASHEV 80 DPWA 
- 0 068 ± 0 . 0 t 5  CRAWFORD 80 DPWA 
- 0 0584  :t: 0 0 1 4 8  ISHII 80 DPWA 
- 0  075 ¢ 0 . 0 t 5  BAR8OUR 78 DPWA 
- 0 , 0 8 7  ± 0 006 FELLER 76 DPWA 
• • • We do  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits 
- 0 o 129 9 WADA 84 DPWA 
-- 0 125 t0 NOELLE 78 
- 0 . 0 7 6  BERENDS 77 IPWA 

N ( 1 4 4 0 )  ~ n ' l~ .  h e h c i t y - I / 2  a m p l i t u d e  A t / 2  
VALUE .(C_~V~-_f_~_2) DOCUMENT IO [E_C_N__ COMMENT _ _  

0 ° 0 3 7 ± 0  010 AWAJI 81 DPWA " ~ N ~  ~ N  
0 0 3 0 ± 0  003 FUJII 81 DPWA " ~ N ~  ~ N  
0 , 0 2 3  :I: 0 °009  ARAI 80 DPWA "yN ~ ~ N  (fit I )  
0 . 0 ' t 9  ± 0  012 ARAI 80 DPWA "~N ~ z rN( f l t  2) 
0 0 5 6 ¢ 0  015 CRAWFORD 80 DPWA ~ , N ~  ~rN 

- 0 . 0 2 9 ± 0  035 TAKEDA 80 DPWA " ~ N ~  ~ N  
+ 0  0 5 9 ~ 0  016 BARBOUR 78 DPWA ~ N ~  :,rN 
• • • We d o  h a l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits, e t c  * • • 

0 062 10 NOELLE 78 " ) . N ~  ~ N  

"yN ~ ;TN 
T N  ~ x 'N  
3"N ~ x 'N  (fit I )  
3 ' N ~  ~rN (flt 2) 
"~N ~ :oN 

C a m p i o n  s c a t t e r i n g  
"~N ~ :¢N 
~(N ~ = N  
l imits, e t c  • • * 
C a m p i o n  s c a t t e r i n g  
-).N ~ ~TN 
"~N ~ ~rN 

N ( 1 4 4 0 )  F O O T N O T E S  

IBAKER 79 f inds o c o u p l l n g  of t he  N ( 1 4 4 0 )  to the  Nfi c h a n n e l  n e a r  ( b u t  
s l igh t l y  b e l o w )  t h r e s h o l d  

2LONGACRE 77 p o l e  pos i t ions  a r e  f rom a searcl~ for p o l e s  in t he  un i t o r i zed  
I" ma t r i x  t he  first ( s e c o n d )  v a l u e  uses, in a d d i t i o n  to t rN  ~ N~r'x d a t a .  
e l a s t i c  a m p l l t u O e s  f rom o Sac loy  (CERN) p a r t i a l - w a v e  ana lys l s  The of f ler  
LONGACRE 77 v a l u e s  a r e  f rom e y e b a l l  fits w i th  Bre i t -Wlgner  c i r c l es  to t he  
T-matr lx a m p l i t u d e s  

3From m e t h o d  II of LONGACRE 75 e y e b a l l  fits w i th  Bref1-Wigner c i r c les  to 
t he  f ma t r i x  a m p l i t u d e s  

4ARNDT 85 f inds a s e c o n d  P11 p o l e  at  (1410,  - 8 0 )  MeV  
8LONGACRE 78 v a l u e s  o re  f rom o s e a r c h  for po les  in t he  u n l l a r i z e d  T 

ma t r i x  The first ( s e c o n d )  v a l u e  uses in a d d l t l o n  to T N  ~ N'n' ir d a t a  
e l as t i c  o m p l i l u d e s  f rom a Sac loy  (CERN) pa r t i a l  w a v e  ana lys is  

6An a l l e r n a l l v e  w h i c h  c a n n o t  De d i s t i n g u i s h e d  f rom this is to h o v e  a P13 
r e s o n a n c e  w l th  M =  1530 MeV  I" = 79 MeV,  a n d  e las t i c i t y  = + 0  271 

7MANLEY 84 c o n s i d e r s  th~s c o u p l i n g  s ign to b e  w e l l  d e t e r m i n e d  
SLONGACRE 77 cons ide rs  this c o u p l i n g  to b e  we l l  d e t e ± m i n e d  
9WADA 84 Is i ncons i s ten t  w l t h  o the r  a n a l y s e s  see  t he  No te  on  N a n d  

R e s o n a n c e s  
1 0 C o n v e r t e d  to our  c o n v e n t i o n s  us ing M = 1486 MeV  I = 613 MeV  f rom 

NOELLE 78 

N ( 1 4 4 0 )  REFERENCES 

For e a r l y  r e f e r e n c e s  see  Physics Lel ters 111B (1982)  

ARNDT 85 PR D32 1085 +Ford Roper (VPI) 
MANLEY 84 PR D30 904 +Arnat Gofoala lepl i tz (vPt) 
WADA 84 NP 8247 313 +Egawa Imanlshl Ishll Kato Ukal+ ONUS) 
CRAWFORD 83 NP 8211 1 +Morton (GLAS) 
AWAJI 81 Bonn Cant 352 +Kajlkawa (NAGO) 

Also 82 NP B197 365 Fulll Hoyoshll lwala KaJlkawa+ (NAGO) 
FUJll 81 NP 8t87 53 +HayoShll Iwata KaJlkawo~. (TOKY) 
ARAI 80 toronto Cant 93 (TOKY) 

Also 82 NP 8194 251 Aral FuJll (TOKY) 
BRATASH[V 80 NP 8166 525 Brafashevsklj Gotbenko Oerebcf~Inskil+ (KHAR) 
CRAWFORD 80 Toronto Cant 107 (GLAS) 
CUTKOSKY 80 toronto Cant 19 +Forsyth BabcOCk Kelly Hendtic~( (CMU LBL) I JR 

AlSO 79 PR D20 2839 Cutkosky Forsyth HenartCk Kelly (CMU LBL) IJP 
JSHII 80 NP 8165 1S9 +EgOWO Koto Mlyochl+ (KYOT rOKY) 
TAKEDA 80 NP 8108 17 eAroJ FUJI( ikeaa lwOSokl+ (TOKY) 
BAKER 79 NP B156 93 +Brown Clark Dovles Depagfer Evanse (RHEL) IJP 
HOEHLER 79 PDAT '~2 1 +Kolser KOCh Pietorlnen (KARL) IJP 

Also 80 Toronto Cant 3 Koch (KARL) IJP 
8ARBOUR 78 NP 8141 253 +Crawtora Parsons {GLAS) 
LONGACRE 78 PR D17 1795 +Lasinski Rosenfela SrnOdJo~ (LBL SLAC) 
NOELLE 78 PTP 60 778 (NAGO) 
BERENDS 77 NR B136 317 ÷Oonnochie (LEJD MCHS) IJP 
LONGACRE 77 NP 8122 493 +Dolbeou (SACL) IJP 

AlSo 76 NP 8t08 365 Dolbeau Triantll Neveu Cadlo l  (SACL) IJP 
FELLER 76 NP 8t04 2t9 +Fukushlma Horlkawa KaJlkawa+ (NAGO OSAK) IJP 
FELTESSE 75 NP B93 242 +Ayea Bareyre Borgeoua Dovld* (SACL) IJP 
LONGACRE 75 PL 55B 415 +Rosenfela Losln|k~ SmoaJa+ (LBL SLAC) IJP 

I 3 -  
I ( J P )  = 2 ( 2  ) S t a t u s  e e * * 

M o s t  of  t h e  r e s u l t s  ! D u b h s h e O  b e f o r e  1 9 7 5  o r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o m H f e d  T h e y  m a y  b e  f o u n d  
in  o u r  1 9 8 2  e c l i h o n  ( P h y s l c s  L e t t e r s  111B) In o d a d l o n  

r e s u l t s  in  th is  r e g i o n  f r o m  p r o d u c t i o n  e x p e r l m e n t s  

w h l c h  u s e d  to  b e  l i s t e d  s e p a r a t e l y  as  t h e  n e x t  e n t r y  

h a v e  b e e n  e n h r e l y  o m d f e c l  T h e y  t o o  m a y  b e  f o u n d  

in  o u r  1 9 8 2  e d d l o n  

N ( 1 5 2 0 )  M A S S  

VAL~JE (MeV) DOCUMENT/D rECN COMMENr 
1510 to 1530 OUR ESTIMATE 
1525 ± 10 CUTKOSKY 80 ~PWA T.N ~ x 'N 
1519 ± 4 HOEHLER 79 JPWA ~ N  ~ ~rN 
• * * We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fl ls l imits e t c  * • • 
1504 CRAWFORD 80 DPWA ~ N  ~ ~ N  
1503 BARBOUR 78 DPWA 3 N ~  ;oN 
1510 BERENDS 77 iPWA 3 N ~ ~ 'N 
1510 1 LONGACRE 77 IPWA = N  ~ Nr. Tr 
1520 2 LONGACRE 75 IPWA ~ N  ~ N~'.~" 

N ( 1 5 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID rECN COMMENT 
1 0 0  to 140 OUR ESTIMATE 
120 ± 15 CUTKOSKY 80 IPWA ~ N  ~ ~rN 
114 ± 7 HOEHLER 79 IPWA ~TN ~ ;,rN 
• • • We dO h a l  use t he  f o l l ow ing  d a t a  for ove rages ,  tits, I lmds, e t c  • * • 
124 CRAWFORD 80 DPWA ~.N ~ ~rN 
183 BAKER 79 DPWA 7 r - D  ~ nr /  
135 BARBOUR 78 DPWA ~ N  ~ ~'N 
105 8ERENOS 77 IPWA 3 N ~  :¢N 
110 I LONGACRE 77 IPWA ;'rN ~ N~'~" 
150 2 LONGACRE 75 IPWA .-rN - -  N~ '=  

N ( 1 5 2 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) DOCUMENr ID TECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . . . .  
1510 ± 5  CUTKOSKY 80 IPWA .'rN ~ ~ N  

• • • We d o  not  use the  fo l l ow ing  d a l a  for ove rages ,  flts l lml ts  e l c  * • • 
1510 ARNDT 85 OPWA .-rN ~ T,N 
1514 Or 15'11 3LONGACRE 78 IPWA / rN  ~ N~T~ 
1508 or 1505 1LONGACRE 77 IPWA 7rN ~ N;,r~- 

- - 2  × I M A G I N A R Y  PART 

yAL_L/E.~MeV) _D_O.C_UMEN.r ID [ECN. COMM~_NT_ . . . . . . . . . . .  
114 ~ 10 CUTKOSKY 80 IPWA ~ N  ~ ~'N 
• * * We d o  not  use the  fo l l ow ing  a a l a  for a v e r a g e s  flls l imits e t c  * • * 
122 ARNDT 85 DPWA ~'N ~ ,-TN 
146 or 137 3LONGACR'E 78 IPWA ~ N  ~ NTr,"r 
109 or ~07 t LONGACRE 77 IPWA ~rN ~ N~-, T; 

N ( 1 5 2 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENr /D TECN COMMENT 
34 :t: 2 CUTKOSKY 80 IPWA ;oN ~ T: N 

I M A G I N A R Y  PART 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
- - 7 ± 3  CUTKOSKY 80 ]PWA . " r N ~  ~.N 

N ( 1 5 2 0 )  D E C A Y  M O D E S  

F I N ( 1 5 2 0 )  ~ N~"  

F 2 N ( 1 5 2 0 )  ~ N t /  

] '3 N ( 1 5 2 0 )  ~ N / r / r  

[ '4  N ( 1 5 2 0 )  ~ A ( 1 2 3 2 ) ~ ' ,  S - w a v e  

[ 's  N ( 1 5 2 0 )  ~ ' , ( 1 2 3 2 ) i r .  D - w a v e  

[ 6 N ( 1 5 2 0 )  --,. N p .  S = I / 2 ,  D - w a v e  

i '  7 N ( 1 5 2 0 )  ~ N p ,  S = 3 / 2 ,  S - w a v e  

F 8 N ( 1 5 2 0 )  ~ N p .  S = 3 / 2 .  D - w a v e  



3 8 2  

Baryon Full Listings 
N(1520), N(1535) 

~9 N ( 1 5 2 0 )  ~ N ( ' r r ~ ' ) S . w a v e  

I to N ( 1 5 2 0 )  ~ p " y .  h e h c l t y = I / 2  

I t t  N ( 1 5 2 0 )  ~ p ~ ,  h e h c f l y = 3 / 2  

r t 2  N ( 1 5 2 0 )  ~ n ' ~ ,  h e h c f l y = I / 2  

I t3 N ( 1 5 2 0 )  ~ n " f ,  h e h c l t y = 3 / 2  

r ( N ~ ) / r t o t a l  
VALUE 
0.S to 0 6 OUR ESIIMATE 
0 58 ± 0 .03 CUTKOSKY 80 
0 54 ± 0 03 HOEHLER 79 

( r ~ r ~ ) : / l ' t o t a  i i n  N'rr  ~ N ( 1 5 2 0 )  ~ NT} 
VALUE DOCUMENT ID 

0 02 BAKER 79 
+ 0  011 or + 0  05B FELTESSE 75 

No le  Signs of c o u p h n g s  from ~ N  ~ N~r;'r analyses were  
c h a n g e d  in the 1986 ed i t i on  to ag ree  wi th the baryon-f irst 
c o n v e n t i o n  the overa l l  phase  a m b i g u i t y  is reso lved Py 
choos ing  a n e g o h v e  sign for the  3.(1620) $31 c o u p l i n g  to 
A(1232) ~" 

N ( 1 5 2 0 )  B R A N C H I N G  R A T I O S  

I"I/I" 
DOCUMENT ID TECN COMMENT 

IPWA ;'rN ~ =N 
IPWA = N  ~ ;T,N 

(I'11"2)½/1" 
TECN COMMENT 
DPWA = - p  ~ n~/ 
DPWA 1488-1745 MeV 

N(1520) ~ n'y, hehcdy-112 amplitude At,. 2 
_VALUE (Ge_V_- ¢, 2) _DOCUMENT ID TECN COMMENT 
- 0  0 6 6 ± 0 . 0 1 3  AWAJI 81 DPWA " ~ N ~  ~rN 
- 0  0 6 7 ± 0  004 FUJII 81 DPWA ~ N ~  T,N 
- 0  0 7 6 ± 0 . 0 0 6  ARAI 80 DPWA " ~ N ~  ~ 'N( f i t  I )  
- 0 071 ± 0 011 ARAI 80 DPWA "{N ~ / rN (fit 2) 
- 0 . 0 5 6 + 0 . 0 1 1  CRAWFORD 80 DPWA ~ N ~  ~rN 
- 0  0 5 0 ± 0  014 TAKEDA 80 DPWA " / N ~  :oN 
- 0  0 5 5 ± 0  014 BARBOUR 78 DPWA " z N ~  ~¢N 

• • • We d o  not  use the fo l l ow ing  d a l o  for overages  fits l imits e tc  • * • 
- 0 060 6 NOELLE 78 "~ N ~ ~'N 

N ( 1 5 2 0 )  ~ n ' y ,  h e h c d y - 3 / 2  a m p l i t u d e  A3,, 2 
VALUE (GeV-  f 2) _DOCUMENT ID /EC N COMMENT 
- 0  1 2 4 ± 0  009 AWAJI 81 DPWA " y N ~  ~rN 
- 0  1 5 8 ± 0  003 FUJII 81 DPWA - ) . N ~  :oN 
- 0  147_+0 008 ARAI 80 DPWA ~ N ~  '~N( t l I  I )  
- 0  1 4 8 ± 0  009 ARAI 80 DPWA ~ ' N ~  ~ N ( f l t  2) 
- 0  1 4 4 ± 0 . 0 1 5  CRAWFORO 80 DPWA " y N ~  ~"N 
- 0  118_+0 011 TAKEDA 80 DPWA ' ) N ~  ~ N  
- 0 141 ± 0 015 BARBOUR 78 DPWA "1N ~ ~ N  
• • • We d o  not  use the fo l l ow ing  d a t a  for averages,  fHs. l imits, e tc  • • • 
- 0  127 6NOELLE 78 ~ N ~  ~ N  

N ( 1 5 2 0 )  F O O T N O T E S  
ILONGACRE 77 p o l e  posit ions are from o search for po les  In the un l tar Ized 

T matr ix  the first ( second)  va l ue  uses in a d d i t i o n  to ".,rN ~ N'rr~" d a t a  

( I '~ r~)~"~/ l ' to la l  m Nrr ~ N ( 1 5 2 0 )  ~ ' , ( t 2 3 2 ) 7 1 " ,  & w a v e  ( l ' l I ' , ~ ) ~ ' / r  
VALUE DOCUMENT ID ~ECN COMMENT 

(LARGE) 4 MANLEY 84 IPWA ~ N  ~ N,'r ~I" 
-- 0 26 I S LONGACRE 77 ~PWA T. N ~ N,'r ~r 
- 0 .24  2 LONGACRE 75 IPWA / rN ~ N~'~r 

( [~T '~ ) ' . ' : / l ' t o ta  I m N ' E  - . .  N ( 1 5 2 0 )  ~ ',(1232)~r, D - w a v e  ( l ' 1 1 " s ) ~ / l "  
VALUE DOCUMENT ID rECN COMMENr 
-- (LARGE) 4NIAN~LEY . . . . .  84 IPW.~ ~ r ~ ; ~  N~',~" 
- 0  21 15LONGACRE 77 IPWA ~ N ~  N=~r 
- 0  30 2LONGACRE 75 IPWA ~ ' N ~  NT,;,r 

( r ~ r / ) ' / - ' / ] ' t o t o l  in  N~r  ~ N ( 1 5 2 0 )  ~ N p .  S = 3 / 2 .  S - w a v e  ( ] ' I I ' 7 ) ' ~ / ] "  
VALUE DOCUMENr ID ~ECN COMMENr 
-- (LARGE) 4 MANLEY 84 IPWA ,'TN ~ N~', ~" 
- 0  35 15LONGACRE 77 IPWA ~ ' N ~  NT,~" 

e last ic  a m p l i t u d e s  from o SOCIQy (CERN) par t ia l  w o v e  analysis The other  
LONGACRE 77 va lues are from e y e b a l l  fits w i th  Brelt Wigner c irc les to the 
T-matrix o m p l # u d e s  

2From m e t h o d  II of LONGACRE 75 e y e b a t l  tits w i th  Brelt-Wlgner offcles to 
the T-matrix a m p l i t u d e s  

3LONGACRE 78 va lues are from o search for po les  ,n the  un l to t l zed  T 
matr ix  The first ( second)  va l ue  uses In a d d i t i o n  to 7rN ~ N~'~" d a t a  
e last ic  amp l i t udes  t ram a Sac loy (CERN) p a r t l a h w o v e  analysis 

4MANLEY 84 considers this c o u p l i n g  sign to b e  we l l  d e t e r m i n e d  
5LONGACRE 77 considers this c o u p t l n g  to b e  we l l  d e t e r m i n e d  
6Conver ted  to our conven t ions  using M = 1528 MeV. r = t87 MeV tram 

NOELLE 78 

N ( 1 5 2 0 )  REFERENCES 

For ear ly  references see Physics Letters 111B (1982) For very 
ear ly  references see Rev M a d  Phys 37 633 (1965) 

- -0 24 2LONGACRE 75 IPWA ; ¢ N ~  N~';'T 

( l ' / T ' t ) ' : / l ' t o t a  I In N~"  ~ N ( 1 5 2 0 )  ~ N(TrTr )S .wove  ( ] ' t I ' 9 ) ½ / r  
VALUE DOCUMENT ID rECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -0  13 15LONGACRE 77 IPWA ; , r N ~  N~Tr 
- 0  `17 2LONGACRE 75. IPWA ; , r N ~  N ~  

ARNDT 85 PR D32 1085 .Ford Roper (VPI) 
MANLEY 84 PR D30 904 +Arnat Gorocllo Teolltz (VPI) 
WADA B4 NP B247 3t3 +Egowo Imonlshl Ishll KOIO Ukol+ (INUS) 
CRAWFORD 83 NP B2~I I +Morton (GLAS) 
AWAJI 81 Bonn Cant 352 +Kallkawa (NAGO) 

Also 82 NP B197 365 FuJll HOyOShll IWOIO KOjlkOwa+ (NAGO) 
FUJII 81 NP BIB7 53 +HoyaShll Iwoto KaJlkOwO+ (TOKY) 
ARAI 80 Toronlo Cant 93 (TOKY) 

Also 82 NP Bt94 251 Arol FUlI~ (TOKY) 
BRA/ASHEV 80 NP 8`166 525 Brotashevskl I Gorbenko Derebcnlnskll+ (KHAR) 
CRAWFORD 80 Toronto Cone t07 (GLAS) 
CUTKOSKY 80 Toronto Cone 19 ÷Forsytr~ Babcock Kelly HenClrlck (CMU LBL) UP 

AlSO 79 PR 020 2839 Cutkosky Forsylh Hendrlck Kelly (CMU LBL)IJP 
ISHll 80 NP B165 189 +Egowa Koto Mlyochl+ (KYOT rOKY) 
'1AKEDA 80 NP BIeB 17 ~Arol FuJfl Ike~a IWOSOkI+ (rOKY) 
BAKER 79 NP B156 93 ~B~own CIork Davles Oepogter Evans+ (RHEL) IJP 
HOEHLER 79 PDAT 12 I ÷Kolser KOCh P~etorlnen (KARL) IJP 

Also 80 Toronto Cant 3 Koch (KARL) IJP 
BARBC~JR 78 NP B141 2 . 5 3  *Crowforcl Parsons (GLAS) 
LONGACRE 78 PR D17 1795 +Laslnst([ Rosenfeld SmoaJo+ (LBL SLAC) 
NOELL~ 78 PIP 60 778 (NAGO) 
BEREND$ 77 NP 8'136 317 +Donnach~e (LEID MCHS) IJP 
LONGACRE 77 NP B122 493 ÷Dolbeau (SACL) IJP 

Also 76 NP B1O38 365 DolPeou ftlonfls Neveu Codlet (SACL) IJP 
FELLER 76 NP BI04 219 +Fukushlmo HotlkGwo KoJlkowoe (NAGO OSAK) IJP 
FELIESSE 75 NP B93 242 +Ayed Boreyre Borgeoua Day(d+ (SACL) IJP 
LONGACR'E 75 PL .558 415 +Rosenfeld Lo$1nski SmadJo+ (LBL SLAC) IJP 

N ( 1 5 2 0 )  P H O T O N  D E C A Y  A M P L I I U D E S  

For def in i t ion ol  the  3 N d e c a y  a m p l l t u d e s  see Sac IV of the 
Note on N a n d  A Resononces p r e c e d i n g  the Baryon Listings 

N ( 1 5 2 0 )  ~ p " y .  h e l i c l t y - 1 / 2  a m p l i t u d e  A t ;  2 
VAL_UE (GeV-  r 2) -DOCUMENT ID TECN COMMENT 
- 0  028 ± 0  014 CRAWFORD 83 IPWA " y N ~  ~'.N 
- 0 . 0 0 7  ± 0  004 AWAJ] 8'1 DPWA ~ , N ~  ~'.N 
- 0  032 ± 0  005 ARAI 80 DPWA 3 N ~  = N ( f i t  I )  
- 0  032 ± 0  004 ARAI 80 DPWA 3 N  ~ = N ( t i t  2) 
- 0  031 ± 0  009 BRATASHEV 80 DPWA " y N ~  r ,N 
- 0  0'19 _+0 007 CRAWFORD 80 OPWA 3 N ~  T,N 
- 0 0430 ± 0 .0063  ISHII 80 DPWA C o m p t o n  scot te r lng  
- 0  0'16 ± 0  008 BARBOUR 78 DPWA 3 N ~  ~,N 
- 0  00.5 ± 0  005 FELLER 76 DPWA 3 N ~  T.N 
• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  fits l imits e tc  • • • 
- 0  0`12 WADA 84 DPWA C o m p t o n  scat ter ing 
- 0  008 6NOELLE 78 3'N ~ ~*N 
- 0 02'I BERENDS 77 IPWA ~ N ~ ,-rN 

N ( 1 5 2 0 )  ~ p ' y .  h e i l c l t y - 3 / 2  a m p l i t u d e  A3,. 2 
VALUE (G_eV- r 2) DOCUMENT ID [ECN COMMENT 

0 156 .±0 022 CRAWFORD 83 IPWA ~ N ~  ,-.rN 
0 168 ± 0  013 AWAJI 81 DPWA ~ N ~  ~rN 
0 178 ± 0 . 0 0 3  ARAI 80 DPWA ' ~ N ~  ~ 'N( f i t  I )  
0 162 - 0  003 ARAI 80 DPWA ~ N  ~ ,"rN (tit 2) 
0 166 ± 0  005 BRATASHEV 80 DPWA ~ N ~  ~ N  
0 167 ± 0  010 CRAWFORD 80 DPWA " y N ~  ~'N 
0 1695 _± 0o0014 ISHII 80 DPWA C a m p i o n  scat te r ing  

+ 0  157 _+0 007 BARBOUR 78 DPWA ~ N ~  ~rN 
~ 0  164 ± 0  008 FELLER 76 DPWA " r N ~  ~rN 
• • * We d o  not use the  fo l l ow ing  d a t a  for averages ,  fits. l imits e tc  * • ° 

0 168 WADA 84 DPWA C a m p i o n  scat te r ing  
0 206 6NOELLE 78 " y N ~  ,-rN 

+ 0  075 BERENDS 77 IPWA ~ . N ~  ~ N  

I J 1(12- ) S t a t u s  .x. e .1, e N(1535) $11 l(J') =2 

Most  of  t h e  resu l ts  p u b h s h e d  b e f o r e  1975 a r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  
in o u r  1982 e d l h o n  (Phys ics  Le t te rs  111B) 

N ( 1 5 3 5 )  M A S S  

V_:~LUE (MeV) . . . .  OOCU~fENT JO TEC.N COMMENT 
1520 to 1560 O U R  ESTIMATE 
15,50 ± 40 CUTKOSKY 80 IPWA 7rN ~ ~'N 
1526 ¢ 7 HOEHLER 79 tPWA ~'N ~ ~"N 



See key on page 129 Baryon 

• • • We d o  no t  use t he  f o l l ow ing  d a t a  for a v e r a g e s  flts l imits, e t c  * • • 
1513 CRAWFORD 80 DPWA ' ~ N ~  ~',N 
1511 BARBOUR 78 DPWA "~N ~ ~ 'N 
1500 BERENDS 77 IPWA " {N  ~ "EN 
1547 -+ 6 BHANDARI 77 DPWA Uses Nr/ c u s p  
1520 i LONGACRE 77 IPWA ~ N  ~ N1r;'r 

383 

Full Listings 
N(1535) 

0 " ~ l ' / ) ' ~ / r l o l a l  i n  N ~  ~ N ( 1 5 3 5 )  ~ N~/  ( }  t I 2) ~, '1 
VALUE DOCUMEN~ ID TECN COMMEN~ 

+ 0  33 BAKER 79 DPWA ~ - p  ~ n~ i 
+ 0 . 4 8  FELTESS~ 7,5 DPWA 1 4 8 8 - 1 7 4 5  MeV 

1510 2 LONGACRE 75 IPWA xrN ~ N;'r~" 

N ( 4 5 3 5 )  W I D T H  

VALUE (M/ IV)  DOCUMENT ID TECN COMMENT 

100 to 2 5 0  O U R  ESTIIVl/~TE 
240 _+ 80 CUTKOSKY 80 IPWA ,'rN ~ 7rN 
120 -+ 20 HOEHLER 79 iPWA ~rN ~ ~ N  
• • • We d o  not  use t he  f o l l o w l n g  c lara  for a v e r a g e s  fits l imlts e t c  • • • 
t 3 6  CRAWFORD 80 DPWA ~ N  ~ v N  
180 BAKER 79 DPWA ~ r - p  ~ n~  
132 BARBOUR 78 DPWA ~,N ~ ~ 'N 

57 BERENDS 77 IPWA " rN ~ T.N 
139 -+ 33 BHANDARI 77 DPWA Uses Nr/ c u s p  
135 I LONGACRE 77 IPWA ~'N ~ N~r~ 
100 2 LONGACRE 75 IPWA ~TN ~ N:r~T 

N ( 4 5 3 5 )  POLE P O S I T I O N  

REAL PART 
V_ALUE (MeV) . _ _ _ _  DOCUMENT ID ~ECN COMMENT 

1510 -+ 50 CUTKOSKY 80 IPWA / rN  ~ ~rN 
• • • We d o  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imi ls  e t c  • • • 
1461 ARNDT 85 DPWA ~'N ~ x 'N  
1496 or 1499 3 LONGACR[  78 IPWA I ' :N ~ N~T'K 
1519 :I: 4 BHANDARI 77 DPWA Uses N~/ c u s p  
1525 or 1527 1LONGACR[  77 IPWA T,N ~ N,','E',¢ 

- - 2  X I M A G I N A R Y  PART 
VALU~ (MeV) DOCUMEN~ ID TECN COMMENT 

260 -+ 80 CUTKOSKY 80 IPWA ~'N ~ :oN 
• • • We d o  no t  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits. l imits e f c  • • • 
140 ARNDT 85 DPWA ~rN ~ ~rN 
103 of 105 3 LONGACRE 78 IPWA ~TN ~ N~IT 
140 -+ 32 BHANDARI 77 DPWA Uses Nfi c u s p  
135 or 123 I LONGACRE 77 IPWA 7:N ~ N E E  

N ( 1 5 3 5 )  ELAST IC  POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID rECN COMMENT 

t t 6  ± 46  CUTKOSKY 80 IPWA ~rN ~ ~IV 
• * * We d o  not  use t he  fo l l ow(ng  d a t a  for a v e r a g e s  fits. l imits e t c  • • • 

20 -+ 21 BHANDARI 77 DPWA Uses N~ c u s p  

I M A G I N A R Y  PART 
V_:ALUE (MeV) DOCUMENT ID ~ECN COMMEN~ . . . . . .  
31 _+ 92 CUTKOSKY 80 iPWA ~'N ~ ~rN 
• • • We d o  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  tits i lmits e f c  • • • 
13 - 8 BHANDARI 77 DPWA Uses NY~ c u s p  

N ( 1 5 3 5 )  D E C A Y  M O D E S  

I" I N ( 1 5 3 5 )  ~ N~"  

I" 2 N ( ' 1 5 3 5 )  --,- NT/ 

r 3 N ( ' 1 5 3 5 )  - , .  N ~ ~  

l ' , i  N ( 4 5 3 5 )  ~ A ( ' 1 2 3 2 ) ~ r .  D - w a v e  

I '~ N ( 4 5 3 5 )  --,. N p .  S = ~ / 2 .  S - w a v e  

r ~  N ( 4 5 3 5 )  --,. N p .  S = 3 / 2 .  D - w a v e  

I '  7 N ( ' 1 5 3 5 )  ~ N ( I T ' r r ) S . w a v e  

I" s N ( 4 5 3 5 )  --* p " y .  h e l l c l t y = ' I / 2  

r 9 N ( 4 5 3 5 )  --,. n ' y .  h e l l c ~ t y = 4 / 2  

N ( 4 5 3 5 )  B R A N C H I N G  R A T I O S  

l ' ( N ? r ) / [ ' f o t a  I 
VALUE DOCUMENT fO TECN COMMENT 
0 . 5 5  fo 0 . 8 0  OUR ESTIMATE 
0 50 ¢ 0  10 CUTKOSKY 80 IPWA : ¢ N ~  ~'N 
0 38 -+0 04 HOEHLER 79 IPWA ~ r N ~  ~'N 
• • • We d o  not  use  t he  f o l l ow ing  c lara  for a v e r a g e s  fits l lmits e f c  • • • 
0 °297  -+ 0 ° 0 2 6  BHANDARI 77 DPWA Uses N~ c u s p  

I ' t / I "  

No te  Signs of c o u p h n g s  from ,-rN ~ N:'r;'r ana l yses  w e r e  
c h a n g e d  In the  t 9 8 6  ed~hon to a g r e e  wi th  the  b a r y o n  first 
c o n v e n t i o n  the  ove ra l l  p h a s e  a m b i g u i t y  tS reso l ved  by  
c h o o s i n g  a n e g o h v e  sign for the  3.(1620) $3t c o u p h n g  to 
",.('1232) • 

( l ' ~ l ' / ) ' / : / l ' f o t a l  m N ; r  ~ N ( 1 5 3 5 )  ~ A(1232)Tr, D-wove (I t l  4 ) ' / : , ' I  
VALUE DOCUMENT ID TECN COMMENT 

0 . 0 0  1 LONGACRE 77 IPWA T,N ~ N ~  
+ 0  06 2LONGACRE 75 IPWA ~ N  ~ NTr,'r 

( ] ' i | ' f ) ; ~ / ] ' t o f o l  I n  N ~  ~ N ( ' 1 5 3 5 )  ~ N p .  $ = I / 2 .  S - w a v e  ( I  i I  5)'~,, ' I 
VALUE DOCUMENT ID rECN COMMENT 

-- (SMALL) 4 MANLEY 84 IPWA ~r N ~ N~T;r 
- - 0  10 ' ILONGACR[  77 IPWA TrN ~ N~',-r 
- 0  09 2LONGACR[  75 IPWA ~'N ~ N ~  

( l ' ~ [ ' / ) ! ' ~ ' / [ ' t o l o i  Ir l  N ~  ~ N ( ' 1 5 3 5 )  ~ N ( ~ / r ) s . w o v e  (1" i I  7 ) ~ / I  
VALUE DOCUMENT ID TECN COMMENT 
+ (SMALL) 4MANLEY 84 IPWA ~ N  ~ Nr,:T 
+ 0  08 I L O N G A C R [  77 IPWA ;r,N ° NT,~ 
+ 0  0R 2LONGACRE 75 IPWA ~ N  ~ N~,"T 

N ( 1 5 3 5 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For de f in i t i on  of t he  ~, N d e c o y  o m p h t u d e s ,  see Sec IV of the  
Note  on  N a n d  A R e s o n a n c e s  p r e c e d i n g  the Baryon bs tmgs  

N ( ' 1 5 3 5 )  --,. p ' y .  h e h c o t y - I / 2  a m p h t u d e  A 1 2 
_VALUE (GeV-  f 2) DOCUMENT ID TECN COMMENT 

0 053 -+0 015 CRAWFORD 83 IPWA ~ N ~  T.N 
0 077 ± 0 021 AWAJI 81 DPWA 3 N ~ ~ N  
0 083 ± 0  007 ARAI 80 DPWA " ~ N ~  , ' rN( t l f  I )  
0 °080  ± 0 ° 0 0 7  ARAI 80 DPWA ~ N  ~ ;TN( f l t  2) 
0 029 ± 0  007 BRATASHEV 80 DPWA " ~ N ~  = N  
0 065 -+0 016 CRAWFORD 80 DPWA "rN ~ ~ N  
0 °0704  -+ 0 0091 ISHII 80 DPWA C a m p i o n  s c a t l e r l n g  

+ 0  082 ± 0  019 BARBOUR 78 DPWA ~ N ~  ;TN 
+ 0  070 ± 0  004 FELLER 76 DPWA ~ . N ~  ,'TN 
• * • We cio not  use tr~e fo l l ow ing  d a t a  for a v e r a g e s  fits hmlts e t c  • • • 

0 055 WADA 84 DPWA C o m p t o n  s c a t t e r i n g  
0 046 5NOELLE 78 ~ N  ~ ,-rN 

+ 0  034 BERENDS 77 IPWA " iN  ~ T,N 

N ( ' 1 5 3 5 )  ~ n ' y .  h e h c i t y - I / 2  a m p h t u d e  A t  2 
VALUE (G, e V -  1 2) DOCUMENT ID [ECN COMMENT 

0 035 ± 0 014 AWAJI 81 DPWA "~ N ~ ;T N 
- 0  0 6 2 + - 0  003 FUJII 81 DPWA " ) N ~  TrN 
- 0  0 7 5 ± 0  0 t 9  ARAI B0 DPWA " ) N ~  ;'rN (fit I )  
- 0  075 -+0 .0 ' 18  ARAI 80 DPWA " ) N ~  ;TN( f i t  2) 
- - 0  0 9 8 - + 0  026 CRAWPORD 80 DPWA " ~ N ~  .'rN 
- 0  011 ± 0  017 TAKEDA 80 DPWA "~N ~ ;'rN 
- 0  112 -+0  034 BARBOUR 78 DPWA ~ N  ~ ~ N  
• • • We do  not  use the  t a l l o w i n g  d a t a  for o v e r a g e s  hts l imds e t c  • • • 
- 0  048 5NOELLE 78 "~N ~ :'rN 

N ( 1 5 3 5 )  F O O T N O T E S  

tLONGACRE 77 Do le  pos ihons  a re  f rom a s e a r c h  for Doles in the  u n l t o r l z e d  
T-matrix the  hrst ( s e c o n d )  v a l u e  uses in a d d i t i o n  to ,":N ~ N £ ~  d a t a  
e las t l c  a m p l i t u d e s  from o Socroy (CERN) po rho l  w o v e  onolys ls  The o the r  
LONGACRE 77 v a l u e s  o re  f rom e y e b a l l  flts w i th  Brelf W igner  c i r c les  to the  
T mat r i x  a m p l i t u d e s  

2From m e t h o d  II Of LONGACRE 75 e y e b a l l  fits w i th  Brett Wtgner  c i r c les  to 
t he  T m a m x  a m p l i t u d e s  

3LONGACRE 78 v a l u e s  o re  f rom o s e a r c h  for Doles m m e  u n l t o n z e d  T 
mat r i x  The fusl ( s e c o n d )  v a l u e  uses m a d d l h o n  fo = N  . NT.,-r d a t a  
e l as t i c  a m p h t u d e s  t ram a Sac loy  (CERN) p a r h o l  w a v e  ana lys is  

4MANLEY 84 cons ide rs  this c o u p h n g  sign to b e  we l l  d e t e r m i n e d  
5 C o n v e r t e d  to our  c o n v e n t i o n s  us ing M = 1548 MeV 1 = 73 MeV from 

NOELLE 78 

N ( 1 5 3 5 )  REFERENCES 

For ea r l y  r e f e r e n c e s  see  Physics Letters 111B (1982)  

ARNDT 85 PR D32 4085 *FOrd Roper (V~)l) 
MANLEY 84 PR D30 904 ÷Arnat Goroa~o feplitz (VPl) 
WADA B4 NP 8247 313 *Egowo Imonlshl IShll KQtO Uko,* (INUS) 
CRAWFORD 83 NP e211 I +Morton (aLAS) 
AWAJI 81 Bonn Cone 352 +Kajlkawa (NAGO) 

AlSO 82 NP 8197 365 FUJII HOyOSPil IWCITCI KQJIkQwQ+ (NAGO~ 
FUJII 8t NP B187 53 +HOvOShll IwatQ KallkOwa+ {TOKYI 



3 8 4  

Baryon Full Listings 
N(1535), N(1540), N(1650) 
ARAI 80 roronfo Cone 93 (TOKY) 

Also 82 NP B194 251 Arol rqJjll (TOKY) 
8RATASHEV 80 NP B166 525 8rotash~vSklJ GorDenko DereDchlnsklJ÷ (KHAR) 
CRAWFOR'D 80 Toronto Cone 107 (GLAS) 
CUTKOSKY 80 toronto Cant 19 ~.Forsyth BODCOCk Kelly H~narlCk (CMU LBL)IJP 

AlSO 79 PR D20 2839 Cutkosky Fofsyth H~ndrlck Kelly (CMU LBL) IJP 
ISHII S0 NP B165 189 +Egowo KOIO Mlyochl+ (KYOT TOKY) 
IAKEDA 80 NP SlbS t7 +Aral Fujll Ikeclo Iwo~Okl+ (TOKY) 
BAKER 79 NP B156 93 +Brown Clark Dovles DeDOgtet" Evans+ (RHEL) IJP 
HOEHLER 79 PDAI 12 I +Kolser Koch Plelotlnen (KARL) IJP 

AlSO 80 Toronto Cone 3 Koch (KARL) IJP 
BAR'BOUR 78 NP B141 253 +Crawforcl Patsoos (GLAS) 
LONGACRE 78 PR D17 1795 +Loslnskl Rosenfeld SrnoclJo+ (LBL S~AC) 
NOELL[ 78 PrP 60 778 (NAGO) 
BERENOS 77 NP B136 317 +Donnachle (LEID MCHS) IJP 
BHANDARI 77 PR D15 192 ÷ChaD (CMU) IJP 
LONGACRE 77 NP B122 493 ÷Dolb@ou (SACL) IJP 

AlSO 76 NP B108 365 DolbeOu Tr~onlls Neveu Caalet (SACL) IJP 
FELLER 76 NP Bt04 219 +Fukushimo HOCikawo KoJlkowo+ (NAGO OSAK) IJP 
FELTESSE 75 NP B93 242 ~Aye~ 8oreyre Borgeaucl Davla+ (SACL) IJP 
LONGACRE 75 PL 55B 415 ~.Rosenfelcl Laslnskl Smodlo* (LBL SLAC) IJP 

- -  OTHER RELATED PAPERS - -  

DAVIES 676 NC 52A 1112 +Moorhouse (GLAS RHEL) 

IN(1540) Pt3 I ~ ( J ~ )  = 1~.3_+~ S t a t u s  ~" 2~2 , 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

No t  s e e n  in ,~'N ~ ; r N  a n a l y s e s  a n d  ~ts e x i s t e n c e  is 
t hus  d o u b t f u l  

N ( 1 5 4 0 )  M A S S  

VALUE (Mete) . . . . . . . . .  DOCUMENT ID 7ECN COMMENr 
1540 I LONGACRE 77 IPWA E N  ~ N~rE 

N ( 1 5 4 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID 7ECN COMMENr 
200 I ~ 0 N ~ k ~ R E  ~7 ~WA E N ~  NEE 

N ( 1 5 4 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) ..... DOCUMENT ID 7ECN COMMENT 
153.$ or 1482 I LONGACRE 77 IPWA : rN ~ NEE 

- - 2  × I M A G I N A R Y  PART 
V.~LUE (MeV~_ . . . .  DOCUMENT ID 7ECN COMMENT 
207 or 314 I ;.ONGACRE 77 IPW~ E~N--=N~'E 

N ( 1 5 4 0 )  D E C A Y  M O D E S  

I" I N ( 1 5 4 0 )  ~ N ~ r  

| '2 N ( 1 5 4 0 )  ~ ~ ( 1 2 3 2 ) ' r r ,  P - w a v e  

[ '3 N ( 1 5 4 0 )  --.. N p .  S = 1 / 2 ,  P - w a v e  

I"4 N ( 1 5 4 0 )  ~ N p ,  . S = 3 / 2 ,  P - w a v e  

F s N ( 1 5 4 0 )  ~ N(?r';r)..C.wave 

I '~ N ( 1 5 4 0 )  ~ P ' 7 .  h e l l c l t y = I / 2  

I" 7 N ( 1 5 4 0 )  ~ p ~ ,  h e l l c i t y = 3 / 2  

N ( 1 5 4 0 )  B R A N C H I N G  R A T I O S  

Note Signs of c o u p l l n g s  from ~ N  ~ NEE ana lyses were  
c h a n g e d  in the  1986 ed i t i on  to ag ree  wi th the  baryon-ficst 
c o n v e n t l o n  the  overa l l  phase  a m b i g u i t y  is reso lved by  
choos lng  a n e g a t i v e  sign for the  ~(1620)  $31 c o u p l i n g  to 
A(1232) ~', 

( l ' t F / ) ' ~ / l ' t o t a  ~ In  N~r  ~ N ( 1 5 4 0 )  - , .  - ~ ( 1 2 3 2 ) ~ ,  P - w a v e  ( i ' ~ l 2 ) ~ h / I "  
VALUE DOCUMENT IO TECN COMMENT 
- 0  11 ILONGACRE 77 IPWA " / r N ~  NEE 

( l ' ~ l ' / ) " ~ / F t o t a l  i n  N ' r r  ~ N ( 1 5 4 0 )  - , .  N p .  S = I / 2 ,  P - w a v e  ( I ' i i ' 3 ) ½ / I "  
VALUE DOCUMENT IO TECN COMMENT 
+ 0 08 I LONGACRE 77 IPWA ~'N ~ N=~r 

( l '~ l '1 )~ '~ / l ' ta ta l  In  NTr  ~ N ( 1 5 4 0 )  ~ N p .  S = 3 1 2 .  P - w a v e  ( [ ' I F 4 ) ~ I F  
VALUE DOCUMENT ID TECN COMMENT 
0 .00  I LONGACRE 77 IPWA EN ~ NETr 

( l ' ; I ' / ) ' h / l ' t o t a l  i n  N';T ~ N ( 1 5 4 0 )  ~ N ( / T / r ) s . w a v e  ( I ' i I ' 5 ) ~ / I "  
VALUE DOCUMENT IO 7ECN COMMENT 
0 .00  I LONGACRE 77 IPWA EN ~ NEE 

N ( 1 5 4 0 )  P H O T O N  D E C A Y  AMPL ITUDES 

For de f ln i l l on  of the  3'N d e c a y  a m p l l t u d e s  see Sec IV of the  
No le  on N a n d  -~ Resonances D reced lng  the  Baryon Listings 

N ( 1 5 4 0 )  --,- p ~ .  h e l i c l t y - I / 2  a m p l i t u d e  A t ,  2 
_V_AL__UE_ ~_Ge__V_-._I~ 2) £)OCUMENT ID TECN COMMENt  
- 0  0 1 4 ¢ 0  028 CRAWFORD 83 IPWA ~ N ~  ~'N 

N ( 1 5 4 0 )  ~ p ' ~ .  h e l l c l t y - 3 / 2  a m p h t u d e  A3,. 2 
VALUE (GeV_- "I, 2) . pOCUMENT ID TECN COMMENT 
0 0 0 9 ± 0  027 CRAWFORD 83 IPWA " y N ~  E N  

N ( 1 5 4 0 )  F O O T N O T E S  
1LONGACRE 77 p o l e  posi t ions are from o search for po les  In the un l to r lzed 
T matr lx  the  first ( second)  va l ue  uses, In a d d i t i o n  to ~ r N -  N'E~ da ta .  
e last ic  a m p l i t u d e s  from a Soc lay  (CERN) pa r t i a l -wave  analysis The o ther  
LONGACRE 77 va lues ore from e y e b a l l  fits w i th  Breit-Wigner c irc les to the 
T matr}x amplHuales 

N ( 1 5 4 0 )  REFERENCES 

CRAWFORD 83 NP B211 I +Morton (GLAS) 
LONGACRIE 77 NP B122 493 +DolDeau (SACL) UP 

Also 76 NP 8108 365 Dolbeou Trlanfls Neveu CocJlet (SACL) IJP 

I N(1650) $11 I I 1 -  I ( J P )  = } ( ~  ) S l a t u s  e e ~ . . i ~  

MOSt of  t h e  resu l ts  p u b i l s h e d  b e f o r e  1975 o r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  
in o u r  1982 e d l t i o n  (Phys l cs  Le t te rs  111B) 

N ( 1 6 5 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN_._ C_._OM...MENT 
1620 to 1680 OUR ESTIMATE 
1650 ± 30 CUTKOSKY 80 IPWA ~I"N ~ EN 
1670 ± 8 HOEHLER 79 IPWA E N  ~ ~'N 
• • • We d o  no t  use the fo l l ow lng  d a t a  for averages  flts l imits, e tc  • • • 
1688 CRAWFORO 80 DPWA "yN ~ : rN 
'1672 MUSETTE 80 IPWA 7 r - p  ~ 'tK o 
1680 SAXON 80 DPWA E - p  ~ ~.K 0 
1680 BAKER 78 DPWA ~ - p  - -  '~/~ 
1694 BARBOUR 78 DPWA " /N ~ 7rN 
1 7 0 0 ±  5 IBAKER 77 IPWA E - - p ~  ,~/¢0 
1680 IBAKER 77 OPWA ~ ' - p ~  ~-K ° 
1700 2 LONGACRE 77 IPWA E N  ~ N!r/r 
1675 KNASEL 75 DPWA E - - p  ~ '~K ° 
1660 3 LONGACRE 75 IPWA EN ~ Ni"rTr 

N ( 1 6 5 0 )  WIDTH 

VALUE (MoV~ DOCUMENT IO TECN COMMENr 
100 to 200 otJR ESTIMA-TE . . . . . . .  
1.$0 --_ 40 CUTKOSKY 80 IPWA ~'N ~ 7rN 
180 - 2 0  HOEHLER 79 IPWA EN ~ EN 
• • • We cla not  use the f o l l ow ing  d a t a  for overages  Ells, l imits e tc  • • • 
'183 CRAWFORD 80 DPWA "yN ~ E N  
179 MUSETTE 80 IPWA T , - p  ~ ~.K O 
120 SAXON 80 DPWA r , - p  ~ ~./(o 

90 BAKER 78 DPWA 7 r - p  ~ ' tK 0 
193 8ARBOUR 78 DPWA "/'N ~ E N  
1 3 0 ± 1 0  18AKER 77 IPWA E - p ~  ~,K 0 

90 I BAKER 77 DPWA E - p  ~ ~./~ 
170 2 LONGACRE 77 IPWA ~rN ~ NTrlr 
170 KNASEL 75 DPWA , ' r - p ~  ",/~ 
130 3 LONGACRE 75 IPWA E N  ~ N E ~  



See key on page 129 

N ( 1 6 5 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
;1640 :I: 20 CUTKOSKY 80 IPWA ~rN ~ ~'N 
• * • We clo not  use the  fo l l ow ing  d a t a  for averages  fits l imits efc  • .  • 
1660 ARNDT 85 DPWA = N  ~ ~ N  
1648 or 1651 4 LONGACRE 78 IPWA ~ N  ~ NT~r 
1699 or 1698 2 LONGACRE 77 IPWA = N  ~ N~'~" 

- - 2  X I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
150 :I: 30 CUTKOSKY 80 IPWA ~'N ~ / i N  
• • • We d o  not  use the  fo l l ow ing  d a t a  for averages  fits l imits efc  * • • 
122 ARNDT 85 DPWA ~'N ~ "xN 
117 or 119 4LONGACRE 78 IPWA ~ N ~  N~'= 
174 or 173 2LONGACRE 77 IPWA / rN  ~ N ~  

N ( 1 6 5 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT IO 
16 ± 25 CUTKOSKY 80 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT IO 
- 58 ± t2 CUTKOSKY 80 

Baryon 
385 

Full Listings 
N(1650) 

(rfl)'/~/l'tofal In N'rr -- N('1650) -- A('I232)/r. D-wave (l'~l~,)w,,'l 
VALUE DOCUMENT ID TECN COMMENT 
+ (LARGE) 8MANLEY 84 IPWA ~rN ~ N ~ ,  
+0.29 29LONGACRE 77 IPWA ;'rN ~ N~',": 
+ 0 . 1 5  3LONGACRE 75 IPWA ~rN ~ N~~r 

( | ' f l ) ~ / l ' t o t a  I In  N ' r r  ~ N ( ' 1 6 5 0 )  ~ N p ,  S = I / 2 ,  S - w a v e  ( l ' t l  7)'h.,"T 
VALUE DOCUMENT IO TECN COMMENT 
- -  MANLEY 84 IPWA ;'rN ~ N~',~ 
+ 0  17 29LONGACRE 77 IPWA ~rN ~ N;'r~ 
- 0 . 1 6  3LONGACRE 75 IPWA ,":N ~ NTr= 

( l ' f l ) ' / ~ / r t o t o ~  in  N~r  ~ N ( 1 6 5 0 )  - , .  N p ,  S = 3 / 2 .  D - w a v e  ( I  t l  ~)~,, ' !  
VALUE DOCUMENT ID rECN COMMENT 
LARGE MANLEY 84 IPWA :rN ~ N,'r~ 
+ 0 . 2 9  29LONGACRE 77 IPWA ;rN ~ N:r;'r 

( l ' f f ) ' / ~ / l ' f o t a l  In  NTr --* N ( 1 6 5 0 )  --~ NOT~T)S.wove ( l ' t l  o)'/~/1" 
VALUE DOCUMENT ID TECN COMMENT 
+ MANLEY 84 IPWA ~ N  ~ N~,'r 

0 00 29LONGACRE 77 IPWA . ' r N ~  N~r~ 
+ 0 25 3 LONGACRE 75 IPWA ~rN ~ N,"r~ 

( l ' f / ) ' ~ / l ' t o t o l  In  N ~  --,. N ( 1 6 5 0 )  --* N ( 1 4 4 0 ) ' x ,  S - w o v e ( l ' l l ' t 0 ) ~ / l "  
VALUE DOCUMENT ID TECN COMMENT 
+ MANLEY 84 IPWA ,"rN ~ N~r= 

TECN COMMENT 
IPWA = N  ~ ~'N 

TECN COMMENT 
IPWA ":oN ~ ~'N 

N ( ' 1 6 5 0 )  D E C A Y  M O D E S  

r t N ( 1 6 5 0 )  .-.. N~r  

I "  2 N ( 1 6 5 0 )  - , .  N~/ 

r~  N ( 1 6 5 0 )  . - .  A K  

I" 4 N ( 1 6 5 0 )  --,. Z K  

F~ N ( ' 1 6 5 0 )  --,. N ~ ' ~ "  

I" 6 N ( 1 6 5 0 )  --,. A ( ' 1 2 3 2 ) ~ - ,  D - w a v e  

T'~ N ( 1 6 5 0 )  ~ N p .  S = ' I / 2 ,  S - w a v e  

I" 8 N ( 1 6 5 0 )  ~ N p ,  S = 3 / 2 .  D - w a v e  

I" 9 N ( 1 6 5 0 )  ~ N( 'x~1")S.wave 

I'~0 N ( ' 1 6 5 0 )  --~ N ( 1 4 4 0 ) ~ r ,  S - w a v e  

l '~ t  N ( ' 1 6 5 0 )  - , .  p ' y .  h e l l c l t y = ' I / 2  

T'~2 N ( ' 1 6 5 0 )  --.. n T ,  h e l l c l t y = ' I / 2  

N ( 1 6 5 0 )  P H O T O N  D E C A Y  AMPL ITUDES 

For c lef ln i t lon of the "~ N d e c a y  amp l i t udes  see Sec IV of the  
Note an N a n d  A Resonances p recec l lng  rne Baryon Llstlngs 

N(1650) ~ p*),, hellclly-'ll2 amphtude A~, 2 
VALUE (Germ-_. t 2) DOCUMENT ID I"ECN COMMENT. 

0 0 3 3 ± 0  015 CRAWI:ORD 83 IPWA ~ N ~  = N  
0 0 5 0 ± 0  010 AWAJI 81 DPWA " I N ~  =N 
0 ° 0 6 5 ¢ 0 ° 0 0 5  ARAI 80 DPWA ~ N ~  = N ( f l t  I )  
0 061 _+ 0 005 ARAI 80 DPWA ") N ~ ~ N (fd 2) 
0 .031:1:0 017 CRAWFORD 80 DPWA ~ N ~  ~'N 

+ 0  0 4 8 ± 0  017 BARBOUR 78 DPWA ~ , N ~  ~rN 
+ 0  0 6 8 ± 0  009 FELLER 76 DPWA ~ , N ~  =N 

• • • We d o  no l  use the  fol low~ng d a t a  for averages  fits limits e tc  * • • 
0 091 WADA 84 DPWA C o m p t o n  scat ter ing 

N ( 1 6 5 0 )  ~ n ' ~ .  h e l l c l t y - ' I / 2  a m p l l t u d e  A t .  2 
y_A..I.UE (GeV- f 2 )  _DocUMENT ID fECN COMMENT 

N ( 1 6 5 0 )  B R A N C H I N G  RAT IOS 

l'( N'JT ) l l'total I'~II" 
VALUE DOCUMENT IO TECN COMMENT 
0.55 to 0 . 6 5  O U R  ESTIMATE 
0 .65  ± 0 10 CUTKOSKY 80 IPWA :oN ~ = N  
0 61 ± 0 .04  HOEHLER 79 IPWA ~rN ~ 7rN 

( ] ' r P / ) % / l ' t o f a l  i n  N~r  ~ N ( 1 6 5 0 )  --* N ' f l  ( I ' I F 2 ) ½ / I "  
VALUE DOCUMENT ID TECN COMMENT 
- - 0 . 0 9  5E, AKER 79 DPWA ~ r - p  ~ nf i  

( r / l : l ) ~ / [ ' r o t a  I In  N~r  --~ N ( 1 6 5 0 )  ---,. A K  ( l ' t I ' 3 ) ½ / ] "  
VALUE DOCUMENT ID rECN COMMENT 
- 0  22 BELL 83 DPWA ~ r - p ~  ~.K 0 
- 0 22 SAXON 80 DPWA ~r- O ~ ~ K 0 
• • • We d o  no t  use the fo l l ow ing  d a t a  for overages ,  flts l imits, e t c  • • • 
- 0 25 6 BAKER 78 DPWA See SAXON 80 
- 0  2 3 ± 0  01 IBAKER 77 IPWA " ~ - p  ~ ~.K 0 
- 0  25 'IBAKER 77 DPWA ; , r -D ~ ~.K 0 

0 12 KNASEL 75 DPWA T:- D ~ '~K 0 

( l ' ~ ] ' f ) l ~ / l ' l o t o l  In  N / r  .-~ N ( ' 1 6 5 0 )  --~ " K  ( l ~ r 4 ) ½ / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  fo l l ow ing  d a t a  for averages  fits l imits e tc  • • • 
- -0  254 LWANOS 80 DPWA = p  ~ ~ K  

0 066 to 0 137 7 DEANS 75 DPWA 7rN ~ ~ K  
0 20 KNASEL 75 DPWA 

Note Signs of c o u p l i n g s  from / rN  ~ N~r~r analyses were  
c h a n g e d  In the 1986 ed i t i on  to ag ree  wi th the  ba ryon  firsl 
conven t i on  the  overa l l  phase  a m b i g u i t y  Is reso lved by  
choos ing  a n e g o t l v e  slgn for the  A(1620) S3t c o u p l i n g  to 
A(1232) 7r 

- 0  0 0 8 ¢ 0  004 AWAJI 81 DPWA ~ N ~  7rN 
0 0 0 4 ± 0  004 I:UJII 81 DPWA " ) N ~  :oN 
0 . 0 t 0 ¢ 0  020 ARAI 80 DPWA ~ N  ~ :¢N (fit t )  
0 0 0 8 ¢ 0  0 t 9  ARAI 80 DPWA * t N ~  ~rN (fit 2) 

- 0 . 0 6 8 ± 0 . 0 4 0  CRAWFORD 80 DPWA " ) N ~  = N  
- 0  011 :I:0 011 TAKEDA 80 DPWA ~ N ~  = N  
- 0  045-+0 024 BARBOUR 78 DPWA ~ N ~  ;'rN 

N ( 1 6 5 0 )  F O O T N O T E S  
'LThe two  BAKER 77 entr les ore from an IPWA using the  Bo~relel-ze~o m e t h o d  
a n d  from o c o n v e n t l o n a l  ene rgy  d e p e n d e n t  onalysls 

2LONGACR[ 77 p o l e  posit ions ore from o search for po les  In the un i lo r l zed  
T matr ix,  the firsl ( second)  va lue  uses in o d d l t l a n  fo ,I"N ~ NTrT: d a t a  
e losf lc  amp l i t udes  from o Soc loy (CERN) par t ia l  w a v e  analysis The o lher  
LONGACRE 77 va lues ore from eyeba l l  fils wi th Brell Wigner c l rc les to the 
T matr ix  amp l i t udes  

3From m e t h o d  II of LONGACRE 75 e y e b a l l  fits w i lh  Brert Wlgner c irc les to 
the  T matr ix  a m p l i l u d e s  

4LONGACRE 78 va lues ore from o search far po les  in the Unl lar ized T 
matr ix  The firm (second)  va lue  uses in o d d l h o n  to ~ N  ~ N=;'r d a t a  
e las l ic  a m p l l l u d e s  from a Soc loy (CERN) par t ia l  w a v e  onolysls 

5BAKER 79 f ixed lhls c o u p l l n g  dur ing  f i lhng but  the n e g a t l v e  slgn relatrve 
to The N('1535) is we l l  d e t e r m l n e d  

6The avero l l  phase  of BAKER 78 couphngs  has b e e n  c h a n g e d  to ag ree  
wi th prev iaus conven t ions  Superseded by  SAXON 80 

7The range g i ven  for DEANS 75 Is from the four best saluhons 
8MANLEY 84 considers this c o u p l i n g  sign ta De wel l  d e l e r m l n e a  
9LONGACRE 77 considers lhls c o u p h n g  la  be  wel l  d e t e r m l n e d  

N ( 1 6 5 0 )  REFERENCES 

For ear ly  references see Physics Letters 111B (1982) 

ARNDT 85 PR 032 1085 *Forcl Roper (VPl) 
MANLEY 84 PR 030 904 *Amdf Gorod~o TeplltZ (VPI) 
WADA 84 NP 0247 3~3 +[gowo Imonlshl ISPII KClIO Ukol+ (;NUS) 
BELL 83 NP 8222 380 +Bliss@it Broome ~Oley Hail Llnlern* (I~L) IJP 
CRAWFOR'D 03 NP 0211 4 +Morton (GLAS) 
AWAJI 81 Bonn Cant 352 +Kallkowo (NAGO) 

Also 82 NP 0197 365 FUIII HOyosPIIi lwoto Kojlkowo+ (NAGO) 
FUJII 8t NP ~t87 ,53 +HOyOSh~I Iwoto KOll~owo* {TOKY) 



3 8 6  

Baryon Full Listings 
N(1650), N(1675) 
ARAI 80 Toronto Cant 93 (TOKY) 

Also 82 NP 8194 251 Arai Futll (TOKY) 
CRAWFORD 80 Toronto Cant 107 (GLAS) 
CUTKOSKY 80 TOrOntO CanT 19 *Forsyth Babcock Kelly Hendrlck (CMU LBL)IJP 

AlSO 79 PR D20 2839 Cutkosky Forsylh HendHck Kelly (CMU LBL)UP 
LIVANOS 80 Toronto CanT 35 +Baton Coutures KOChOWSkl Neveu (SACL) IJP 
MUSETFE 80 NC 57A 37 (BRUX) IJP 
SAXON 80 NP B162 522 •Baker Bell Bhssett BIooCIwoflh* (RHEL BRIS) IJP 
TAKEDA 80 NP B168 17 ~Atai CUJil Ikedo Iwosokl~ (TOKY) 
BAKER 79 NP B156 93 *Brown Ctork Davies Dopogtel  Evans. (RHEL) IJP 
HOEHLER 79 PDAF 121 ~Ko~ser KOCh Plelarlnen (KARL) IJP 

A,SO 80 Toronlo Conl 3 Koch (KARL) IJP 
8AKER 78 NP 8141 29 +ellssett BIooClworth Broorne* (RL CAMe) IJP 
BARBOUR 7B NP B141 253 *Crowfolcl Poisons (aLAS) 
LONGACRE 7B PR Dt7 1795 +las~nsk~ RosenfelCI SmaOla+ (LBL SLAC) 
BAKER 77 NP B126 36~ +BllsSett BIoocIworth Bfoome Horl* (RH{L) IJP 
LONGACRE 77 NP B122 493 +Dolbeau (SACL) IJP 

AlSO 76 NP B108 365 Oolbeou Fflantis Neveu Codlet (SACL) IJP 
FELLER 76 NP 8104 219 +Eukushlma Horlkawa Kal~kOwo~ (NAGO OSAK) IJP 
DEANS 75 NP B96 90 +Mitchell Montgomery+ (SFLA ALAH) IJP 
KNASEL 75 PR D t i  1 +l~ndqulst Nelson~ (CHIC WUSL OSU ANL) IJP 
LONGACRE 75 P155B 415 +Rosenteld laSlnski Smadja+ (tBl SLAC)IJP 

1 5 -  I(JP) : 2 (2) Status "~ '~" '~" e 

M o s t  of t h e  r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e l e  a n d  h a v e  b e e n  o m d f e d  T h e y  m a y  b e  f o u n d  

in o u r  1 9 8 2  e d l h o n  ( P h y s i c s  LeTters 111B) In a d d l h o n ,  
r e s u l t s  in  th i s  r e g i o n  f r o m  p r o d u c h o n  e x p e r i m e n t s ,  

w h i c h  u s e d  to  D e  h s t e d  s e p a r a t e l y  In a n  e n t r y  f o l l o w -  

m g  t h e  N ( 1 7 0 0 ) ,  h a v e  b e e n  e n h r e l y  D r a i n e d  T h e y  

t o o  m a y  b e  f o u n d  m o u r  1 9 8 2  e d i h o n  

N ( 1 6 7 5 )  M A S S  

VALUE_(MeV)_ DOCUMENT ID TECN COMMEN__T ..... 

1660 to 1690 OUR ESTIMATE 
1675 -+ 10 CUTKOSKY 80 IPWA ~ N  ~ ;,rN 
1679 :t 8 HOEHLER 79 IPWA ~'N ~ ;,rN 
• • • We do  not  use t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  * • * 
1685 CRAWFORD 80 DPWA I N  ~ ~ N  
1670 SAXON 80 DPWA ~ , - p  ~ ~.K 0 
1680 BARBOUR 78 DPWA ~ N ~ ~ N  
1650 ~ LONGACRE 77 IPWA ~rN -~ N,-r~ 
1660 2 LONGACRE 75 IPWA ~TN ~ NTr 

N ( 1 6 7 5 )  W I D T H  

VALUE (MeV) DOCUMENT IO TECN COM_.M_ENT 

t2"0- to ' t80 OUR EsTiMATE 
160 _+ 20 CUTKOSKY 80 IPWA TrN - .  ~ N  
120 -+ 15 HOEHLER 79 IPWA ~'N ~ ~,N 
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  * • • 
191 CRAWFORD 80 DPWA ~ . N ~  ~ N  

40  SAXON 80 DPWA 7 r - p  ~ ~K 0 
88 BAKER 79 DPWA , ' r - p  ~ n~  

192 8ARBOUR 78 DPWA "~N ~ ~.N 
t30  r LONGACRE 77 IPWA .'rN ~ N~',-'r 
150 2 LONGACRE 75 IPWA ~rN ~ N~';T 

N ( 1 6 7 5 )  POLE P O S I T I O N  

REAL PART 
VALUE (Me_V_) DOCL/P~fE.Nr ID TECN COMMENT .. 
t 6 6 0  _+ 10 CUTKOSKY 80 IPWA ~ N  ~ ~'N 
• • • We d o  not  use the  f o l l o w i n g  d o r a  for o v e r a g e s ,  fits l imits e t c  • • • 
1661 ARNDT 85 DPWA ~'N ~ E N  
1663 or 1668 3 LONGACRE 78 IPWA T,N ~ N, ' r~ 
1649 or 16,50 I LONGACRE 77 IPWA ~ N  ~ N'rr~" 

- -  2 "K I M A G I N A R Y  PART 
VALUE (MeV) DOCUMEN~ tO. TECN COMMENT 
140 "z_ 10 CUTKOSKY 80 IPWA ,-rN ~ = N  
• • • We d o  not  use the  f o l l o w i n g  d o r a  for o v e r a g e s  flts l imits e t c  • • * 
142 ARNDT 85 DPWA ,'rN ~ ~,N 
146 or 171 3 LONGACRE 78 IPWA ,-rN ~ N~r-rr 
127 or 127 1 LONGACRE 77 IPWA ~rN ~ N;,r,"r 

N ( 1 6 7 5 )  ELASTIC  POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

27 _+ 5 CUTKOSKY 80 IPWA ~ N  ~ ,'rN 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID 7ECN COMMENT 
- 16 -+ 5 CUTKOSKY 80 IPWA = N  ~ =N  

N ( 1 6 7 5 )  D E C A Y  M O D E S  

I r N ( 1 6 7 5 )  ~ NTr  

12 N ( 1 6 7 5 )  ~ NT/ 

I 3 N ( 1 6 7 5 )  ~ ' , K  

14 N ( 1 6 7 5 )  ~ " K  

I 5 N ( 1 6 7 5 )  ~ N ~ "  

I 6 N ( 1 6 7 5 )  ~ ' , ( 1 2 3 2 ) 7 r .  D - w a v e  

I 7 N ( 1 6 7 5 )  ~ A ( 1 2 3 2 ) ~ - .  G - w a v e  

l '  8 N ( 1 6 7 5 )  ~ N p ,  S = I / 2 .  D - w a v e  

19 N ( 1 6 7 5 )  ~ N p .  S = 3 / ' 2 .  D - w a v e  

[ ' r0  N ( 1 6 7 5 )  --,- N p .  S = 3 / 2 ,  G - w a v e  

l ' t l  N ( 1 6 7 5 )  ~ N ( ~ ) S . w a v e  

] 12  N ( 1 6 7 5 )  ~ N ( 1 5 2 0 ) ' r r .  P - w a v e  

l r 3  N ( 1 6 7 5 )  ~ P " r ,  h e h c f f y = I / 2  

i 1 4  N ( 1 6 7 5 )  ~ P I ' ,  h e h c d y = 3 / 2  

I '15 N ( 1 6 7 5 )  ~ n ' y ,  h e h c l t y = I / 2  

l ' r 6  N ( 1 6 7 5 )  ~ n ' ~ ,  h e h c l t y = 3 / 2  

N ( 1 6 7 5 )  B R A N C H I N G  R A T I O S  

r ( N T r ) / l ' f o i a  I I ' r , / l "  
VALUE DOCUMENT ID TECN COMMENT 

0 .35  to 0 .40  OUR ESTIMATE 
0 3 8 - + 0  05 CUTKOSKY 80 IPWA ~ . N ~  E N  
0 3 8 + - 0  03 HOEHLER 79 IPWA I T N ~  ~ N  

( : l ' ~ l ' , ) " - ' / l  to lo l  i n  N~"  ~ N ( 1 6 7 5 )  ~ N r /  ( r 1 1 " 2 ) ~ / l  
VALUE DOCUMENT ID TECN COMMENT 

--[~ 07 BAKER 79 OPW~, ~ ' - p  ~ n~  
0 0 o r  + 0 009 FELTESSE 75 DPWA 1 4 8 8 - 1 7 4 5  MeV 

( r i l ' r ) i " : / r t o l a l  i n  N ~ "  ~ N ( 1 6 7 5 )  ~ ~.K ( i ' l l  3 ) ' / ~ / l  
VALUE DOCUMENT ID TECN COMMENT 
- 0  01 BELL 83 DPWA ~ , - p ~  ~K 0 

~ - 0  036 4SAXON 80 DPWA T . - p  ~ ~,K O 
- 0 034 _.?. 0 006 DEVENISH 74B F ixed r d l spe rs lon  re l  

( l ' , . l ' t ) " : / l ' f o t a l  I n  N~"  ~ N ( 1 6 7 5 )  ~ " K  ( r t r 4 ) ' A / l  
VALUE DOCUMENT tO TECN COMMENT 

• • • We do  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits, hmlts, e t c  • • • 
< 0  003 5DEANS 75 DPWA ~ N ~  " K  

Note  Signs of c o u p l i n g s  f rom F,N ~ NTr= a n a l y s e s  w e r e  
c h a n g e d  in the  1986 e d i t i o n  to a g r e e  wi th  the  b a r y o n  first 
c o n v e n t i o n  the  ove ra l l  p h a s e  o m b l g u l t y  IS reso l ved  by  
c h o o s i n g  O n e g a h v e  s lgn for t he  .3(1620) 531 c o u p l i n g  to 

.3(1232) ,-r 

( [ : l ' F ) ' ~ / r r o t a l  i n  N?T ~ N ( 1 6 7 5 )  ~ A ( 1 2 3 2 ) ~ .  D - w a v e  0 ' 1 1 6 ) ~ / r  
VALUE DOCUMENT ID TECN COMMENT 
+ (LARGE) OMANLEY 84 IPWA ~ ' N - ~  N E =  
+ 0 . 4 6  1 ? LONGACRE 77 IPWA ;'rN ~ N~',Tr 
+ 0  50 2LONGACRE 75 IPWA ~ N  ~ NTr;'r 

• • • w e  d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l lmds e fc  • • • 
+ 0  5 8NOVOSELLER78 iPWA = ' , N ~  N';'rTr 

(l'II',)"~/l'fotai in N ' x  ~ N ( 1 6 7 5 )  ~ N p ,  S = 3 / 2 ,  D - w a v e  ( [ ' T l ' 9 ) ' / z / r  
VALUE DOCUMENT tO TECN COMMENT 
- -  (SMALL) MANLEY 84 IPWA ~ N  ~ N~,"r 
- 0 . t 5  t 7 LONGACRE 77 IPWA ~'N - -  N, 'r= 

( l ' ~ l ' t ) ' ~ / l ' l o t a l  In N ~ r  ~ N ( t 6 7 5 )  ~ N ( ~ r ; ' r ) S . w a v e  ( [ ' ~ 1 " 1 1 ) ~ / l "  
VALUE DOCUMENT ID TECN COMMENT 

( l i l t )  " / | t o t a l  i n  N ~  ~ N ( 1 6 7 5 )  ~ N ( 1 5 2 0 ) T r .  P - w a v e ( r 1 [ ' 1 2 ) ½ / r  
VALUE DOCUMENT ID TECN COM_MENT 
- - 0  15 MANLEY 84 IPWA ~ N  ~ N~ '~  



See  key  on page 129 

N ( 1 6 7 5 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For c le f ln i l i on  of t he  3. N d e c a y  a m p l i t u d e s ,  see Sec IV of l h e  
N o l e  on  N a n d  A R e s o n a n c e s  p r e c e d i n g  t he  Baryon Lisflngs 

N ( 1 6 7 5 )  ~ p ' y .  h e i l c d y - I / 2  a m p h t u d e  A I . 2  
yALUE (_GeV- 1:2) . . . . . .  DOCUMENT ID.. [ECN COMMENT - - -  

0 0 2 t  _+ 0 011 CRAWFORD 83 IPWA 3. N ~ T,N 
0 0 3 4 + - 0  005 AWAJI 81 DPWA " y N ~  ,'rN 
0 . 0 0 6 _ + 0  005 ARAI 80 DPWA " ~ N ~  ,-rN (fit I )  
0 0 0 6 - + 0  004 ARAI 80 DPWA " ~ N ~  = N ( I I t  2) 
0 . 0 2 3 - + 0  015 CRAWFORD 80 DPWA 3 . N ~  ~.N 

+ 0  0 2 2 - + 0  010 BARBOUR 78 DPWA 3 . N ~  ~ N  
+ 0  034_+0 004 FELLER 76 DPWA 3 . N ~  ~rN 

N ( i 6 7 5 )  --,- p " / .  h e l l c d y - 3 / 2  a m p h t u d e  A3 .  2 
V__A_LUE ( G e V - 1 2 ) _ .  £)OCUMENT ID T_ECN COMMENT - - . .  

0 015.?.+0 009 CRAWFORD 83 IPWA 3 . N ~  ~ N  
0 ° 0 2 4 - + 0  008 AWAJI 81 DPWA " y N ~  :~N 
0 030 ± 0 004 ARAI 80 DPWA 3. N ~ ~r N ( I l l  1) 
0 0 2 9 - + 0  004 ARAI 80 DPWA 3 . N ~  ~ N ( f l t  2) 
0 0 0 3 ± 0  012 CRAWFORO 80 DPWA * T N ~  ~ N  

+ 0  0 1 5 - + 0  006 BARBOUR 78 DPWA h N ~  ~.N 
+ 0 . 8 1 9 _ + 0  009 FELLER 76 DPWA " ~ N ~  ~ N  

N ( 1 6 7 5 )  ~ n ' y .  h e h c l t y - I / 2  a m p h t u d e  A t ,  2 
_VALUE_(GeV- f 2 ) .  _D. OCUMEN_J~ID_ 

- 0 057 - 0 . 0 2 4  AWAJI 81 
- 0 033 -+ 0 004 FUJII 81 
- 0  0 3 9 - + 0  017 ARAI 80 
- 0 025 ± 0 027 ARAI 80 
- 0 059 _+ 0 015 CRAWFORD 80 
- 0  021 -+0 011 TAKEOA 80 
- 0 066 -+ 0 020 BARBOUR 78 

N ( 1 6 7 5 )  ~ n ' y ,  h e l l c l l y - 3 1 2  a m p l i t u d e  
VALUE [GeV~ f 2) -_ _D.OC.UMENT IL~. 

- 0  0 7 7 - + 0  018 AWAJI 81 
- 0  069-+0 004 FUJII 81 
- 0.066 _+ 0 026 ARAI 80 
-0 071 ±0 022 ARAI 80 
- 0 059 -+ 0 020 CRAWFORD 80 
- 0  0 3 0 - + 0  012 TAKEDA 80 
- 0  0 7 3 - + 0  014 8ARBOUR 78 

TEC.N_ C O M M E N T  
DPWA ) N ~  ;,rN 
DPWA ~ N ~  ~'N 
DPWA 3 . N ~  ~ N ( I I f  1) 
DPWA ' ) N  ~ ~ 'N ( f l t  2)  
DPWA ~ N ~  ~'N 
DPWA "~ ,N~  ~-,N 
DPWA ~ N ~  E N  

A3.2 
[ECN CO_MME~IT . . . .  

DPWA h N ~ 7:. N 
DPWA 3 . N ~  E N  
DPWA 3 . N ~  ~TN(flt 1) 
DPWA " I N ~  ,I"N (fit 2) 
DPWA 3.N ~ = N  
DPWA ") N ~ ,'r N 
DPWA ~ N ~ ~r N 

N ( 1 6 7 5 )  F O O T N O T E S  
ILONGACRE 77 p o l e  pOSlhOns a re  f rom o s e a r c h  for po les  in the  un i t o r i zed  

T mat r i x  t he  first ( s e c o n d )  v a l u e  uses in a d d i t i o n  to ,-rN ~ NTr,-r d a t a  
e las l lC  a m p l i t u d e s  f rom o Sac lay  (CERN) pa r t i a l  w o v e  ana lys is  The O lhe r  
LONGACRE 77 v a l u e s  a r e  f rom e y e b a l l  fits w i th  8ra i l  WIgner  c i r c les  lo  t he  
T-matr ix a m p l i t u d e s  

2From m e t h o d  il of LONGACRE 75 e y e b a l l  fits wdh  BreJhWigner c i r c les  to 
t he  T-matr ix a m p h l u d e s  

3LONGACRE 78 va lues  a r e  f rom o s e a r c h  for po les  In t he  u n i l o r i z e d  T 
mat r i x  The first ( s e c o n d )  v a l u e  uses in a d d i t i o n  lo  ,-rN ~ NT,~ d o l a  
e l a s h c  a m p l i t u d e s  f rom o Sac lay  (CERN) p a r h a l - w a v e  ana lys is  

4SAXON 80 f inds the  c o u p l i n g  p h a s e  ts n e a r  9(3" 
5The r a n g e  g i v e n  is f rom l h e  four bes l  so lu t ions DEANS 75 d i s a g r e e s  w i th  

, ' r + p  ~ " + K "  d a t a  of WiNNIK 77 a r o u n d  1920 MeV 
6MANLEY 84 cons tde rs  this c o u p l i n g  s ign to b e  we l l  d e l e r m l n e d  
7LONGACRE 77 COnsiders thlS COuphng  to b e  w e l l  d e t e r m i n e d  
8A Bred W igne r  fit 10 t he  HERNDON 75 IPWA 

N ( 1 6 7 5 )  REFERENCES 

For e a r l y  r e f e r e n c e s  see  Physics Le l le rs  1t18 (1982) 

ARNDT 85 PR D32 1085 +Ford RaDar (VPI) 
MANLE¥ 84 PR D30 004 +Arnclt GoraClla TeDlilz (VPI) 
BELL 83 NP 8222 389 ~Bllssetl Broome Daley Hart Lint÷m+ (RL) IJP 
CRAWFORD 83 NP 8211 1 *Morton CGLAS) 
AWAJI 8t Bonn Cant 352 ÷Kallkawa (NAGO) 

AiSO 82 NP 8197 365 Fujll Hoya$hli IwotQ Kojlkawa÷ (NAGO) 
FUJII 81 NP Bt87 53 +HayaShil Iwato KOjlkowa+ (TOKY) 
ARAI 80 Toronlo Cant 93 (TOKY) 

AlSO 82 NP 8194 251 Aral EUJh (TOKY) 
CRAWFO(E) 80 Toronto Cant 107 (GLAS) 
CUTKOSKY 80 Toronto Cant 10 *Forsytn Babcock Kelly Hendrlck (CMU LBL) IJP 

AlSO 79 PR 020 2839 CutXOSky Forsyth Honarlck Kelly (CMU LBL)UP 
SAXON 80 NP 8162 522 ÷Bakel Bell Blissett BloOClworth, (RHEL BRIS) IJP 
TAKEDA 80 NP 8168 17 +AIQI Fujll Ike~a lwosakl+ (TOKY) 
BAKER 79 NP 8t56 93 +BrOWn Clark Davies Depogtef Evans* (I~HEL) IJP 
HOEHLER 79 PDAT 12 I *Kalser KOCh Pletorlnen (KARL) IJP 

Also 80 Toronto Cant 3 KOCh (KARL) IJP 
BARBOUR 78 NP B141 253 ÷Cfawforo Parsons (GLAS) 
LONGACRJE 78 PR 017 1795 ÷LaSlnskl RosenfelO Smadla÷ (LBL BLAC) 
NOVOSELLER 78 NP 8137 509 (CIT) IJP 

Also 7BB NP 8137 445 Novoseller (CIT) IJP 
LONGACRt 77 NP 8122 493 ÷OolbeaLl (SACL) IJP 

AISO 76 NP BIOB 365 Doll3eou Tdonfls Neveu Cacllet (SACL) IJP 
WINNIK 77 NP 8128 66 +Toatf Revel Goldberg Belny (HAIF) I 
FELLER 76 NP 8104 2t9  +Fukushlmo HC~'lkawa KaJlkowa+ (NAGO OBAK) IJP 
DEANS 75 NP 806 90 *MIIchell  Montgomery,  (SFLA ALAH) IJP 
FELTESSE 75 NP B93 242 +Ayed Bareyre Borg÷Dud Davld+ (SACL) IJP 
HERNDON 75 PR D11 3183 +Longacre Mlller RosenfelCl+ (LBL SLAC) 
LONGACRE 75 PL 558 415 ÷Rosenteld Lo$inskl SmadJCl* (LBL SLAC) IJP 
DEVEN~SH 748 NP 881 330 +Froggatl Martin (OESY NaRD LOUC) 

3 8 7  

Baryon Full Listings 
N(1675), N(1680) 

I 
I 1 5+ N ( 1 6 8 0 )  F15 / ( / )  = 2(2 ) slalus * * * * 

MOSt of  t h e  r e s u l l s  p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o m ~ t l e d  They  m a y  b e  f o u n d  
m o u r  1 9 8 2  e d d l o n  ( P h y s i c s  L e t t e r s  11tB) In o d d l l l o n  

r e s u l l s  in  Ib is  r e g i o n  f r o m  p r o d u c h o n  e x p e n m e n t s  

W h i C h  u s e d  1o b e  l i s t e d  s e p a r a t e l y  m a n  e n t r y  f o l l o w  

i n g  t h e  N ( ' I 7 0 0 )  h o v e  b e e n  e n t i r e l y  o m H t e d  T h e y  

t o o  m a y  b e  f o u n d  in  o u r  1982  e d d l o n  

N ( 1 6 8 0 )  M A S S  

VALUE (Me.V) DOCUMENr IO TECN COMMENT 

1670 to 1690 OUR ESTIMATE 
t 6 8 0  !- t0  CUTKOSKY 80 IPWA .~'N o ~N  
1684 ~ 3 HOEHLER 79 IPWA ,'rN ~ ~N  
• • • We d o  no l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits hm~ts e fc  • • • 
1682 CRAWFORD 80 DPWA "IN ~ ;TN 
1680 BARBOUR 78 DPWA "~ N ~ ,-rN 
1660 t LONGACRE 77 IPWA ~TN ~ NT,;T 
1685 KNASEL 75 DPWA ~ "D ~ \K0 
1670 2 LONGACRE 75 IPWA ,',N ~ N~:'r  

N ( 1 6 8 0 )  W I D T H  

VALUE (l~eV) DOCUMENT ID TECN COMMENT 

t10 to 140 OUR ES;IiMATE 
120 _+ 10 CUTKOSKY 80 IPWA ,~N ~ ,-:N 
128 ~ 8 HOEHLER 79 IPWA ~.N ~ r .N 
• • * We d o  no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  tits l imits e l c  • • • 
121 CRAWFORD 80 DPWA " t N ~  ;T,N 
t19  BARBOUR 78 DPWA " ~ N ~  r .N  
150 I LONGACRIF 77 IPWA ,'TN ~ N.";'~" 
155 KNASEL 75 DPWA ~ - p  ~ ~.K O 
130 2LONGACRE 75 IPWA ~'N ~ N,'r~ 

N ( 4 6 8 0 )  POLE P O S I T I O N  

REAL PART 

VALUE (M~V) DOCUMENr I0 rECN COMMENT 
1667 -+ 5 CUTKOSKY 80 IPWA ~rN ~ ,-rN 
• • • We do  not  use the  | a l l o w i n g  d a t a  for o v e r a g e s  his l imits e t c  • • * 
1680 ARNDT 85 DPWA ~ N  . .  ~ N  
1668 or 1674 3 LONGACRE 78 IPWA EN ~ N'fl,';'r 
1656 or 1653 I LONGACR[ 77 IPWA = N  - .  Nr, ,': 

- -  2 X I M A G I N A R Y  PART 

VALUE (MeV) . DOCUMENT ID rECN COMMENT 
110 -+ 10 CUTKOSKY 80 IPWA T,N ~ rrN 
• * • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  hfs l imits e l c  * * * 
120 ARNDT 85 DPWA ,-rN . ~rN 
132 or 137 3 LONGACRE 78 IPWA : N  ~ N,-r~ 
145 or 143 I LONGACRE 77 IPWA ,"rN . .  N,-r~ 

N ( 1 6 8 0 )  ELASTIC POLE RESIDUE 

REAL PART 

VALUE (MeV) DOCUMENt tO TECN COMMENT 
3 t  -+ 2 CUTKOSKY 80 IPWA 7~N -~ : rN 

I M A G I N A R Y  PART 
VALUE (MeV_) " DOCUMENT !D TECN COMMENr 
-- 14 _+ 3 CUTKOSKY 80 ~PWA ~rN o ;'rN 

N ( 1 6 8 0 )  D E C A Y  M O D E S  

1" I N ( 1 6 8 0 )  ~ N r r  

l" 2 N ( t 6 8 0 )  ~ NT/ 

I" 3 N ( 1 6 8 0 )  ~ \ K  

I" 4 N ( 1 6 8 0 )  ~ ~ K  

] '5 N ( 1 6 8 0 )  ~ N ~ ' ~ "  

] '6 N ( 1 6 8 0 )  ~ A ( 1 2 3 2 ) ~ - ,  P - w a v e  

I" 7 N ( 1 6 8 0 )  ~ A ( 1 2 3 2 ) ~ - , ,  F - w a v e  

[ 'e N ( 1 6 8 0 )  ~ N p .  S = I / 2 ,  F - w a v e  

r 0 N ( 1 6 8 0 )  ~ N p .  S = 3 / 2 ,  P - w a v e  

I ' i 0  N ( 1 6 8 0 )  ~ N p ,  S=3, , '2 ,  F - w a v e  
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Baryon Full Listings 
N(1680) 
l , t  N ( t 6 8 0 )  ~ N ( ~ ' x ) S . w a v e  

1 t2  N ( 1 6 8 0 )  ~ p ~ ,  h e h c l t y : t / 2  

I t3 N ( 1 6 8 0 )  ~ p ' ~ .  h e h c d y = 3 / 2  

1 t4 N ( 1 6 8 0 )  ~ n ' y .  h e h c H y = l / 2  

I ' t  5 N ( 1 6 8 0 )  ~ n " f ,  h e h c f l y = 3 , , ' 2  

N ( 1 6 8 0 )  B R A N C H I N G  R A T I O S  

I ( N , I " ) / I  fata l  I t ," l "  
VALUE DOCUMENT IO TECN COMMENT 

0 .55  tO  0 .65  OUR ESTIMATE -" 
0 62-+0 05 CUTKOSKY 80 IPWA = N ~  ~rN 
0 65 -+ 0 02 HOEHLER 79 IPWA TrN ~ ~rN 

(l I , )" /  to ta l  In  NTr  ~ N ( 1 6 8 0 )  ~ N~ 7 (1'1I'2)~/I" 
VALUE DOCUMENT ID TECN COMMEN~ 
NOT SEEN BAKER 79 DPWA : r - p  ~ n~7 

l ' (  N r /  ) / l ' i o fa l  1'2/ I"  
VALUE DOCUMENT /D TECN COMMENT 

• • • We d o  not  use the  fo l l ow ing  d a t a  for overages  his l imits e tc  • • • 
0 0005 or 0 001 4 CARRERAS 70 MPWA f p o l e  + resonance  
0 0004 4 BOTKE 69 MPWA t p o l e  + resonance  
0 003 -+ 0 002 4 DEANS 69 MPWA f p o l e  + resonance  

l ' ( N r l ) / l ' ( N l r )  12/1 ' ,  ~ 
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  no t  use the  fo l l ow ing  d a t a  for averages ,  fits l imits, e l c  * • * 
< 0  027 HEUSCH 66 RVUE #0 ~ D h o f o p r o d u c  

l ion  

( I ' l l  r ) ' Z / l ' t o t o l  i n  N T r - - , .  N ( 1 6 8 0 )  --,. A K  ( 1 " ~ I ' 3 ) ~ / [ "  
C o u p l i n g  to ' tK no t  requ i red  in the  analyses of BAKER 77 SAXON 80 or 
BELL 83 

VALUE DOCUMENT ID TECN COMMENT 
0 0`1 KNASEL 75 DPWA ~ - p  ~ ~K0 

- 0 009 -+ 0 009 DEVENISH 74B Flxed-f d ispers ion tel  

( ] ' , . I ' ! ) ' : / l ' t o t a  I i n  NTr  --. N ( 1 6 8 0 )  ~ ~ K  ( r I i ' 4 ) ½ / l "  
VALUE DOCUMENT/D TECN COMMENT 

• • • We d o  noJ use the  fo l l ow ing  d a l e  for ove rages  Ells l imits e t c  • • • 
< 0  00`1 SDEANS 75 DPWA ;T .N~  ~ K  

Note Signs at c o u p h n g s  from .-rN ~ NE."r analyses were  
c h a n g e d  in the  '1986 ed i t i on  Io ag ree  wi th  the Daryon first 
c o n v e n t i o n  l he  overa l l  phase  a m b i g u i t y  is reso lved by  
ChoPs=rig a n e g a t i v e  sign for the 3.( t620) $31 c o u p l i n g  to 
3.(1232) :r 

( l ' / l ' , ) " : / l ' l o t a  I ~n N ~  ~ N ( 1 6 8 0 )  ~ N(TrTr )S .wave  ( l  ~1"10~/1"  
VALUE DOCUMENT ID TECN COMMENT 

(LARGE) 6 MANLEY 84 IPWA ?rN ~ NT,~ 
+ 0  31 17LONGACRE 77 IPWA ~ ' N ~  N~,"r 
+ 0 30 2 LONGACRE 75 IPWA ;'rN ~ NTr= 
• • • We d o  not  use the  fo l l ow ing  d a t a  for overages  fits hmils e tc  • • • 
+ 0  42 8NOVOSELLER78 IPWA = N ~  N ~ ,  

N ( 1 6 8 0 )  P H O T O N  D E C A Y  A M P U T U D E S  

For def in i t ion  of the  ") N c lecay a m p h t u d e s  see Sac IV of the  
Note on N a n d  2, Resonances p r e c e d i n g  the  Baryon Dshngs 

N ( 1 6 8 0 )  ~ p~,  h e h c l t y - I / ' 2  a m p l i t u d e  
-VALUE ~G_ev 7 ~ 2) DOCUMENT/D 
- 0 017 _+ 0 018 CRAWFORD 83 
- 0  0 0 9 ~ 0  006 AWAJI 81 
- 0 028 :t: 0 003 ARAI 80 
- 0 026 _+ 0 .003 ARAI 80 
- 0 018 _+ 0 014 CRAWFORD 80 
- 0  0 0 5 _ 0  015 BARBOUR 78 
- 0 009 _+ 0 002 FELLER 76 

N ( 1 6 8 0 )  ~ p " f .  h e h c d y - 3 / 2  o m p h t u d e  
_VALUE (GeV-  r 2) _ .  _DO C_U.A.~ENT ID 

0 132 _+ 0 010 CRAWFORD 83 
0 115 -+0 008 AWAJI 81 
0 115 _+0.003 ARAI 80 
0 122 _+ 0 003 ARAI 80 
0 141 _+ 0 014 CRAWFORD 80 

+ 0 138 _+ 0 02~ BARBOUR 78 
+ 0 12`1 _+ 0 010 FELLER 76 

N ( 1 6 8 0 )  ~ n " ( ,  h e h c # y - I / ' 2  a m p h t u d e  
_VALUE ~GeV- ~ 2~ . . . . .  DOCUMENT./D 

0 017 -+0 0`14 AWAJI 81 
0 032 -t. 0 003 FUJII 81 
0 026 _+ 0 .005  ARAI 80 
0 028 _+ 0 014 ARAI 80 
0 044 _+ 0 012 CRAWFORD 80 
0 025 _+ 0 010 TAKEDA 80 

~ 0  037-+0 010 BARBOUR 78 

N ( I b 8 0 )  ~ n " y ,  h e h c # y - 3 / 2  a m p h t u d e  
VALUE ( G e v -  f_ 2 j  DOCUMENT IO 
- 0.033 _+ 0 013 AWAJI 8`1 
- 0 023 _+ 0 005 FUJII 8'I 
- 0 024 -+ 0 009 ARAI 80 
-0 029-+0 017 ARAI 80 
- 0 033 _+ 0 015 CRAWFORD 80 
- 0 035 -+ 0 012 TAKEDA 80 
- 0 038 -+ 0 018 BARBOUR 78 

( [ ' , r , ) ' , ~ / r t o t a l  i n  NTr ~ N ( 1 6 8 0 )  ~ A ( 1 2 3 2 ) / r .  P - w a v e  ( I ' J ' 6 ) v ~ / ] "  
VALUE DOCUMENT ID rECN COMMENT 
- -  (LARGE) b MANLEY 84 IPWA 7r N ~ NTr.'r 
- 0  27 t7LONGACRE 77 IPWA = N ~  NTr,-r 
- 0  25 2LONGACRE 75 IPWA 7 r N ~  NT.~ 
• • • We do  not  use the f o l l ow lng  d a t a  for averages  fits hmlls, e tc  • • • 
- 0  38 8NOVOSELLER78 IPWA , " r N ~  N?rr. 

( l ' ~ l ' i ) : ' : / l ' l o t a  I m N ' ; r  - - .  N ( 1 6 8 0 )  -- .  ' , ( 1 2 3 2 ) # .  F - w a v e  ( l ' t l 7 ) ~ / l  
VALUE DOCUMENT ID TECN COMMENT 
- (SMALL) 6 MANLEY 84 IPWA n'N ~ N,'T ~r 
+ 0  07 17LONGACRE 77 IPWA = N ~  N,'r# 
+ 0  08 2LONGACRE 75 IPWA E N ~  N~'Tr 
• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  flts, l imits e t c  • • • 
+ 0  05 8NOVOSELLER7B IPWA 7 r N ~  N;,r~ 

(1 ~ ! / ) ' : / l ' t o l o  I m N l r  --,. N ( 1 6 8 0 )  ~ N p .  S = 3 / 2 .  P - w a v e  ( l ' i ] ' 9 ) ~ h / l "  
VALUE DOCUMENT /D [ECN COMMENT 
- (LARGE) 6 MANLEY 84 IPWA .I"N ~ N~r ~r 

0 23 17LONGACRE 77 IPWA ~ r N ~  N~r.'r 
- -0  30 2LONGACRE 75 IPWA ~ . N ~  N~';'r 
• • • We d o  not  use the fo l l ow ing  d a t a  for ave rages  fds l imits e t c  • • • 
- 0  34 8NOVOSELLER 78 IPWA TrN ~ N/r,'r 

( [ ' ~ ] ' ~ ) ' ~ / l ' f o l a  ~ i n  NTr  ~ N ( I b 8 0 )  - ~  N p .  S = 3 / 2 .  F - w a v e O ' 1 1 t o ) ~ / [ "  
VALUE DOCUMENT ID TECN COMMEN~ 
-- (SMALL) MANLEY 84 =PWA E N  ~ N;,rr, 

0 15 17 LONGACRE 77 IPWA ~ N  ~ N.*r~ 

A I , 2  
T_ECN COMMENT . . . .  
IPWA " ) N ~  ~ N  
DPWA 3 N ~  ,-rN 
DPWA " ) N ~  ,"rN (tlt I )  
DPWA " ) N ~  ~.N (fit 2) 
DPWA 3 N ~ r, N 
DPWA ~ N ~  r ,N 
DPWA " ,N . .  ~N  

A3,2  
[_E_CN COMMENT ........ 
IPWA " ) N ~  ~rN 
DPWA ~ N ~  ~'N 
DPWA " } N ~  , ' rN(f i t  1) 
DPWA " ) N ~  .'TN(flt 2) 
DPWA 3 N ~ ;'r N 
DPWA " ; . N ~  ~'N 
DPWA " ~ N ~  ~ N  

A t  2 
TECN. COMMENT 
DPWA 3 N ~ ~ N 
DPWA "~ N ~ ,I" N 
DPWA " ) N ~  , l "N(f l t  1) 
DPWA 3 N ~  , ' rN(f l t  2) 
DPWA 3 N ~  ,-rN 
DPWA "z'N ~ ,"rN 
DPWA * I N ~  ~ N  

AB.2 
.rECN COMMENT 
DPWA 3 N ~  ~'N 
DPWA " ~ N ~  ~ N  
DPWA 3 N ~  7rN(fH t )  
DPWA 3 N ~  7rN(f l t  2) 
DPWA ~ . N ~  7rN 
DPWA " ~ N ~  ."rN 
DPWA "~ N ~ 7r N 

N ( 1 6 8 0 )  REFERENCES 

For ear ly  references, see Physlcs Letters f I IB  (1982) For very 
ear ly  references see Rev Mad  Phys 37 633 (1965) 

ARNDT 85 PR D32 108S +Fold Roper (VPI) 
MANLEY 84 PR D30 904 +Arnclt Gorodlo Teplltz (VPI) 
BELL 83 NP B222 389 +Bllssen Broome Dal®y HOd Linlerne (RL) iJP 
CRAWFOR'D 83 NP B211 I ÷MoOon (GLAB) 
AWAJI 81 Bonn ConE 352 +Kalikawo (NAGO) 

AlSO 82 NP B'~97 365 FUlll HOyOShlL IWQIO KalIRQWO÷ (NAGO) 
FUJH 8t NP B1B7 53 *HOyOShll Iwoto KOIIkOWO* (TOKY) 
ARAI 80 toronto Cant 93 (TOKY) 

AlSO 82 NP B194 2.51 ArOI Fupt (TOKY) 
CRAWFORD 80 toronto Cant 107 (GLAS) 
CUTKOSKY 80 Toronto ConE tO eForsyth Babcock Kelly Henarick (CMU LBL)IJP 

AlSO 79 PR D20 2839 Culko$ky Forsyth Hendrlck KOUy (CMU LBL)IJP 
SAXON 80 NP B162 822 +Baker 8ell Bllsselt BIoodwodh+ (RHEL BRI$)IJP 
TAKEDA 80 NP B168 17 ~Arol FuJll IkeOo lwasok~+ (TOKY) 

N ( 1 6 8 0 )  F O O T N O T E S  
ILONGACRE 77 p o l e  DOSlllOnS are t ram a search for po les  in the  un l ta r lzed 

T matr lx,  the first ( second)  va l ue  uses in a d d l t l o n  Io ~.N ~ N~rTr claTa 
e las l l c  a m p l i t u d e s  from a Soc loy  (CERN) pa rha l -wave  analysis The o ther  
LONGACRE 77 values are from eyebal~ tits w}th Brelt Wlgner  c l rc les to the  
T-matrix omp l l luc les  

2From me lhoc l  II at LONGACRE 75 e y e b a l l  fits wi th Bred-Wlgner c l rc les to 
the T matr ix  amp l i t udes  

3LONGACRE 78 va lues are from a search for po les  in lhe  un l tor lzea T 
matr ix  The first ( second)  va lue  uses in a d d l h o n  to ~ N  ~ N1r~ d a t a  
e last ic  amDhtudes  from a Sac lay (CERN) po r f l a l -wave  analys ls  

4The pa rame t r l za t l on  used m a y  b e  d o u b l e  c o u n t i n g  
5The range  g l ven  is from 3 of 4 best solul ions not  present  in solut ion I 

DEANS 75 d isagrees wi th  = + p  ~ ~_+K + d a t a  of WINNIK 77 a round  1920 
MeV 

6MANLEY 84 conslders lhlS c o u p l i n g  slgn to be  wel l  d e l e r m l n e d  
7LONGACRE 77 considers this c o u p l i n g  to be  we l l  d e t e r m i n e d  
8A Breit Wigner flt to the  HERNDON 75 IPWA 
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Baryon Full Listings 
N(1680), N(1700) 

BAKER 79 NP 8156 93 +Brown C/arW Dovlel  Depogter Evans+ (RHEL) UP 
HOEHLER 79 PeAT 121 +Kaiser KOCh Plelarlnen (KARL) IJP 

Also 80 toronto Cant 3 Koch (KARL) IJP 
BARBOUR 78 NP 8141 253 +Crowfotcl Par~ons (GLAS) 
LONGACI~ 78 PR D17 1795 ÷Laslnskl Rosenfeld SmoaJa+ (LBL SLAC) 
NOVOSELLER 78 NP 5137 509 (CIT) IJP 

AlSO 7Be NP 6137 445 Novose~ler (clr) UP 
BAKER 77 NP B126 365 +8111sort 81oociworth Broom+ Hott~ (RHEL) IJP 
LONGACRE 77 NP B122 493 +Dolbeou (SACL) IJP 

AlSO 76 NP B108 365 Dolbeau Trlontls Neveu Cachet (SACL) IJP 
WINNIK 77 NP 8128 66 +Tool/ Revel GolOberg 8erny (HAIF) I 
FELLER 70 NP 8104 219 +Fukushimo Harlkawa Kollkawa~, (NAGO OSAK) IJP 
DEANS 75 NP 596 90 +Mltchefl Montgomery+ (SFLA ALAH) IJP 
HERNDON 75 PR D11 3183 +Longacre Miller Rosenteld. (LBL SLAC) 
KNASEL 75 PR D11 1 ~,Llndquist Nelson+ (CHIC WUSL OSU ANL) IJP 
LONGACRE 75 PL 558 415 ~Rosenfelcl Laslnskl Sma~la+ (L~L SLAC)IJP 
DEVENISH 74s NP 58t 330 +Ftoggatt Martin (OESY NaRD LOUC) 
CARRERAS 70 NP 816 35 +Donnochie (DARE MCHS) 
8OTKE ~)9 PR t80 1417 (UCSB) 
DEANS 69 PR 185 1797 ÷Woolen (SFLA) 
HEUSCH 66 PRL t7 1019 +Prescolt Doshen (CIT) 

I N(t700) D~3 I i ( j P )  = 1 3- 
2 (2) S t a t u s  e '~ * 

M o s t  of  t h e  resu l ts  p u b l i s h e d  b e f o r e  1975 a r e  n o w  
o b s o l e f e  a n d  h a v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  
m o u r  1982 e d i t i o n  (Phys ics  Le t te rs  111B) In o d d l h o n ,  
resu l ts  m th is  r e g i o n  f r o m  p r o d u c t i o n  e x p e r i m e n t s .  
w h l c h  u s e d  to  b e  l i s t e d  s e p a r a t e l y  as  t h e  n e x l  e n t r y .  
h o v e  b e e n  e n t i r e l y  o m i t t e d  T h e y  t o o  m a y  b e  f o u n d  
m o u r  1982 e d d ~ o n  

The v a r i o u s  p a r t i a l - w o v e  a n a l y s e s  d o  n o t  a g r e e  v e r y  
w e l l  

N ( 1 7 0 0 )  M A S S  

VAL_UE (MeV) . . . . .  DOCUMENT !.D_.._ TECN _CO M_M_ENT 
1670 to 1730 OUR E S T I M A T E  

1675 +- 25 CUTKOSKY 80 IPWA :oN ~ ~TN 
1731 ¢ 15 HOEHLER 79 IPWA ITN ~ ~rN 
• • • We d o  no t  use the  fo l l ow ing  d a t a  for averages  fits l imits e t c  • * • 
1709 CRAWFORD 80 DPWA " { N ~  ~rN 
1650 SAXON 80 DPWA ; ' : . -p  ~ '~K ° 
1880 I BAKER 79 DPWA ~ . - p  ~ n~ 
1690 fo 1710 BAKER 78 OPWA ~ r - p  ~ ~K 0 
1719 BARBOUR 7B DPWA "yN ~ ~rN 
1670+_10 2BAKER 77 IPWA ~ r - p ~  ~.K ~ 
1690 2BAKER 77 DPWA ~ T - p ~  ~.K 0 
1660 3 LONGACRE 77 iPWA ,'EN ~ N;cE 
17t0 4 LONGACRE 75 IPWA ~ N  ~ N~'~ 

N ( 1 7 0 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMEN~ 
70 to 120 - O U R  E S T I M A T E  . . . . . . . . .  
90 +- 40 CUTKOSKY 80 IPWA ~'N ~ ,~'N 

110 ± 30 HOEHLER 79 IPWA ~rN ~ .'TN 
• • • We d o  not  use the fo l l ow ing  d o l e  for averages  Ills l im i ts  e l c  • * • 
166 CRAWFORD 80 DPWA "~N ~ .'rN 

70 SAXON 80 DPWA : ¢ - D  ~ %K'0 
87 IBAKER 79 DPWA : ¢ - D  ~ nfi  
70 to 100 BAKER 78 DPWA ~ ' - D  ~ %K ° 

126 5ARBOUR 78 DPWA ~ N  ~ ~'N 
90±25 2BAKER 77 IPWA ~ r - p  ~ ~K ° 

100 2BAKER 77 DPWA ~ - P  ~ ~ K0 
600 3 LONGACR~ 77 IPWA ~ N  ~ NITer 
300 4 LONGACRE 75 IPWA ~. N ~ N'x'.¢ 

N ( 1 7 0 0 )  POLE P O S I T I O N  

REAL PART 
_V.A_L_UE (MeV~ . . . . .  DOCUMEN~ ID rECN COMMENr 
1660 ¢ 30 CUTKOSKY 8-0 IPWA ~ N  ~ ~TN 

• • • We d o  not  use the  fo l l ow ing  d a t a  for ove rages  fits l imlts e t c  • * • 
1670 ARNDT 8~ DPWA ~ N  ~ ~rN 
1710 or 1678 5LONGACRE 78 IPWA ~I"N ~ N?r;.r 
1616 Or 1613 3LONGACRE 77 IPWA ~ N  ~ Nx='. 

- 2  × I M A G I N A R Y  PART 
VA_L~/E.(MeV)_ DOCUMENT ID TECN COMMENT 

90 +_40 CUTKOSKY 80 IPWA ,-rN ~ ~'N 
• • • We clo not  use the fo l l ow ing  d o t e  for overages  fits hmlts e lc  • • • 

80 ARNDT 85 DPWA ~,N ~ ~N 
607 Or 567 5LONGACRE 78 IPWA ;TN -~ N."rTr 
577 or 575 3LONGACRE 77 IPWA .-:'N ~ N,":= 

N ( 1 7 0 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALLI f (MeV) . DOCUMENT IO TECN COMMENT 
6 ¢ 3  CUTKOSKY 80 [PWA ;'r, N ~ ,'rN 

I M A G I N A R Y  PART 
V_ALUE (Me_.v) £)OC__~JMENT ID rECN COMMENT 

0_+5 CUTKOSKY 80 IPWA , ' TN~  ~,N 

N ( 1 7 0 0 )  D E C A Y  M O D E S  

I" I N ( 1 7 0 0 )  ~ N~"  

F 2 N ( 1 7 0 0 )  - ,  N77 

l" 3 N ( 1 7 0 0 )  ~ A K  

r 4 N ( 1 7 0 0 )  ~ " K  

F s N ( 1 7 0 0 )  ~ ~ ( ' 1 2 3 2 ) 7 r .  S - w a v e  

I" 6 N ( 1 7 0 0 )  ~ A ( 1 2 3 2 ) T r ,  D - w o v e  

r 7 N ( 1 7 0 0 )  ~ N p ,  $ = 1 / 2 ,  D - w a v e  

] '8 N ( t 7 0 0 )  ~ N p ,  S = 3 / 2 ,  S - w a v e  

I 9 N ( 1 7 0 0 )  ~ N p .  S = 3 / 2 ,  D - w a v e  

I"1o N(1700) ~ N(Tr/r)S.wove 
I"11 N ( 1 7 0 0 )  --* p ' y .  h e l i c l t y = I / 2  

I'12 N ( 1 7 0 0 )  ~ p ' y .  h e l l c d y = 3 / 2  

['13 N ( ' 1 7 0 0 )  ~ n ' ~ .  h e h c d y = I / 2  

l'1,1 N ( 1 7 0 0 )  ~ n ' y .  h e l l c ~ t y = 3 / 2  

N ( 1 7 0 0 )  B R A N C H I N G  R A T I O S  

I'( N l r  ) / l ' t o ta  I 
VALUE DOCUMENT [D TECN 

"05 t o  0 . - 1 5 -  O U R  ES ' I IMATE "-" 
0 11 ¢ 0 .05  CUTKOSKY 80 IPWA 
0 08 +_ 0 03 HOEHLER 79 ;PWA 

( l ' l l ' / ) " : / [ ' t o t o  I In N~"  ~ N ( 1 7 0 0 )  ~ NT/ 
VALUE DOCUMENT ID rECN 

0~-65 . . . .  BAKYR 7~) DPWA 

( l ' t l ' t ) " 2 / l t o t o l  In N~" ~ N ( 1 7 0 0 )  - ,  ~,K 
VALUE DOCUMENT ID TECN 
--0 012 BELL 83 DPWA 
- 0 . 0 t 2  SAXON 80 DPWA 
+ 0  026+_0 019 DEVENISH 74B 
• ° • We d o  no l  use the fo l low ing  (:Solo for overages  fits 
- 0  04 6 BAKER 7B OPWA 
- 0 03 _+ 0 004 2 BAKER 77 IPWA 
- 0 03 2 BAKER 77 DPWA 

( I ' l I ' t ) ~ ' z / r t o t a l  in  N'n" ~ N ( 1 7 0 0 )  ~ ~ K  
VALUE DOCUMENT ID TECN 

• • * We do  not use the fo l l ow ing  d o l e  for averages  fits 
NOT SEEN LWANOS 80 DPWA 
< 0  017 7 DEANS 75 E)PWA 

Note Signs of coup i l ngs  from ; rN ~ N:rE anoryses were 
c h a n g e d  Ih the 1986 e d l h o n  to ag ree  wi lh  the  ba ryon  first 
c o n v e n t i o n  the ove ra l l  p h a s e  a m P / g u l l y  JS r e s o l v e d  DV 
choos lng  o n e g o t l v e  sign for fhe ~(1620)  $31 c o u p l l n g  to 
~.(t232) r. 

( l ' r [ ' t ) ' ~ / ] ' t o t a l  In  N~"  ~ N ( 1 7 0 0 )  ~ ' , ( 1 2 3 2 ) T r  S - w a v e  ( I  i i  s ) ' ~ " l  
VALUE DOCUMENT ID TECN COMMENT 
SMALL MANLEY 84 IPWA ~'N ~ N~,,Y 

0 .00  3LONGACRE 77 IPWA ;rN ~ N~."r 
- -0  16 4LONGACRE 75 IPWA ;T,N o N::Tr 

( r t r t ) ~ / l ' t o f o l  i n  N ~  ~ N ( 1 7 0 0 )  ~ A ( 1 2 3 2 ) T r .  D - w a v e  (I d 6)!~. I 
VALUE DOCUMENT ID rECN COMMENT 
4- (SMALL) MANLEY 84 IPWA ;T.N ~ N,'r~" 
- 0  '12 3LONGACRE 77 IPWA : rN ~ N,'rT. 
+ 0  t4  4LONGACRE 75 IPWA T.N ~ N;T,: 

r l / l "  
COMMENr 

~'N ~ = N  
TrN ~ ~ N  

(1"i|'2)~,~ / r 
COMMENT 

,'T- p ~ n T i 

(1"tl 3 ) ~'~.,'1" 
COMMENT 

Fixed t dlsl3erslon rel 
l imits etc  • • • 

See SAXON 80 
~ ' - O  ~ ~K ° 
,-r- D ~ ',K o 

( I  rl '~)'/~ '1 
COMMENT 

l imits e tc  • • • 

.'rN ~ ~-K 
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Baryon Full Listings 
N(1700), N(1710) 

( I  ..I , ) : / l ~ o t o l  in  N l r  ~ N ( 1 7 0 0 )  ~ N p ,  S = 3 / 2 ,  S - w a v e  ( l l [ ' e ) ~ / r  
VALUE DOCUMENr tO TECN COMMENr 
- 0  07 3LONGACRE 77 IPWA ~ , N ~  N~r~, 
~ 0  07 4LONGACRE 75 IPWA ; rN  ~ N~r/r 

(1.1 , ) : : / 1  ~otol I n  N ~ r  ~ N ( 1 7 0 0 )  ~ N ( ~ ' t r ) s . w a v e  ( I ' i 1 " 1 0 ) ~ / 1 "  

HOEHLER 79 PDAI 12 I +Kaiser KOCh Pletor~nen (KAIRL) UP 
Also 80 roronto Conl 3 Koch (KARL) [JP 

BAKER 78 NP 8141 29 +B11$selt BIooOworth Broorne+ (RL CAM8) IJP 
BARBOUR 78 NP 8141 253 +Crawford Parsons (GLAS) 
LONGACRE 78 PR 017 1795 +Laslnskl RosenfelO Smaala+ (LBL SLAC) 
BAKER 77 NP 812@ 305 +Bllsseft BIooclwotth Broorne Hart+ (RHEL) I JR 
~ONGACRE 77 NP 8122 493 +Dolbeau (SACL) I JR 

AlSO 76 NP 8108 365 Dolbeau lrlantls Neveu Cadlet  (SACL) IJP 
FELLER 76 NP 8104 219 +Fukushlmo Horlkawo Kajlkowa+ (NAGO OSAK) IJP 
DEANS 75 NP 896 90 +Mitchell Montgomery+ (SFLA ALAH) IJP 
LONGACRE 75 PL SSB 415 +RosenfelQ L(]slnskl SmOdjQ+ (LBL SLAC)IJP 
DEVENISH 748 NP 881 330 +Fro~gart Martin (DESY NaRD LOUC) 

VALUE DOCUMENT tO 
(SMALL) MANLEY 84 

0 00 3 LONGACRE 77 
+ 0 2 4 LONGACRE 75 

~CN COMMFNT 
IPWA ~ N  ~ N ~  
IPWA ~ N  ~ N ~  
IPWA = N  ~ N ~ =  

N ( 1 7 0 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For dehnd~on  of t he  ~. N d e c o y  a m p h l u d e s  see Sec IV of t he  
No te  on  N a n d  ~ R e s o n a n c e s  p r e c e d i n g  the  Baryon List ings 

N(1700) ~ p'y, hehcdy-1/2 amphtude 
yA_LU~ (G_eV- r 2) . -DOCUME_NJ ~O. 

- 0 016 ± 0,014 CRAWFORD 83 
- 0 002 ± 0 013 AWAJI 81 
- 0 028 +_ 0 007 ARAI 80 
- 0 029 _.+ 0 006 ARAI 80 
- 0  024 ± 0 . 0 1 9  CRAWFORD 80 
- 0  033+_0  021 BARBOUR 78 
- 0  014 ± 0 025 FELLER 76 

N(1700) ~ p ~ ' .  h e h c d y - 3 / 2  amphtude 
VALLIE_(Ge V-  1 2) -DOCUMENT ID 
-0 009±0 012 CRAWFORD 83 

0 0 2 9 ± 0  014 AWAJI 81 
- 0 002  ± 0 005 ARAI 80 

0 0 t 4  ± 0 005 ARAI 80 
- 0  0 t 7  _+0 014 CRAWFORD 80 
- 0 014 _+ 0 025  BARBOUR 78 
0 0 ±0 014 FELLER 76 

N(1700) --,, n"~, hehcffy-1i2 amplitude 
VALUE (GeV-  1 2) . . . .  _DOCUMENT ID 

0 006  ± 0 024 AWAJI 81 
- 0  002 _ 0  013 FUJII 81 
- 0 , 0 5 2  ± 0 030 ARAI 80 
- -  0 055  ± 0 030 ARAI 80 

0 . 0 5 2  -+. 0 035 CRAWFORD 80 
+ 0 050 -+ 0 042 BARBOUR 78 

N(1700) -~ n'y, hehcdy-3/2 amphlude 
.VALUE (GeV- 1 2.] . . . . . .  _DOCUMENT ID 
- 0 . 0 3 3  -+ 0 017 AWAJI 81 

0 0 1 8  ± 0 018 FUJII 81 
- 0  037 ± 0  036 ARAI 80 
- 0 035 ± 0 024 ARAI 80 

0 041 ± 0 030 CRAWFORO 80 
+ 0  0 3 5 ± 0  030 BARBOUR 78 

A t  2 
.TECN COMMENT 
IPWA 3 N ~  ~'.N 
DPWA 3 N - -  ~ N  
DPWA ~ N ~  ~' .N(f l t  I )  
DPWA ~ N ~  ~ N ( f l t  2) 
DPWA "~ N ~ = N  
DPWA 3 N ~ ~ N  
DPWA 3 N ~  ~.N 

A3  2 
TECN COMMENT 
IPWA 3 N ~ T, N 
DPWA 3 N ~  = N  
DPWA " ~ N ~  ~ N ( f l l  1) 
DPWA ~ N ~  / r N ( f l l  2) 
DPWA "t N ~ ~r N 
DPWA ~ N ~  ~rN 
DPWA ~ N ~ ~TN 

A t 2  
TECN COMMENT 
DPWA " ~ N ~  ~rN 
DPWA * ~ N ~  ~'.N 
DPWA * ) N ~  ~rN( f l t  I )  
DPWA " r N ~  T.N( f l t  2) 
DPWA * ) N ~  = N  
DPWA " ~ N ~  T~N 

A3  2 
~'ECN COMMENT 
DPWA " r N ~  ~rN 
DPWA " T N ~  / rN  
DPWA ~ N ~ ~ N  (fit I )  
DPWA "T N ~ ~'N (tit 2) 
DPWA " ~ N ~  ~rN 
DPWA ~ N ~ , 'rN 

N ( 1 7 0 0 )  F O O T N O T E S  

I N(1710) P~ J l(jP) = 1 I+ 
2(2 ) S t a t u s  ,1~ ~ ~. 

M o s t  of  t i~e r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o r n f f t e d  T h e y  m a y  b e  f o u n d  
~n o u t  ~982  e d l h o n  (Phys=cs L e t l e r s  1118) 

The  v a r i o u s  p a r t i a l  w a v e  a n a l y s e s  d o  n o t  a g r e e  v e r y  
w e l l  

N ( 1 7 1 0 )  M A S S  

VALUE (M_e_V) DOCUMENT ID TECN COMMENT 
1680 to 1740 OUR ESTII~IATE . . . . . . . . .  
1 7 0 0 ± 5 0  CUTKOSKY 80 IPWA ; ' r N ~  ~rN 
1723 ± 9 HOEHLER 79 IPWA r ,N  ~ 7rN 
• • • We do  not  use l h e  f o l l o w i n g  d a t a  for a v e r a g e s  fils l lmds e t c  • * • 
1692 CRAWFORD 80 DPWA *~ N ~ ~ 'N 
1730 SAXON 80 DPWA 7 r - p  ~ ~.Ko 
1690 BAKER 79 DPWA ~ r - p  ~ n~ 
1650 to 1680 BAKER 78 DPWA 7 r - D  ~ ~.K 0 
'1721 BARBOUR 78 DPWA "~N ~ ,'rN 
1 6 2 5 ± 1 0  tBAKER 77 tPWA r , - ~ D ~  '~K 0 
1650 1 BAKER 77 DPWA ~ - p  ~ '~k ~ 
t 7 2 0  2 LONC-ACRE 77 IPWA ~rN ~ NT~ ~r 
1670 KNASEL 75 DPWA ~ - p  ~ ~K 0 
17 t0  3 LONGACRE 75 IPWA ~rN ~ N~T~r 

N ( 1 7 1 0 )  W I D T H  

VALUE (MeV) . . . .  ()(~C_U_M. ENT ID rECN COMMENT 
90 to 130 OUR ESTIMATE 
90 _~ 30 CUTKOSKY 80 IPWA = N  ~ ~'.N 

120 ± 15 HOEHLER 79 IPWA ,-rN ~ = N  
• • • We do  not  use t i le  f o l l o w l n g  d a t a  for a v e r a g e s  flls hmits e t c  • • • 
540 BELL 83 DPWA , - r - D  ~ I K  ° 
200 CRAWFORD 80 DPWA ~ N ~  ~'N 
550 SAXON 80 DPWA ,"r- D ~ ~K c 

97 BAKER 79 DPWA ~ ' - p  ~ n~  1The h l g h  mass f o u n d  by  BAKER 79 m a y  b e  i n f l u e n c e d  by  t he  N ( 2 0 8 0 )  
2The two  BAKER 77 e n l r l e s  o re  f rom a n  IPWA us ing  t he  Borre le t  zero m e t h o d  

a n d  from o c o n v e n t i o n a l  e n e r g y  d e p e n d e n t  anoWsls  
3LONGACRE 77 Do le  pos l t lon$  a r e  f~om a s e a r c h  for p o l e s  In t he  u n l t a r l z e d  

T ma t r i x  l h e  firm ( s e c o n d )  v a l u e  uses, m a d d i t i o n  to ~ N  ~ NTr,-r d a t a ,  
e l a s l i c  a m p l i t u d e s  f rom a Bac loy  (CERN) p a r t l a l  w a v e  ana lys i s  The o the r  
LONGACRE 77 v a l u e s  o re  f rom e y e b a l l  fits w l l h  Brelf W i g n e r  c l r c l es  to t he  
T-matr ix a m p l i t u d e s  

4From m e t h o d  II of LONGACRE 75 e y e b a l l  fits w l fh  Brelt W igne r  c i r c l es  to 
t he  T-matr lx a m p l i t u d e s  

5LONGACRE 78 v a l u e s  a l e  f rom a s e a r c h  for Doles m t~e  u m l a r l z e a  1 
ma t r l x  The first ( s e c o n d )  v a l u e  uses in a d d l t i o n  to ~ 'N ~ N~'T, d a t a  
e l as t i c  a m p l i t u d e s  f rom a S a c l a y  (CERN) R a d i a l  w a v e  ana lys i s  

6The o v e r a l l  p h a s e  of BAKER 78 c o u p l l n g s  has b e e n  c h a n g e d  to a g r e e  
w l t h  p rev ious  c o n v e n h o n s  

7The r a n g e  g l v e n  is f rom the  four bes t  so luhons  

N ( 1 7 0 0 )  REFERENCES 

For e a r l y  r e f e r e n c e s  see  Physics Let ters 1118 (1982)  

ARNDT 85 PR D32 1085 +Forcl Roper (Vial) 
MANLEY 84 PR 030 904 +AfnOt Goraala Teplilz (VPI) 
BELL 83 NP B222 389 +B11ssett Broome b a l e r  Hart Llnlern+ (RL) UP 
CRAWFORD 83 NP 8211 I +Morton (GLAS) 
AWAJI 81 Bonn Cant 352 +Ko~Ikawo (NAGO) 

AlSO 82 NP 8197 365 FUIII HayaShll lwato KaJlkawa+ (NAGO) 
FUJil 81 NP 8187 53 +Hoyashll lwata KaJlkawa+ (TOKY) 
ARAI 80 Toronto Cant 93 (TOKY) 

Also 82 NP 8194 251 Aral FUlIJ (TOKY) 
CRAWFORD 80 Io lon lo  Cant 107 (GLAS) 
CUTKOSKY 80 toronto Cant 19 +Forsylh Babcock Kelly Hendrlck (CMU LBL)IJP 

Atso 79 PR D20 2839 Cutkosky Forsyth Hendrlck Kelly (CMU LBL)IJP 
LIVANOS 80 Toronto Cant 35 +Baton Coutures KOChOwski Neveu (SACL) IJP 
SAXON 80 NP B162 522 +Baker Bell Bllssetl BlooClworfh+ (RHEL BRIS) IJP 
BAKER 79 NP 8156 93 +Brown Clark Davies DepOQter Evanse (RHEL) IJP 

90 tO 150 BAKER 78 DPWA T . - p  ~ '~K 0 
167 BARBOUR 78 DPWA ~ N ~ 7rN 
160 ± 6 I BAKER 77 IPWA r . - p  ~ '~K 0 

95 I BAKER 77 DPWA = - p  ~ ~.K 0 
120 2 LONGACI~  77 IPWA ~'N ~ N ~ r  
174 KNASEL 75 DPWA 7 r - p  ~ ~.K 0 

75 3 LONGACRE 75 IPWA ~'N ~ N~'~r 

N ( 1 7 1 0 )  POLE P O S I T I O N  

REAL PART 

VALUE (MeV) DOCUMENT ID rECN COMMENT 
1690 ± 20 CUTKOSKY 80 IPWA 7rN ~ ;,rN 
• • ° We clo na t  use the  f o l i ow lng  d a t a  for a v e r a g e s  fits, l imits e t c  ° ° ° 
1708 or 1712 4 LONGACRE 78 IPWA / rN  ~ N~',-r 
1720 or 1711 2LONGACRE 77 IPWA ~rN ~ NTr,-r 

- - 2  ,'< I M A G I N A R Y  PART 

VALUE (MeV) DOCUMENT ID rECN COMMENT 
80 ± 20 CUTKOSKY 80 IPWA ~ N  ~ r ,N  

• • • We d o  not  use  t he  f o l l o w i n g  d a t a  for averages,  fits, l imits, e t c  ° • ° 
17 or 22 4 LONGACRE 78 IPWA ~ N  ~ N;,rTr 

123 or 115 2 LONGACRE 77 IPWA 7rN ~ N; ' r~ 

N ( 1 7 1 0 )  ELASTIC  POLE RESIDUE 

REAL PART 

VALUF (MBV,] DOCUMENT ID 
- 8 t 2 CUTKOSKY 80 

rECN COMMENT 
IPWA = N  ~ ~rN 



See key on page 129 

I M A G I N A R Y  PART 
VALUE ~_Mev~ DOCUMEN~ IO ~ECN 
t ± 5 CUTKOSKY 80 IPWA 

COMMENr 
ITN ~ ~TN 

N ( 1 7 1 0 )  D E C A Y  M O D E S  

I'~ N ( 1 7 1 0 )  ~ NTr 

r 2 N ( 1 7 1 0 )  -.,. NT/ 

I '3 N ( 1 7 1 0 )  --,. A K  

~',~ N ( 1 7 1 0 )  - , .  ~ K  

i '~ N ( 1 7 ~ 0 )  ~ NTr~"  

i'(, N ( 1 7 1 0 )  - , -  3 ( 1 2 3 2 ) 7 r ,  P - w a v e  

I" 7 N ( 1 7 1 0 )  ~ N p ,  S = I / 2 ,  P - w a v e  

l" B N ( 1 7 1 0 )  ~ N p ,  S = 3 / 2 ,  P - w a v e  

i'D N ( 1 7 1 0 )  ~ N ( ~ ' t r ) s . w a v e  

I'10 N ( 1 7 1 0 )  ~ p ~ f .  h e l l c l t y = I / 2  

I ' f~ N ( 1 7 1 0 )  ~ n ~ , ,  h e l l c d y = l / 2  

N ( 1 7 1 0 )  B R A N C H I N G  R A T I O S  

I ' ( N a ) / r t o t a ~  r t l r  
VALUE DOCUMENT ID TECN COMMENT 
0.10 l o  0.20 OUR ESTIMAIE 
0 20 -+ 0 04 CUTKOSKY 80 IPWA ,~'N ~ =',N 
0 12_?.0.04 HOEHLER 79 IPWA , - r N ~  T,N 

( I ' ~ l ' / ) ~ / r l o t a l  i n  N ~  -.-,. N ( 1 7 1 0 )  --* Nrr/ (1"11"2)~6/l" 
VALUE DOCUMENT IO TECN COMMENT 

• • * We d o  not  use the  fo l l ow ing  d a t a  for overages,  fits, l imits e t c  • • • 
0 22 BAKER 79 DPWA ~ r - p  ~ n~ 

( I ' ~ I ' ~ ) l ~ / l ' t o t o l  in N T r - , .  N ( 1 7 1 0 )  ~ A K  ( l ' ~ I ' ~ ) ~ / ' l "  
VALUE DOCUMENT ID TECN COMMENT 
+ 0  16 BELL 83 DPWA = - D  ~ ~.K 0 
+ 0  14 SAXON 80 DPWA : ¢ - p  ~ ~.K O 
• * • We d o  not  use the  fo l l ow ing  d a t a  tar overages,  fits I lml ls e tc  • • • 

- 0 12 5 BAKER 78 DPWA See SAXON 80 
- 0  05_+0 03 IBAKER 77 IPWA = - p  ~ ~.K ° 
- 0  10 IBAKER 77 DPWA ~ - p ~  ' ,K 0 

0 t0  KNASEL 75 OPWA ~ - p  ~ t K  ° 

( I ' ~ l ' / ) ! ~ / I ' t o t o l  i n  N ' r r  ~ N ( 1 7 1 0 )  ~ ~ K  ( l ' , i l ' , t ) ~ / l "  
VALUE DOCUMENT ID TECN COMMENT 
- 0  034 LIVANOS 80 DPWA ~'p ~ ~-K 

0 075 to 0 203 6 DEANS 7,5 DPWA ~ N  ~ " K  

Note Signs of c o u p l i n g s  from ~ N  ~ NT,?r analyses were  
c h a n g e d  In the 1986 ed i t i on  to ag ree  wi th the  ba ryon  first 
conven t i on  the  overa l l  phase  a m b l g u d y  Is resolved by  
choos ing  a nega t i ve  sign for the ~(1620)  S3t c o u p l i n g  to 
.-%(t232) ~ 

( l ' ~ r l ) ! / : / l ' t o t a ~  m N~"  ~ N ( 1 7 1 0 )  ~ ~ ( 1 2 3 2 ) ~ r ,  P - w a v e  ( l ' F r e ) ~ / l "  
VALUE DOCUMENT ID TECN COMMENT 
- MANLEY 84 IPWA 7rN ~ NTr,'r 
- 0.17 2 LONGACRE 77 IPWA ~r N ~ N~r,'r 
+ 0  20 3LONGACRE 75 IPWA ~ ' N ~  N~r~ 

• . 13 • 
( l  , I  t ) '  / ]  to fo l  i n  NTr ~ N ( 1 7 1 0 )  --,,. N p ,  S = 1 / 2 ,  P - w a v e  ( l ' T l ' 7 ) % . T  
VALUE DOCUMENr ID TECN COMMENT 
+ MANLEY 84 IPWA TrN ~ N:¢ ,"r 
+ 0 19 2 LONGACRE 77 IPWA TrN ~ NTr~ 
- 0 20 3 LONGACRE 75 IPWA ~'N ~ N~r,'r 

( l '~ l ' / )~ /~ /F to fo l  In  N'~" ~ N ( 1 7 1 0 )  - , .  N O, S = 3 / 2 .  P - w a v e  ( I ' ~ I ' 8 ) ~ / I "  
VALUE DOCUMEN~ IO TECN COMMENT 
+ 0 31 2 LONGACRE 77 IPWA ~"N ~ N~r/r 

( I 'z l ' ! )~/ :~/ [ ' tota I i n  NTr ~ N ( 1 7 1 0 )  ~ N(TrTr )S .wave  (Y t I ' 9 ) " ' 2 / I "  
VALUE DOCUMENT ID 7ECN COMMENT 
- 0 .26  2 LONGACRE 77 IPWA ~'N ~ N= Tr 
- 0 28 3 LONGACRE 75 IPWA ~rN ~ N~ Tr 

3 9 1  

Baryon Full Listings 
N(i710), N(1720) 

N ( 1 7 1 0 )  P H O T O N  D E C A Y  AMPL ITUDES 

For def in i t ion of the  ~ N d e c o y  a m p l l t u d e s  see Sec Iv of the 
Note on N a n d  ', Resonances p r e c e d i n g  the Baryon bshngs 

N ( 1 7 1 0 )  ~ p ' } ' .  h e h c f f y - l / 2  a m p l t t u c f e  A F 2 
_VALUE (Gev-  f_.2) __ Docu_MEN_T IO fECN COMMENT 

0 006-+0 018 CRAWEORD 83 IPWA " tN o ,~N 
0 028~ :0  009 AWAJI 81 DPWA " ! N ~  ~N 

- 0  009-+0 006 ARAI 80 DPWA "!N ~ = N ( h t  I )  
- 0  0 1 2 ~ 0  005 ARAJ 80 DPWA ; N ~ 7rN(tJl 2) 

0 015~ :0  025 CRAWFORD 80 OPWA "~N .-  r .N 
+ 0.001 ~ 0 039 BARBOUR 78 DPWA -~ N ~ ;T,N 
+ 0  053~:0  019 FELLER 7b DPWA ~,N ~ ;rN 

N ( 1 7 1 0 )  ~ n ~ ,  h e h c d y - 1 . / 2  a m p l l t u d e  A t 2 
VALUE.(GeV- r 2 } . _ _ _  _DOCU_M_ E_NT ID TECN COMMENT 

0 000-+0 .018  AWAJI 81 DPWA ~ N ~  ,-rN 
- 0  001 ~ 0  003 FUJII 81 DPWA " tN ~ ,-rN 

0 0 0 5 ~ 0  013 ARAI 80 DPWA ~ t N ~  ;TN(f l l  1) 
0 011 -+ 0 021 ARAI 80 DPWA ~, N ~ =N (fit 2) 

- 0  0 t 7 - + 0  020 CRAWFORD 80 DPWA ~tN -° .":N 
- 0  028-+0 045 BARBOUR 78 DPWA * ~ N ~  .':N 

N ( 1 7 1 0 )  F O O T N O T E S  
IThe two BAKER 77 enhleS are from an IPWA using l he  Borrelet zero m e t h o d  

a n d  from o conven t i ona l  energy  d e p e n d e n t  analysis 
2LONGACRE 77 p o l e  posit ions are from a search for po les  In the un l lo r l zed  

T-matrix the flrsl ( second)  va lue  uses in add i t i on  to ~ N  ~ N ~  d o l a  
e last ic  amp l i t udes  from a Soc lay (CERN) par t ia l  w o v e  analysis The other  
LONGACRE 77 values are from e y e b a l l  fits wi th Brelt Wigner c=rcles to the 
T matr ix  omp l f fudes  

3From m e t h o d  II of LONGACRE 75 e y e b a l l  hts with Brell W=gner circ les to 
the T mal r lx  a m p h t u d e s  

4LONGACRE 78 va lues are from a search for po les  in the undar ized T 
matr ix  The first ( second)  va lue  uses in a d d i t i o n  to ,~'N ~ N ~  d a t a  
elast ic  amp l i t udes  from a Soclay (CERN) par t ia l  w a v e  analysis 

5The overa l l  phase  of BAKER 78 coup l i ngs  has b e e n  c h a n g e d  to ag ree  
w l l h  prev ious convent ions  

6The range g i ven  for DEANS 75 is from the tour best SOlutions 

N ( 1 7 1 0 )  REFERENCES 

For ear ly  references see Physics Letters 111B (1982) 

MANLEY 84 PR D30 904 ,Ainat GorQclIO lephtz (VPI) 
BELL 83 NP B222 389 .Bllssell Broome Doley Hart Llntem+ (RL) IJP 
CRAWFORD 83 NP B211 1 +Morton (GLAS) 
AWAJI 81 Bonn Cant 352 +KOllkawa (NAGO) 

AlSO 82 NP 8197 365 Fuld HOyOShH Iwata Kojikowa+ (NAGO) 
FUJII 8t NP B187 53 +HOyOShll Iwaro KallkOwo. (TOKY) 
ARAI 80 toronto Cant 93 (TOKV) 

ALSO 82 NP B194 251 Aroi FUI d (TOKY) 
CRAWFORD 80 toronto Cant 107 (GLAS) 
CUTKOSKY 80 toronto Cant '19 

AlSO 79 PR D20 2839 
LIVANOS 80 Toronto Cant 35 
SAXON 80 NP B t02 522 
BAKER 79 NP B156 93 
HOEHLER 79 POAT 12 1 

AlSO 80 Toronto Cant 3 
BAKER 78 NP Br41 29 
BARBOUR 78 NP B141 253 
LONGACRE 78 PR D17 1795 
BAKER 77 NP B126 365 
LONGACRE 77 NP 8122 493 

AlSO 7b NP Bt08 365 
FELLER 76 NP B104 2t9 
DEANS 75 NP BOb 90 
KNASEL 75 PR D11 t 
LONGACRE 75 PL SSB 415 

*Forsyth Babcock Kelly HendrlCk (CMU LBL)IJP 
Cutkosky Forsylh Hendrlck Kelly (CMU LBL)IJP 

*Bolon Coutures KOChOW$kl Neveu (SACL) IJP 
+Baker Bell Bll$$ett BIoodwotth÷ ~RHEL BRIS) UP 
÷Brown Clark Davle$ Depogler Evans+ (RHEL) IJP 
÷KOlSer Koch Pletarlnen (KARL) IJP 

Koch (KARL) IJP 
.Sllssetl BIOodwofth Broome+ (RL CAMB)IJP 
*CrowfotQ Parsons (GLAS) 
*/osmski Rosenfeld Smoa~o. {LBL SLAC) 
.BIIssetl BIooaworth Broome Hart° (RHEL) IJP 
+Dolbeau (SACL) IJP 

Dolbeau Trlantls NaveL, Codie' (SACL) IJP 
+Fukushlmo HOrlkOwO KOlikOwO* (NAGO OSAK) Jp 
+Mltchell Montgomery+ (SFLA ALAh)IJP 
+LlndQU.St Ne~$orl+ (CHIC WUSL OSU ANL) JP 
*Rosenfeld LaslnSkl SmQcIIO+ (LB. SLAC~ JP 

IN(1720) Pt3 I I ( / )  = 1(3"', status * * * * 2~2 - 

Mos t  of t h e  resu l l s  D u b l l s h e d  b e f o r e  1975 o r e  n o w  
O b s o l e t e  a n d  h o v e  b e e n  o m d t e d  They  m a y  b e  f o u n d  
in o u r  1982 e d ~ h o n  (Phys ics  Let ters  1118) 

N ( 1 7 2 0 )  M A S S  

VA_LUE (.M_eV_)_ DOCUMENT ID TECN COMMENT 
1690 fo 1800 OUR ESTIMATE 
1700-+-50 CUTKOSKY 80 IPWA EN . :TN 
t7'10 _. 20 HOEHLER 79 IPWA ~N ~ :'rN 



3 9 2  

Baryon Full Listings 
N(1720) 
• * * We d o  not  use the  f o i l o w l n g  d a t a  fat a v e r a g e s  fits l imits, e t c  * • • 
1785 CRAWFORD 80 DPWA ~ N ~  ~'N 
1690 SAXON 80 DPWA ~ - p  ~ AK o 
1710 to 1790 BAKER 78 DPWA T , - p  ~ ~.K 0 
1809 BARBOUR 78 DPWA " ~ N ~  x 'N 
1640-+10 1BAKER 77 IPWA ~ r - D ~  ~.K 0 
1710 IBAKER 77 DPWA w - p ~  '~K o 
1750 2 LONGACRE 77 IPWA ~'N ~ N,-rx" 
1850 KNASEL 75 DPWA ~ - p  ~ '~K 0 
1720 3 LONGACRIF 75 IPWA 7rN ~ N='.~" 

N ( 1 7 2 0 )  WIDTH 

VALUE (MeV) ___ DOCUMENT ID TEC~V COMMENT 
'125 tO 250  OUR E S T f M / ; i T E  . . . . . . . . . . . . . . .  

125 ± 70 CUTKOSKY 80 IPWA ;oN ~ / rN  
1 9 0 ± 3 0  HOEHLER 79 IPWA T . N ~  ~rN 
• • • We do  not  use the  f o l i o w l n g  d a l a  for o v e r a g e s ,  fits llm~ts e t c  • • • 

308 CRAWFORO 80 DPWA -yN ~ ~ N  
120 SAXON 80 DPWA ~ r - p  ~ '~K o 
447 BAKER 79 DPWA ~r-  p ~ nr/ 
300 to 400  BAKER 78 DPWA ~ ' - D  ~ ~.K ° 
285 BARBOUR 78 DPWA "yN ~ ~ 'N 
2 0 0 ± 5 0  IBAKER 77 IPWA # - p ~  ~.K o 
500 I BAKER 77 DPWA ~ ' - D  ~ '~K° 
130 2 LONGACRE 77 IPWA x N  ~ N,"r~r 
327 KNASEL 75 DPWA w - p  ~ ~.K¢ 
150 3 LONGACRE 75 IPWA / rN  ~ N:c~T 

N ( 1 7 2 0 )  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
1680 ± 30 CUTKOSKY 80 IPWA ~"N ~ ,'rN 
• • • We do  not  use t he  fo l low~ng d a t a  for o v e r a g e s ,  fits l imits e t c  • • • 
1705 ARNOT 85 DPWA ;.rN ~ ~'.N 
1716 or 1716 4LONGACRE 78 ]PWA ~'N ~ N~r;¢ 
1745 or 1748 2 LONGACRE 77 IPWA = N  ~ N~"~. 

- - 2  × IMAGINARY PART 
y:~LUE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 
120 ± 40  CUTKOSKY 80 IPWA E N  ~ ~'N 
• • • We d o  no t  use t he  f o l l ow ing  d a t a  for o v e r a g e s  tits l imits e t c  • • • 

80 ARNDT 85 DPWA tEN ~ ~'N 
124 or 126 4 LONGACRE 78 IPWA i r N  ~ N~ '~  
135 or 123 2LONGACRE 77 IPWA ~ " N ~  N~r= 

N ( 1 7 2 0 )  ELASTIC POLE RESIDUE 

DOCUMENT ID TECN COMMENT 

CUTKOSKY 80 IPWA ~TN ~ ;oN 

REAL PART 
yA L UE_ :_M.~_ V L 

- 8 _ ~ 2  

I M A G I N A R Y  PART 

VAL.UE fM_~V) . . . . . . . . .  
- 3 ± 4  

DOCUMENT ID TECN COMMENT 
CUTKOSKY 80 IPWA lr~/  - - .~~/~ . . . . . . . . . . . . .  

N ( 1 7 2 0 )  DECAY MODES 
I'~ N ( 1 7 2 0 )  ~ N~r 
]'2 N ( 1 7 2 0 )  ~ Nfi  
]'3 N ( 1 7 2 0 )  ~ 3. K 
]'4 N ( 1 7 2 0 )  --,- -~K 
I" 5 N ( 1 7 2 0 )  ~ N 1 r / r  

I'6 N ( 1 7 2 0 )  ~ .3(1232)7r, P-wave 
r7 N ( 1 7 2 0 )  ~ Np, S=1/2 ,  P-wave 
i" B N ( 1 7 2 0 )  ~ Np, 5=3/2,  P-wave 
I" 9 N ( 1 7 2 0 )  ~ N ( ~ r ) S . w a v e  

r f o  N ( 1 7 2 0 )  ~ p - y ,  h e l l c l t y = l / 2  

l '~ f  N ( 1 7 2 0 )  ~ p - y ,  h e l l c l t y = 3 / 2  

r~2  N ( 1 7 2 0 )  ~ n - y ,  h e l l c l t y = l / 2  

I ' ~  N ( 1 7 2 0 )  ~ n ' y ,  h e l l c i t v = 3 / 2  

N ( 1 7 2 0 )  B R A N C H I N G  R A T I O S  

l'(N/1")ll'toto I 
VALUE DOCUMENT ID TECN COMMENT 
0o10 to 0°20 OUR ESTIMATE 
0 . 1 0 ± 0  04 CUTKOSKY 80 tPWA ~ ' N ~  = N  
0 14 ¢ 0 03 HOEHLER 79 IPWA ~EN ~ ~ N  

( ] ' t l ' / ) ~ / : / r t o f o l  i n  N ? r  ~ N ( 1 7 2 0 )  ~ NT/ ( r f l - 2 ) ~ / i ,  
VALUE DOCUMENT ID TECN COMMENT 
- 0 08 BAKER 79 DPWA =', - O ~ n f i  

( l ' t l ' l ) : ~ / l ' l o f a  t I n  N ~  --~ N ( 1 7 2 0 )  ~ A K  ( l ' f r 3 ) ~ / l "  
VALUE DOCUMENT IO TECN COMMENT 
- - 0 . 0 9  BELL 83 DPWA / r - p  ~ '~K o 
- 0  11 SAXON B0 DPWA ~ ' - p  ~ .~/(o 

• * • We d o  h a l  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  fits l imits, e t c  * • • 

- 0 09 5 BAKER 78 DPWA See SAXON 80 
- 0  06_+0 02 fBAKER 77 IPWA ; . r - p ~  *~K0 
- 0  09 1BAKER 77 DPWA ; ' r - p  ~ ~K '0 

( l ' r l ' t ) ' ~ / I ' t o t a l  I n  N / r  --,. N ( 1 7 2 0 )  ~ ~JK (l'fl'4)~/l' 
VALUE DOCUMENT ID TECN COMMENT 
0 051 I o O 0 8 7  -- 6DEANS--  75 DPWA T . / ~  ~K  

Note  Signs of c o u p l i n g s  f rom 7rN ~ N~r,"r a n a l y s e s  w e r e  
c h a n g e d  in the  1986 e d i l i o n  Io a g r e e  wi th  l h e  baryon- f i rs t  
c o n v e n l l o n  t he  ove ra l l  p h a s e  o m b l g u i t y  is r eso l ved  by  
c h o o s i n g  a n e g a t i v e  s lgn for t he  k (1620)  $31 c o u p l i n g  to 
3.(1232) ~" 

(['~['t)v2/Ftotal m NTr ~ N (1720 )  ~ ',(1232)~-, P-wave ( ] ' f ro )~ / ] "  
VALUE DOCUMENT ID TECN COMMENT 
- - 0  17 2LONGACRE 77 fPWA ~ r N ~  N~=', 

( r r r t ) ! ' : / l to ta l  in N ~  -,. N (1720 )  -,,. Np, S=I /2 ,  P-wave ( I ' f [ '7 )~/ l '  
VALUE DOCUMENT ID TECN COMMENT 
-0 26 21.ON'ACRE ;;7 IPWA = N ~ - N ~ r ~ r  
+ 0 . 4 0  3 LONGACRE 75 IPWA ~ N ~ N'~'~" 

(r/l'l)'~'/rtotal ~n NTr ~ N(1720)  -,,. Np, S=3/2, P-wave (1"tI '8)~/I" 
VALUE DOCUMENT ID TECN COMMENT 

0 15 2 LONGACRE 77 IPWA ~'N ~ Ntr,-r 

( ] ' l l ' l ) L 2 / [ ' t o t a l  I n  N / r  --~ N ( 1 7 2 0 )  ~ N ( ~ / r ) S . w a v e  ( l ' f l ' 9 ) ~ / I "  
VALUE OOCUMENT ID TECN COMMENT 
- - 0  19 2LONGACRE 77 IPWA ~ r N ~  N;~T, 

N(1720 )  PHOTON DECAY AMPLITUDES 

For d e f l n l f l o n  at The ~ N d e c o y  a m p l i t u d e s  see  Sac IV of the  
No te  on  N a n d  A R e s o n a n c e s  p r e c e d i n g  the  Baryon Listings 

N(1720 )  --,. p-y,  h e h c f f y - I / 2  a m p l i t u d e  
VALUE (GeV- f 2) D.O_.C_UMENT I0 

0 044 ± 0 066 CRAWFORD 83 
- 0 004 ± 0 . 0 0 7  AWAJI 81 

0 051 ± 0 009 ARAI 80 
0 071:1:0  010 ARAI 80 
0 038 ± 0 . 0 5 0  CRAWFORD 80 

+ 0  111 ± 0  047 BARBOUR 78 

N(1720 )  ~ p-y,  hehc f l y -3 /2  a m p l i t u d e  
VALUE (_Ge_V- f 2) .. ~)OCUMENT tO 
- 0 . 0 2 4 ± 0  006 CRAWFORD 83 
- 0  0 4 0 ± 0  016 AWAJI 81 
- 0 058 ± 0 010 ARAI 80 
- 0  011 ± 0  011 ARAI 80 
- 0 014 ± 0 040 CRAWFORO 80 
- 0  0 6 3 ± 0 . 0 3 2  BARBOUR 78 

N(1720 )  ~ n'y,  h e h c f f y - I / 2  a m p l i t u d e  
V,~LUE (Gev -  1_ "2) _DO_C_UMENT ID 

0 . 0 0 2  :I: 0 005 AWAJI 81 
- 0  0 1 9 ± 0  033 ARAJ 80 

0 0 0 1 : 1 : 0 . 0 3 8  ARAI 80 
- 0 003 ± 0 . 0 3 4  CRAWFORO 80 
+ 0 007 ± 0 020 BARBOUR 78 

N(1720) --,, n-y, hellclty-3/2 amplitude 
VALUE ((~ey-~ f_./2_)_ DOCUMENT IO 
- 0 . 0 1 5  ! 0 . 0 1 9  AWAJI 81 

At,2 
TECN COMMENT . . . . . .  
IPWA " ) N ~  7rN 
DPWA ~ N ~  7rN 
DPWA "~N ~ E N ( f l t  I )  
DPWA " ~ N ~  ~rN(t f f  2) 
DPWA " T N ~  7rN 
DPWA ~,N ~ ,'rN 

A 3 . 2  
[ECN COM_M_EN~_ 
IPWA " iN  ~ w N  
OPWA '~.N ~ r .N  
DPWA 3 'N ~ = N ( f l t  1) 
DPWA ~ N ~ r, N (fit 2) 
DPWA " I N ~  r ,N  
DPWA ~ N ~  = N  

At '2 
T_ECN COMMENT 
DPWA "~ N ~ ~r N 
DPWA ~. N ~ ~rN (tit 1) 
DPWA 3 N ~  ~ ' N ( f l l  2) 
DPWA T N  ~ 7rN 
DPWA "~ N ~ ;r N 

A3,'2 
TECN COMMENT 
E)PWA "~ N ~ ~" N 

i ' f / r  

- 0 . 1 3 9  ± 0 039 ARAI 80 
- 0  134 ± 0  044 ARAI 80 

0 018 ± 0 028 CRAW~:ORD 80 
+0  051  ± 0 051 BARBOUR 78 

DPWA " ; , N ~  ;¢N( f l f  1) 
DPWA ~,N ~ ~rN (fit 2) 
DPWA ~,N ~ = N  
DPWA "?N ~ ~'N 



See key o n  page 129 
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Baryon Full Listings 
N(1720), N(1960), N(1990) 

N(1720) FOOTNOTES 
IThe two  BAKER 77 en t r ies  a r e  f rom a n  IPWA us lng  t he  Bar re le l -ze ro  m e l h o d  
a n d  from a c o n v e n t i o n a l  e n e r g y  d e p e n d e n t  ana lys i s  

2LONGACRE 77 p o l e  pos i t ions  a r e  f rom a s e a r c h  for po les  In t he  un l t a r I zed  
T-matr lx,  t he  first ( s e c o n d )  v a l u e  uses In o d d i t l o n  to ~rN ~ N T r r  d a t a ,  
e las t i c  a m p l l l u d e s  f rom o $ o c l a y  (CERN) p a r t i a l - w a v e  ana lys l s  The o the r  
LONGACRE 77 v a l u e s  a r e  f rom e y e b a l l  flJs w l t h  BreH-Wlgner c l r c l es  to t he  
T ma t r i x  a m p l i t u d e s  

3From m e t h o d  II of LONGACRE 75 e y e b a l l  fits w i th  Brelt W igne r  c i r c l es  to 
l i ' le T matrix amplitudes 

4LONGACRE 78 values are from a searcrl tar Doles in t~e unltarlzed T- 
matrlx The first (second) value uses in addition to ~'N- N,"r~ dala 
elOStlC a m p l i t u d e s  f rom a Sac lay  (CERN) p a r t i a l - w o v e  ona lys ls  

5The ove ra l l  p h a s e  of BAKER 78 c o p u l i n g s  has b e e n  c h a n g e d  to a g r e e  
w d h  Drev lous c o n v e n t i o n s  

6The r a n g e  g l v e n  is f rom the  four bes t  so lu t ions DEANS 75 a l s a g r e e s  w l th  
~ + D  ~ ~ + K  + d a l a  of WINNIK 77 a r o u n d  1920 MeV 

For 

AR~IDI 
BELL 
CRAWFORD 
AWAJI 

Also 
ARAI 

AlSO 
CRAWFORO 
CUTKOSKY 

AlSO 
SAXON 
BAKER 
HOEHLER 

Also 
BAKER 
BARBOUR 
LONGACRE 
BAKER 
LONGACRE 

AlSO 
WINNIK 
DEANS 
KNASEL 
LONGACRE 

N(1720) REFERENCES 

e a r l y  r e f e r e n c e s  see Physics Letters 1118 (1982)  

85 PR D32 1085 *Eorcl Roper (VPI) 
83 NP 8222 389 ~811ssett 8loome Oaley HOlt Llnlern÷ (RL) IJP 
83 NP 8211 1 ~Molton (GLAS) 
81 Bonn Cone 352 ~Kailkawo (NAGO) 
82 NP 8t97 365 Futll k~3yOShil Iwoto KOjlkOwoe (NAGO) 
80 Toronto Conl 93 (TOKY) 
82 NP 8194 251 Aroi Fujli (TOKY) 
80 Toronto Cant 107 (GLAS) 
80 Toronto Cant 19 +Eorsyth Babcock Kelly Hendllck (CMU LBL)IJP 
79 PR D20 2839 Culkosky FOISyIh Henddck Kelly (CMU LBL)IJP 
80 NP B162 522 ~Baker Bell BIIssetl Bloodworff~+ (RHEL BRIS) IJP 
79 NP 8156 93 *Brown C[alk Davles OeDogfel Evans. (RflEL) IJP 
79 PDAT 12 I *Kolser Koch PletOrlnen (KARL) IJP 
80 Toronto Cone 3 KOCh (KARL) IJP 
78 NP B141 2g eBllsselt BIoodworth Bioome~ (RL CAMB) IJP 
78 NP 8141 253 *Crawford Parsons (GLAS) 
78 PR D17 1705 ~.Laslnskl Rosenfeld SmaalO÷ (LBL SLAC) 
77 NP 8126 365 ~Bllssen 81oodwonh Broome Hart+ (RHEL) IJP 
77 NP 8122 403 *DolDeau (SACL) UP 
7b NP 8108 365 Dolbeou Tllonfis Neveu Cacllet (SACL) IJP 
77 NP B128 66 ÷loaf/ Revel GolaDelg 8ernv (HAft) I 
75 NP 896 90 ÷Milchell  Montgomery* (SFLA ALAH) IJP 
75 PR D11 1 +Llnaqulsl Nelson÷ (CHIC WUSL OSU ANL) IJP 
75 PL 558 415 *Rosenfela Lasinskl SmOCllO* (LBL SLAC) IJP 

I I ' N(1960) I (J5  = 2 ( ~ )  stotus * 

OMITTED FROM SUMMARY TABLE 

A n a r r o w  p e a k  m ~ ( t 3 8 5 ) - K  + d i f f r a c h v e l y  p r o d u c e d  

b y  n e u t r o n s  o n  q u a s i - f r e e  n u c l e o n s  of  c a r b o n ,  o l u m J  

n u m .  a n d  c o p p e r  The  s p i n - p a n t y  ~s o n e  of  5 / 2  + 

7 / 2 - ,  e t c  

N(1960) MASS 

VALUE__(_I~V) ._ DOCUMENT ID rECN_ C O~,tME.NT 

1956 +7) ALEEV 848 Bts2 "-(1385)-K+ 

N(1960) WIDTH 

VALUE (MeV) DOCUMENT ID T_ECN COMMENr 
27+-.15 ALEEV B4B BIS2 ~ - (1385 ) -  K "  

N(1960) REFERENCES 

ALEEV 848 ZPHY C25 205 + (JINR 8ERL LEBD MOSU PRAG SOFI IBLI) 

- -  OTHER RELATED PAPERS 

AMAGLOBELI 87 SJNP 45 b32 +DZhOrOZhadze KeWellaze~ (JINR) 
Tronsloled from YAF 45 1020 

ALEEV 8b SJNP 44 652 * (BER'L JINR MOSU PRAG SOFI TBLI) 
Transloled from YAF 44 1010 

I I 1 7+ N(1990) FI7 /(J~) = 2(2 ) SJaJUS "I~ ,I" 

OMITTED FROM SUMMARY TABLE 

M o s t  of t h e  r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 5  o r e  n o w  
o b s o l e t e  a n d  h o v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  

in  o u r  1 9 8 2  e d i t i o n  ( P h y s i c s  L e t t e r s  1118) 

The  v a n o u s  a n a l y s e s  d o  n o t  a g r e e  v e r y  w e n  w l t h  o n e  
a n o t h e r  

N ( 1 9 9 0 )  MASS 

V_ALL/E (MeV) DOCUMENT ID rECN COMMENT 
2018 CRAWFORD 80 DPWA " . . N ~  ~ N  
1970 _+ 50 CUTKOSKY 80 IPWA rrN ~ r N  
2005 -+ 150 HOEHLER 79 IPWA ~ N  ~ = N  
1999 BARBOUR 78 DPWA 2. N ~ n 'N 

N ( 1 9 9 0 )  WlDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
295 CRAWFORD 80 DPWA ) N ~  = N  
350 _~ 120 CUTKOSKY B0 IPWA r rN -o ,'TN 
350 = 100 HOEHLER 79 IPWA ~TN ~ : rN 
216 BARBOUR 78 DPWA " iN  ~ ,'rN 

N ( 1 9 9 0 )  POLE POSITION 

REAL PART 
VALUE (May) DOCUMENT /D TECN COMMENT 
1 9 0 0 - + 3 0  CUTKOSKY 80 IPWA E N ~  ;T,N 

- 2  × IMAGINARY PART 
VALUE (MeV) DOCUMENr ID TECN COMMENT 
260 -+ 60 CUTKOSKY 80 IPWA :TN ~ ; rN 

N ( 1 9 9 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENr 
5 ± 4  CUTKOSKY 80 IPWA r , N ~  : rN 

IMAGINARY PART 
VALUE (MeV_) DOCUMENT ID TECN COMMENT 
- 8 - + 4  CUTKOSKY B0 IPWA TrN . ~ N  

N ( 1 9 9 0 )  DECAY MODES 
l" t N ( I g 9 0 )  ~ N'n- 
I" 2 N ( 1 9 9 0 )  ~ N~  
I" 3 N ( 1 9 9 0 )  ~ 'tK 
I" 4 N ( 1 9 9 0 )  ~ "~K 
1" 5 N ( 1 9 9 0 )  ~ N;,r~" 
I'6 N(1990) ~ pay, hehclty=I/2 

I 7 N(1990) ~ p~, hehclty=3/2 

I'8 N(1990) ~ n'y, hehclty=1,,.2 

r 9 N(1990) ~ n~, hehclty=3 2 

N ( 1 9 9 0 )  BRANCHING RATIOS 

| ' (  N Tr ) l l ' to la l  
VALUE DOCUMENT ~ 
( } -00 _~ 0 02 CUTKOSKY 80 
0 04 = 0 02 HOEHLER 79 

( l ' , l ' t ) U 2 / l ' l O t a l  In  N ~  ~ N ( 1 9 9 0 )  ~ N r /  
VALUE DOCUMENT ID 
-- 0 043 BAKER 79 

|1."  ] 
rECN COMMENJ 
IPWA rrN . ,'T,N 
IPWA rr, N ° : rN 

(I fl 2) '~- I 
TECN COMMEN; 
DPWA E D ~ r ~  
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Baryon Full Listings 
N(1990), N(2000), N(2080) 

(1,1 , ) ' : / l ' I o t o ~  in NTr ~ N(1990) ~ ~ K  
VALUE DOCUMENT ID 
+ 0  0'1 BELL 83 
NOT SEEN SAXON 80 
- 0 02'1 _+ 0 033 DEVENISH 74B 

( l ' f . ) " : / r t o l a  I In  N / r  ~ N ( 1 9 9 0 )  ~ ~ K  
VALUE DOCUMENT IO 
0 0'10 to 0 023 1̀ DEANS 75 
0 06 LANGBEIN 73 

( I  f ~ ) ~ l : l l ' t o t a  i In NTr ~ N(1990) ~ N'tr '~" 
VALUE DOCUMENr /D 
NOT SEEN MANLEY 84 
NOT SEEN LONGACRE 75 

( I '~I '3)~/~/I"  
TECN COMMENT 
DPWA ~ - p  ~ %.K ° 
DPWA T r - p  ~ %./(0 

Fixed t d ispers ion tel  

( l ' J 4 ) ~ / ] "  
TECN COMMENT 
DPWA ~ r N - -  "~K 
IPWA ~ r N ~  "K(SOI  '1) 

(1,1"5) '~ ,." 1 ' 
TEC'N COMMENT 
IPWA ; , r N ~  N~r~r 
IPWA ~'N ~ N~,~ 

N ( 1 9 9 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For de f in i t ion  of the ~! N d e c o y  a m p l i t u d e s  see Sec IV of the  
Note on N a n d  ..% Resonances p r e c e d i n g  the  Baryon Listings 

A1..2 
TECN COMMENt 
DPWA " ) N ~  ,-'rN 
DPWA "t N ~ ,-r N 
DPWA "~N ~ ,-'rN 

N ( 1 9 9 0 )  ~ p ~ ' ,  h e l l c f f y - l / 2  a m p h t u d e  
_V.AI:U_E..(_GeV- ̀1 2~ DOCUMENT ID 
0 030_+0 029 AWAJI 8'1 
0 00`1 t 0 040 CRAWFORD 80 
0 040 BARBOUR 78 

N ( 1 9 9 0 )  ~ p ' ~ ,  h e l l c d y - 3 / 2  a m p h t u d e  
V__A_LUE (GeV-  ~ 2) __ .  DOCUMENT ID 

0 086 +_ 0 060 AWAJI 8'I 
0 004 _+ 0 025 CRAWFORD 80 
0 00,4 BARBOUR 78 

N ( 1 9 9 0 )  --* n " f ,  h e h c = t y - 4 / 2  a m p h t u d e  
VALUE (GeV- f 2) DOCUMENT ID 
- 0 00'I AWAJI 81 
- 0 078 _+ 0 030 CRAWFORD 80 
- 0 069 BARBOUR 78 

N ( ' 1 9 9 0 )  - , .  n ' ~ ,  h e h c ~ l y - 3 / 2  a m p h t u d e  
VALUE (GeV- `1.2~ . . . . .  _DOCUMENT IO 
- 0. '178 AWAJI 8'1 
- 0  t16 _+0 045 CRAWFORD 80 
- 0  072 BARBOUR 78 

A3 2 
TECN COMMENT 
DPWA "I N ~ ~r N 
DPWA " r N ~  ~rN 
DPWA "~ N ~ :'r N 

AT 2 
~'ECN COMMENT 
DPWA ~ N ~  ~rN 
DPWA " r N ~  t rN 
DPWA " ~ N ~  ;'rN 

A3 2 
TECN COMMENT 
DPWA " ~ N ~  ;,rN 
DPWA ~ t N ~  t rN 
DPWA "~N ~ ~ N  

N ( 1 9 9 0 )  F O O T N O T E S  
`1The range g i ven  for DEANS 75 IS from the four best  solut ions 

N ( 4 9 9 0 )  REFERENCES 

For ear ly  references see Physics Letters 4q4B ('1982) 

MANLEY 84 PR D30 904 +Arndt Goradla Teplltz 
BELL 83 NP B222 389 +BItssett Broome Oaley Hart Dnlern+ 
AWAJI 81 Bonn Conl 352 +KallkOwO 

AlSO 82 NP B197 365 
CRAWFORD 80 Toronlo Cant 107 
CUIKOSKY 80 toronlo Conl '19 

AlSO 70 PR D20 2839 
SAXON 80 NP B'162 522 
BAKER 79 NP B`156 93 
HOEHLER 7q PDAT ̀12 1̀ 

AlSO 80 Toronto Conf 3 
BARBOUR 78 NP B`141 253 
DEANS 75 NP B96 90 
LONGACRL 75 PL 55B 4'15 
DEVENISH 748 NP B8`1 330 
LANGBEIN 73 NP B53 25r 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

(VPI) 
(RL) lJP 

(NAGO) 
Fujll Hayashd lwata Kallkawa* (NAGO) 

(GLAS) 
+Forsyth Babcock Kelly Hendrlck (CMU LBL)IJP 

Cutkosky EOrSylh Hendrlck Kelly (CMU LBL) IJP 
÷Bake r Bell BllsSetf BIoOOworlh+ (RHEL BRIS)IJP 
+Brown Clark Dawes DePagler Evans+ (R~EL) IJP 
+Kalser KOCh Plerarlnen (KARL) IJP 

KOCh (KARL) IJP 
+Crawfora Parsons (GLAS) 
+Mllchell Montgomery+ (SFLA ALAH) IJP 
+Rosenfelcl Losln$kl Smadja+ (LBL SLAC)IJP 
+EIoggatt Marlin (DESY NaRD LOUC) 
+Wagner (MUM) IJP 

l ( J  P) = '1 r5+ ' I  S t a t u s  ~ e 
2 " 2  " 

a i d e r  resu l ts  h a v e  b e e n  r e t a i n e d  s i m p l y  b e c a u s e  
t h e r e  is h t t l e  m f o r m a h o n  a t  a l l  a b o u t  th ls  p o s s i b l e  
S ta te  

N ( 2 0 0 0 )  M A S S  

VALUE (Met/) DOCUMENT ID TECN COMMENT 
1882 -+ 10 HOEHLER 79 IPWA ~ N  ~ ' ~ - N  . . . . . . . . . .  
2025 AYED 76 fPWA = N  ~ / rN 
1970 1̀ LANGBEIN 73 IPWA ~rN ~ ~K  (SOl 2) 
2'175 ALMEHED 72 IPWA ,-rN ~ r ,N 
1930 DEANS 72 MPWA 3 D ~ ~.K (sol D) 

N ( 2 0 0 0 )  W I D T H  

VALUE (M_eV). . . . . . . . . . .  OOCUMENT /D rECN COMMEIN ~ . . . . . .  

9 5 t 2 0  HOEHLER 79 IPWA T r N ~  T.N 
'157 AYED 76 IPWA ~ N  ~ r .N 
'170 r LANGBEIN 73 IPWA TrN ~ " K  (SOl 2) 
'150 ALMEHED 72 IPWA ~ N  ~ r .N 
1'12 DEANS 72 MPWA 3 p ~  %K(sOl D) 

N ( 2 0 0 0 )  D E C A Y  M O D E S  

I ' `1 N ( 2 0 0 0 )  ---,- N~r  

r 2 N ( 2 0 0 0 )  ~ NT/ 

13 N ( 2 0 0 0 )  ~ ~,K 

[ '4 N ( 2 0 0 0 )  --*. E K  

r 5 N ( 2 0 0 0 )  ~ P 3 '  

N ( 2 0 0 0 )  B R A N C H I N G  RAT IOS 

I I l 3 -  .I{. }I. N(2080) DI3 /(J') = 2 ( ~  ) status 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

There  is s o m e  e w d e n c e  for t w o  r e s o n a n c e s  m th is  
w a v e  b e t w e e n  1800 a n d  2 2 0 0  M e V  ( s e e  CUTKO 
SKY 80 )  H o w e v e r ,  t h e  s o l u h o n  of  HOEHLER 79 is q u d e  

d i f f e r e n t  

SAXON 80 NP B`162 522 *Baker Bell Bllssen BloOdworlh+ (RHEL BRIS)IJP 
BAKER 79 NP B'156 g3 *Brown Clark Davies Depagter Evans~ (RHEL) IJP 
HOEHLER 79 PDAT '12 1̀ *Kaiser KOCh Pletarlnen (KARL) IJP 

AlSO 80 Toronto Cant 3 KOCh (KARL) IJP 
AYED 76 CEA N `192`1 TheSIS (SACL) IJP 
DEANS 75 NP B96 90 +Mitchell Monlgomery+ (SFLA ALAH) IJP 
LANGBEIN 73 NP B53 25`1 +Wagner (MUNI) IJP 
ALMEHED 72 NP B40 `157 ÷Lovelace (LUNO RUTG) IJP 
DEANS 72 PR Db 190b +Jacobs Lyons Montgomery (SI:LA) IJP 

N ( 2 0 0 0 )  REFERENCES 

N ( 2 0 0 0 )  F O O T N O T E S  
INot  seen m solut ion 'I of LANGBEIN 73 
2Va lue  g i ven  is from so lu l lon  I of DEANS 7,5 not  present  In solut ions 2 3 

or 4 

I'(N~)/l'folo i l'i/r 
VALUE DOCUMENr IO TECN COMMENr 
0 04_+0 02 HOEHLER 79 IPWA = N ~  ~ N  
0 08 AYED 76 IPWA x N  ~ 7rN 
0 25 ALMEHED 72 IPWA ~'N ~ ~'N 

(l'f:)!'~/l'fofa~ in N'zr ~ N(2000) ~ NT/ (['II'2)'hll ' 
VALUE DOCUMENT rO TECN COMMENT 
+ 0 03 BAKER 79 DPWA r, - .O ° n~ 

( l ' f / ) " ~ ' / l ' t o t o l  In  NTr - , .  N ( 2 0 0 0 )  ~ ~.K ( I ' I I ' 3 ) ½ / I "  
VALUE DOCUMENT ID TECN COMMENT 
NOT SEEN SAXON 80 DPWA , ' t r -p ~ '~K ~ 

(I ' , I ' I)L':/I ' Iotal In  N?r  ~ N ( 2 0 0 0 )  ~ ~ K  ( r l l  4)~,~/ I  
VALUE DOCUMENT ID TECN COMMENt 
0 022 2DEANS 75 DPWA 7 r N ~  " K  
0 05 rLANGBEIN 73 IPWA = N ~  ~-K(~,OI 2) 

( ] ' i l ' / ) " 2 / l ' l o f a l  In p " f  ~ N ( 2 0 0 0 )  ~ ~.K (1'5I 3)'~'/1 
VALUE DOCUMENr ID TECN COMMENT 
0 0022 DEANS "72 MPWA "~p ~ %K (sol D) 



See k(9' o n  page 129 

VALUE (MeV) 

1920 
1880 _+ '100 
2060 +_ 80 
1900 
2081 +. 20 

VALUE (MeV) 

32O 
t80 +. 60 

300 +. 100 

240 
265 +. 40 

REAL PART 
v_ ~_ Lu_t (Me_.v) ._ 

1880 .+ 100 

2050 .+ 70 

M o s t  of  t h e  resu l ts  p u b l i s h e d  b e f o r e  1975 a r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m d t e d  They  m a y  b e  f o u n d  
m o u r  1982 e d d l o n  (Phys i cs  Le t te rs  t t t B )  

- 2  × I M A G I N A R Y  PART 
VALUE (MeV) 

N(2080) MASS 
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Baryon Full Listings 
N (2080), A' (2090) 

DOCUMENT ID 

BELL 
'1 CUTKOSKY 
'1 CUIKOSKY 

SAXON 
HOEHLER 

( l  , l  ! ) - / ]  fo ia l  i n  N ~  ~ N ( 2 0 8 0 )  ~ N r /  ( I r 1 2 )  '~-' 
VALUE DOCUMENT ID TECN COMMEN 1 

NOT SEEN BAKER 79 DPWA ~- p o n~ 

( l f l , ) ' ~ / l ' , o f a i  in  N r r  ~ N ( 2 0 8 0 )  ~ \ g  ( l r 1 3 )  ! ~  
VALUE DOCUMENT ID TECN COMMENT 
+ 0  04 BEEL 83 DPWA ,-r D ~ tKC 
+ 0  03 SAXON 80 DPWA : T - p  . \K= 

( l l l l ) ' : / r f o t a  I m N/ ' r  ~ N ( 2 0 8 0 )  ~ ~ K  (1~14)  'e 
VALUE DOCUMENT I~ I'ECN COMMENT 

0 014 fo 0 037 2 DEANS 75 DPWA ~N ~ ~-K 

( ] ' l ] ' : ) : : / I  la la l  In  p ' f  ~ N ( 2 0 8 0 )  ~ N~/ ( I  '1012)":.'1 
VALUE DOCUMENT ID TECN COMMENT 

0 0037 HICKS 73 MPWA ~,P o Pq 

TECN COMMENT 

83 DPWA ~ ' - p  ~ %K ~ 
80 IPWA }TN ~ ~'N 
80 IPWA ~ N  ~ ,'rN 
80 DPWA z r - p  ~ %K o 
79 IPWA ;'r,N .o ~N 

N(2080) WIDTH 

DOCUMENT ID 

BELL 
1̀ CUEKOSKY 

r CUEKOSKY 

SAXON 
HOEHLER 

rECN COMMENT 
83 DPWA z : - p  ~ ~K ° 
80 IPWA ,"rN ~ )'rN (IOwer 

mass) 
80 IPWA TrN ~ 7rN (h igher  

mass) 
80 DPWA ~ r - p  ~ ,~/~0 
79 IPWA TrN ~ )TN 

160 "_ B0 

200 : 80 

N(2080) POLE P O S I T I O N  

DOCUMENT ID TECN COMMENT 
1̀CUTKOSKY 80 IPWA ,'rN ~ ~N ( lower  

mass) 
4 CUTXOSKY 80 IPWA ,"rN ~ ,"rN (h igher  

moss) 

DOCUMENT ID TECN COMMENT 
I CUTKOSKY 80 IPWA ~ N  ~ ~N ( lower  

mass) 
1̀ CUTKOSKY 80 iPWA ~ N  ~ x',N (h igher  

mass) 

N(2080) ELASTIC POLE RESIDUE 

rECN COMMENT 
80 IPWA = N ~ r, N ( lower  

mass) 
80 IPWA ,'T N ~ = N (h lgher  

mass) 

REAL PART 
V_ALIJ f (MeV) . . ()O_CUMENT ID 
-- 2 +. 14 I CUTKOSKY 

30 +. 20 '1 CUTKOSKY 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID 
10 _* 5 1̀ CUTKOSKY 

0 _+ 52 1̀ CUTKOSKY 

TECN COMMENT 

80 IPWA ,'rN ~ ;T,N ( lower  
mass) 

80 IPWA ;'rN ~ r ,N (h lgher  
mass) 

N(2080) P H O T O N  D E C A Y  AMPLITUDES 

Fat def ln l f lOn of the % N d e c a y  a m p h t u d e s  see Sec IV of lhe  
Nole on N a n d  A Resonances p r e c e d i n g  the Baryon Listings 

N ( 2 0 8 0 )  ~ p ' y ,  h e h c i t y - l , , 2  a m p l i t u d e  A`1 2 
y:~_L..UE (G_.eV- r 2) _DOCUMENT ID TECN COMMENT 

- 0  020+-0 00B AWAJI 81 DPWA " , N ~  ~N 
0 026 +- 0 052 DEVENISH 74 DPWA "~ N -- T:N 

N ( 2 0 8 0 )  ~ p ' ) ' ,  h e h c f l y - 3 / 2  a m p l i t u d e  A~ 2 
yALUE.LGeV~- f 2) _DOCUMENT ID TECN COMMENT 

0 017+_0 011 AWAJI 81 DPWA 3 N ~  ~ N  
0 128_+0 057 DEVENISH 74 DPWA ~ N ~  ~rN 

N ( 2 0 8 0 )  ~ n~t  ,, h e h c l t y - I / 2  a m p l i t u d e  A~ 2 
_V_ALU[ {G~V-  1 2) _DO__CUMENT IO FECN COMMENT - ' -  

0 007_+0 013 AWAJI 81 DPWA ~ N ~  ~ N  
0 053_+0 083 DEVENISH 74 DPWA ")N . T:N 

N ( 2 0 8 0 )  ~ n ' y .  h e h c d y - 3 / 2  a m p h t u d e  A B 2 
_V.ALUE ( G e V  r 2) _DOCUMENT ID TECN COMMENT 
- 0  053+-0 034 AWAJI 8'1 DPWA ~ N ~  ,'TN 

0 100 ± 0 '14t DEVENISH 74 DPWA ~, N ~ :rN 

N(2080) FOOTNOTES 

tCUTKOSKY B0 finds o lower  mass Dt3 resonance  as wel l  as one  in this 
reg ion Both are hsted here 

2The range g w e n  far DEANS 75 is from the four best  SOluhons Disagrees 
with ,'T÷D ~ " +  K* d a t a  of WINNIK 77 a round  1920 MeV 

N(2080) REFERENCES 

For early references see Physics Letters 444B (1982) 

BELL 83 NP B222 389 +BllSSetl Broome Da'ey Harl Llnte(n* 
AWAJI 8'1 Bonn COPI 352 +Kallkawa 

Also 82 NP B~97 305 Fui I Hayashil Iwata KOllkOWa* 

(RL) I.P 

(NAGO) 

N(2080) D E C A Y  M O D E S  

]''1 N ( 2 0 8 0 )  ~ NrT 

r 2 N ( 2 0 8 0 )  --,. NT/ 

l" s N ( 2 0 8 0 )  ~ ~ K  

I'., N ( 2 0 8 0 )  ~ ~ K  

I '5 N ( 2 0 8 0 )  ~ N r r r r  

I" 6 N ( 2 0 8 0 )  ~ p ' y ,  h e h c d y = l / 2  

I" 7 N ( 2 0 8 0 )  --,. p - y ,  h e l l C l l y = 3 / 2  

r 8 N ( 2 0 8 0 )  ~ n ' y ,  h e h c d y = I / 2  

I '  9 N ( 2 0 8 0 )  ~ n " y ,  h e h c d y = 3 / 2  

I ' i0 N ( 2 0 8 0 )  --,. p ' y  

N(2080) BRANCHING RATIOS 

l ' ( N ~ ) l l ' l o f a  I 
VALUE DOCUMENT iD 
0 40 +- 0 04 '1 CUTKOSKY 80 

0 '14 +- 0 07 '1 CUTKOSKY 80 

0 06 +- 0 02 HOEHLER 79 

(NAGO) 

CUIKOSKY 80 toronto Cone 49 +Forsy~n Babcock Kelly HenC}l ck (CML. LBL)IjP 
AlSO 79 PR D20 2839 Culkoswy Folsyth HendrlCk Ke'Iy (CMb LBL)l.R 

SAXON 80 NP B1¢2 522 +Baker eel BIisse't BIoOdwOr'n* (RqlL BRIS) I.P 
BAKER 79 NP B150 93 +Brown Clark Davies Depogle, Evans+ (RH/L) I.P 
HOEHLER 79 PDAI '12 ¶ +Kaiser KOCh Pletarlnen (KARL) I.P 

AlSO 80 IoroPto Cant 3 KOCh (KARL) I.P 
WINNIK 77 NP B'128 60 +Toa*f Revel Goldberg Belrly (HALF) I 
DEANS 75 N {) BQ0 O0 *Mitchel" fq'onlgomety* (S(LA A.AH) I P 
DEVENISH 74 PL 52B 227 +Lyth Ran~:ir (DES v LANC BONN) LP 
HICKS 73 P~ D7 2014 *Deans Jacobs LyOP$. (CMU OPNL SF=A)I.P 

I ' r / l "  
~CN COMMENT 
IPWA ~ N ~  ,'r N ( lower  

moss) 
IPWA r, N ~ = N (h igher  

moss) 
IPWA zr N ~ ,'T N 

I l -  
I ( J  p) = 2 (  2 ) S t a t u s  ,K. 

O M I 1 ] ' E D  F R O M  S U M M A R Y  TABLE 

A n y  s t r u c t u r e  in t h e  $11 w a v e  a b o v e  1800 M e V  is 
l i m e d  h e r e  A f e w  e o r l y  resul ts  t ho r  o r e  n o w  o b s o l e t e  
h a v e  b e e n  o m i t t e d  

N ( 2 0 9 0 )  M A S S  

VALUE (MeV) DOCUMENT iD TECN L'OMM.~e','! 
2180+-80 CUTKOSKY 80 IPWA :rN - =N 
1880+-20 HOEHLER 79 IPWA ;TN.o ":N 



3 9 6  

Baryon Full Listings 
N(2090), N(2i00), N(2190) 

N ( 2 0 9 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

350 = 100 CUTKOSKY 80 IPWA ~ N  ~ ;'rN 
95 ± 30 HOEHLER 79 IPWA ~ N  ~ 7rN 

N ( 2 0 9 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) DOCUMENT ID rECN COMMENT 

2150 _* 70 CUTKOSKY 80 IPWA ~ N  ~ ~ N  
1937 or 1949 I LONGACRE 78 IPWA EN ~ N,"r~T 

- - 2  X I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID IECN COMMENr 

350 _+ 100 CUTKOSKY 80 IPWA # N  ~ ~rN 
139 or 131 1LONGACRE 78 IPWA zrN ~ N~;T, 

N ( 2 0 9 0 )  ELASTIC POLE RESIDUE 

REAL PART 
V_AL_UE (MeV) DOCUMENr ID TECN. COM.M_E_N~ . . . . . . . .  

40 -+ 20 CUTKOSKY 80 iPWA ~'N ~ # N  

I M A G I N A R Y  PART 
~'AIU.~_ (_Me V.) DOCUMENT ID TECN CO_M.A4E_N!__. . 

0-+60 CUTKOSKY 80 IPWA = N ~  EN 

N ( 2 0 9 0 )  D E C A Y  M O D E S  

l" I N ( 2 0 9 0 )  ~ N~"  

r 2 N ( 2 0 9 0 )  ~ ~ K  

I" 3 N ( 2 0 9 0 )  ~ N ~ ' ~ r  

N ( 2 0 9 0 )  B R A N C H I N G  R A T I O S  

] ' ( N ~ ) / r i o t a  I r l / l "  
VALUE DOCUMENT/O TECN COMMENT 
0 1 8 Z 0  08 CUTKOSKY 80 IPWA ~ N ~  ~N 
0 . 0 9 - + 0  05 HOEHLER 79 IPWA 7 r N ~  =',N 

( i ' l l ' / ) % ~ ] ' t o t a l  In  N~"  ~ N ( 2 0 9 0 )  ~ A K ( ] ' 1 r 2 ) ½ / [ "  
VALUE DOCUMENT/D rECN COMMENT 
NOT SEEN SAXON 80 DPWA = - p  ~ 'tK ~ 

N ( 2 0 9 0 )  F O O T N O T E S  
ILONGACRE 78 va lues are from a searcrl  tar po les  in the  un i ta r lzed T 

matr ix  The first ( second)  va l ue  uses, in a d d i t i o n  to 7 r N ~  N~r~ d a t a  
e las t ic  a m p l i t u d e s  from a Sac lay  (CERN) pa r t l a l -wave  analys ls  

CUTKOSKY 
Also 

SAXON 
HOEHLER 

Also 
LONGACRE 78 PR D17 1795 +Laslnski Rosenfeld Smodjo+ 

N ( 2 0 9 0 )  REFERENCES 

80 1oronlo Cant 19 +Forsyth B<)DCOCk Kelly Henarlck (CMU LBL) IJP 
79 PR D20 2839 Cutkosky FOrSylh Henaltck Kelly (CMU LBL) 
80 NP 8162 522 *Baker Bell Bllsse11 BIoodworth+ (RHEL 8RIS)IJP 
79 PDAT 12 1 +Kaiser Koch Plelorlnen (KARL) IJP 
80 Toronto Conf 3 KOCh (KARL) IJP 

(LBL SLAC) 

I I 1 I +  N(2100) Ptt ' ( / )  = § ( ~  ) S t a t u s  

O M I T T E D  F R O M  S U M M A R Y  TABLE 

N ( 2 1 0 0 )  M A S S  

VALUE (M__e.V) DOCUMENr,I_O. rECN C_OI~.M_ENr 
2125 _+ 7.5 CUTKOSKY 80 IPWA ~'N ~ r ,N 
2050 _+ 20 HOEHLER 79 IPWA TrN ~ =',N 

VALUE (MeV) 

260 _+ '100 
200 _+ 30 

REAL PART 
VALUE (MeV) 

2'120 _+40 

- - 2  X I M A G I N A R Y  PART 
VALUE (MeV) 

240 _+ 80 

N ( 2 1 0 0 )  WIDTH 

DOCUMENT ID 
CUTKOSKY 80 
HOEHLER 79 

TECN COMMENT 

IPWA ~"N ~ ~TN 
IPWA ~'N ~ ~ N  

N ( 2 1 0 0 )  POLE P O S I T I O N  

DOCUMENT ID rECN 

CUTKOSKY 80 IPWA 
COMMENT 

~'N ~ 7rN 

I N(2t90) G17 I I 7 -  . l l  ,K. i(. 4l. 
ICJ  P) = 2 (  2 ) S t a t u s  

Mos t  of t h e  resu l ts  p u b l i s h e d  b e f o r e  ' i975 o r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m i t t e d  They  m a y  b e  f o u n d  
In o u r  1982 e d H i o n  (Phys i cs  Let ters  111B) 

N ( 2 1 9 0 )  M A S S  

VALUE (MeV) . . . . .  DOCu_ME~Ir ID rECN COMMENT 

2120 to 2230 OUR ESTIMATE 
2200 ± 70 CUTKOSKY 80 IPWA ~ N  ~ 1'rN 
2140 -+ 12 HOEHLER 79 IPWA ~rN ~ ,'TN 
2140 ± 40 HENDRY 78 MPWA 7rN ~ 7rN 
• • • We d o  no l  use the fo l l ow ing  d a t a  tar ave rages  flls l imits e l c  * • * 
2098 CRAWFORD S0 DPWA "yN ~ ='.N 
2180 SAXON 80 DPWA ~ ' - p  ~ ",K O 
2'140 BAKER 79 DPWA 7 r - p  ~ n~ 
2117 BARBOUR 78 DPWA " r N ~  ~ N  

N ( 2 1 9 0 )  WIDTH 

VALUE (MeV) DOCUMENt ID rECN COMMENT 

200 to 500 OUR ESTINIATE . . . . . . . . . . . . . .  
500 _+ 150 CUTKOSKY 80 tPWA ;'rN ~ 7rN 
390 _+ 30 HOEHLER 79 IPWA ;,rN ~ ~ N  
270 _+ 50 HENDRY 78 MPWA E N  ~ ~ N  
• • • We d o  not use lhe  fo l l ow ing  d a t a  for averages,  fits, l lmlts e l c  • - • 
238 CRAWFORD 80 DPWA ~ , N ~  = N  

80 SAXON 80 DPWA I r - D  ~ ' t /~  
319 BAKER 79 DPWA = - p  ~ n~ 
220 BARBOUR 78 OPWA ~ N ~  ~'N 

N ( 2 1 0 0 )  REFERENCES 

CUTKOSKY 80 Toronto Conl 19 ÷Forsyfh Babcock Kelly Henarlck (CMU LBL)IJP 
Also 79 PR 020 2839 Cutkosky Forsylh Henclrick Kelly (CMU LBL) 

HOEHLER 79 PDAT 12 I ÷Kaiser KOCh Plelo¢Inen (KARL) IJP 
AlSO 80 Toronto CanT 3 Koch (KARL) IJP 

N ( 2 1 0 0 )  B R A N C H I N G  R A T I O S  

r ( N 1 1 " ) / l ' t o l a  I l i / r  
VALUE DOCUMENT /D TECN COMMENT 

0 12_+0 03 CUTKOSKY 80 [PWA , " r N ~  ~',N 
0 10_+0 04 HOEHLER 79 IPWA , T N ~  r,N 

N ( 2 1 0 0 )  D E C A Y  M O D E S  

I '  I N ( 2 1 0 0 )  --.- N~r  

N ( 2 1 0 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE.(MeV) . . . . . .  DOCUMENT ID TECN COMMENr 
11 _+ 7 CUTKOSKY 80 IPWA =',N ~ ~rN 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID [ECN__ C OM_MEI~IT 
8 -. 6 CUTKOSKY 80 IPWA ~', N ~ ;,rN 

DOCUMENT ID TECN COMMENT 
CUTKOSKY 80 IPWA ~rN ~ 7rN 
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N(2190 )  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
2100 _ 50 CUTKOSKY 80 IPWA ,-rN ~ ~ 'N"  

- - 2  × IMAGINARY PART 
VALUE (Melt)  . . . .  DOCUMENT ID TECN COMMENT 

400 _ '160 CUTKOSKY 80 IPWA ,-rN ~ ~ N  

N(2190 )  ELASTIC POlE RESIDUE 

REAL PART 
VA_LU_E (MeV) DOCUMENT /D TECN COMMENT 

22 -+ 14 CUTKOSKY 80 IPWA T, N ~ ~rN 

IMAGINARY PART 
VALUE (MeV)_ DOCUMENT ID TECN COMMENT 

- 13 +. 20 CUTKOSKY 80 IPWA ~ N  ~ . = N  

N(2190) DECAY MODES 

l" I N(2190) ~ N~" 

I" 2 N(2190) ~ N~ 

I" 3 N(2190) ~ ~K 

r 4 N(2190) ~ ~K 

15 N(2190) ~ N~ 

I'6 N(2190) ~ Np. S=3/2, D-wave 
I'7 N(2190) ~ p'~,, hehcdy=I/2 
['8 N(2190) ~ p'~, hehcffy=3,/2 
['9 N(2190) ~ n'y, hehcdy=l/2 
110 N(2190) ~ n'7, hehclty=3/2 

N(2190 )  BRANCHING RATIOS 

I ' (N~)/ I ' Ioto I 1"t/I" 
VALUE DOCUMENT ID TECN COMMENT 
~ 0 * 4 4  O U R  E S T I M A T E  

0 12_~0 06 CUTKOSKY 80 IPWA ; ' r N ~  ~',N 
0 14_+0 02 HOEHLER 79 IPWA ~ ' , N ~  T,N 
0 16~+0 04 HENDRY 78 MPWA r , N ~  ~rN 

(l ' l l ' /)Y"/l ' lota I In Ntr  ~ N (2190 )  ~ N~/ (I 1r2)"~/'l" 
VALUE DOCUMENT ID TECN COMMENT 
+ 0  052 BAKER 79 DPWA ~ ' , - P  ~ n ~  

([ ' l ] ' l ) l ' ' / l ' totol In NTr ~ N(2190)  ~ ~.K (1'11"8)~/~/1 
VALUE DOCUMENT ID TECN COMMENT 

- 0  02 BELL 83 DPWA ~ ' - D  - \ K  ° 
- 0  02 SAXON 80 DPWA : r - D  .~ '~K ~ 

• h, . 
(] ,l ! ) ' - / I  tolol In N ~  ~ N(2190)  ~ ~-'K (]tl '4)W/l ' 
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits hml ts  e f t  • • • 
0 014 to  0 019 I DEANS 75 DPWA , ' rN ~ " K  

( l  i I t)": /r tOlOl In N~" -,. N (2190 )  ~ Np, 5=3/2. D-wove  (I ll't,)W/'l" 
VALUE DOCUMENT ID TECN COMMENT 

(LARGE) MANLEY 8~4 IPWA = N  . -  N ~  " - 

N(2190 )  PHOTON DECAY AMPLITUDES 

For d e f l n l h o n  of t h e  3 N d e c a y  a m p l i t u d e s  see Sec IV of t h e  
N o t e  o n  N a n d  3. R e s o n a n c e s  p r e c e d i n g  t h e  Ba ryon  List ings 

N(2190 )  ~ PB'. h e h c d y - I / 2  a m p h t u d e  A t 2 
VALUE (GeV-  ~_2)_ DOCUMENT I_D_. r_ECN C__(~M_M_ENr 

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for a v e r a g e s  flts [Jmlls e t c  • • • 
- 0  055 CRAWFORD 80 DPWA 3 N ~  r r N  
- 0  030 BARBOUR 78 DPWA 3 N ~  F.N 

N(2190 )  ~ p'y, h e h c d y - 3 / 2  a m p l i t u d e  A 3 2 
VALUE (GeV-  f 2 ) .  [?OCUMEN7 ID__ TECN COMMENT 

• • • We d o  n o t  use  t h e  t a l l o w i n g  d a t a  for a v e r a g e s  fits l im i ts  e t c  • • • 
0 081 CRAWFORD 80 DPWA 3 N  . -  ~ ' N  

~0 180 BARBOUR 78 DPWA " } , N ~  ~ N  

397  

Baryon Full Listings 
N(2190), N(2200) 

N(2190) ~ n'~, hehcdy-I/2 omphtude A~ 2 
VALUE (Gev_- ~_ 2 )  DOCUMENT ID TECN COMMENT 

• • • We d o  no t  use t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits hml ts  e l c  • • • 
- 0  042 CRAWFORD 80 DPWA ",.N - : r N  
- 0  085 BARBOUR 78 DPWA " , N ~  .~N 

N(2190 )  ~ n T. hehc f f y -3 /2  a m p h t u d e  A 3 2 
VALUE ( G e V  f 2) DOCUMENT ID TECN COMMENT 

• • • We d o  n o t  use t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imi ts  e l c  • • • 

- 0  126 CRAWFORD 80 DPWA " ) N ~  ,-rN 
+ 0  007 BARBOUR 78 DPWA "~N - ~ N  

N(2190 )  FOOTNOTES 
1The r a n g e  g i v e n  for DEANS 75 IS f r o m  t h e  four  bes t  SOluhons D i sag rees  

w i th  ~T~D ~ ~ ÷  K ~ d a t a  Of WINNIK 77 a r o u n d  `1920 M e V  

N(2190 )  REFERENCES 

For e a r l y  r e f e r e n c e s  see Phys lcs  Let ters 414B (1982)  

MANLEY 84 PR 030 904 *Arndt Gorodla  TeD dz (VPI~ 
AlSO 84S PRL 52 2122 Monley  (VPI) 

8ELL 8B NP 8222 389 *811sseq 8roome Daley Hart l l n l e rn ,  (~ l )  IJP 
CRAWFORD 80 Toronlo Cant 107 (GLAS) 
CUTKOSKY 80 Toronlo Cone 19 ÷Forsvth Babcock Kelly NendtlCk (CMJ LBL)IJP 

AISO 79 PR D20 2839 Cutkosky Fofsyth Henanck Kelly (CMU LBL) IJP 
SAXON 80 NP 8162 522 *Boi(er Bell 8hssett 81OOaWO'th- (RHEL 8~18)IJP 
BAKER 79 NP 815b 93 ~8rown Clark Dawes Depogter  Evans. (RHEL) IJP 
HOEHLER 79 FDAT 12 t ~Kalser KOCh PletorJnen (KARL) IJP 

AlSO 80 Toronto Conl  3 KOCh (KARL) IJP 
BARBOUR 78 NP 8t41 253 *Crawford Parsons (GLAS) 
HENDRY 78 PRL 41 222 (IND LSL) 'JP 

AlSO 8t ANP t36 I HenCIry (IND) 
WINNIX 77 NP 8t28 66 +rODe Revel Go ldberg  8erny (HALF) I 
DEANS 75 NP BOb 90 ÷Mdcnel l  M o n t g o m e w *  (SFLA ALAH) IJP 

I I I 5 -  N(2200) D15 I ( / )  = 2 (  2 ) S t a t u s  'X' ,ill. 

O M I T T E D  F R O M  S U M M A R Y  T A B L E  

T h e  m o s s  is n o t  w e l l  d e t e r m i n e d  A f e w  e a r l y  r e s u l t s  

h o v e  b e e n  o m i t t e d  

N(2200 )  MASS 

VALUE (Met/) DOCUMENT ID TECN COMMENT 
1900 BELL 83 DPWA ~, P ~ ' ,K° 
2180 _+ 80 CUTKOSKY 80 IPWA r N  . .TN 
1920 SAXON 80 DPWA ~r D ~ ~ K~ 
2228 _- 30 HOEHLER 79 IPWA = N  ~ : 'rN 

N(2200 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENt 

130 BELL 83 DPWA ~ D ~ \K ~ 
400 _- I00 CUTKOSKY 80 IPWA ~rN ~ =N 
220 SAXON 80 DPWA ~- D ~ \ K ~ 
3 t 0  ± .50 HOEHLER 79 IPWA ~ N  . :TN 

N(2200 )  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID ",ECN COMMENT 
2100 ± 60 CUTKOSKY 80 IPWA : r N  - : : N  

- 2  "< IMAGINARY PART 
VALUE (Mev)  DOCUMENT ID 7~.CN COMMEN~ 

3 6 0 + - 8 0  CUTKOSKY 80 IPWA = N  . ,,':N 

N(2200 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
0 +_ 17 CUTKOSKY 80 IPWA :'rN - - N  



398 
Baryon Full Listings 
N(2200), N(2220), N(2250) 
IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN 

- 20 ± 10 CUTKOSKY 80 IPWA 
COMMENT 

r.N ~ ~ N  

N ( 2 2 0 0 )  DECAY MODES 
I I N ( 2 2 0 0 )  ~ Nrr 
I 2 N ( 2 2 0 0 )  ~ N)'/ 
13 N ( 2 2 0 0 )  ~ %K 

N ( 2 2 0 0 )  BRANCHING RATIOS 

I (NTr ) / ] ' i o ta  I rl/,' I- 
VALUE DOCUMENT ID TECN COMMENT 

0 10_+0 03 CUTKOSKY 80 IPWA ; ' r N - o  E N  
0 07_+0  02 HOEHLER 79 IPWA ~ ' N ~  ;TN 

( l  , , r { ) : / l t o l a  I in Nr r  ~ N ( 2 2 0 0 )  ~ N}'/ (1"Ir2)½,,'i 
VALUE DOCUMENr ID TECN COMMENT 

0 066 BAKER 79 DPWA ~ - p  o nr /  

( I '~l ' l ) i : / l ' tolol In N ~  ~ N ( 2 2 0 0 )  --,. A K (l'Ir3)~.,. ' l  
VALUE DOCUMENT ID TECN COMMENT 

- 0  03 BELL 83 DPWA = - p  ~ %K c 
- 0  05 SAXON 80 DPWA 7r-p ° ~.K ~ 

8ELL 
CUTKOSKY 

AlSO 
SAXON 
BAKER 
HOEHLER 

AlSO 

N ( 2 2 0 0 )  REFERENCES 

83 NP 8222 389 ~811sselt 8roome Oaley Hart Llntern+ (RI.) UP 
80 ToronTo Cone 19 +Forsylh BabCOCk Kelly Hendr lck (CMU LBL)UP 
79 PR D20 2839 Cutkosky Forsylh HendriCk Kelly (CMU LBL) 
80 NP 8162 522 +Baker Bell 811sselt 81ooaworlh+ (RHEL BRIS)I JR 
79 NP 8150 93 +Brown Clark Oavles Depag le r  Evans+ (RHEL) I JR 
79 POAT 12 1 +Kaiser Koch Pletarlnen (KARL) IJP 
80 Toronto ConE 3 KOCh (KARL) IJP 

I N(2220) H,19 I l ( j P )  = I 9 -  2 ( 2 )  Status e e e e 

Most of the results Dubhshed before 1975 are now 
obsolete and have been omitted They may be found 
m our 1982 edition (Physics Letters 11tB) 

N ( 2 2 2 0 )  MASS 

VALUE (MeV) DOCUMENr /D TECN COMMENT 

2150 to  2300 OUR ESTIMATE 
2230_+ 80 CUTKOSKY 80 IPWA ;T,N ~ = N  
2 2 0 5 ±  10 HOEHLER 79 IPWA , - r N ~  = N  
2 3 0 0  ± 100 HENDRY 78 MPWA ;T,N - .  : N  

• • • We d o  n o t  use  t h e  f o l l o w i n g  d a t a  for o v e r a g e s  fits bruits e t c  • • • 
2050  BAKER 79 DPWA ; ' r - p  ~ n ~  

N ( 2 2 2 0 )  WIDTH 

VALUE (MeV) DOCUMENr ID rECN COMMENT 

300 to 500 OUR ESTIMATE 
500 ± 150 CUTKOSKY 80 IPWA T;'N ~ ;'r,N 
365 ~ 30 HOEHLER 79 IPWA ,-rN ~ ~ N  
450  ± 150 HENDRY 78 M P W A  ;r,N . ~ N  

N ( 2 2 2 0 )  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

2 1 6 0 _ + 8 0  CUTKOSKY 80 IPWA ~ N  . ; ' :N 

- 2 "< IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

480 t 100 CUTKOSKY 80 IPWA = N  ~ ; ' rN 

N ( 2 2 2 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (Mev) DOCUMENr ID TECN COMMENT 

32 ± 20 CUTKOSKY 80 IPWA ~ N  ~ , 'rN 

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

- - 3 2 : 2 0  CUTKOSKY 80 IPWA ;'r,N ~ ;TN 

N ( 2 2 2 0 )  DECAY MODES 
I ~ N ( 2 2 2 0 )  ~ N?T 
I 2 N ( 2 2 2 0 )  ~ Nr/ 
I 3 N ( 2 2 2 0 )  ~ \ K  

I I 1 9 -  N(2250) G19 K J ' )  = 2 (2  ) s tatus ~f * ,x..ii. 

N ( 2 2 5 0 )  MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2130 to 2270 OUR ESTIMATE 

2250  z 80 CUTKOSKY 80 IPWA , ' rN ~ ;T,N 
2268  : 15 HOEHLER 79 IPWA ; ' rN * ~ N  
2200  ± 100 HENDRY 78 MPWA ,'rN ~ ~ N  

N ( 2 2 5 0 )  WIDTH 

VALUE (MeV) DOCUMENT ~D rECN COMMENT 

200 to 500 OUR ESTIMATE 
480 : 120 CUTKOSKY 80 IPWA : r N  ~ T:N 
300 : 40 HOEHLER 79 tPWA ,'rN . ;T,N 
350 : 100 HENDRY 78 MPWA ~ N  -*  ~ N  

N ( 2 2 5 0 )  POLE POSITION 

REAL PART 
VALUE (M~V) DOCUMENT ID TECN COMMENT 

2150 +_ 50 CUTKOSKY 80 IPWA ; ' :N ~ 7rN 

- 2  "< IMAGINARY PART 
VALUE (MeV) DOCUMENT ID rECN COMMENT 

360 _~ 100 CUTKOSKY 80 IPWA r , N  ~ ;r,N 

N ( 2 2 2 0 )  REFERENCES 

For e a r l y  r e f e r e n c e s  see  Physics Let ters 1118 (1982 )  

BELL 83 NP B222 389 *Blissetl 8roome Daley Horl Llntern* (RL) IJP 
CUTKOSKY 80 Toronlo Cant 19 .Fofsylh BabCOCk Kelly HendrlCk (CMU LBL)IJP 

AlSO 79 PR D20 2839 Cutkosky Forsyth Henclnck Kelly (CMU LBL) IJP 
SAXON 80 NP 8162 522 -Baker Bell 8hssett 81oodworth* (RHEL BRIS) IJP 
BAKER 79 NP 8156 93 *Blown Clark Davies Oepogter  Evans* (RHEL) IJP 
HOEHLER 79 PDAT 12 I *Kaiser Koch PlelanneP (KARL) IJP 

Also 80 toronto Cant 3 Koch (KARL) IJP 
HENDRY 78 PRL 41 222 (;ND LBL) IJP 

AlSO 81 ANP 136 1 HenOry (IND) 

N ( 2 2 2 0 )  BRANCHING RATIOS 

l ( N T r ) / l ' i o t a  , I ~,.'1 
VALUE DOCUMENT ID TECN COMMENT 
~0,18 OUR ESTIMATE 
0 1 5 : : ' 0  03 CUTKOSKY 80 IPWA = N ~  ; r N  
0 18 ± 0 015 HOEHLER 79 IPWA ~ N  ~ ;T,N 
0 12-~ 0 04 HENDRY 78 MPWA ~N ~ TrN 

(1 ..I :):1110ta~ in Nr r  ~ N ( 2 2 2 0 )  ~ N}'/ (I t I 2)'/2,,'1 
VALUE DOCUMENT ID T~CN COMMENT 

0 034 BAKER 79 DPWA ;';-p ~ n~l 

(I ,l',)::/l Iotal in N~ ~ N(2220) ~ '~K (I ~I 3)',5,'I 
VALUE DOCUMENr ID TECN COMMENT 

NOT REQUIRED BELL 83 DPWA n ' , - p  ~ ~,K 0 
NOT SEEN SAXON 80 DPWA ;T , -D ~ %K 0 
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3 9 9  

Baryon Full Listings 
N(2250), N(2600), N(2700), N( 3000) 

N ( 2 2 5 0 )  ELASTIC  POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

13 = 7 CUTKOSKY 80 IPWA ,'rN ~ ,'I"N 

I M A G I N A R Y  P A R ]  
VALUE (MeV) DOCUMENT ID rECN COMMENT 

- 15 : 6 CUIKOSKY 80 IPWA 7rN o ,-rN 

N(2250)  DECAY MODES 

I t N ( 2 2 5 0 )  ~ NTr  

I 2 N ( 2 2 5 0 )  ~ NY/ 

I',3 N ( 2 2 5 0 )  ~ 'LK  

N ( 2 2 5 0 )  B R A N C H I N G  R A T I O S  

l ( N l r ) / I  Io to l  I t : l  
~'ALUE DOCUMENT ID [ECN COMMENT 

~0.10 OUR ESTIMATE 
0 1 0 ± 0  02 CUTKOSKY 80 IPWA , ' t N ~  ;TN 
0 10+ -0  02 HOEHLER 79 IPWA . - r N ~  ~ N  
0 09-+0 02 HENDRY 78 MPWA ,"rN . r rN 

( l  ~ l ' : ) ' ~ / l  t o ta l  m NTr  ~ N ( 2 2 5 0 )  ~ N r l  (1112 )1~ /1  
VALUE DOCUMEN[ ID TECN COMMENr 

- 0  043 BAKER 79 DPWA r r - p  ~ n t /  

(1 ~ l ' ~ ) ' : / I  to ta l  m NTr  ~ N ( 2 2 5 0 )  ~ '~ K ( ]  ,d ,3 )%/ l  

VALUE DOCUMENT ID [ECN COMMENt 

- 0  02 BELL 83 DPWA = - p  o \ K  ~ 
NOT SEEN SAXON 80 DPWA ~ - p  ~ \ K  ° 

N(2250)  REFERENCES 
BELL 83 NP 8222 389 o8hssetl 8roome Daley Hart Llntern~ (RL) I JR 
CUTKOSKY 80 loronlo Cant 19 .Forsylh Babcock Kelly HenOrlCk (CML, lB l ) IJP 

AlSO 79 PR D20 28`330 Cutkoskv Forsvth HenatlCk Kelly (CMU LBL)I JR 
SAXON 80 NP 8162 522 ~Baker Bell Bhsselt 81oodworth+ (RHEL BRIS)IJP 
BAKER 79 NP B156 93 *Brown Clark Davies Depagle,  Evans, (RHEL) IJP 
HOEHLER 79 PDAT 12 1 *Kaiser KOCh Pletarnen (KARL) IJP 

AlsO BO ToIonlo Cant ,3 KOCh (KARL) IJP 
HENDRY 78 PRL 41 222 0ND LBL) IJP 

AlSO BJ ANP 136 I HenOrv (INO) 

N ( 2 6 0 0 )  REFERENCES 

HOEHLER 79 PDAr 12 t ÷Kaiser KOCh Ple*3rne*l (KAQL) I;P 
AlSO 80 Totonlo Cone 3 KOCh ~KARL) IJP 

NENDRY 78 PRL 4~ 222 ( ND LBL) i jp 
AlSO 81 ANP 136 ~ Her, dry (,NO) 

I 
I 1 13 N(2700) K1.13 1(J~) : 2 ( 2  ' ) S t a t u s  * e 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

N ( 2 7 0 0 )  M A S S  

VALUE (MeV) DOCUMENT tD TECN COMMENt 

2612-+ 45 HOEHLER 79 IPWA ~ ' N ~  ,,':N 
3000 t 100 HENDRY 78 MPWA :TN . :TN 

N ( 2 7 0 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMFNr 

350 : 50 HOEHLER 79 IPWA t rN ~ .'rN 
900 : 150 HENDRY 78 MPWA T;N o ,':N 

N ( 2 7 0 0 )  D E C A Y  M O D E S  

I r N ( 2 7 0 0 )  ~ N,-r  

N ( 2 7 0 0 )  B R A N C H I N G  R A T I O S  

I ( N T r ) / I  Io ta l  
VALUE DOCUMENT ID TECN COMMENr 

0 04_t-0 01 HOEH.ER 79 IPWA : T N ~  :TN 
0 0 7 ± 0  02 HENDRY 78 MPWA ~ N ~  ; ;N 

I I / I  

N ( 2 7 0 0 )  REFERENCES 

HOEHLER 79 POAT 12 1 ~KoISet KOCh Pleton'~en (KARL) I.P 
Also 80 loton*o CoPE .3 KOCh (KARL) I.P 

HENDRY 78 PRL 4t 222 (IND LBL) I.P 
AlSO 81 ANP I'36 1 Hen,'lry fIND) 

I 
I 1 1t N(2600) 11.11 l(J') : 2(2 -)status * * * 

N(2600)  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2580 tO 2700 OUR ESTIMATE 
2577 _+ 50 HOEHLER 7q IPWA EN -. ;TN 
2700_+100  HENDRY 78 MPWA : : . N ~  ~ N  

N ( 2 6 0 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

>300 OUR ESTIMATE 
400 _+ t 00  HOEHLER 79 IPWA ,'r.N ~ tr, N 
900 ± I 00  HENDRY 78 MPWA ~'N ~ rr, N 

N(2600)  DECAY MODES 
r r N ( 2 6 0 0 )  ~ N ~ r  

N(2600 )  B R A N C H I N G  R A T I O S  

1 ( N ' t r ) / I  to ta l  
VALUE DOCUMENT ID TECN COMMENT 

40.05 OUR ESTIMATE 
0 05 -+ 0 0 t  HOEHLER 79 IPWA : rN ~ ~ N  
0 08.'!"0 02 HENDRY 78 MPWA 7rN~ n'N 

I N(~3000 REGION) I 
PARTIAL-WAVE ANALYSES 

W e  l ist h e r e  m i s c e l l a n e o u s  h i g h  mOSS c o n d l d a l e s  for  

ISOSpln 1 2 r e s o n a n c e s  f o u n d  in D a r h a l  w a v e  a n a l y s e s  

O u r  1982  e d d l o n  h a d  a n  N ( 3 2 4 5 )  a n  N ( 3 6 9 0 )  a n d  
a n  N ( 3 7 5 5 )  e a c h  a n a r r o w  p e a k  s e e n  m a D r o a u c  
b a n  e x p e n m e n l  S i n c e  n o l h m g  h a s  b e e n  h e a r d  f r o m  

t h e m  s i n c e  t h e  1 9 6 0  s w e  d e c l a r e  t h e m  to  b e  d e a d  

' [ h e r e  w a s  a l s o  a n  N ( 3 0 3 0 )  d e d u c e d  f r o m  t o t a l  c r o s s  

s e c t i o n  a n d  180 e l a s h c  c r o s s - s e c h o q  m e a s u r e m e n l s  

i1 is t h e  K O C H  80  L115 s t a t e  b e l o w  

1 I,,'I 

VALUE (MeV) 

2600 
3100 
3500 

3500 to 4000 

3500 ~ 200 
3800 ± 200 

4100 ± 200 

N ( ~ 3 0 0 0 )  M A S S  

DOCUMENt ID 

KOCH 
KOCH 
KOCH 

KOCH 

HEND~'Y 
HENDRY 

HENDRY 

rFCN OOMM~ Nr 
80 IPWA " N . ; , N O ,  3 
80 IPWA " N  o ~ N L ,  t5 w o v e  
80 IPWA = N ~ : N M~ . 7 

w o v e  
B0 IPW, ~ ~ N ~ ": N N, 19 

w o v e  
78 MPWA =N . : -N Lt t5 w a v e  
78 MPWA =N . : - N M ,  I :  

w o v e  
78 MPWA =N o - N N ,  .~ 

w o v e  
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Baryon Full Listings 
N (---, 3000), A(]232) 

N ( ~ 3 0 0 0 )  W I D T H  

VALUE(MeV) DOCUMENrID 

1300 ± 200 HENDRY 
1600 ± 200 HENDRY 

1900 ~ 300 HENDRY 

TECN COMMENT 

78 MPWA ;;:N .o ,"rN L'1 '15 w a v e  
78 MPWA = N  ~ ,"rN M 1 '17 

w o v e  
78 MPWA ;':'N ~ = N  N'1 '19 

w a v e  

N ( ~ 3 0 0 0 )  D E C A Y  MODES 

11 N ( ~ 3 0 0 0 )  ~ NTr  

N ( ~ 3 0 0 0 )  B R A N C H I N G  R A T I O S  

I ' ( N / T ) / I  tota~ 
VALUE DOCUMENT IO 

0 055 ± 0 02 HENDRY 78 
0 040 ± 0 015 HENDRY 78 

0 0 3 0 ~ 0  015 HENDRY 78 

I l / r  
TECN COMMENT 

MPWA ~ N  ~ T~N L 1 15 w a v e  
MPWA ;TN ~ ,-rN Mt  17 

w a v e  
MPWA ; rN  -o ,'rN N t '19 

w a v e  

N(~3000 )  REFERENCES 

KOCH 80 Toronlo Conl 3 
HENDRY 78 PRL 41 222 

AlSO 81 ANP t36 t Hendrv 

(KARL) IJP 
(IND LB:) lJP 

(IND) IJP 

A BARYONS 
(S = 0, I=  3•2) 

J A(1232) P33 J l(jP) = 3 3+ (:;) Status e e e e 

M o s t  of  t h e  r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 7  a r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o m f f t e d  T h e y  m a y  b e  f o u n d  
in o u r  1 9 8 2  e d ~ h o n  ( P h y s i c s  L e t t e r s  111B) In a d d i t i o n  

r e s u l t s  in  thJs r e g i o n  f r o m  p r a d u c h o n  e x p e r l m e n l s ,  

w h l c h  u s e d  l o  b e  h s t e d  s e p a r a t e l y  as  The n e x l  e n t r y  

h a v e  b e e n  e n h r e l y  o m i t t e d  T h e y  l a d  m a y  b e  f o u n d  

m o u r  1 9 8 2  e d d l o n  

A ( 1 2 3 2 )  M A S S E S  

M I X E D  C H A R G E S  
VALUE (MeV) DOCUMENT ID rECN COMMENr 

1230 to 1234 OUR ESTIMATE 
1232 +_ 3 CUTKOSKY 80 IPWA ~"N ~ / rN  
1233 ± 2 HOEHLER 79 IPWA 7rN -o 7rN 

' , ( 1 2 3 2 )  + + M A S S  
VALUE (MeV) DOCUMENT ID TECN COMMENT 

1230 9_+0 3 KOCH 80B IPWA , - r N ~  ~'N 
1230 6 ± 0 2 ZIDELL 80 DPWA E N  ~ ~'N 0 - 3 5 0  

MeV  
1231 1 -. 0 2 PEDRONI 78 E N  o ;,rN 7 0 - 3 7 0  

MeV 

~ ( 1 2 3 2 )  + M A S S  
yAL_U[ (_M_eV) DOCUME_~_r_JO_.. [ECN 

1234 9 ± 1 4 MIRO8HNIC 79 
• • • We do  h a l  use the  t a l l o w i n g  d a t a  for a v e r a g e s  fits 
1231 6 
123 t  2 
1231 8 

. . k ( 1 2 3 2 )  c M A S S  

VALUE (MeV_)_ . . . . . . . . .  

1233 6 _ + 0 . 5  
1232 5 ± 0 3 

1233 8 ± 0 2 

COMMENr 

FIt p h o t o o r o d u c t l o n  
hmlfs e t c  • • • 

CRAWFORD 80 DPWA ~ N ~  E N  
BARBOUR 78 DPWA ~ N ~  ~rN 
8ERENDS 7,5 IPWA ~ p  ~ ;,rN 

DOCUMENT ID TECN COMMENT 

KOCH 80B IPWA ~'N ~ ~rN 
ZIOELL 80 DPWA ~ N  ~ 7rN 0 - 3 5 0  

MeV  
PEDRONI 78 r ,N  ~ ~ N  7 0 - 3 7 0  

MeV  

~ 0  -- A++ M A S S  D IFFERENCE 

VAL_U_[!MeV) DOCUMENT ID COMMENT 

• * * We d o  not  use the  f o l l ow ing  d a l a  for o v e r a g e s  fits flmlts e fc  * • • 
2 7 ± 0 3 I PEDRONI 78 See l h e  mosses 

~ ( 1 2 3 2 )  W l D T H S  

M I X E D  C H A R G E S  

VALUE ( M o V ) .  DOCUMENT /0 TECN COMMENT 

110 to 120  OUR ESTIMATE 
120 ± 5 CUTKOSKY 80 IPWA TrN ~ ;¢N 
1 1 6 - + 5  HOEHLER 79 IPWA ~ N ~  ~'N 

A ( 1 2 3 2 )  + + W I D T H  

~/A_L.UE (MeV) DOCUMENt ID TECN COMMENT 

111  0 _+ t 0 KOCH 808 IPWA ,'rN ~ ~'N 
1 1 3 . 2 _ + 0  3 ZIDELL 80 DPWA 7 r N ~  7 r N 0 - 3 5 0  

MeV  
111 3 ± 0  5 PEORONI 78 ~ N  ~ : rN  7 0 - 3 7 0  

MeV 

A(1232) ÷ WIDTH 

V_ALUE (MeV) . .  OOCUMENr /O TECN COMMENT 

131 1 _+ 2 4 MIROSHNIC 79 Fit p h o l o p r o d u c f l o n  
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • * • 
11t  2 CRAWFORD 80 DPWA ~ , N ~  x N  
111 0 BARBOUR 78 DPWA ~ N ~  ~ N  

A ( 1 2 3 2 )  ° W I D T H  

VALUE (MeV) . . . DOCUMENT /D T~C__N COMMENT . 

113 0 _+ I ,5 KOCH 80B IPWA 7rN ~ ~ N  
121 3_+0 4 ZIDELL 80 DPWA ~ N ~  ~ N 0 - 3 5 0  

MeV 
117 9_+0 9 PEDRONI 78 ~ N ~  ~rN 7 0 - 3 7 0  

MeV 

Ao - -  . : .%++ WIDTH D I F F E R E N C E  

VALUE (MeV) DOCUMENT ID COMMENT 

• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits hmlfs e l c  • * • 
6 6 ± I 0 PEDRONI 78 See the  w id ths  

A ( 1 2 3 2 )  POLE P O S I T I O N S  

REAL PART,  M I X E D  C H A R G E S  

VALUE (MeV) DOCUMENT ID rECN COMMENT 

1210 ± t CUTK(~SKY 80 I-P-~/-A = N  - -  = N  
• • • We d o  not  use the  f o l l ow ing  d a l a  for a v e r a g e s  fits l imits e f c  • • • 
t 210  ARNDT 85 DPWA 7rN .~ ~ N  

- I M A G I N A R Y  PART, M I X E D  C H A R G E S  

VALUE (Me' / )  DOCUMENT ID TECN COMMENT 

50 Z 1 CUTKOSKY 80 IPWA ,'TN ~ ~'.N 
• • • We d o  h a l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e l c  • • * 
50 ARNOT 85 DPWA ,-rN ~ ~ N  

REAL PART.  A ( 1 2 3 2 )  + + 

VALUE (Mev)  DOCUMENT ID rECN COMMENT 

1210 70_+0  16 2ZJDELL 80 DPWA T r N ~  E N 0 - 3 5 0  
MeV  

1209 6 ± 0 5 3 VASAN 768 Fit to CARTER 73 
• • • We do  not  use Ihe  fo l lowJng d a t a  for a v e r a g e s  fits l imits e t c  • • • 
1210 4 ± 0  17 4ZIDELL 78 
1210 5 to 1210 8 5 VASAN 76B Fd tO CARTER 73 

- - I M A G I N A R Y  PART.  A ( 1 2 3 2 )  + +  

VALUE (MeV) DOCUMENT ID rECN COMMENT 

49 61 ± 0  12 2ZIDELL 80 DPWA ~ . N ~  7 r N 0 - 3 5 0  
MeV 

50 4 ± 0 5 3 VABAN 76B Fit IO CARTER 73 
• • • We d o  not  use the  f o l l ow ing  d a l o  for o v e r a g e s  fits l lmi ls  e t c  • • • 
49  745 -. 0 14 4 ZIDELL 78 
49  9 Io 50 0 5 VASAN 76B Fit to CARTER 73 

REAL PART,  3 ( 1 2 3 2 )  + 

VALUE (MeV) OOCUMENr ID COMMENT 

1206 9 ± 0 9 to 1210 5 ~_ 1 8 MIROSHNIC 79 Fit p h o t o p r o c l u c t l o n  
1208 0 ± 2 0 CAMPBELL 76 Fit p h o t o p r o d u c t l o n  



See kKv on page 129 Baryon Full 

-IMAGINARY PART, A(1232) + 
V_ALUE (MeV) . DOCUMENT /O COMMEN~ 
55 6 ~: t 0 to 58 3 +_ I t M I ~ S H N I C  79 Fit p h ~ o p r o d u c t , o n  
• 53 0 ± 2 0 CAMPBELL 76 Fit p h o t o p r o d u c t l o n  

REAL PART, A('1232) ° 
VALUE (_MeV) DOCUMENT /D T_~C.N COMMENT ._ 

12t0 30 ± 0  36 2ZIDELL 80 DPWA : ¢ N ~  7 r N 0 - 3 5 0  
MeV 

'1210 75 ± 0 6 3 VASAN 766 F~t to CARTER 73 

• • • We d o  not use the fo l low ing dOIO for averages  tits bruits etc  * * • 

1209 5 ± 0 41 4 ZIDELL 78 
1210 2 5 VASAN 76B Fit to CARTER 73 

- IMAGINARY PART, ',('1232) o 
VALUE (MeV) DOCUMENT ID TECN COMMEN~ 
54 0 -+0 26 2ZIDELL 80 DPWA ~ ' N ~  = N 0 - 3 5 0  

MeV 
52 8 -+ 0 6 3 VASAN 768 F~t tO CARTER 73 

• * • We d o  not use the fo l low ing d a t a  for averages  hts limits etc  * * • 

52 45 _+ 0 2 4 ZIDELL 78 
52.9  to 53 1 5VASAN 76B Fd to CARTER 73 

&(t232)  ELASTIC POLE RESIDUES 

ABSOLUTE VALUE, MIXED CHARGES 
VALUE (MeV) ~)QCUMENI ID TECN _C_O.MMENT _ 

53 -+ 2 CUTKOSKY 80 IPWA ~rN ~ : rN 

PHASE, MIXED CHARGES 
VALUE DOCUMENT ID TECN COMMENT 

- -0  82-+0 02 CUTKOSKY 80 IPWA ~ r N ~  ~ N  

ABSOLUTE VALUE. ',(1232) ++ 
VALUE (MeV) DOCUMENT ID COMMENT 

• * • We d o  not  use the fo l low ing da ta  for averages  fits, l lmlts etc  * 

52 4 to 53 2 3 VASAN 768 Fd to CARTER 73 
52 1 to 52 4 5 VASAN 7bs FIt 10 CARTER 73 

PHASE, 3(1232) ++ 
VALUE DOCUMENT ID COMMENT 

• • • We d o  not use the 1al lowing d a t a  fat QveroRes tits hm~ts e tc  • • * 
- 0  822 to - 0  833 3VASAN 768 FIt to CARTER 73 
- 0 823 1o - 0 830 5 VASAN 76B F# to CARTER 73 

ABSOLUTE VALUE, 3(1232) o 
VALUE_ (~feV) . DOCUMEN~ ID COMMENT _ . 

• • • We do  not use lhe  ta l low ing  d a t a  for overages  fits I lmds e f t  • • • 

54 8 tO 55 0 3 VASAN 76B Fit tO CARTER 73 
55 2 to 55 3 5VASAN 76B Fd to CARTER 73 

PHASE, ~(1232) ~ 
VALUE DOCUMENT IO COMMENT 

• • • We do  not use the fo l low ing  d a t a  for overages  flts l imits etc  • • • 
- 0 840 to - 0 847 3 VASAN 768 Fit to CARTER 73 
- 0  848 tO - 0  856 5VASAN 76B F(t 10 CARIER 73 

A(1232) PHASE OF M I + ( 3 / 2 )  PHOTOPRODUCTION 
MULTIPOLE AMPLITUDE POLE RESIDUE 

In format ion on the phase  ( a n d  m a g n l t u d e )  of the M I+ (3  "2) m u l t l p o l e  
a m p l i t u d e  po le  residue IS c o n t a i n e d  Jmphcl l ly  in the p a p e r  of MIROSH- 
NICHENKO 79 They l ind  that the phase is consls lent  with be ing  e q u a l  
to that  of the elast ic p o l e  residue 

A(1232) MAGNETIC MOMENT 

VALUE (n m ) DOCUMENT /D COMMENT 

• • • We d o  not use the fo l low ing  da ta  for overages  h/s limits e l c  

+ 4  7 to + 6  7 NEFKENS 78 ~D ~ ~P'~ 

A(1232) DECAY MODES 
1"'1 ',(1232) ~ N~" 
r 2 ~-(1232) ~ N~z'~r 
I" 3 ',('1232) ~ N 7 
I" 4 A(1232) ~ N 7, hehclty=I/2 

I" 5 A(1232) ~ N%, hehclty=3/2 
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Listings 
A(1232) 

At't232) BRANCHING RATIOS 

[ (Nt r ) / r to lo ,  
VALUE DOCUMENT /D TECN COMMENT 

0 . 9 9 4  OUR ESTIMATE 
I 0 CUTKOSKY 80 IPWA ~ N  ~ ,-.N 
1 0 HOEHLER 79 IPWA :rN o = N  

A(1232) PHOTON DECAY AMPLITUDES 

For def in i t ion of the "~ N d e c o y  o m p h t u d e s  see Sec IV of the 
Note on N a n d  J, Resonances p r e c e d i n g  the Baryon LishngS 

~(1232) ~ N'~, hehclty- i , /2 arnphlude A 1 2 
_VALUE (GeV-.T 2) DOCU.MENT ID [ECN COMMENT 
- -0  145+-0 018 CRAWFORO 83 IPWA " , N ~  ,":N 
- -0 138-+0 004 AWAJI 81 DPWA " : N ~  rN 
- 0 147 -+ 0 00`1 ARAI 80 DPWA "~ N - ,'r N (hi '1) 
- 0 t45  -+ 0 00~ ARAt 80 DPWA ", N ~ T, N (fLt 2) 
- 0  136-+0 006 CRAWFORD 80 DPWA " IN ~ ~ N  
- 0  142-+0 007 8ARBOUR 78 DPWA " ~ N ~  T:N 
- 0 141 +_ 0 004 FELLER 76 DPWA "., N ~ ;'r N 

• • • We do  not use the fo l lowing dot(:] for averages his limits etc  * • • 

- 0  140 6NOELLE 78 " tN ~ : ;N 

',(1232) ~ N 7 hehcdy-3/2 amplitude A 3 2 
VALUE ~_G_ev- 1 2) DOCUMENT /D FECN COMMENT 

- 0  263-+0 026 CRAWFORD 83 IPWA ~,N o = N  
- 0  2 5 9 ± 0  gob AWAJ~ 81 DPWA ":.N ~ .~N 
- 0  264-+0 002 ARAI 80 DPWA 3 N ~  : rN( f i t  1) 
- 0  261 _+0 002 ARAI 80 DPWA "~.N * ,-rN (fit 2) 
- 0  247-+0 010 CRAWFORD 80 DPWA 3 N ~  ,'rN 
- 0  271+-0 010 BARBOUR 78 DPWA 3 N ~  ,~N 
- 0  256-+0 003 FELLER 76 DPWA 3 N ~  r N  

• * • We do  not use the fo l low ing d a t a  for overages fits hmllS etc • • • 
- 0  247 6NOELLE 78 ~ N  ~ l rN  

I , 1  

(VPl) 
(GLAS) 

(NAGO) 
(NAGO) 
(raKe) 
(TOKY) 
(G.AS) 

(CMU LBL) ;;P 
(CMU LBL) 

(KARL) IJP 
(VPI / tJP 

(KARL) IJP 
(KARL) IJP 
(KHAR) : ;P 

(GLAS) 
PR D18 39' I  *Armor" BQIOgh Glads HOdCIOCk.{LCLA CATF) JP 
P'P b0 778 (NAGO) 
NP A300 321 oGobalhu)e~ OOmln~o Hirl* (S,N GREN KARL,) ;JP 
LNC 21 140 *Arndl Roper (VP:) IJP 
PR D14 2431 *ShOw BOil (BOIS UCI UTAH~ IJP 
NP Bt04 219 +FukusPimo HorlkOwo KOjIkaw~o (NAGO OSAK) IJP 
NP 8106 535 (CMU) IJP 
NP Bt06 ~26 VOSOn (CMU) IJP 
NP 884 342 +OonnocPle ~LE:O MCHS) 
P,P B58 378 *BuRg Carter (CAVE LOQM) ;~ 

A(1232) REFERENCES 

For early references see Physics Letters 111B (1982) 

ARNDT 85 PR D32 1085 +Ford Roper 
CRAWFORD 83 NP 82t l  1 *Morion 
AWAJI 81 Bonn Cant 352 eKCIpkCIwCI 

AlSO 82 NP 8197 365 FL, III HQyOShll IwOIo KoIIkCIWQ+ 
ARAI 8~ totonlo CoT~t q3 

Also 82 N p 8194 251 AfQ' T Ul. 
CRAWFORD 80 TOronto Cant 107 
CUIKOSKY 80 Tororlto Cant 10 *rotsyfh BabCOCk Kelly He*~C~rlCk 

AlSO 79 PR D20 2839 CutkOSky Forsyth HendrlCk Kelly 
KOCH 80S NP A336 331 -Pletorlnen 
ZIO[LL 8q PR 02t t255 ~A'nat Roper 
HO[HLER 79 PDAT t2 t +Ka,ser KOC~ Pletotlnen 

Also 80 TOrOnto Cant 3 KOCh 
MIROSHNIC 79 SJNP 29 94 MlrOShnlChenko hiklfOtOV SQnln* 

TranslotecI from YAF 29 188 
8ARBOUR 78 NP 8141 253 +Crowtofd PQ'sons 
NEFKENS 78 
NOELLE 78 
P~ORONI 78 
ZIDELL 78 
CAMPBELL 76 
FELLER 76 
VASAN 76B 

ALSO 76 
BERENDS 76 
CARTER 73 

A(1232) FOOTNOTES 
tUslng ~'~ d aS wel l  PEDRONI 78 d e l e r m l n e  ( M -  - M + + )  + (M 0 - M ÷) / 

3 = 4 6 ± 0 2 M e V  
2The a c c u r a c y  C la imed  by ZIDELL 80 on lhe  real part  is cons ide rab l y  

bet ter  than is a l l o w e d  by uncertoqntles in the b e a m  m o m e n t u m  
3Thls VASAN 768 va lue is from flts 1o the c o u l o m b  Parrlef co r rec ted  CAR 

TER 73 phase shift 
4ZIOELL 78 fllS Jhe nuc lear  phase shift WlthOUl c o u l o m b  border  correct ions 
5ThlS VASAN 76B va lue  is from his Io the CARTER 73 nuc lear  phase shift 

withOut c o u l o m b  barr ier correct ions 
6ConveHed  to our convenhons  using M = 1232 MeV I = 110 MeV from 

NOELLE 78 
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Baryon Full Listings 
A(1550),  (1600) 

I I 2(2 ) Status ~' A(t550) P31 / ( j , )  : 3  t-  

O M I T T E D  F R O M  S U M M A R Y  TABLE 

No t  s e e n  m ,~'N ~ ; ' rN a n a l y s e s  a n d  ds e x i s t e n c e  ~s 
thus  d o u b t f u l  

~(1550 )  MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1525 8ARNHAM 80 IPWA ,-rN ~ N~'.= 
1506 CRAWFORD 80 DPWA " ~ N ~  T,N 
1550 t LONGACRE 77 IPWA ~ N  ~ NT~,~" 

~(1550) WIDTH 

VALUE (M~V) p.~U_MENT ID [ECN C OMMENr 

40 BARNHAM 80 IPWA = N  ~ N ~ ,  
137 CRAWFORD 80 DPWA ~ N  ~ ~ N  
110 ~ LONGACRE 77 IPWA ~',N -o N."r~ 

~ ( 1 5 5 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENr 
t554  or 1553 t LONGACR[ 77 IPWA = N  ~ N,~'~" 

- 2  x IMAGINARY PART 
VALUE (MeV) DOCUMENT ;D rECN COMMENT 
105 or 104 I LONGACR[ 77 IPWA ~ N  ~ N=',~ 

~(1550)  DECAY MODES 
|'i ` ` (1550) ~ N~r 
1" 2 ` ` (1550)  --,. ``(1232)~-, P-wave 
I~ ` ` (1550)  --,. Np, S=3/2, P-wave 
I" 4 .3.(1550) ~ N"/, hel~cffy=I /2 

~ (1550)  BRANCHING RATIOS 

Note Signs of c o u p l i n g s  from TrN ~ N~;,r analyses were  
c h a n g e d  in l he  1986 echhon to ag ree  wi th  the  Doryon firm 
conven t i on  the  overa l l  phase  a m b i g u d y  Is reso lved by  
choos ing  a n e g a t i v e  sign for the ~(1620)  531 c o u p l i n g  tO 
~(1232)  ;,r 

• .',,(1550) REFERENCES 
CRAWFORO 83 NP B211 t *Morion 
8AR'NHAM 80 NP B168 243 *Gllckmon Mler JeOtzelowicz. 
CRAWFORD 80 Toronto Cant 107 
LONGACR[ 77 NP B122 493 +DOID(IQU 

AlSO 76 NP 8108 365 Dolbeau trlanll$ Neveu CaOiel 

3 ( ~ . )  Status I (JP)  = 2 

OMITTED FROM SUMMARY TABLE 

MOSt of t h e  resu l ts  p u b h s h e d  b e f o r e  1975 o r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m H t e d  They  m a y  b e  f o u n d  
m o u r  1982 e d d ~ o n  (Phys ics  Le t te rs  111B) 

/ h e  v a r i o u s  a n a l y s e s  a r e  n o l  in g o o d  a g r e e m e n t  

~(1600)  MASS 

VALUE (M_eV_) DOCUMENT ID [ECN COMMENT 

1690 BARNHAM 80 JPWA T~N ~ N~;'r 
1600 -+ 50 CUTKOSKY 80 IPWA ~ N  ~ ~rN 
1522 -+ 13 HOEHLER 79 IPWA ~rN ~ ~'N 
1560 I LONGACRE 77 IPWA ~'N ~ N~,"r 
1640 2 LONGACRE 75 IPWA ~rN ~ N~',tr 

A(1600)  WIDTH 

VALUE_(MeV - ) DOCUMENT ID TECN COMMENT 

250 BARNHAM 80 IPWA ,"rN ~ NTrTr 
300 -+ 100 CUTKOSKY 80 IPWA ,'rN ~ ~.N 
220 ± 40 HOEHLER 79 IPWA .~N -~ T.N 
180 1 LONGACRE 77 IPWA 7rN ~ N~'~" 
300 2 LONGACRIF 75 tPWA .~'N ~ N~'T, 

&(1600)  POLE POSITION 

REAL PART 
VALUE (MeV) . . . . . . . .  
t581 
1550 ± 40 
1609 or 1610 
1541 or 1542 

- - 2  × I M A G I N A R Y  PART 
VALUE (MeV) . . . 

300 

DOCUMENT ID rECN COMMENT 
ARNDT 85 DPWA ~',N ~ ;oN 
CUTKOSKY 80 IPWA = N  ~ ~rN 

3 LONGACRE 78 IPWA T,N ~ N~r~ 
I LONGACR[ 77 IPWA ~ N  ~ N/r~', 

DOCUMENr IO fECN COMMENT 
ARNDT 85 DPWA / rN ~ ~'N 

(l'll'l)~":/l'tolol In N~r ~ ``(1550) ~ ` ` (1232)/r ,  P-wave ( l ' d 2 ) ~ / I  
VALUE DOCUMENT IO TECN COMMENT 

0 13_+0 05 BARNHAM 80 IPWA T , N ~  N;,rT, 
- -0  11 ILONGACRE 77 IPWA r . N ~  N~'~ 

(l'~l'1)!"-/l'iotol in N~  ~ `` (1550) ~ Np, S=3/2, P-wave (I'11"3)~./1 
VALUE DOCUMENT ID fECN COMMENT 

0 17 -+ 0 05 BARNHAM 80 IPWA t rN ~ N~, r, 
- 0  08 t LONGACRE 77 IPWA 7rN ~ N = =  

A(1550)  PHOTON DECAY AMPLITUDES 

For c lef in l t lon at the  "~ N d e c a y  a m p l i t u d e s  see Sec IV of the  
Note on N a n d  ~. Resonances Drececl ing the Baryon Llstings 

` ` ( 1 5 5 0 )  ~ N ' y .  h e h c d y - I / 2  a m p h t u d e  AT.  2 
VALUE ( G e V -  .I _2~ _DOCUMENT ID [ECN _C_O.M_.ME_.NT 
0 016-+0  016 CRAWFORD 83 IPWA " T N ~  ,-rN 
0 013 CRAWFORD 80 DPWA " ) N ~  ~'N 

A(1550) FOOTNOTES 
' ILONGACR[ 77 DOle pOSlhOnS ore from a search for po les  In the  ur111orlzecl 

T matr ix  lhe  first ( second)  va lue  uses, In oclaf f lon to ~'N ~ N ~ "  <:iota 
e loshc a m p l i l u a e s  from a Sac lay  (CERN) pa r t i a l -wave  analys ls  The o ther  
LONGACRE 77 va lues  ore from e y e b a l l  tits wi th Brelt Wlgner  c irc les to the 
T matr ix  ampt l tuc les 

200 :t: 60 CUTKOSKY 80 IPWA ;oN ~ ~ N  
323 or 325 3 LONGACRE 78 IPWA :oN ~ N~ ;¢ 
178 or 178 I LONGACRE 77 IPWA ;.rN ~ N~Tr 

A ( 1 6 0 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENr 
--15__.6 CUTKOSKY 80 IPWA ~ ' N ~  T,N 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
8-+8 CUTKOSKY 80 IPWA ~ N ~  ~'N 

A ( 1 6 0 0 )  D E C A Y  M O D E S  

11 ' , ( 1 6 0 0 )  ~ N / r  

I 2 ` ` ( 1 6 0 0 )  ~ ~ K  

[" 3 ` ` ( 1 6 0 0 )  ~ ` ` ( 1 2 3 2 ) ~ r .  P - w a v e  

I" 4 k ( 1 6 0 0 )  ~ ` ` ( 1 2 3 2 ) 7 r .  F - w a v e  

I'~ ' . ( 1 6 0 0 )  ~ N p .  S = 1 / 2 ,  P - w a v e  

I" 6 ` ` ( 1 6 0 0 )  ~ N p .  S = 3 / 2 .  P - w a v e  

t'T ` ` ( 1 6 0 0 )  ~ N p .  S = 3 / 2 .  F - w a v e  

I" 8 ` ` ( 1 6 0 0 )  ~ N ( 1 4 4 0 ) T r ,  P - w a v e  

l" 9 ` ` ( 1 6 0 0 )  --~ N ~ , ,  h e l l c l t y = I / 2  

l t 0  ` ` ( 1 6 0 0 )  ~ N ' y .  h e l i c l t y = 3 / 2  

(GLAS) 
(LOIC) 
(GLAS) 
(SACL) IJP 
(SACL) I JR 



See key  on page 129 

A ( 1 6 0 0 )  B R A N C H I N G  R A T I O S  

I'(N~)/I'IoIa I I'I/T 
VALUE DOCUMENT ID TECN COMMENr 
0 18 -+ 0 04 CUTKOSKY 80 IPWA / rN-~ .  " "~TN 
0 21_+0 06 HOEHLER 79 IPWA = N ~  ~ N  

(l'~l'/)"~/l'totol I n  N~"  ~ A ( 1 6 0 0 )  ~ " K  ( r 1 1 ' 2 ) ' ~ / I  • 
VALUE DOCUMENT ID TECN COMMEN~ 
0 006 Io 0 042 4DEANS 75 DPWA ~'N ~ ~ K  

Note  Signs of c o u p l i n g s  f rom = N  ~ N#,"r a n a l y s e s  w e r e  
c h a n g e d  in the  1986 e d i t i o n  to a g r e e  wi th  the  baryon- f i rs t  
c o n v e n t i o n  t he  ove ra l l  p h a s e  ambpgu l t y  is r eso l ved  by  
c h o o s i n g  o n e g a t i v e  s ign tar t he  A (1620 )  $3~ c o u p h n g  to 
A(1232)  = 

( l  ~ l ' , ) ' ~ - / l ' t o ta l  I n  NT r  ~ A ( 1 6 0 0 )  - -  A ( 1 2 3 2 ) / r ,  P - w a v e  (I t l 3 ) ~ z / [ "  

VALUE DOCUMENT ID rECN COMMENT 
(LARGE) 5 MANLEY 84 IPWA ;TN ~ N ~ "  

- - 0  2 4 5 0  05 BARNHAM 80 IPWA ~ N ~  N~Tr 
+ 0  34 16LONGACRE 77 IPWA ;,rN . N~',,'r 

0 . 3 0  2 LONGACRE 75 IPWA ,'rN ~ N;v, zr 

( l ' l l ' l ) " 2 / l ' t o t o  I ~n N~"  ~ A ( 1 6 0 0 )  ~ A(1232)tr, F - w a v e  (]'II'4)½.11" 
VALUE DOCUMENT ID TECN COMMENT 
- 0 " ~ - "  t 6 L O N G A C R E  77 i l ;WA ~ , N ~ N ~ r ~ ' "  

( l ' , l ' / ) ! " : / r t o t a l  I1"1 N ~  --~ A ( 1 6 0 0 )  ~ N p ,  S = 1 / 2 ,  P - w a v e  ( [ '11"5)h. . .T  

VALUE DOCUMENT ID TECN COMMENT 
+ 0  10 16LONGACRE 77 IPWA , " r N ~  N.'v~r 

( ] ' ~ l ' / ) ' " - / l ' l o l a  ~ m N~"  ~ x - ( 1 6 0 0 )  ~ N p .  S = 3 / " 2 .  P - w a v e  ( I ' I I ' 6 ) ~ , , l "  
VALUE DOCUMENT /D TECN COMMENT 
+ 0  10 - 16t .ONGACRE 77 IPWA ~ N  ~ N,'r~ 

( l ' ~ l ' ~ ) ' . : / r t o t a  I I n  N T r  ~ A ( 1 6 0 0 )  ~ N ( 1 4 4 0 ) ' x ,  P - w a v e  (1 i1"8)1,~/ [ "  
VALUE DOCUMENr ID TECN COMMENr 
+ (LARGEi - 5MANLEY 84 iP--WA ~TN ~ N~,,"r 
+ 0  23_+0 04 BARNHAM 80 IPWA T , N ~  Ntr, .'T 

A ( 1 6 0 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For de f i n i t i on  of the  ~ N d e c a y  a m p l i t u d e s ,  see Sac IV at the  
Note  on  N a n d  3. R e s o n a n c e s  p r e c e d i n g  the  Baryon Dst lngs 

3 ( 1 6 0 0 )  ~ N"y ,  h e h c l l y - l / 2  a m p l i t u d e  A t .  2 
yALUE (Gev-  1 2) DOCU_M.LN_T ID TECN C_.O_MMENT _.. 
- 0  039_+0 030 CRAWFORD 83 IPWA ~ N ~  ~',N 
- 0  046_+0 013 AWAJI 81 DPWA ~ N ~  F,N 

0 005_+0 020 CRAWFORD 80 DPWA ~ N ~  ~rN 
0 000+_0 030 BARBOUR 78 DPWA ; .N ~ ,'rN 
0 0 _+0 020 FELLER 76 DPWA ~ N ~  ,"rN 

• • • We do  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
- 0 200 7 WADA 84 DPWA C o m p t o n  s c a t t e r i n g  

' , ( 1 6 0 0 )  ~ N "  7, h e h c d y - 3 / 2  a m p h t u d e  A 3 2 
VALUE (GeV~ f_ 2) _DOCUMENT ID.. [ECN COMME._NT 
- 0  013_+0 014 CRAWFORD 83 IPWA "~N ~ ,'rN 

0 0 2 5 - + 0  031 AWAJI 81 DPWA ~ N ~  ~-N 
- 0  0 0 9 - + 0  020 CRAWFORD 80 DPWA " . , N ~  ; ':N 

0 0 0 0 - + 0  045 BARBOUR 78 DPWA " I N ~  ; rN  
0 0 -+0 015 FELLER 76 DPWA ~ N ~  ~ N  

• • • We do  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits, rimllS e t c  • • • 

0 023 WADA 84 DPWA C o m p f o n  s c a t t e r i n g  

A ( 1 6 0 0 )  F O O T N O T E S  

ILONGACRE 77 p o l e  pos i t ions a re  f rom a s e a r c h  for p o l e s  In the  u n l t o r l z e d  
T matr ix ,  t he  first ( s e c o n d )  v a l u e  uses in a d d i t i o n  to ,"rN ~ N~r,-r d a t a  
e l as t l c  a m p l i t u d e s  from o S a c l a y  (CERN) pa r t i a l  w o v e  ano lys ls  The o the r  
LONGACRE 77 va lues  a re  f rom e y e b a l l  tlts w}th 8rert W igner  c l r c les  to the  
T-matr lx a m p l i t u d e s  

2From m e t h o d  II of LONGACRE 75 e y e b a l l  fits w i th  Bre i t -Wigner  c l r c les  to 
t he  T-matrix a m p l i t u d e s  

3LONGACRE 78 v a l u e s  a r e  f rom O s e a r c h  for p o l e s  In t he  un i t o r i zed  T- 
mat r i x  The first ( s e c o n d )  v a l u e  uses in a d d i t i o n  to ~rN ~ N,"rr, d a t a  
e l as t i c  a m p l i t u d e s  f rom o Sac lay  (CERN) p o r h a l  w o v e  ana lys is  

4The r a n g e  g l v e n  Is f rom the  four bes t  so lu t lons  DEANS 75 d i s a g r e e s  w i th  
~ + p  ~ 3 + K  + d a t a  at WINNIK 77 a r o u n d  1920 MeV 

5MANLEY 84 cons ide rs  lh ls c o u p l i n g  s ign to b e  w e l l  d e t e r m i n e d  
6LONGACRE 77 cons ide rs  thls c o u p l l n g  to b e  we l l  d e t e r m i n e d  
7WADA 84 ts I ncons i s ten t  wdh  o the r  a n a l y s e s  see  t he  Note  on  N a n d  A 

R e s o n a n c e s  

4 0 3  

Baryon Full Listings 
A(1600), A(1620) 

A ( 1 6 0 0 )  REFERENCES 

For ea r l y  r e f e r e n c e s  see Physics Letters 1148 (1982)  

ARNDT 85 PR D32 t085 *FOrd Roper (VPl) 
MANLEY 84 PR D30 904 ~Afndt Goradpo tepl  *z ~VPI) 
WADA 84 NP 8247 3t3 *Egowa ImanlShl IShlr Kato Jkal* (NUS) 
CRAWFORD 83 NP 8211 I *Morion (GLAS) 
AWAJI 81 Bonn Cant 352 *KOIIkOWO (NAGO) 

AlSO 82 NP 8t97 365 FUIII HOVOShll Iwata KOl;kOwO* (NAGO) 
BARNHAM 80 NP 8168 243 +GIickmOn Mier Jedrzelowlcz. (LOIC) 
CRAWFORO 80 toronto Cant 107 (GLAS) 
CUTKOSKY 80 toronto Cant 19 *Forsylh Babcock Kelly hendflCk (CMJ .BL)IJP 

AlSO 79 PR D20 283q Culkosky rorsytP HendrlC. Kelly (CMU .BL) iJP 
HOEHLER 79 PDAT 12 I ,Kaiser KOCh PletarlneP (KARL) iJP 

AlSO 80 Toronto ConE 3 KOCh (KARL) .JP 
BARBOUR 78 NP 8t4t  253 *Crawford Parsons (G.AS~ 
LONGACRE 78 PR :)17 1795 +LOSlnSkl Posenfeld Smadja• (lB. SLAC) 
LONGACRE 77 NP Bt22 403 +DoIbeaL, (SACL~ JP 

Also 76 NP 8t08 365 Dolbeau 1rants Neveu eddie,  {SACL~ JP 
WINNIK 77 NP 8128 66 * 'ear l  Revel Goldberg 8erny (HAIF) 
FELLER 76 NP 8104 219 .FukusPif1~o horlkawa KallkaWO* (NAGO OSAK t J~ 
DEANS 75 NP 896 90 *MIIchell Montgomery* (SFLA ALAP) :JR 
LONGACRE 75 PL 5r)B 415 *RosePlela LOSmSkl Smodlo. (LBL SLAC)IJP 

J A(1620) $31 J 3 1 
I ( J P )  = 2 ( 2 )  S t a t u s  ~ ~ * . t  

M o s t  of t h e  r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o m d t e d  T h e y  m a y  b e  f o u n d  

=n o u r  1 9 8 2  e d i t i o n  (Plays~cs L e t t e r s  t l t B )  

A ( 1 6 2 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENt 
1600 to 1650 OUR ESTIMATE 
1620 .+ 20 CUTKOSKY 80 IPWA rr, N .~ : rN 
1610 .+ 7 HOEHLER 79 IPWA ,'rN ~ : rN 
• • • We d o  not  use the  fOl lowing d o l e  for a v e r a g e s  hts l imits e tc  • * * 
1620 8ARNHAM 80 IPWA r N  o N~,r, 
t 712  8 _+ 6 0 "CHEW 80 8PWA = ÷ p  ~ ~ + p  
1786 7 5  2 0 'CHEW 80 BPWA , ' r +p  o ~ + D  
1657 CRAWFORD 80 DPWA " l N ~  ; :N  
1662 8ARBOUR 78 DPWA ~ N ~ ~'N 
1580 2LONGACRE 77 IPWA ;'rN .~ NT.:: 
1600 3LONGACRE 75 IPWA ~,N ~ N.":;'r 

A ( 1 6 2 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN COMMENT 
120 to 160 OUR ESTIMATE 

140 _+20 CUTKOSKY 80 IPWA :'rN . r ;N 
139 _* t8 HOEHLER 79 IPWA :rN ~ T:N 

• • • We do  not  use the  f o l l ow ing  d a t e  far a v e r a g e s  fits l imits e l c  • • • 
120 8ARNHAM 80 IPWA = N  o N ~ ' :  
228 3-_.18 0 1CHEW 80 BPWA : ' ; ' p  ~ : r + p  ( l owe r  

moss) 
30 0.+ 6 4 tCHEW 80 BPWA ~ ' ~ p  - = + p ( h g h e r  

moss) 
161 CRAWFORD 80 DPWA " N ~ ,'rN 
180 8ARBOUR 78 DPWA " N  o ~;N 
120 2LONGACRE 77 IPWA :}N o N:'r;;  
150 3 LONGACRE 75 IPWA : T N - .  N=: ' ;  

" X ( 1 6 2 0 )  POLE P O S I T I O N  

REAL PART 

VALUE (MeV) DOCUMENT IC TECN COMMFNT 
1600 _+ 15 CUTKOSKY 80 IPWA :TN ~ :TN 
• • • We clo not  use the  t a l l o w i n g  d a t a  lot  a v e r a g e s  hts liMitS e tc  • • • 
1599 ARNDT 85 DPWA :TN ~ = N  
1583 or 1583 4LONGACRE 78 IPWA :TN ~ N..'r, :T 
1575 or 1572 2LONGACRE 77 IPWA "~N ~ N . : :  

- - 2  "< I M A G I N A R Y  PART 

VALUE (MeV) DOCUMENT ;C TECN COMMENT 
120 -. 20 CUTKOSKY 80 IPWA .":. N ~ ; rN 
• • • We do  not  use the  fo l l ow ing  d a t a  for o v e r a g e s  t,ts hmrts e tc  • • • 
120 ARNDT 85 DPWA :'rN . : rN 
143 Or 149 4LONGACRE 78 IPWA rrN * N: r : :  
119 Or 128 2LONGACRE 77 IPWA :rN . N : =  



4 0 4  

Baryon Full Listings 
..X(1620), n(1700) 

~ ( 1 6 2 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) _DOC.UME_/V'[ ID_ ~_EFN C'_OMME_N_T_ 
- 5 ± 5 CUTKOSKY 80 IPWA ~'N ~ T.N 

I M A G I N A R Y  PART 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
-- 14 ± 3 CUTKOSKY 80 IPWA ~'.N ~ ~'N 

~ ( 1 6 2 0 )  D E C A Y  M O D E S  

I r - ~ ( 1 6 2 0 )  ~ N,'T 

[ 2  ' , ( 1 6 2 0 )  --,. N~-Tr  

r 3 _ ~ ( 1 6 2 0 )  ~ . ~ ( 1 2 3 2 ) ~ - ,  D - w a v e  

I 4 ~ ( 1 6 2 0 )  ~ N p .  S = I / 2 .  S - w a v e  

I ~  ' , ( 1 6 2 0 )  ~ N p .  S = 3 / 2 .  D - w a v e  

i '6 ' , ( 1 6 2 0 )  ~ N ( 1 4 4 0 ) ~ r .  S - w a v e  

i '7 ~ ( 1 6 2 0 )  ~ N " f .  h e h c l I y = I / 2  

~ ( 1 6 2 0 )  B R A N C H I N G  R A T I O S  

I ' (  N ~ ) / l ' t o ta  I 
VALUE DOCUMENT ID TECN COMMENT 
0.25 to 0.35 OUR ESTIMATE 
0 2 5 ± 0  03 CUTKOSKY 80 IPWA = N ~  ,~'N 
0 35-+0 06 HOEHLER 79 IPWA , ' T N ~  ,-rN 

~ ( 1 6 2 0 )  F O O T N O T E S  
1CHEW 80 reports two  $3~ resonances at s o m e w h a t  ;nigher masses than  
o ther  analyses Problems wi th  this analysis are d iscussed i~ sect ion 
2 1 t l  of HOEHLER 83 

2LONGACRE 77 p o l e  posit ions are from o search for po les  in the  unl tor izea 
f -mofr lx the  first ( second)  va lue  uses in add i t i on  to ~'N ~ N~r~r d a t a  
e last ic  a m p l i t u d e s  from a Sac lay  (CERN) par l i o l  w a v e  analys~s The o ther  
LONGACRE 77 va lues are from e y e b a l l  fits wi th Brelt-Wlgner c~tcles to 1he 
f matr lx  amp l l tUaes  

3From mefhocl  II of LONGACRE 75 e y e b a l l  flts wi th 8rel l  Wigner c irc les to 
the T matr ix  a m p l l l u d e s  

4LONGACRE 78 va lues are from a search for poles  in the u n l l a n z e d  I 
ma l r l x  The first ( second)  va lue  uses It1 addf l~on to ;'rN ~ N ~ "  d o l a  
e last ic  amp l i t udes  from a Sac lay (CERN) p a m a l  w a v e  analysis 

5MANLEY 84 considers this c o u p l i n g  sign to be  we l l  d e t e r m i n e d  
6LONGACRE 77 conslclers this c o u p h n g  to Joe we l l  d e t e r m i n e d  

l ' | , / l "  

~ ( 1 6 2 0 )  REFERENCES 

For ear ly  references see Physics Letters 11tB (1982) 

ARNDT 85 
MANLEY 84 
WADA 84 
CRAWFORD 83 
HOEHLER 83 
AWAJI 81 

AlSO 82 
ARAI 80 

AlSO 82 
BARNHAM 80 
CHEW 80 
CRAWFORD 80 
CU|KOS~(Y 80 

AlSO 79 

PR D32 1085 ~ForO Roper (VPI) 
PR D30 904 +Arndt Golaclla replltZ (VPt) 
NP 8247 313 +Egowo Imanishl IShli KQtO Ukol* (INUS) 
NP B21~ 1 +Morton (GLAS) 
LonCloll Boernstem 1 9B2 (KARL) 
Bonn Cone 352 +KollkOwa (NAGO) 
NP B197 365 Fulll HQyQS~Jl Iwota KOIIkOWQ+ (NAGO) 
Toronto Cone 93 (TOKY) 
NP Bt94 251 A¢(31 FUII~ (TOKY) 
NP Bt68 243 *Ghckman Mler JeClrZelOW~CZ* (LOIC) 
1otonto Cont 123 (LBL) UP 
Toronto Cant 107 (GLAS) 
Toronto Cone 19 +Forsylh Babcock Kelly HenC~rlck (CMU LBL) IJP 
PR D20 2839 Culkosky Forsyth Hendrlck Kelly (CMU LBL)tJP 

• • • We d o  no l  use the  fo l l ow ing  d a t a  for ove rages  fds hmlts e t c  • • • 
0 60 ICHEW 80 BPWA ~ ' + p ~  ~ + p ( I o w e r  

moss) 
0 36 t CHEW 80 BPWA ~ ' + p  ~ , - r~p (h=gher 

mass) 

No le  Signs of c o u p l i n g s  from ~'N ~ N = ~  analyses were  
c h o n g e O  in the  t986  e d i h o n  Io ag ree  wi th the  ba ryon  first 
c o n v e n t i o n  the  overa l l  phase  a m b i g u i t y  is reso lved by  
choos ing  a n e g a t i v e  sign for the ~(1620)  $3t c o u p l i n g  to 
~ ( t 2 3 2 )  ~r 

( r ~ l ' ~ ) ' ~ / ] ' f o t a  ~ ~n NTr  ~ ' , ( 1 6 2 0 )  ~ ~ ( 1 2 3 2 ) 7 r ,  D - w a v e  ( ! ' d 3 ) V : / r  
VALUE DOCUMENT ID TECN COMMENT 
- (LARGE) 5MANLEY 84 IPWA 7rN ~ N,'r~ 
- 0  3 3 - + 0 . 0 6  8ARNHAM 80 IPWA 7 r N ~  N , ~ "  
- 0  39 26LONGACRE 77 IPWA T r N ~  N#~r 
- 0  40 3LONGACRE 75 IPWA E N ~  N,*rr 

L, J" ( I '~!  : ) " /  to ta l  In  N~r  ~ ( 1 6 2 0 )  ~ N p ,  S = I / 2 ,  S - w a v e  ( l "  d , 0 ' h , / [ "  
VALUE DOCUMENT /D rECN COMMENT 
+ (LARGE) 5 MANLEY 84 IPWA 7rN ~ N~','r 
+ 0  4 0 ± 0  ~0 8ARNHAM 80 IPWA ~'N ~ N~,,'r 
+ 0  08 26LONGACRE 77 IPWA ,'rN ~ N;,r;r 
+ 0  28 3LONGACRE 75 IPWA , " r N ~  N~,'r 

( [ ' l l ' ~ ) " : / l ' t o t a l  nn N / r  ~ - ~ ( t 6 2 0 )  ~ N p ,  S = 3 / 2 ,  D - w a v e  (1"~1"5)'~/!" 
VALUE DOCUMENT ID TECN COMMENT 
- (SMAL~I~) MANLEY 84 IPWA ~'N ~ N=Tr 
- 0  13 26LONGACRE 77 IPWA , " r N ~  NE~" 

( l ' / l ' ~ ) ; : / l ' t o t o  I In N~"  --.,. ~ ( 1 6 2 0 )  ~ N ( 1 4 4 0 ) ~ ' .  S - w a v e  ( I d  ~ , ) ~ / l  
VALUE DOCUMENT ID TECN COMMENT 
0.11 ± 0 . 0 5  8ARNHAM 80 IPWA rrN ~ N~r~r 

~ ( 1 6 2 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For def in i t ion  of the  "~ N d e c a y  a m p l i t u d e s  see Sec IV of the  
No le  on N a n d  .~ Resonances p r e c e d i n g  the Baryon Listings 

~ ( 1 6 2 0 )  ~ N ' y ,  h e h c l t y - l / 2  a m p h t u d e  A t  2 
VALUE_~GeV- ~ 2) __ _DOCUMENT ID TEC N COMMENT ..... 

0 0 3 5 ± 0  010 CRAWFORD 83 IPWA " ~ N ~  ~ N  
0 0 1 0 ± 0  015 AWAJI 81 DPWA ~ , N ~  = N  

- 0  0 2 2 ± 0  007 ARAI 80 DPWA 3 N ~  ~ N ( t l t  t )  
- 0  026-+0 008 ARAI 80 DPWA ~ N ~  ; ' rN(f l t  2) 

0 02 t  _+ 0 020 CRAWFORD 80 DPWA 3 N ~ ;,rN 
0 1 2 6 ± 0  021 TAKEDA 80 DPWA " ~ N . *  T,N 

~ 0  0 3 4 ± 0  028 BARBOUR 78 DPWA ~ ' N ~  "n'N 
- 0  0 0 5 ± 0  016 FELLER 76 DPWA ";.N ~ ~ N  

• • • We d o  not  use the  fo l l ow ing  d a t a  for ove rages  fits l lmits e t c  • • • 
0 066 WADA 84 DPWA C o m p l o n  sca l te r lng  

TAKEDA 
HOEHLER 

AlSO 
BAR8OUR 
LONGACRE 
LONGACR~ 

Also 
FELLER 
LONGACRL 

80 NP 8168 17 +ArOI FUlII IkeClo IwGSORI+ (TOKY) 
79 PDAT 12 1 +Kaiser Koch Pletorlnen (KARL) IJP 
80 Toronto Cone 3 Koct~ (KARL) IJP 
78 NP 8141 253 +Crowtord Parsons (GLAS) 
78 PR D17 1705 +Loslnski Rosenfeld Smaaja+ (LBL S~AC) 
77 NP 8122 4q3 +Dolbeau (SACk) IJP 
76 NP 8108 365 OolDeau Tilantls Neveu Codlet (SACk) IJP 
76 NP St04 219 ~Fukusrqma Horlkowo KoJlkowO+ (NAGO OSAK) IJP 
75 p1 SSB 445 +Rosenlelcl Loslnski SnnOCllO+ (teL SLAC) IJP 

J ~(1700) D33 ] 3 3 -  4E ,II* 4E e I(JP) = 2 (  2 ) S t a t u s  

Mos t  of  t h e  resu l ts  p u b h s h e d  b e f o r e  1975 o r e  n o w  
o b s o l e t e  a n d  h o v e  b e e n  o m H f e d  They  m a y  b e  f o u n d  
m o u r  1982 e d f l ~ o n  (Phys=cs Le t te rs  I'11B) 

~ ( 1 7 0 0 )  M A S S  

VALUE.(MeV ) DOCUMENT ID TECN COMMENT 
1 6 3 0  to 1740 (~LJR ESTIMATE 
t710 : 30 CUTKOSKY 80 IPWA ;'rN ~ ;rN 
1680 -.T. 70 HOEHLER 79 IPWA 7rN ~ ;rN 

• • * We do  not  use the fo l l ow lng  d a t a  for overages  fits l lmi ls e tc  • • • 
1650 8ARNHAM 80 IPWA Tr.N ~ N=~" 

1718 4 ~'13 I ICHEW 80 BPWA ;r,+D ~ ~ + D  
-130 

1622 CRAWFORD 80 DPWA 3 N ~  TrN 
1629 8ARBOUR 78 DPWA ~ N  ~ / rN 
1600 2 LONGACRE 77 IPWA ,'rN ~ N;T n" 
1680 3 LONGACRE 75 IPWA ~ N  ~ N~" 

~ ( 1 7 0 0 )  WIDTH 

VALUE_ (MeV) DOCUMENT ID TECN COMMENT 
t90 to 300 OUR ESTIMAIE 
280 ± 80 CUTKOSKY 80 IPWA ~ N  -~ ,~'N 
230 - 80 HOEHLER 79 IPWA ~rN ~ ;'rN 
• • * We d o  not use the  fo l l ow ing  Clare for overages  flts l imits e tc  • • • 
160 BARNHAM 80 IPWA 7rN ~ Nrr ;'r 
193 3 ± 2 6  0 ICHEW 80 BPWA ~ + p ~  ~ ' + p  
209 CRAWFORD 80 DPWA " t N ~  7rN 
216 BARBOUR 78 OPWA ~ N  ~ ;'TN 
200 2 LONGACRE 77 IPWA ~'N -* N'rr~" 
240 3 LONGACRE 75 IPWA r ,N ~ N,~'~r 



See ke)' on page 129 

A ( 1 7 0 0 )  POLE POSITION 

REAL PART 
VALUE (MOV) . . . . . .  DOCUMENT ID TECN COMMEN ~ 
1675 -+25 CUTKOSKY B0 ~PWA ~',N ~ ~N 

• • • We dO not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  flts l imits e t c  • • • 
1668 ARNDI 85 DPWA ~rN ~ tEN 
1681 or 1672 4LONGACRE 78 IPWA ~ T N ~  NTr~ 
4000 Or 4,594 2 LONGACRE 77 IPWA "rr N ~ N.'r,'r 

- 2  × IMAGINARY PART 
VALUE (Met/) DOCUMENT ID TECN COMMEN.r . . 
220 -+ 40  CUTKOSKY 80 IPWA ~ N ~ ~r N 
• • • We do  h a l  use the  f o l l o w i n g  d a t a  for a v e r a g e s  tits l imits e t c  * • • 
320 ARNDT 85 DPWA ~'N ~ ~'N 
245 or 241 4 LONGACRE 78 IPWA ~rN ~ N ~ t r  
208 or 201 2 LONGACRE 77 IPWA ~ N  ~ NT. Tr 

Baryon 
405 

Full Listings 
A(1700) 

(Cri'/)'/~/Ftotal ~n NT, ~ ',(4700) ~ Np, 8=3,'2 S-wove (1 i i  ~)'/' 'I 

A ( 1 7 0 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) £)QCUMEN.T.I__D _ TECN COMMENE 
t 2  +_ 3 CUIKOSKY 80 (PWA "rrN ~ "rrN 

IMAGINARY PART 
VALUE (MeV) DOCUI~EN_[.I_D___ ~_ECN COMMENT 
- - 4 _ + 5  CUIKOSKY 80 IPWA ~ r N ~  : rN 

~ ( 1 7 0 0 )  DECAY MODES 
1"t ` / ( 1700 )  ~ N~" 
I" 2 ` / ( 1700 )  ~ .~K 
|'3 3(1700) ~ NE'rc 
r4 A ( 1 7 0 0 )  ~ ` / (1232)~r ,  S-wove 
I'~ 3 ( 1 7 0 0 )  ~ ` / (1232)~ ' ,  D -wave  
['6 ` / ( 1700 )  ~ Np, S = t / 2 ,  D -wave  
r 7 ' , (1700)  ~ Np. S=3/2 .  S-wave 
r 8 ` / (1700)  ~ Np. S=3/2 .  D -wave  
['o ` / (1700)  ~ N'y. h e h c l t y = l / 2  
rto ` / (1700)  ~ N ~ .  hehc=ty=3/2  

,,3(4700) BRANCHING RATIOS 

I'( N1r )/l'toto I I ' i /r  
VALUE DOCUMENF /D TECN COMMENF 

0.40 tO 0 .20  OUR ESTIMATE 
0 12 _+ 0 03 CUTKOSKY 80 IPWA ~rN ~ ~'N 
0 20 -+ 0 03 HOEHLER 79 IPWA : ¢N  ~ ?rN 
• • • We d o  not  use t he  f o l l ow ing  d a t a  tar  o v e r a g e s  fits l imits e t c  * • * 
0 16 1CHEW 80 BPWA ~ ' . + p ~  ~ + p  

( I ' z l ' ~ ) ' / : / l ' t o t a l  i n  N / r  ~ ` / ( 1 7 0 0 )  ~ ~ K  ( l ' l l ' 2 ) ~ h l ' l "  
VALUE DOCUMENT tD TECN COMMENT 

• • • We d o  no l  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hmlts e t c  • • • 
0 002 LIVANOS 80 DPWA ~ 'p  ~ ~-K 
0 00'1 t o o  0'1'1 5DEANS 75 DPWA ; , r N ~  " K  

Note  Signs at c o u p h n g s  t ram ~'N ~ N,'T~r a n a l y s e s  w e r e  
c h a n g e d  in the  '1986 e d i t i o n  to a g r e e  w i th  the  b a r y o n  first 
c o n v e n t i o n  the  ove ra l l  p h a s e  a m b i g u i t y  is r e s o l v e d  by  
c h o o s i n g  a n e g a t i v e  s ign for t he  A( '1620) $31 c o u p h n g  to 
~ ( 1 2 3 2 )  7r 

( l ' , ] ' / ) ~ ' : / r t o t a l  i n  N ~ r  - , .  ` / ( 4 7 0 0 )  ~ ` / ( 4 2 3 2 ) ~ 1 " ,  S - w a v e  ( I ' 1 1 " 4 ) ~ / r  
VALUE DOCUMENT ID TECN COMMENT 
+ 6 MANLEY 84 IPWA ,"r N ~ N.~/r 
+ 0  18 : i :0 .04  BARNHAM 80 IPWA = N  ~ N. ' r~ 
+ 0  30 27LONGACRE 77 ~PWA ~ , N ~  Nn'~" 
+ 0  24 3LONGACRE 75 IPWA ~ r N ~  NTr~, 

(l'~r/)V:/l'total in NTr ~ ` / ( 1700 )  ~ ` / (1232) ' / r ,  D -wave  ( ] t l ' s ) '~ / r  
VALUE DOCUMENT ID rECN COMMENT 

6 MANLEY 84 IPWA ; ' r N ~  N;T;T 
0.14:¢0 04 BARNHAM 80 IPWA = N ~  N~r,'r 

+ 0 05 2 7 LONGACRE 77 IPWA x N  ~ N,"r= 
+ 0 10 3 LONGACRE 75 IPWA ~ N  ~ N t r ; r  

(]'~l'/)~/:/l'totol in NT: ~ 3(1700) -,. Np, S=I/2, D-wave (I't['6)~/'1" 
VALUE DOCUMENT ID TECN COMMENT 
+ 0  17 =tO 05 BARNHAM 80 IPWA .-rN ~ N~r;'r 

VALUE DOCUMENT ID TECN COMMENT 
+ MANLEY 84 IPWA ;'rN ~ N:r :'r 
+ 0  04 27LONGACRE 77 IPWA =' ,N.~ N~'tr 
- 0  30 3LONGACRE 7S IPWA ~',N ~ N~r~r 

(['~l'l)"~/i'total m NTr ~ A ( 1 7 0 0 )  ~ N/). 5=3,,'2. D-wove (I tl 8) !~ 1 
VALUE DOCUMENT ID TECN COMMENT 
0 18 -+0  07 BARNHAM 80 IPWA : ' r N ~  N:'r;': 

, / ( 1700 )  PHOTON DECAY AMPLITUDES 

For deflnff~on of l h e  3 N d e c a y  o m p h t u d e s  see Sec IV Of Ihe  
No te  on  N a n d  ~ R e s o n a n c e s  p r e c e d i n g  the  Baryon Llshngs 

` / (1700)  --, N~l '. h e h c d y - I / 2  omph tude  A t 2 
VALUE ~G_qV- ~ 2) DOCU_M_ENT ID TECN COMMENT 

0 1`1'I _+0 0'17 CRAWFORD 83 IPWA ~.N * ; :N 
0 089 -+ 0 033 AWAJI B~ DPWA "~ N ~ ~" N 
0 112 _ 0 006 ARAI 80 DPWA "~ N .~ ; rN (ht 1) 
0 130 ± 0 006 ARAI 80 DPWA "t N ~ ,-rN (ill 2) 
0 '123 _~ 0 022 CRAWFORD 80 DPWA "~ N o ;T N 

+ 0 130 ± 0 037 BARBOUR 78 DPWA "~ N ~ ,-:,N 
+ 0  0 7 2 - + 0  033 FELLER ?6 DPWA 5 N ~  ,.rN 

` / (1700)  ~ N'y, he l lc l ty -3 /2  amph tude  A 3 2 
VALUE ~G_eV- 1 2) _DOCUMENT ID TECN C_ OMMENT 

0 107 -+0  015 CRAWFORD 83 IPWA ~ N ~  7rN 
0 060 ± 0 015 AWAJI 81 DPWA ~ N ~ ~ N  
0 047_+0 007 ARAI 80 DPWA ~ N ~  TrN( f l l  I )  
0 050 -+ 0 007 ARAI 80 DPWA ~ N ~ 7rN (fit 2) 
0 1 0 2 - + 0 . 0 1 5  CRAWFORD B0 DPWA " . , N ~  ~'N 

+ 0  098_+0 035 BARBOUR 78 DPWA " ~ N ~  ~'N 
÷ 0  0 8 7 - + 0  023 FELLER 76 DPWA ~ , N - -  ~'N 

3 ( 1 7 0 0 )  FOOTNOTES 
I p r o b l e m s  w i l h  CHEW 80 ore d~scussed m s e c h o n  2 I 11 at HOEHLER 83 
2LONGACRE 77 Do le  pos lhons  ore f rom o s e a r c h  for po les  In the  un l ta~ ized 

1 mat r i x  1he first ( s e c o n d )  v a l u e  uses in a d d i t i o n  to ~ N  ~ N~Tr, d a t a  
e l a s h c  a m p h t u d e s  f rom a Soc lay  (CERN) pa r t i a l  w o v e  ana lys is  The o the r  
LONGACRE 77 va lues  a re  f rom e y e b a l l  his wi th  Brelt W lgne r  c i r c les  Io the  
T mat r i x  a m p h t u d e s  

3From m e t h o d  I~ of LONGACRE 75 e y e b a l l  hts wltr,  Bte~t W lgner  c l r c les  Io 
t he  T mot r l x  O m p h t u d e s  

4LONGACRE 78 va lues  a re  from (3 s e a r c h  for po les  m the  unHar [zed T 
m a l r l x  The hrsf ( s e c o n d )  v a l u e  uses in o d d l h o n  to ;T,N ~ N~r~ d a t a  
e las t i c  a m p l i t u d e s  from a Sac loy  (CERN) pa r t i a l  w a v e  ana lys is  

5The r a n g e  g w e n  IS f rom the tour  bes l  solut tons DEANS 75 d~sagrees wi th  
T .+p  ~ " + K  + d a t a  of WlNNIK 77 a r o u n d  1920 MeV 

6MANLEY 84 consrders  this COuphng sign to b e  we l l  d e l e r m m e d  
7LONGACRE 77 cons ide rs  this c o u p l i n g  to b e  we l l  d e t e r m i n e d  

For 

ARNDT 
MANLEY 
CRAWFORO 
HOEHLER 
AWAJI 

Also 
ARAI 

Also 
BARNHAM 
CHEW 
CRAWFORD 
CUIKOSKY 

AlSO 
LIVANOS 
HOEHLER 

Also 
8ARBOUR 
LONGACRE 
LONGACI~ 

Also 
WINNIK 
FELLER 
DEANS 
LONGACRE 

` / ( t 7 0 0 )  REFERENCES 

early references see Physics Letters 111B (1982) 

8S PR D32 1085 *Ford Roper (VPI) 
84 PR D30 904 *Amdl Gorod,o Teplltz (VPI~ 
83 NP B211 I *Morton (GLAS) 
83 LOndOIt Boe,nsteln I (282 (KARL) 
81 Bonn Cant 352 *KOl,kOwo (NAGO: 
82 NP 8197 365 Fulll HOyCISf~II IwcIIcI KoilkOwO- (NAGO) 
80 TorOnlO Cant 93 ('OKY) 
82 NP 8t94 25t ArOl ;up= (~OKY) 
80 NP 8168 243 ,GIickr~on Mlet Jedrzelow,cz* (LOIC) 
80  Ioronlo Cant 123 {LBL) IJP 
80 Totonlo Cant 107 (GLAS) 
80 Toronto Cant t9 +Eorsyth BabCOCk Kelly Hend~lCk (CMU L8L)'JR 
79 PR 020 288(2 CulkOSky FOrSytP HendrlCk Kelly (CMU LBL):JP 
80 Toronto CanT 35 *Baton Cobfures KochoWSkl Neveu (SACL) ,JP 
7(2 PDAT 12 1 .Kaiser KOCf', PlelOrlne n (KARL) I JR 
80 Toronto Cant 3 Koch (KARL) IJF 
78 NP 8141 253 *Crowto'd Parsons (GLAS~ 
78 PR D17 1798 +LOSlnSkl RosePfelO $mo~la* (LBL SLAC) 
77 NP 8122 403 *OOIbeau (SACL) IJP 
76 NP 8108 365 DoIbeou lrlOnhs Neved Codlet (SACL) IJP 
77 NP 8"28 b6 *tooff Revel GolODerg Berny (.tA':) I 
70 NP 8104 2 1 ( 2  ,FukushlmcI HOrlkOWO KO,lkOWO* {NAGO OSAK) IJP 
75 NP 890 R0 +NqllChell Montgomery* (SFLA ALAH) IJP 
7:3 PL 5,58 415 +Rosenfeld LQSInSKI SrnQd)Oe (LBL SLAC) IJP 



4 0 6  

Baryon Full Listings 
A(1900),  (1905) 

J , ~ ( 1 9 0 0 )  $3~  I 
3 1 /(JP) = 2C 2 ) S t a t u s  e ~ e 

~ ( 1 9 0 0 )  M A S S  

VALUE (MeV) DOCUMENT IO rECN .C_OMMENT 

1850 to 2000 ouR  ESTIMATE 
1890 +. 50 CUTKOSKY 80 IPWA ;T N ~ ;'rN 
1908 ± 30 HOEHLER 79 IPWA ~ N  ~ ,'rN 
• • • We d a  not  use the  f o l l o w i n g  c~ato for a v e r a g e s  tits l imits erE • * * 
191B 5±23 0 CHEW 80 BPWA ~+p~ ~p 
1803 CRAWFORD 80 DPWA "~N .~ ~N 

~ ( 1 9 0 0 )  W I D T H  

VALUE (MeV)__ DOCUMENT 10 TECN COMMENT _. 

130 tO 300 OUR ESTIMATE 
170 ± 50 CUTKOSKY 80 IPWA ,'rN ~ ;,rN 
140 ± 40 HOEHLER 79 IPWA = N  ~ ~ N  
• • • We do  na t  use the  fo l law~ng d a t a  far a v e r a g e s  fits, Ilmffs e t c  • • • 

93 5 ± 5 , 4  0 CHEW 80 BPWA ~ r + p  ~ ~ , + p  
137 CRAWFORD 80 DPWA ~ N ~  "rrN 

A ( 1 9 0 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (Me~/) DOCUMENT 10 TECN _C.OMMENT .... 
1870 ± 4 0  CUTKOSKY 80 iPWA ~ N ~  ~,N 
• • • We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  his l imits e t c  • • • 
2029  or 2028 t LONGACRE 78 IPWA ,-rN ~ N~,,-r 

- - 2  "~ I M A G I N A R Y  PART 
VAL~IE_(MeV) 00CUMENT 10 TECN COMMENT 
t 80  ± 50 CUTKOSKY 80 IPWA ~'N ~ I rN  
• * ° We d a  not  use t he  f a l l o w i n g  d a t a  for a v e r a g e s ,  fits l imits e t c  • • • 
164 ar 163 I LONGACRE 78 IPWA ~I"N ~ N,~'~ 

~ ( 1 9 0 0 )  ELAST IC  POLE RESIDUE 

REAL PART 
VALU E (MeV) OOCUME_Nr 10 rECN COMMEN_T 
9 ± 4 CUTKOSKY 80 IPWA ,"rN ~ ~ N  

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENr 10 TECN COMMENT 
3 ± 7 CUTKOSKY 80 IPWA ~ N  ~ ~rN 

3(1900) DECAl MODES 

I"i 3(1900) ~ N~ 

]'2 ',(1900) ~ ~-K 

13 ~(1900) ~ Np, S=3/2, D-wave 

r4 ~(1900) ~ N(1440)~, ,gwave 

l" 5 3(1900) ~ N'y, hehcdy=I/2 

A ( 1 9 0 0 )  B R A N C H I N G  R A T I O S  

r(N~')/hota~ I"~/I" 
VALUE DOCUMENT /O TECN COMMEIV.T 

0 .08  -t'o 0•18 O U R  ~ ' i lMATE 
0 1 0 ± 0 0 3  CUTKOSKY 80 IPWA ~ N ~  ~rN 
0 0 8  - 0 04 HOEHLER 79 IPWA 7rN ~ ~rN 
• • * We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  • • * 
0 28 CHEW 80 BPWA r , + p  ~ ; T + p  

( r , l ' t ) " : / l ' t o l a  I in N / r  ~ 3(1900) ~ Z K  ( 1 " t I ' 2 ) ~ / 1 "  
VALUE DOCUMENT ID TECN COMMENT 
<:0 03 CANDLIN 84 DPWA ~ + D  ~ ~-~+K+ 
• * • We d a  not  use ti~e f a l l a w l n g  d a l a  for a v e r a g e s ,  fits t lmlts e t c  • • • 

0 076 2 DEANS 75 DPWA 7rN ~ VK 
0 1 1  LANGBEIN 73 IPWA ~ N  ~ ~ K  (sol  1) 
0 1 2  LANGBEIN 73 IPWA ~rN ~ ~ K  (sol  2) 

( l ' f l ) ' . ' : / l ' f a t a  ~ i n  N ~ r  - - .  A ( 1 9 0 0 )  ~ N p ,  S = 3 / 2 ,  ~ w a v e  ( l '11"3) 'Z , / l "  
VALUE DOCUMENT ID TECN COMMENT .... 
LARGE MANLEY- 8-4 IPWA ~, N ~ N~" ~', 

( l ' f f ) ' / ; / l ' f o t a l  i n  N'n" ~ ~ ( 1 9 0 0 )  ~ N ( 1 4 4 0 ) l r ,  S - w a v e  (1 i1"4)~,~/r  
VALUE DOCUMENT /D TECN COMMENT 
+ (LAR(~ M/~NLEY 84 iPW/~, ~,N ~ N,"r= 

~ ( 1 9 0 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

For de fJn l l l an  at t he  ") N d e c a y  a m p l l l u d e s  see  Sec IV of the  
N o l e  an  N a n d  A R e s o n a n c e s  p r e c e d i n g  the  Baryon Listings 

~ ( 1 9 0 0 )  ~ N . y .  i n e h c d y - I / 2  a r n p h t u d e  A t .  2 
VALUE (Gev-.  f 2) ~)OCUMEN[ ID TECN CO_MMENT 
- 0 0 0 4 ± 0 0 1 6  CRAWFORD 83 IPWA 3 N ~  = N  

0 0 2 9 - 0  008 AWAJI 8 t  DPWA ~ N ~  =',N 
• • • We d o  not  use the  f a l l a w m g  d a t a  far a v e r a g e s  fits l imits e t c  • • • 
- 0 006 tO - 0 025 CRAWFORD 80 DPWA ~ N ~ ;'r N 

~ ( 1 9 0 0 )  F O O T N O T E S  
ILONGACRE 78 va lues  a r e  f rom a s e a r c h  for po les  in t he  u n l t a r l z e d  T 

mat f i x  The hrsl ( s e c o n d )  v a l u e  uses in a d d f f l o n  ta ~'N ~ N~'~" d a t a  
e l as t i c  a m p h t u d e s  f rom a Sac lay  (CERN) p a r l l a l - w a v e  anolySls 

2The v a l u e  g i v e n  is f rom so lu t l an  I t he  r e s o n a n c e  is not  p r e s e n t  In solu 
hans  2 3 or 4 

A(1900) REFERENCES 

For ea r l y  r e f e r e n c e s  see Physlcs Le l le rs  111B (1982 )  

CANDLIN 84 NP 8238477 *Lowe Peach ScOtland+ (EDIN RAL LOWC) 
MANLEY 84 PR D30904 +Arnat GoroCllo Teplilz (VPl) 
CRAWFORD 83 tiP 82111 +Morton (GLAS) 
AWAJI 81 Bonn Conl 352 *Koilkawa (NAGO) 

AlSO 82 NP 8197365 Fufd HOyoshll lwOto Kojikowo+ (NAGO) 
CHEW 80 Toronto Conl 123 (LBL) IJP 
CRAWFORD 80 Toronto Cant 107 (GLAS) 
CUTKOSKY 80 Toronto Cant 19 +Forsyth BObCOCk Kelly Hendrlci( (CMU LBL)IJP 

AlSO 79 PR D202839 Cutkosky FOrSyIH Hendrlck Kelly (CMU LBL)IJP 
HOEHLER 79 PDAT t2 1 +Kaiser KOCh Pietadnen (KARL) IJP 

AlSO 80 Toronlo Cant 3 KOCh (KARL) IJP 
LONGACRE 78 PR 0171795  *Loslnskl Rosenteld Smoaia* (LBL SI.AC) 
DEANS 75 NP 89690 +Mllchell  Montgomery+ (SFLA ALAH) IJP 
LANGBEIN 73 NP 853251 +Wagner (MUNI) IJP 

I I 3 (5+ A(1905) F35 '(JP) = 2-2 ) status * * * * 

M o s t  of  t h e  r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e t e  a n d  h a v e  b e e n  o m f f t e d  T h e y  m a y  b e  f o u n d  

in  o u r  1 9 8 2  e d i t i o n  ( P h y s l c s  L e t t e r s  1118) 

A ( 1 9 0 5 )  M A S S  

VA_LUE (MeV)__ DOCUMENt ID [ECN COMMENT 

1890 to 1920 OUR ESTIMATE 
1910 ~ 30 CUTKOSKY 80 IPWA ~ N  ~ ~ N  
1905 _ 20 HOEHLER 79 IPWA T,N ~ r ,N 
• • • We do  not  use t he  f a l l o w i n g  d a t a  for a v e r a g e s  fits, l imlfs e t c  ° • • 
1960 = 4 0  CANDLIN 84 DPWA ~ ' + O - o  ~ - *K~  

1 7 8 7 0  ~ 6 0  CHEW 80 BPWA ~ ' + p  . -  T,',+p 
- 5 7  

1880 CRAWFORD B0 DPWA " ~ N ~  ; rN  
1892 BARBOUR 78 DPWA ~ N ~  ~ N  
1830 I LONGACRE 75 IPWA ~'N ~ N~'~" 

A ( 1 9 0 5 )  W I D T H  

VALUE (Melt) DOCUMENT 10 TECN COMMENT . . 

250- to 40a-'OUR E~-IMATE 
400 ± 100 CUTKOSKY 80 IPWA ~rN ~ ~'N 
260 ± 20 HOEHLER 79 IPWA ,'rN ~ Tr, N 
• • • We d a  not  use t he  f a l l o w l n g  d a t a  far o v e r a g e s  fits l imlts e t c  ° ° • 
270 ± 40 CANDLIN 84 DPWA ~ + p  ~ " + K  + 

6 6 0  +_ 241600 CHEW 80 BPWA 7 r + p  . ~ + p  

193 CRAWFORD 80 DPWA "TN ~ ~'N 
159 8ARBOUR 78 DPWA ~ N ~ 7rN 
220 I LONGACRE 75 IPWA ;TN ~ N~r~l" 



See key on page 129 

407 

Baryon Full Listings 
A(1905), A(I910) 

.~ (1905)  POLE POSITION 

REAL PART 
V_ALUE (MeV) . . . . . . .  DOCUMENT ID FECN_ CO~,~M_ENT 
1830 -+40 CUTKOSKY 80 IPWA .'rN ~ ~.N 

• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits, l imits e t c  • • • 
'1830 ARNDT 85 DPWA ~ N -  "raN 
1 8 t 3  or t 808  2LONGACRE 78 IPWA ~TN- -  NTr~ 

- 2  × IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMEN~ 
~>80 _+ 60 . . . . .  CUTKOSKY 80 IPWA ~rN ~ ~'N 
• • • We d o  not  use t he  foL lowlng d a t a  for o v e r a g e s  fits l imits e t c  • • • 
180 ARNDT 85 DPWA T,N ~ ~'N 
193 or 187 2LONGACRE 78 IPWA ='.N ~ N,-.r~ 

~ ( 1 9 0 5 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENt ID TECN COMMENT 

t 6+_8  CUTKOSKY 80 IPWA ~ r N ~  =',N 

IMAGINARY PART 
V_ALUE (Me' / )  . . . . .  DOCUMENT ID .TECN. COMMENT 
- 19 +_ 8 CUTKOSKY 80 IPWA ~rN ~ ~'N 

A ( 1 9 0 5 )  DECAY MODES 
['i 3 ( 1 9 0 5 )  -,,. N~" 
['2 3 ( 1 9 0 5 )  --,. ~ K  
['3 ~.(1905) ~ N ~ ' ~  
I"4 .3(1905)  ~ _~(1232)7r, P-wave 
I'~ .3(1905)  ~ 3 ( 1 2 3 2 ) ~ ' ,  F-wave 
I"6 ".(1905) ~ Np, S = I / 2 ,  F w a v e  
]'T .3(1905)  ~ Np, S=3/2 ,  P-wave 
]'e ~ ( 1 9 0 5 )  ~ Np, S=3/2 ,  F w a v e  
]'9 .3(1905)  ~ NT ,  h e l l c l t y = I / 2  
1"10 3(1905) -,. N 7. hehclty=3/2 

.3 (1905)  BRANCHING RATIOS 

l '( Nlt') / l'tota I 1"i/I" 
VALUE DOCUMENT ID rECN COMMENT 

o.os to o.15 aUR ES~-~ATE . . . . . . . . . .  
0 0 8 ± 0  03 CUTKOSKY 80 IPWA ; T N ~  ~rN 
0 1 5 ¢ 0  02 HOEHLER 79 IPWA " K N ~  ; rN  
• * • We do  no l  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
0 .11  CHEW 80 BPWA ~ r + p  ~ = + p  

(l'~l'f)"~/l'total In NTr ~ ~(1905) ~ ~ K  (I i I '~)~/[" 
VALUE DOCUMENT ID TECN COMMENT 

- - 0  0 1 5 - . 0  003 CANDLIN 84 DPWA I r + p  ~ ! + K  + 
• • * We d o  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 
- 0  013 LIVANOS 80 DPWA ~.-p ~ " K  

0 . 0 2 1  to 0.0,54 3DEANS 75 DPWA ~"N ~ ! K  

No te  Signs of COupl ings  f rom ~ N ~  N~-r. a n a l y s e s  w e r e  
c h a n g e d  In the  1986 e d l h o n  to a g r e e  wi th  the  baryon- f i rs t  
c o n v e n h o n  t he  ove ra l l  p h a s e  a m b i g u i t y  is resolve,O by  
c h o o s i n g  o n e g a t i v e  s ign for t he  .3(1620) S3t c o u p l i n g  to 
3, (1232) ~ 

( i t r f ) ' ~ / r t o t a  I I n  N ~  ~ - ~ ( 1 9 0 5 )  ~ 3 ( 1 2 3 2 ) ~ ' ,  P - w a v e  ( I ' i I ' 4 ) ' ~ / I "  
VALUE DOCUMENT ID TECN COMMENT 
+ (SMALL) MANLEY 84 IPWA ~ N ~  N~.Tr 

(r~r/)'/2/Ftotal In N'rr -,. ',(1905) -,,. ~(1232)~, Fwave  ( l ' 1 1 " s ) V 2 / I "  
VALUE DOCUMENT ID TECN COMMENT 
+ 4MANLEY . . . . . .  8-4 I ~ "  7 r / V -  Nr,;¢ 
I - 0  17 5 NOVOSELLER 78 IPWA ~rN ~ NT,:¢ 
+ 0 . 0 6  6NOVOSELLER 78 IPWA = N  ~ N='.Tr 
+ 0 20 I LONGACRE 75 IPWA ~ N  ~ NT,~" 

(l'~r/)v~/Ftotal in N/r ~ 3(1905) -,. Np, $=3/2, P-wave ( r l r T ) ~ / r  
VALUE DOCUMENT ID TECN COMMENT 
+ 0  26 5NOVOSELLER 78 IPWA # N  ~ N~,Tr 
' +0 .11  to 1-0 33 7 NOVOSELLER 78 IPWA ~ N  ~ N~?r  
+ 0 . 3 3  1 LaNGACRE 75 IPWA ~ N  ~ N/r'~" 

.3 (1905)  PHOTON DECAY AMPLITUDES 

For de f in i t i on  of the  "i N d e c a y  a m p h t u d e s  see Sec IV of the  
Note  on  N a n d  .3 Resonances  p r e c e d i n g  the  Baryon I. ishngs 

..~(1905) ~ N 7. hehcl ty- t /2 ampl i tude A, 2 
VALUE (GeV-  I 2) DOC_UMENT ID TECN COMMENT 

0 021 -+ 0 010 CRAWFORD 83 IPWA ",. N . ,'r N 
0 0 4 3 - + 0  020 AWAJI 81 DPWA " , N ~  ,TN 
0 0 2 2 + - 0  0 t 0  ARAI 80 DPWA ~ , N ~  ~ N ( h t  1) 
0 0 3 1 - + 0  009 ARAI 80 DPWA ",N * : ' ;N (h t  2) 
0 024_+0 0 t 4  CRAWFORD 80 DPWA "~N ~ ~ N  

+ 0  033_+0 018 8ARBaUR 78 DPWA ~ : N ~  "~N 

~(1905) ~ N"(, heHcdy-3/2 amphtucle A 3 2 
VALUE (GeV-  f 2) DOCUMENT ID TECN COMMENT 

- 0 . 0 5 6 - + 0 . 0 2 8  CRAWFORD 83 IPWA " ~ N ~  .'rN 
- 0  025_+0 023 AWAJI 81 DPWA ~,N o ,"rN 
- 0  0 2 9 + - 0  007 ARAI 80 DPWA ~,N ~ ,'rN (flt I )  
- 0  0 4 5 - + 0  006 ARAI 80 DPWA ~,N o ,-rN(f i t  2) 
- 0  0 7 2 ¢ 0  035 CRAWFORD 80 DPWA " , N ~  ; rN 
- 0 . 0 5 5 _ + 0  019 BARSaUR 78 DPWA ~ N ~  :rN 

• 3 ( 1 9 0 5 )  FOOTNOTES 
IF rom m e t h o d  II of LONGACRE 75 e y e b a l l  flts w l th  Brelt Wigner  c l r c les  to 

l h e  I ma t r l x  a m p h t u d e s  
2LONGACRE 78 va lues  a re  f rom a s e a r c h  for po les  m the  un l t a r l zed  T 

m a t n x  The firsl ( s e c o n d )  v a l u e  uses in a d d i t i o n  to =',N ~ N,-r=', d a t a  
e l a s h c  a m p l i t u d e s  from a Sac loy  (CERN) pa r t i a l  w a v e  ana lys is  

3The r a n g e  g i v e n  for DEANS 75 iS f rom l h e  four bes t  so lut ions 
4MANLEY 84 consqders Ibis COuphng stgn to b e  we l l  d e l e r m , n e d  a n d  sug 

gests tha t  l h e  l a r g e  NIJ d e c o y  seen  in p rev ious  a n a l y s e s  is D r e d o m  
inan t l y  f rom a h i g h e r  mass F35 r e s o n a n c e  See the  Listings for the  
.3(2000) FS5 

5A Brelt W igner  ht to the  HERNDON 75 IPWA 
6A 8rett Wigner  fit to the  NOVOSELLER 788 IPWA 
7A 8rel t  Wigner  fit to the  NOVOSELLER 788 IPWA the p h a s e  LS n e a r  90:: 

For 

ARNDT 
CANDLIN 
MANLEY 

AlSO 
CRAWFORD 
AWAJI 

AlSO 
ARAI 

AlSO 
CHEW 
CRAWFORD 
CUTKOSKY 

AlSO 
LWANOS 
HOEHLER 

AlSO 
BARBOUR 
LONGACRE 
NOVOSELLER 
NOVOSELLER 
DEANS 
HERNDON 
LONGACRE 

.3(1905)  REFERENCES 

ea r l y  r e fe rences  see Physics Letters 1118 (1982)  

85 PR D32 1085 *Ford Roper (VPI) 
84 NP 8238 477 *Lowe Peach Scotland* (EDIN RAL LOWC) 
84 PR D30 904 *Arnc~t Goroold Tepllfz (VPI) 
840 PRL 52 2122 Monley (VPI) 
83 NP 82t t  t *Morion (aLAS) 
81 Bonn Cant 352 *Kapkowo (NAGO) 
82 NP 8197 365 Fufll HQVOSr'II IwOto Kdilkowo+ (NAGO) 
80 Toromo Cant 93 (TOKY) 
82 NP 8194 251 AfQ= Sulll (TOKY) 
80 roronlo Cant 123 (LBL) IJP 
80 Toronto Cant t07 (aLAS) 
80 Toronto Cant tO *Forsytr" BdbCOCk Kelly Hendrlck (CMU LBL)IJP 
79 PR D20 2839 CutkOSky Fotsyth HenOHck Kelly (CMU LBL)IJP 
80 Toronto Cant 35 *Baton Coutures KOChOwSkl Neveu (5ACL) IJP 
79 PDAT r2 1 *Kaiser KOCh PletOtlnen (KARL) IJP 
80 Toronto Cant 3 KOCh (KARL) IJP 
T8 NP 8141 253 *CrowfOrd Parsons (G:.A5) 
78 PR D17 1795 +Ld$1nSkl Rosenfeld SmQcljo* (LBL SI.AC) 
78 NP 8137 509 (CIT) IJP 
78S NP 8137 445 (CIT) IJP 
75 NP 896 90 +Mitchell Montgomery* (SFLA ALAH) IJP 
75 PR D t i  3183 +Longocte MIIlel I:;'osenleld* ~LBL $LAC) 
75 PL 558 415 +Rosenfeld Laslnskl SmOdla+ {LBL SLAC)IJP 

I I 31+ A(1910) '°3t '(/) = 2 ( 2  ) s t a t u s  * * * * 

MOSt of t h e  r e s u l t s  p u b l i s h e d  b e f o r e  1 9 7 5  a r e  n o w  

o b s o l e t e  a n d  h o v e  b e e n  o m l t l e d  T h e y  m a y  b e  f o u n d  
m o u r  1 9 8 2  e d d i o n  ( P h y s i c s  L e l l e r s  t t t B )  

A ( 1 9 t 0 )  MASS 

VALUE (MeV) DOCUMENT ID FECN COMMENT 
1850 to 1950 OUR ESTIMATE 
1910 _+40 CUTKC)SKY 80 IPWA ;'rN ~ ;TN 
t888  _+20 HaEHLER 79 tPWA ;T ,N~  :'rN 
• • • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  Il ls hmlts e t c  • • • 
171.5 2 _ + 2 t  0 1CHEW 80 BPWA ~ + p ~  : T - p  
1778.4:1:  9 0 1CHEW 80 8PWA ~ + D - ~  :~÷P 
1960 1_ .21  0 ICHEW 80 BPWA r r + D . o  , " + D  

+ 1 3  ICHEW 813 8PWA Tr+D 2121 4 _ t4  ~ ; ~ ' P  
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Baryon Full Listings 
 (1910),  (]920) 
1921 CRAWFORD 80 DPWA "rN ~ ;TN 
1899 BARBOUR 78 DPWA "rN ~ ~rN 
1790 2 LONGACRE 77 IPWA ~ N  ~ N~.~r 

~ ( 1 9 1 0 )  WIDTH 

VALUE (MeV) . . . . .  DOCUM_E_N_T ID rECN COMMENT 

200 to 330 OUR ESTIMATE 
225 ~: 50 CUTKOSKY 80 IPWA ~ N  ~ 7rN 
280 ± 50 HOEHLER 79 IPWA ,I"N ~ ~rN 
• • * We d o  no t  use the  f o l l ow lng  clato for averages  flts l imits, e tc  • • • 

93 3_+55 0 ICHEW 80 BPWA , - r+p ~ ~ + p  
23 0_+29 0 1CHEW 80 8PWA ," r+p ~ ~ + p  

152 9_+60 0 ICHEW 80 BPWA ~ + O ~  E + P  
172 2_+.37 0 ICHEW 80 BPWA ~ ' ÷ D ~  ~ + P  
351 CRAWFORD 80 DPWA " } N ~  ~'N 
230 BARBOUR 78 DPWA 3 N ~ ~'N 
170 2 LONGACRE 77 IPWA ~ N  ~ N ~ r  

~ ( t 9 1 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (MeV) DOCUMENT ID rECN COMMENT 

1880-+30 CUTKOSKY 80 IPWA v N ~  ~rN 
• • • We do  not  use the fo l l ow ing  d a t a  for averages ,  f i ts l imits e t c  • • • 
1792 or 180t 2 LONGACRE 77 IPWA ~ ' , N -  N~'~" 

- - 2  × I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT/D TECN COMMENT 

200 _t. 40 CUTKOSKY 80 IPWA i rN ~ ;oN 
• • • We d o  not  use the fo l l ow ing  d a t a  for a v e r a g e s  f i ts l imits e t c  • • * 
172 or 165 2LONGACRE 77 IPWA ~ r N ~  NTr~r 

A ( 1 9 1 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (Met/) DOCUMENT ID rECN COMMENT 

0 _+ t0  CUTKOSKY 80 IPWA ~ r N - ~ - - ~ '  . . . . . . .  

I M A G I N A R Y  PART 
VALUE (Met/) DOCUMENT ID TECN COMMENT 
- 20 -+4 CUTKOSKY 80 IPWA :oN ~ ~rN 

~ ( t 9 1 0 )  D E C A Y  M O D E S  

I'~ ~ ( 1 9 1 0 )  ~ N ~  

r 2 ~ ( 1 9 1 0 )  ~ ~ K  

['3 ~ ( 1 9 1 0 )  ~ N~rTr  

1" 4 ' , ( 1 9 1 0 )  ~ ~ ( 1 2 3 2 ) ~ .  P - w a v e  

1"~ ' , ( 1 9 1 0 )  ~ N p .  S = 3 / 2 .  P - w a v e  

]'~, A ( 1 9 1 0 )  ~ N ( 1 4 4 0 ) ? r .  P - w a v e  

F~ " , ( 1 9 1 0 )  ~ N ' y .  h e l i c i t y = l / 2  

~ ( 1 9 1 0 )  B R A N C H I N G  R A T I O S  

F ( N T r ) / ] ' i o t o  I r l / l "  
VALUE DOCUMENT ID rECN COMMENT 

0.15 l o  0.25 OUR ESTIMATE 
0 19-+0 03 CUTKOSKY 80 IPWA ~ N ~  ~rN 
0 .24  _+ 0 .06  HOEHLER 79 IPWA ~',N ~ ~ N  
• • , We d o  not  use the fo l l ow ing  d a t a  for ave rages  fits, l imits e t c  ° • • 
0 .18 ICHEW 80 ~PWA ~ + p ~  ~ r+p  
0 20 ICHEW 80 8PWA E + p ~  " x + p  
0.17 ICHEW 80 BPWA ~ ' + p ~  # + p  
0 40 I CHEW 80 BPWA ,-.r+p ~ ~ r+p  

( [ ' ~ r ~ ) ' / : / l ' t o t a  I i n  N / r  ~ "~ (1910)  -*. ~ K  ( i ' ~ I ' 2 ) ~ / I "  
VALUE DOCUMENT ID TECN COMMENT 
< 0 [)3- - -  CANDLIN 84 DPWA ~ r + p  ~ " + K  + 
• • • We d o  no t  use the  fo l l ow ing  d a t a  for ave rages  flts l imits e tc  • ° * 

- 0  019 LIVANOS 80 DPWA ~ p  ~ ~ K  
0 082 to 0 184 3 DEANS 75 DPWA ~rN ~ ~ K  

Note Signs of c o u p h n g s  from ~ ' N ~  N ~ I "  analyses were  
c h a n g e d  In the  1986 ed i t i on  to ag ree  wi th the  baryon-f i rst  
conven t i on  the  overa l l  phase  a m b i g u i t y  is reso lved by  
choos lng  O n e g a t i v e  sign for the  ",(4620) 531 c o u p l i n g  to 
3,(1232) r. 

(~ l ' ~ l ' i ) "~ / l ' t o ta  i I n  NTT ~ A ( 1 9 1 0 )  ~ A ( 1 2 3 2 ) I T ,  P - w a v e  ( I ' i I ' 4 ) ~ / I "  
VALUE DOCUMENT ID TECN COMMENT . _. 
+ 0 06 2 LONGACRE 77 IPWA ,-rN ~ NTr,'r 

( I ' i I ' 1 ) " 2 / l ' t o t a l  in  NTr ~ ' , ( 1 9 1 0 )  - , .  N p ,  S = 3 / 2 .  P - w a v e  ( i ' r ] ' ~ ) ~ / l  ~ 
VALUE DOCUMENT /O ZECN COMMENT 
+ 0 29 2 [.ONGACRE 77 IPWA ~ N  ~ N~r~" 
• ° * We d o  not  use lhe  fo l l ow ing  d a t a  for ave rages  flts l imits e tc  • ° * 
+ 0  17 4NOVOSELLER78 IPWA ~ . N ~  N~Tr 

( I ' ~ [ ' / ) ' d / l ' t o t a l  In  N r  - , .  A ( 1 9 1 0 )  ~ N ( 1 4 4 0 ) ~ .  P - w a v e  ( I '11'6)~h/I"  
VALUE DOCUMENT/P TECN COMMENT 
+ (LARGE) 5 MANLEY 84 IPWA r N  ---h/-~-~ . . . . . .  

A ( 1 9 1 0 )  P H O T O N  D E C A Y  A M P L I T U D E S  

Far def in i t ion  of the  "yN d e c a y  amp l i t udes  see Sac IV of the 
Nat+ on N a n d  ~, Resonances p r e c e d l n g  the Baryon Listings 

A ( 1 9 1 0 )  ~ N ~ .  h e h c l t y - I / 2  a m p h t u d e  AT:  2 
VALUE (GAY_- 1 2) I)OCUMENT /O TECN_ _COMMENT 

0 014: i :0  030 CRAWFORD 83 IPWA 3 N ~  7rN 
0 025-+0 011 AWAJI 81 DPWA ~ . N ~  7rN 

- 0  012 : t :0 .005 ARAI 80 DPWA " ~ N ~  ; rN ( f i t  I )  
- 0 031 ~ 0 004 ARAI 80 DPWA 3 N ~ ,'r N (flt 2) 
- 0 . 0 0 5 ± 0  030 CRAWFORD 80 DPWA " ~ N ~  ,';TN 
- 0  035-_0 .021  BARBOUR 78 DPWA " ; , N ~  = N  

~ ( 1 9 1 0 )  F O O T N O T E S  
ICHEW 80 reports four resonances in the /)31 w a v e  Problems wl th  this 
analysis are d lscussed in sec t lon  2 1 11 of HOEHLER 83 

2LONGACRE 77 p o l e  posff ions are from o search for po les  in the un l tor ized 
T-matrlx tr le first ( second)  va l ue  uses in a d d i t i o n  to ~'N ~ N~r~1" da ta ,  
e las l i c  a m p l l t u d e s  from o Sac lay  (CERN) pa r t l a l -wave  anolys ls  The other  
LONGACRE 77 va lues are from e y e b a l l  flts w i th  Brelt Wigner c irc les to the 
T-matrlx omp i i t udes  

3Tile range  g i ven  for DEANS 75 is from the  four best  solut ions 
4Eviclence for this c o u p l l n g  is w e a k  see NOVOSELLER 78 Thls c o u p l l n g  

assumes the mass is near  1820 MeV 
5MANLEY 84 finds this d e c a y  m a d e  accoun ts  for a l l  the ine last ic i ty  

A ( 1 9 1 0 )  REFERENCES 

For ear ly  references, see Physics Letters 141B (1982) 

CANDLIN 84 
MANLEY 84 
CRAWFORD 83 
HOEHLER 83 
AWAJI 81 

AlSO 82 
ARAI 80 

AlSO 82 
CHEW 80 
CRAWFORD 80 
CUTKOSKY 80 

AlSO 79 
LIVANOS 80 
HOEHLER 79 

AlSO 80 
8AR'8OUR 78 
NOVOSELLER 78 

Also 7BB NP 0137 445 
LONGACRE 77 NP 0122 493 

Also 7b NP BIOB 365 
DEANS 75 NP B9b 90 

NP B238 477 ÷LOw+ Peach Scotland+ (EDIN RAL LOWC) 
PR D30 904 ÷Amdt Goradla Teplltz (VPI) 
NP B211 I +Motion (GLAS) 
Landolt Boemsteln 1/902 (KARL) 
Bonn Cant 352 +Kailkawa (NAGO) 
NP Bt97 36.5 FuJll Hoyoshll Iwata KaJlkdwa+ (NAGO) 
Toronto Cant 93 (TOKY) 
N P  0 1 9 4  2 5 ~  Arol Fulll ( 1 O K Y )  

toronto Cant 123 (LBL) IJP 
Toronto Cant 107 (GLAS) 
Toronto Cant 19 +FOrSyth Babcock KelW Hendrlck (CMU LBL)IJP 
PR D20 2839 Cutkosky Forsyth HenOrlCk Kelly (CMU LBL) IJP 
Toronto Cant 35 +Baton Coutures Kochowskt Neveu (SACL) IJP 
PDAT 12 I +Kaiser Koch P~etarlnen (KARL) IJP 
Toronto Cant 3 KOCh (KARL) IJP 
NP B141 253 +Clowford Parsons (GLAS) 
NP 0137 509 (CIT) IJP 

Novosellet (CIf) IJP 
+ DOIIDeOU (SACL) IJP 

DOlbeau lrlantls Neveu CaOI®I (SACL) IJP 
+Mitchell Montgomerv~ (SFLA ALAH) IJP 

I A(1920) P33 J l ( j  P ) 3 (3 +' i  
= 2 "2 " S t a t u s  e . . m  

M o s t  of t h e  resu l ts  p u b h s h e d  b e f o r e  '~975 a r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  
in o u r  1982 e d i t i o n  (Phys ics  Le l te rs  111B) 

A ( 1 9 2 0 )  M A S S  

V_A.LUE (MeV) DOCUMENT IO TEC__P~_ CO M._MENT 

1860 to 2160 OUR ESTIMATE 
1920 -+ 80 CUTKOSKY 80 IPWA ~ N  ~ :~N 
1868 -+ 10 HOEHLER 79 IPWA ~'N ~ T N  
• * • We do  not  use the ta l l ow ing  d a t a  for ave rages  fits l imits, e t c  • • • 
1840 = 4 0  CANDLIN 84 DPWA ~r+p  ~ .~+K + 
1955 0 1 1 3  0 ICHEW 80 BPWA ~ 1 " + p ~  ~ r+p  

n + 1 3  96 ICHEW 80 BPWA ~ + p ~  ~ ' + p  2065 v _  12 



See key on page 129 
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Baryon Full Listings 
 (1920),  (1930) 

A(1920) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
190 to 300 0uREst IMATE " - 
300 _+ 100 CUTKOSKY 80 IPWA ~'N ~ ~ N  
220 ± 80 HOEHLER 79 IPWA ~ N  ~ ~ N  
• * • We d o  not use the to l l ow lng  d a t a  for averages  fits limits, e tc  • • * 

200 ± 40 CANDLIN 84 DPWA ~ r+o  ~ " : + K  + 
88 3 ±  35 0 ICHEW 80 8PWA "n'+p ~ ~ ' + p  
6 2 0 ±  4 4 0  ICHEW 80 BPWA ~ r + o ~ x + p  

4 ( 1 9 2 0 )  POLE POSITION 

REAL PART 
VA~UE (MeV) DOCUMENT ID TECN COMMENT 
1900 ± 80 COTKOSKY "80 IPWA ~ r ~ - - ~ - ~ N  . . . .  

- - 2  × IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TiC.N__ C_.OI~'_MENr 
300 :t: 100 CUTKOSKY 80 IPWA "~'N ~ i r N  

A ( 1 9 2 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VAL~IE ~_MeV) D~__UMEN_r ID fECN COMMENr 
-- 21 :t 7 CUTKOSKY 80 IPWA ~'N ~ ~ N  

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
-- 12 ± t i  CUTKOSKY 80 IPWA :oN ~ ~'N 

A ( 1 9 2 0 )  DECAY MODES 
]'t 3 ( 1 9 2 0 )  -.. N~" 
F 2 3 ( 1 9 2 0 )  ~ VK 
I" 3 3 ( 1 9 2 0 )  --* _~(1232)~'.  P-wave 
T'4 ~ ( 1 9 2 0 )  --* N ( 1 4 4 0 ) ~ .  P-wave 
]'s ~ ( 1 9 2 0 )  --~ N"y. h e h c d y = l / 2  
r~ ~ ( 1 9 2 0 )  --* N3'. he l l c l ty=3 /2  

A ( 1 9 2 0 )  BRANCHING RATIOS 

l '(N~r)/l'tota I ]'t/1" 
VALUE DOCUMENT ID rECN COMMENT 
0.15 tO 0 • 2 0  O U R  ESTIMATE 

0 . 2 0 ± 0 . 0 5  CUTKOSKY 80 IPWA : r N ~  7rN 
0 1 4 ± 0  04 HOEHLER 79 IPWA : r N ~  ~'N 
• • • We d o  not use the fo l low ing  d a t a  for averages,  fits limits, e tc  * * • 

0 24 i CHEW 80 BPWA ~ ' + p  ~ ~ ' ÷ p  
0 18 ICHEW 80 BPWA ~ ' + p ~  ~ ' * p  

(I'~I'~)V~/l'totat in N~ ~ ~(1920) ~ ~K (F~r2)~/r 
VALUE DOCUMEN~ ID TECN COMMENr 
- - 0 . 0 5 2 - + 0 . 0 1 5  CANDLIN 84 DPWA ~ r + p ~  ~ + K  + 

• • • We d o  not use the fo l low ing d a t a  for averages  fits l imits etc  * * ° 
- 0  049 LIVANOS 80 DPWA 7rp ~ ~-K 

0 048 to 0 t20 2 DEANS 75 DPWA ~-N ~ ~K 

(l'~]'/);"~/Ftotol In N / r  ~ 3 ( 1 9 2 0 )  ~ _~(1232)'n', P-wave (1"11"3)½/r 
VALUE DOCUMENr ID TECN COMMENT 
+ MANLEY 84 IPWA ~TN ~ NTr1'r 
0 3 3NOVOSELLER78 IPWA ~ r N ~  N~r,'r 
0.27 4 NOVOSELLER 78 IPWA ~'N ~ NTr,1" 

(F~l'/)'/z/rtotal In N / r  ~ 3 ( 1 9 2 0 )  ~ N(1440)~, P-wave (Ft [ '4 )~ /F  
VALUE DOCUMENT ID rECN COMMENT 
+ MANLEY 84 IPWA ~'N ~ N;T~" 

4(1920) PHOTON DECAY AMPLITUDES 

For def in i t ion of the "t N d e c a y  a m p l i t u d e s  see Sec IV of the 
Note  on N a n d  3, Resonances p r e c e d i n g  the Baryon Listings 

3(1920) ~ N3'. hel ic i ty- I /2  ampl l tude AT/2 
VALUE (GeV- f /2)  _D.O_ CU_MEhlT ID TECN COMMENT 
0 0 4 0 ± 0 . 0 1 4  AWAJI 81 DPWA " ~ N ~  ~'N 

~(1920) ~ N3". hehcdy-3/2 amphtude A 3 2 
_V.4LU_E (GeV- 1 2).. DOCUM_E_NT ID.  [ECN COMMENT 
0 .023 -+0  017 AWAJI 81 DPWA ~.N ~ ~TN 

A(1920) FOOTNOTES 
4CHEW 80 reports two P33 resonances in this mass ~'eglon ProDlems w lm 

this analysis are discussed in sechon 2 1 11 of HOEHLER 83 
2The range  g iven for DEANS 75 is from the four best soluhons 
3A B,'elt Wlgner fit to the HERNDON 75 IPWA the phase =s near - 9 0 '  
4A 8felt Wlgner fit to the NOVOSELLER 788 IPWA the phase =s near - 90 ¢ 

For 

CANDLIN 84 
MANLEY 84 
HOEHLER 83 
AWAJI 81 

AlSO 82 
CHEW 80 
CUTKOSKV B0 

Also 79 
LIVANOS 80 
HOEHLER 79 

AlSO 80 
NOVOSELLER 78 
NOVOS~LLER 7SS 
DEANS 75 
HERNDON 75 

4(1920) REFERENCES 

ear ly references see Pnyslcs Letters 1118 (1982) 

NP 8238 477 *Lowe Peach SCOtlanD+ (EDIN RAL ~.OWC) 
PR D30 904 *Arndt Gorodla leplllZ (VPI) 
Lonaolt 8oernsleln 1,982 (KARL) 
8ann Cant 352 *Kal~kawa (NAGO) 
NP 8197 365 Fulli Hayashll Iwala KallkOWO+ (NAGO) 
Tot(>nlo Cant 123 (LBL) IJP 
Toronto Cant t9 *Forsyth Babcock Kelly HenOrlck (CMU LBL)IJP 
PR D20 2839 Cutkosky rorsylh Henarlck Kelly (CMU LBL)IJP 
loronlo Conf 35 *Baton Coutures Kochowskl Neveu (SACt) IJP 
PDAT t2 t *Kaiser KOCh P~etarlnen (KARL) IJP 
Toronto Cant 3 KOCh (KARL) IJP 
NP B'/37 509 (CIT) 
NP S137 445 (CIT) 
NP 896 90 *Mllchell Montgomery* (SFLA ALAH) IJP 
PR D11 3183 *Longacfe Miller RosenfelCl+ (LBL SLAC) 

I I 2 ( 2 )  Status e * e 
8 

A ( t 9 3 0 )  D35 , ( / )  :3  5- 

Most of the results pubhshed before 1975 ore now 
obsolele and have been omitted They may be found 
~n o u r  1982 e d d l o n  (Phys ics  Let ters 111B) 

The v a r l o u s  a n a l y s e s  a r e  n o t  in g o o d  a g r e e m e n t  

4 ( 1 9 3 0 )  MASS 

V_,4LUE (MeV) DOCUMENT ID [ECN COMMENT 
1890 to 1960 O U R  ESTIMATE 

1940 -+30 CUTKOSKY 80 IPWA ~ N - -  ~ N  
1901 -+ 15 HOEHLER 79 IPWA zrN ~ :'rN 

• • • We do  not use lhe  fo l lowing da ta  for overages  ills limits e l c  • • • 
+ 1 5  0 : : .+p 

1910 0 1 7  CHEW 80 8PWA ~ T + D ~  

2000 CRAWFORD 80 DPWA ~ N ~  ,-rN 
2024 BARBOUR 78 OPWA ~ N ~ Tr N 

A ( 1 9 3 0 )  WIDTH 

VALUE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 
150 to 350 OUR ESTIMATE 

320 _+60 CUTKOSKY 80 IPWA 7rN . ~ N  
195 -+.60 HOEHLER 79 IPWA ?rN ~ ~ N  

• • • We d o  not use the fo l low ing da ta  for overages his hmlts etc  • • • 
+17  

i 

~3 CHEW 80 BPWA ,-r-~p ~ c + p  74 8 - 16 

442 CRAWFORD 80 DPWA "rN ~ ~'N 
462 8ARBOUR 78 DPWA " I N ~  TrN 

4 ( 1 9 3 0 )  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT TO TECN COMMENT 
1890 ± ,$0 CUTKOSKY 80 IPWA ;'rN ~ ~ N  

- 2  × IMAGINARY PART 
VALUE (Me.V)___ DOCUMENT ID FECN COMMENT 
260 -_60 CUTKOSKY 80 IPWA ;T.N ~ ~TN 

A ( 1 9 3 0 )  ELASTIC POLE RESIDUE 

REAL PART 
~/ALUE (MeV) . . . . . .  DOCUMENT IO TECN COMMENT 
17 :t 7 CUTKOSKY 80 IPWA 71"N ~ ,'TN 
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Baryon Full Listings 
A(1930), A(1940) 

IMAGINARY PART 
V.'~LUE (MeV) . . . .  D__OC'_ .UMENr IO rEC_N 
-- 6 _+ 12 CUTKOSKY 80 IPWA 

COMMENT 
~rN ~ ~rN 

~(1930)  DECAY MODES 
I'~ ~(1930) --,. N ~  
|'2 ~(1930) -.,. XK 

] 3 A(1930)  .--.- N ~  
1'4 ~ ( 1 9 3 0 )  -.... N.y,  h e h c ~ t y = l / 2  

r s ~ ( 1 9 3 0 )  -,. N.y, hehc l ty=3/2  

~(1930)  BRANCHING RATIOS 

l ' (N~ ) / l ' to ta  I 1't/1' 
VALUE DOCUMENT IO TECN COMMENT 
0 .05  to 0.15" OUR ESTIMATE 

0 . 1 4  :I: 0 04 CUTKOSKY 80 IPWA 7rN ~ ."rN 
0 04 -+ 0 . 0 3  HOEHLER 79 IPWA 7rN ~ ~rN 
• • * We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s ,  fits. l imits e t c  * * * 
0 '~I CHEW 80 BPWA ~ + p  ~ = + p  

(l'~l't)":/l'fota I in N ~  --,. A(1930)  ~ NK (l'rl'2)V~/I" 
VALUE DOCUMEN~ ,D TECN COMMENT 
< 0 0 t 5  CANDUN 84 DPWA ; ¢ + p  ~ ~ + K  + 
• * * We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits hmlts e t c  • * * 

- 0  031 UVANOS 80 DPWA ~r D ~ ~ K  
0 0`18 to 0 035 t DEANS 75 DPWA ~'N ~ ~ K  

( I ' ~ [ ' t ) " ~ / l ' f o t a l  In N ' t r  .-,. ~ ( 1 9 3 0 )  - ) .  N ~  ( l ' ~ I ' 3 ) ~ / I "  
VALUE DOCUMEN~ IO ~ECN COMMENT 
NOT SEEN MANLEY 84 IPWA / rN  ~ N :cn  
NOT SEEN LONGACRE 75 IPWA t rN  ~ N/r,•" 

~(1930)  PHOTON DECAY AMPLITUDES 

For d e f l n l t i o n  of t he  "r N d e c a y  a m p l i t u d e s  see Sec IV of t he  
No te  on  N a n d  A R e s o n a n c e s  p r e c e d i n g  t he  Baryon Listings 

~(1930)  --,. N'y, hehc l t y - I /2  omphtude  At.. 2 
_V..~LUE (GeV- 1, 2] pOC- UM-E.~I~ !D . T_E__C_N.. COMMENT 

0 009+-0 009 AWAJI 84 DPWA " ~ N ~  ,'rN 
- 0 . 0 3 0 _ + 0 . 0 4 7  CRAWFORD 80 DPWA 3 N ~  ~ N  
- 0  0 6 2 - + 0  064 8ARBOUR 78 DPWA " ~ N ~  ,TN 

' ,(1930) ~ N.y, hel lc l ty-3/2 omphtude  A3. 2 
yALUE LGeV- f '2) _DOCUMENT tO T_ECN COMMENT 
- 0 ° 0 2 5 _ + 0  011 AWAJI 8'I DPWA " ) N ~  / rN  
- 0  0 3 3 - + 0  060 CRAWFORD 80 DPWA " ~ N ~  7rN 
+ 0  0 ' 1 9 ± 0  054 BARBOUR 78 DPWA " iN  ~ 7rN 

A(1930)  FOOTNOTES 
IThe  r a n g e  g i v e n  for DEANS 75 is f rom the  four bes t  so lu t ions 

A(1930)  REFERENCES 

For ea r l y  re fe rences ,  see  Physics Let lers  111B (1982)  

CANOLIN 84 
MANLEY 84 
AWAJI 81 

AlSO 82 
CHEW 80 
CRAWFORD 80 
CUTKOSKY 80 

AlSO 79 
LIVANOS 80 
HOEHLER 79 

AISO 80 
BARBOUR 78 
DEANS 75 
LONGACRE 75 

NP 8238 477 .Lowe Peach Scol lonch (~DIN RAL LOWC) 
PR D30 904 ÷Arnat Goraala lepl l tz (VPI) 
Bonn Cant 352 +Kal~kawa (NAGO) 
NP Bt97 365 FUlll Hayashll lwata Kajlkawa+ (NAGO) 
Toronto Cant 123 (LBL) IJP 
Toronto Cant ~07 (GLAS) 
Toronto CanT t9 +Forsyth Babcock Kelly Henarlck (CMU LBL) IJP 
PR D20 2839 Cutkoiky ForsyIh Hendrlck Kelly (CMU LBL) IJP 
Totonto Conl 35 +Baton Coulure$ Kochowskl Neveu (SACL) IJP 
PDAT 12 1 +Kaiser Koch Pletarlnen (KARL) IJP 
Toronto Cant 3 KOCh (KARL) IJP 
NP B141 253 +Crawfora Pa~'sons (GLAS) 
NP B96 90 +Mitchell Montgomery+ (SFLA ALAH) IJP 
PL 55B 4t5  )Rosenfeld Loslnskl Stood)o+ (LBL SLAC) IJP 

I I 2(2 ) Slalus e A(1940) 033 icJP) = 3  3- 

OMITTED FROM SUMMARY TABLE 

A(1940)  MASS 

VALUE (_MeV~ DOCUMENT ID TECN COMMENT 
2058 I _ 34 5 CHEW 80 BPWA ~ + P  ~ ~ + D  
1940 ¢ I 00  CUTKOSKY 80 IPWA ~ N  ~ : rN  

~(1940)  WIDTH 

VALUE (MoV ~ . . . .  DOCUMENT IO TECN COMMENT 
198 4 -+ 4 8 . 5  CHEW 80 BPWA " t r+p  ~ ~ + D  
200 :I: 100 CUTKOSKY 80 IPWA t rN  ~ T,N 

A(1940)  POLE POSITION 

REAL PART 
VALUE (Me~') ..... DOCUMEiVT_ID_ _ rECN COMMENT 
~900 ± 100 CUTKOSKY 80 IPWA : rN  ~ ~ N  
1915 or 1926 I LONGACRE 78 IPWA ,'rN ~ NTr~ 

- 2  × IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
200 Z 60 CUTKOSKY 80 iPWA ,"rN ~ %N 
190 or 186 I LONGACRE 78 IPWA ~ N  ~ NtrTT 

A(1940)  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT I0 T_E__CN__ COMMENT 
- 6 -++5  CUTKOSKY 80 IPWA = N ~  7rN 

IMAGINARY PART 
VALUE (MeV) DOCUMENT IO TECN COMMENT 
6 - + 5  CUTKOSKY 80 IPWA ? r N ~  :oN 

~(1940)  DECAY MODES 
I'~ ~ (1940)  -,. NTr 
I" 2 ',(1940) ~ XK 
r 3 ~ (1940)  ~ N"f, he l i c i t y= I /2  
r 4 A(1940) ~ N.y, hehc) ty=3/2 

A(1940)  BRANCHING RATIOS 

I'( NTr ) II ' tota I l 'r l  I" 
VALUE DOCUMENT tO TECN COMMENT 
0 't8 CHEW 80 BPWA T , + p  ~ ~ + p  
0 0 5 ± 0  02 CUIKOSKY 80 IPWA E N ~  ~'N 

(l ' ;I ' /) '<~/I'total in N~ ~ ',(1940) ~ "~K ( l d ' 2 ) V 2 / r  
VALUE DOCUMENT IO TECN COMMENT 
< 0  015 CANDLIN 84 DPWA 7 r + p  ~ ~ + K  + 

A(1940)  PHOTON DECAY AMPUTUDES 

For de f in i t i on  of the  -~ N d e c a y  a m p l l t u d e s ,  see  Sec iv  of the  
No te  on  N a n d  A R e s o n a n c e s  p r e c e d i n g  t he  Baryon Llst lngs 

A(1940)  ~ N.y, hehcdy - I / 2  ampl i tude  At. 2 
_V.A_LUE (GeV- I '2) -D. OCUMENT ID TECN COMMENT 
- 0  0 3 6 - + 0  058 AWAJI 81 DPWA ~ N ~  ;oN 

',('1940) ~ N"y, hehcl ty-3/2 amph lude  A3, 2 
VALUE (GeV~ t~2) DOCUMENT ID TECN COMMENT 
- 0 . 0 3 1  -+0 012 AWAJI 81 DPWA ~fN ~ 7rN 

A(' I940)  FOOTNOTES 
ILONGACRE 78 vaPues a re  f rom a s e a r c h  for p o l e s  In t he  u n l t a r l z e d  T 

mat r i x  The first ( s e c o n d )  v a l u e  uses in a d d i t i o n  to 7rN ~ N~ '~  d a t a  
e las t i c  a m p l i t u d e s  f rom a S a c l a y  (CERN) p a r H a l - w a v e  ana lys is  
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See key on page 129 Baryon Full Listings 
A(1940), A(1950) 

A ( 1 9 4 0 )  REFERENCES 

C A N D L I N  8 4  N P  8238 477 +Lowe Pooch ScotlonCl+ (EDIN RAL LOWC) 
AWAJI 81 Bonn Cant 352 ~.KaJikawo (NAGO) 

Al ia 82 NP 8197 365 FuJll HQyQShll IWOtO KoJlkOWO+ (NAGO) 
CHEW 80 Toronto Cant 123 (LSL) IJP 
CUTKOSKY 80 Toronto Cant 19 *Forsylh 8OOCOCk Kelly HenOrlCk (CMU LBL)lJP 

AlSO 79 PR D20 2839 Cutkosky Forsylh Henorlck Kelly (CMU LBL) 
LONGACRtE 78 PR D17 1795 +Laslnskl Rosenfelcl Sm~3dJa+ (LBL SLAC) 

J A(1950) F37 J 3 7+ I ( J  ~) = , ~ ( :  ) S t a t u s  ~ "~ e 

M o s t  of  t h e  resu l ts  p u b l i s h e d  b e f o r e  1975 a r e  n o w  
o b s o l e t e  a n d  h a v e  b e e n  o m i t t e d  T h e y  m a y  b e  f o u n d  
~n dUE 1982 e d d ~ o n  (Phys ics  Le t te rs  1118) In a d d i t i o n .  
resu l ts  in th is  r e g i o n  f r o m  p r o d u c t i o n  e x p e r i m e n t s ,  
w h i c h  u s e d  to  b e  l i s t e d  s e p a r a t e l y  as  t h e  n e x t  e n t r y ,  
h a v e  b e e n  e n t i r e l y  o m d t e d  T h e y  t o o  m a y  b e  f o u n d  
in o u r  1982 e d d l o n  

~ ( 1 9 5 0 )  M A S S  

VALUE (MeV) DOCUMENT IO rECN COMMENT 
1910 to 1960 O U R  E S n M A T E  

1950 -+ 15 CUTKOSKY 80 IPWA ~'N ~ :oN 
1913 -t. 8 HOEHLER 79 IPWA ,-rN ~ ~'N 
• * * We do  not  use l he  fo l l ow lng  d a t a  for averages ,  flts l lmlts e tc  ° * * 
1925 ± 20 CANDLIN 84 DPWA = + p  ~ ~ +  K + 

1855 0 _ + '10 CHEW 80 BPWA ~'. +.o ~ ; ' r+p  

1902 CRAWFORD 80 DPWA 3 N ~  ; rN 
1912 BARBOUR 78 DPWA ~ { N ~  ~'N 
1925 1 LONGACRE 75 IPWA ~ N  ~ N ~ r  

A ( ' 1 9 5 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID ~ECN COMMENT 
2 0 0  tO 340 OUR ESTIMATE 
340 -+ 50 CUTKOSKY 80 tPWA EN ~ ,'rN 
224 ± 10 HOEHLER 79 IPWA r N  ~ i rN 
• • ° We do  not  use the fo l l ow ing  d a l a  for averages  firs, l imits e tc  * • • 
330 _+40 CANDLIN 84 DPWA r + p  ~ ~-+K + 
157 2 + 22 0 

- -  19 0 CHEW 80 BPWA r+p ~ ~1"+p 

225 CRAWFORD 80 DPWA " IN ~ ~'N 
198 BAR8OUR 78 DPWA 3 N  ~ ~rN 
240 I LONGACRE 75 IPWA ,~'N ~ N~r= 

~ ( 1 9 5 0 )  D E C A Y  M O D E S  

I'~ ' , ( 1 9 5 0 )  --,- N~r  

I'2 ' , ( 1 9 5 0 )  ~ Z K  

I" 3 A ( 1 9 5 0 )  --,- - ~ ( 1 2 3 2 ) ~ - .  F - w a v e  

I" 4 ' , ( 1 9 5 0 )  ~ - ~ ( 1 2 3 2 ) ~ r .  H - w a v e  

[ '~ . . ~ (1950 )  ~ N p ,  S = I / 2 .  F - w a v e  

r 6  . . ~ (1950 )  ~ N p ,  S = 3 / 2 .  F - w a v e  

r 7 3 ( 1 9 5 0 )  --,. N ( 1 6 8 0 ) ~ r .  P - w a v e  

['8 _ ~ ( 1 9 5 0 )  ~ N " / .  h e h c d y = I / 2  

r 9 ~ ( 1 9 5 0 )  ~ N ' y ,  h e h c l t y = 3 / 2  

A ( 1 9 5 0 )  B R A N C H I N G  RAT IOS 

[ ' ( N ? l ' ) / l ' f o t a  I I ' t / 1  
VALUE DOCUMENT ID TECN COMMENT 
0*35 tO 0.45 OUR ESTIMATE . . . . . . . .  
0 3 9 ± 0  04 CUTKOSKY 80 IPWA ~ N ~  :rN 
0 38 -+0 .02  HOEHLER 79 IPWA ~ N ~  ,-rN 
• • • We do  not  use the fo l l ow ing  do ra  for averages  fits limits e lc  * • • 
0 44 CHEW 80 BPWA r + D  ~ : r + D  

( l ' ~ l ' ; ) ~ / ] ' f o t o  I In N / r  ~ . ~ ( 1 9 5 0 )  .-~ "~K ( 1 i [ 2 ) ½ / r  
~/ALUE DOCUMENT ID TECN COMMENT 
--0 053-+0 005 CANDLIN 84 DPWA # + p ~  ~-+K ÷ 
• * * We do  not use the fo l l ow ing  d a t e  for overages  fits hmlts etc  ° • • 

0 022 tO 0 .040 3DEANS 75 DPWA T.N ~ " K  

Note Signs of coup l i ngs  from ~rN ~ N~r= analyses were 
c h a n g e d  in the 1986 ed i t i on  to ag ree  wi th the baryon-first 
conven t i on  the overa l l  phase  omb~gui ly  is resolved by  
choos ing  O nega t i ve  sign for the ..~(t620) $31 c o u p l i n g  to 
~(1232) 7r 

( l ' ~ l ' / ) ' ~ ' / F t o t o l  In N ' t r  ~ . - k (1950)  ~ 3 ( 1 2 3 2 ) ~ ,  F - w a v e  ( [ J ' 3 ) V ~ / l  
VALUE DOCUMENT ID rECN COMMENT 
+ (LARGE) 4 MANLEY 84 IPWA ~ N  ~ N / r=  

0 21 5 NOVOSELLER 78 IPWA = N  ~ N~,'T 
0 38 6NOVOSELLER78 IPWA ~ N ~  N ~ "  

+ 0  32 I LONGACRE 75 IPWA ~'N ~ NT~;,r 

( r , l ' / ) ' ~ - / l ' f o t o ~  m N~-  ~ ~ ( 1 9 5 0 )  ~ N p ,  S = 3 / 2 ,  F - w a v e  ( l ' ~ l ' 6 ) ~ / [ "  
VALUE OOCUMENT ID TECN COMMENT 

0 24 7NOVOSELLER 78 IPWA ~ N ~  N;'r= 
0 43 8NOVOSELLER 78 IPWA ; , r N ~  N~r ,  

+ 0 . 2 4  I LONGACRE 75 IPWA ~ N  ~ N~rT~ 

( l '11" t ) ' /~ / l ' lo to i  In  N ~  ~ ' , ( 1 9 5 0 )  ~ N ( 1 5 8 0 ) ~ ' .  P - w a v e  ( ] ' r l ' T ) W / [ "  
VALUE DOCUMENT ID TECN COMMENT 
+ 0  ~-- ~I'ANLEY" 84 IPWA ~rN'~--'-Nr, Tr 

A ( 1 9 5 0 )  POLE P O S I T I O N  

REAL PART 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1890 ± t5  CUTKOSKY 80 IPWA ~'N ~ r N  
• • • We do  not  use lhe  fo l l ow ing  d a t a  for overages  fits l lml ls  e tc  • • • 
1858 ARNDT 85 DPWA ~'N ~ 7rN 
1924 or 1924 2 LONGACRE 78 IPWA :oN ~ N= ~ 

- - 2  × I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
260 -+40 CUTKOSKY -80 iPWA ~'N ~ ~ N  
• • • We d o  not  use the  fo l l ow ing  d a t a  for averages,  fits, l lmlts e tc  • • • 
238 ARNDT 85 DPWA TrN ~ ~'N 
258 or 258 2LONGACRE 78 IPWA 7rN ~ N~'r. 

A ( 1 9 5 0 )  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENr ID TECN COMMENT 
42 _+ 7 CUTKOSKY 80 IPWA ~'N ~ :oN 

I M A G I N A R Y  PART 
VAL~IE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 
- - 27 -+7  CUTKOSKY 80 IPWA ; , r N ~  ,'-rN 

~ ( 1 9 5 0 )  P H O T O N  D E C A Y  AMPL ITUDES 

For def in i t ion of the ~ N d e c a y  omph tudes  see Sec IV of the 
Note on N oncl ~ Resonances p r e c e d i n g  the Baryon Lrshngs 

~ ( 1 9 5 0 )  ~ N ' y .  h e h c l t y - I / 2  a m p h t u d e  
VALUE (GeV- r 2) . . . .  ~)OCUMENT ID 
- 0  068 ± 0.007 AWAJI 81 
- 0 . 0 9 1  _+0 005 ARAI 80 
- -  0 083 ± 0 005 ARAI 80 
- 0 067 _+ 0 014 CRAWFORD 80 
- 0  058+_0 013 8ARBOUR 78 

- ~ ( t 9 5 0 )  ~ N ' y .  h e h c d y - 3 / , ' 2  a m p h t u d e  
V__ALUE (GeV- r 2) . .  DOCUMENT ID 
- 0  094_+0 016 AWAJr 81 
- -  0 101 _+ 0 005 ARAI 80 
-- 0 100 _+ 0 005 ARAI 80 
- 0  082 :tO 017 CRAWFORD 80 
- 0  075_+0 020 BARBOUR 78 

A1 2 
[E.G._ N COMMENT 
DPWA 5 N ~ tr, N 
DPWA ~ . N ~  ~ N ( h t  1) 
DPWA "~ ,N~ : ' rN(td 2) 
DPWA " . , N ~  ,-rN 
DPWA ~, N ~ ;'r, N 

A3 2 
[ECN COMMENr 
DPWA ~ N ~ r N 
DPWA ?N o .-:N(IIt t )  
DPWA ) N ~  ,-':-N (ht 2) 
DPWA ~, N ~ = N 
DPWA ~, N ~ ~ N 

~ ( 1 9 5 0 )  F O O T N O T E S  
IFrom m e t h o d  II of LONGACRE 75 e y e b a l l  fits wi th Brelt Wigner c l rc les to 
the T-matrlx amp l i t udes  

2LONGACRE 78 values ore from o search for po les  in the un l tor lzed T 
matr ix  The first ( second)  va lue  uses in Oddl t ron Io ,"rN ~ N;'r, ,-r d a t a  
e los l l c  amp l i t udes  from o Soc loy (CERN) par t ia l  w o v e  onalysls 

3The range  g i ven  Is from the four best soluhons DEANS 75 d lsogrees wdr, 
~ ' + p  ~ " + K  + clara of WINNIK 77 a round  1920 MeV 

4MANLEY 84 considers this c o u p l l n g  sign 1o be we l l  d e t e r m i n e d  
5A Bre(t Wigner fit Io the HERNDON 75 IPWA lhe  phase  is near  - 60" 
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Baryon Full Listings 
 (1950), A(2000), A(2150) 

6A Brelt W~gnm fit to The NOVOSELLER 788 IPWA the  IOhose Is n e a r  - 6 0 "  
7A Brelt W~gner hf to the  HERNDON 75 IPWA the  phase  is near  120" 
8A Brelt Wlgner  tlf to the  NOVOSELLER 78B IPWA the  phase  Is near  '~20" 

A(t950) REFERENCES 

FOr ear ly  references see Physics Letters 11~B (1982) 

ARNDT 85 
CANDLIN 84 
MANLEY 84 

AlSO 848 
AWAJJ 81 

AlSO 82 
ARAI 80 

AlSO 82 
CHEW 80 
CRAWFORD 80 
CUTKOSKY 80 

AlSO 79 
HOEHLER 79 

AlSO 80 
BARBOUR 78 
LONGACI?E 78 
NOVOSELLER 78 
NOVOSELLER 78g 
WINNIK 77 
DEANS 75 
HERNDON 75 
LONGACRE 75 

PR D32 1085 +Forcl Roper (VPI) 
NP 8238 477 *Lowe POoch Scotland÷ (EDIN RAL LOWC) 
PR D30 904 ~Amclt Gotoclio TODfltZ (VPI) 
PRL 52 2t22 Monloy (VPl) 
Bonn ConJ 352 +Kollkawo (NAGO) 
NP 8197 385 FUIII HOyoshli Iwoto KoJlkOWO+ (NAGO) 
TOronto Conf 93 (TOKY) 
NP 8t94 25t Arol Fulli ([OKY) 
Toronlo Conl t23 (LBL) UP 
Torotqto Cont t07 (GLAS) 
toronto Cant 19 +Forsylh 8ol:)cock Kelly HOnclrlCk (CMU LBL) IJP 
PR D20 2839 Cutkosky Forsylh HOnclrlck Kelly (CMU LBL)IJP 
PDAT 12 1 +Kaiser Koch Pletorlnen (KARL) IJP 
Toronto Cant 3 KOCh (KARL) IJP 
NP B14f 253 ~Crawfo~cl Porsons (G/AS) 
PR D17 '~795 +LOslnskl Rosenfelcl SmocljO+ (LBL SLAC) 
NP Bt37 509 (CIT) IJP 
NP B137 445 (CIT) IJP 
NP 8128 66 +10011 Revel Golclberg Bemy (HAIF) I 
NP 896 90 +Mlfchell Montgomery+ (SFLA ALAH) /JP 
PR D11 3183 +LOngacre Millot Rosenfolcl+ (LBL SLAC) 
PL 558 415 +Rosenfeld Los~nskl Smocllo+ (LBL SLAC) IJP 

l l =2(2 ) Status e , i  
I 

A(2000) F35 ~(jp) 3 5. 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

, . ~ ( 2 0 0 0 )  M A S S  

VALUE (Mo_V) p OC__UMENT/D TECN COMMENT 

~ 2 0 0 0  MANLEY 84 IPWA ",TN ~ N:¢~ 
2200 ± 125 CUTKOSKY 80 IPWA ~rN ~ ~ N  

A(2000) WIDTH 

VALUE (MeV) DOCUMENT IO TECN COMMENT 
400 ± 125 CUTKOSKY 80 IPWA ~TN ~ ~rN 

A(2000) POLE POSITION 

REAL PART 
VALU_E.(MeV) . . . .  DOCUMENT tO I'ECN COMMENT 

2150 ± '100 CUTKOSKY 80 IPWA ~:N ~ : rN 

- - 2  × I M A G I N A R Y  PART 
VAL.{J_E (MeV) __ D OC__UMENT ID TECN COMMENT 
350 ± 100 CUTKOSKY 80 IPWA ~ N  ~ ~'N 

REAL PART 
VALUE (MeV) 
- - 1 4 ± 1 3  

I M A G I N A R Y  PART 
VALUE (Me_V.)__ 
8 ± 2 2  

A(2000) ELASTIC POLE RESIDUE 

DOCUMENT IO 

CUTKOSKY 80 
rECN COMMENT 
IPWA ~ N  ~ 7rN 

DOCUMENT ID 
CUTKOSKY 80 

TECN COMMENT 
IPWA T N  ~ ~'N 

A(2000) DECAY MODES 
I'i A(2000) --* NTr 
r 2 A(2000) .-,.. Np, S=3/2. P-wave 

A ( 2 0 0 0 )  B R A N C H I N G  R A T I O S  

I ' ( N ' / r ) / l ' t o t a  I 
VALUE DOCUMENT 'D 
0.07  ± 0 04 CUTKOSKY 80 

TECN COMMENT 
IPWA ~ N  ~ ~ N  

1"i/1" 

( | ' i r l ) L ~ / r t o t a l  i n  N ~  ~ 3(2000) ~ N p .  S = 3 / 2 .  P - w a v e  (rli'2)~/T" 
VALUE DOCUMENT ID TECN COMMENT 
+ (L/~RGE) S MANLEY 84 IPW~ 7 r N - - N / r = "  . . . .  

~(2000) FOOTNOTES 
IMANLEY 84 considers this c o u p l i n g  sign to be  we l l  d e t e r m i n e d  This reso- 

n a n c e  has not  b e e n  seen ~n = N  ~ EN analyses Thus Its cou!ol lng to The 
N:r c h a n n e l  is e x p e c t e d  to b e  w e a k  

~(2000) REFERENCES 
MANLEY 84 PR D30 904 *Amdl  GoroclIO fOpllfz (VPI) 

Also 84S PRL 52 212~ Monley (VPI) 
CUTKOSKY 80 Tofonlo Cant 19 +Fofsyth 8Obcock Kelly HenOllck (CMU LBL) 

Also 79 PR D20 2839 Cutkosky Forsyth Honclrfck Kelly (CMU LBL) 

I I 3(~-) status * A(2t50) $31 I ( : ' )  =2 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

~(2150) MASS 

VALUE ~M@.V) - . .  DOCUMENT IO TECN COMMENT 

2047 4 ± 27 0 I CHEW 80 8PWA x + P  ~ ~ ' + P  
2203 2 ¢  8 .4  ICHEW 80 BPWA ".¢+p ~ ~ r + p  
2150 ± 100 CUTKOSKY 80 IPWA ~rN ~ ;¢N 

~(2¶50) WIDTH 

V A_L_U.E (Me W DOCUMENT ID TECN cOMMENT 
121.6 ± 62 0 . . . .  t CHEW 80 BPWA x + p  ~ " ¢ + p  
120 5 ±  45 .0  ICHEW 80 BPWA ~ + ~ o ~  7 r+p  
200 _+ 'I00 CUTKOSKY 80 IPWA ~ N  ~ ~'N 

,~(2150) POLE POSITION 

REAL PART 
VALUE .(Mov) . . . . .  DOCUMENT__ ID___ TECN COMMENT 

2140 :I: 80 CUTKOSKY 80 IPWA ~'N ~ ~ N  

- - 2  × I M A G I N A R Y  PART 
VALUE (MIV)  . . . . .  DOCUMENT ID TECN_ COMMENT 

200 x 80 CUTKOSKY 80 IPWA ;oN ~ 7rN 

A(2150) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (Melt)  DOCUMENT ID TECN COMMENT 

4 ± 10 CUTKOSKY 80 IPWA EN ~ :¢N 

I M A G I N A R Y  PART 
VALUE (MeV) DOCUMENT ID [ECN COMMENT 
- - 6 - 6  CUTKOSKY 80 IPWA 7 r N ~  ~ N  

A(2150) DECAY MODES 
r s A(2150) ~ NTr 
['2 A(2150) ~ ~ K  

A(2450) BRANCHING RATIOS 

I'(N"rr )/l'tota I Ys/I" 
VALUE DOCUMENT IO TECN COMMENT 
o . 4 ~ -  - -  I C H E W  8-0 BPWA ; ~  - -  = + p  
0 37 I CHEW 80 8PWA x ' + p  ~ ~+,O 
0 . 0 8 ± 0  02 CUTKOSKY 80 tPWA " ¢ N ~  "KN 

( F i l ' f ) ' a / l ' t o t a  I In  N T r  - . .  3 ( 2 1 5 0 )  - , .  Z K  ( I ' t I ' 2 ) ' ~ / F  
VALUE DOCUMENT IO TECN COMMENt 

< 0  03 . . . . . .  CANDUN 8~[ D~WA ~r+p  ~ ~ ' + K  + 
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See key on page 129 Baryon Full Listings 
! 50), .5(2200).  (2300) 

~(2150 )  FOOTNOTES 
'1CHEW 80 repor ts  two  S3~ r e s o n a n c e s  in th ls mass reg ion  

lh ls  ana lys l s  a r e  d i scussed  In sec t i on  2 ~ '1'I of HOEHLER 83 
Prob lems wi th  

A(2150)  REFERENCES 
CANDLIN 84 NP 8238 477 +Lowe Peoct~ SCOllQncJ+ (EDIN RAL LOWC) 
HOEHLER 83 LanCIoll 8oernsteln ~/9~2 (KARL) 
CHEW 80 toronto COni 123 (LBL) IJP 
CUTKOSKY 80 Toronto Cant 10 +Forsyth Babcock Kelly Henarlck (CMU LBL)IJP 

Also 79 PR O20 2839 Cutkosky rO/$yJh Hendrick Kelly (CMU LBL) 

I I  

I I  toto . A(2200) G37 ' ( J " )  = ~, 

OMITTED FROM SUMMARY TABLE 

The vorlous analyses ore not m good agreement 

~ (2200 )  MASS 

~'ALUE (MeV) DOCUMENT ID TECN COMMENT 

2200 +- 80 CUTKOSKY 80 IPWA TrN ~ ~rN 
22'15 +- 60 HOEHLER 79 IPWA ~ N  ~ "xN 
2 2 8 0 ~ 8 0  HENDRY 78 MPWA ~ N  ~ ~,N 
• * * We clo not  use  t he  f o l l o w i n g  (:Iota tar o v e r a g e s ,  fits, l imits, e t c  * * • 
2280 -+ 40 CANDLIN 84 DPWA ~ r + o  ~ ~ + K  + 

A(2200)  WIDTH 

VALUE (M@V) DOCUMENT ID TECN COMMENT 

450 3:`100 CUTKOSKY 80 IPWA ~rN ~ ,'rN 
4 0 0  +- I 0 0  HOEHLER 79 IPWA ~rN ~ ~ N  
400 +- 150 HENDRY 78 MPWA x N  ~ "rrN 
• * * We d o  not  use  t he  f o t l ow lng  d a t a  for o v e r a g e s  fits l imlts, e t c  • • • 
400-+  50 CANDLIN 84 DPWA ~ ' + D ~  ~--+K + 

A(2200)  POLE POSITION 

REAL PART 
VALUE (MeV) . DOCUMENT ID TECN COMMENT 

2'100 ± 50 CUTKOSKY 80 IPWA ~rN ~ ~'N 

- 2  × IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

340 :t: 80 CUTKOSKY 80 IPWA "xN ~ ~rN 

A(2200)  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (M~V)  . . . . . .  DOCUMENI ID TECN COMMENT 

3 ± 5  CUTKOSKY 80 IPWA ~ . N ~  E N  

IMAGINARY PART 
VALUE (MeV)  . . . . . . . . . . .  DOCUMENT ID TECN COMMENT 

- 8 :I: 3 CUTKOSKY 80 IPWA 7r/V .~. ~ ' - -  . . . . .  

A(2200) DECAY MODES 
I'~ ',(2200) ~ N~ 
]'z ``(2200) ~ ZK 

A(2200)  BRANCHING RATIOS 

I'( NTr ) /I'tota I 
VALUE DOCUMENT ID 

0 ~ ' ~  0". 02 CUTKOSKY 80 
0 . 0 5  ~: 0 . 0 2  HOEHLER 79 
0 . 0 9  ± 0 . 0 2  HENDRY 78 

(l'ffl)~/l'total In N/r --,..3(2200) ~ ~K 
VALUE DOCUMENT ~O 

- -0  0 i 4 ~ ' ( T  0--0"~ ..... C^NOUN 84 

l ' ~ / l "  
TFCN COMMENT 
IPWA TrN ~ ~ N  
IPWA r .N  ~ ~rN 
MPWA E N  ~ E N  

( r i I ' 2 ) ~ / l "  
rECN COIVlMENT 

DPWA ~ + D  ~ " + K  + 

CANOLIN 
CUTKOSKY 

Also 
HOEHLER 

AlSO 
HENDRY 

AJSO 

, I (2200)  REFERENCES 

84 NP 8238 477 +Lowe Peacr~ ScotlanO~ ([DIN RAL LOWC) 
80 toronto Conf 19 +Forsylh Babcock Kelly Hendrlcx (CMU LBL)IJP 
79 PR D20 2830 Cutkosky forsyth Hen@liCk Kelly (CMU LBL) IJP 
79 PDAI 12 ¶ ~K(]Iser KocP PletOflnen (KARL) IJP 
80 Toronto Conf 3 KOCh (KARL) IJP 
78 PRL 41 222 (IND LBL) IJP 
8T ANP ~3b t HenOry 0ND) 

I I 2 "2 ) S t a t u s  ~ ~" 

I A(2300) H39 KJP) = 3 ( 9 +  

I 

OMITTED FROM SUMMARY TABLE 

~ (2300)  MASS 

V_A. LUE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 

2 2 0 4 . 5 -  + 3 4 CHEW 80 BPWA ;T+D ~ ; , r+p  
2400 +- 125 CUTKOSKY 80 IPWA r ,N ~ 7rN 
22'17 :t 80 HOEHLER 79 IPWA 7rN ~ ;'rN 
2450 _+ 100 HENDRY 78 MPWA ~ N  ~ = N  

• • • We d o  not  use The fo l l ow ing  cloto tar  a v e r a g e s  fits, JJmlts e~c * * * 

2400 CANDLIN 84 DPWA ~ + D  ~ ~ + K "  

A(2300)  WIDTH 

VALUE (M@V) DOCUMENT/D TECN COMMENT 

32 3:1: `1.0 CHEW 80 BPWA 7 r + p  ~ ~ + p  
425  ± `150 CUTKOSKY 80 IPWA ~ N  ~ ; rN  
300 -+ `100 HOEHLER 79 IPWA ~ N  ~ ; ' :N 
500  +-200 HENDRY 78 MPWA n ' N ~  , ' :N 
• • • We d o  not  use the  fo l l ow ing  d a t a  for o v e r a g e s ,  fits l imits e l c  * • • 

200 CANDLIN 84 DPWA ";r+ D . .  " ~ K + 

A(2300)  POLE POSITION 

REAL PART 
V_A_LUE (Met/)  DOCUMENT ID TECN COMMENT 
2 3 7 0  +- 80 CUTKOSKY 80 IPWA ~ N  ~ ~ N  

- 2  × IMAGINARY PART 
_VA~UE (MeV) DOCUMEN7 ID IECN COMMENT 

420 ~ 160 CUTKOSKY 80 IPWA ~ N  ~ r .N  

A(2300)  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) _ DOCUMENT ID TECN COMMENT 

9_+4 CUTKOSKY 80 IPWA ; ' r N ~  ~.N 

IMAGINARY PART 
VALUE (MeV)_.. ~ DOCUMENT ID TECN COMMEN[ 

- 3 +- 5 CUTKOSKY 80 IPWA ~ N  ~ TrN 

` ` (2300)  DECAY MODES 
['~ ' ,(2300) ~ NTr 
l'2 ' ,(2300) ~ "~K 

`` (2300)  BRANCHING RATIOS 

l '(NTr)/l'tota I 
VALUE DOCUMENT ID 

0 05 CHEW 80 
0 06 :L 0 02 CUTKOSKY 80 
0 03 :I: 0 02 HOEHLER 79 
0 08 _~ 0 02 HENDRY 78 

( l ' f f l ) ] h / l ' l o t o i  I n  N ' r r  ~ ' , ( 2 3 0 0 )  ~ ~ K  
VALUE DOCUMENT ID 

- - 0  017 CANDLIN 84 

r,,,l 
TECN COMMENT 

IPWA ,-, N ~ ~r N 
IPWA ,~N ~ ~N  
MPWA .~ N ~ ~ N 

(I 11 2):~." I 
TECN COMMENT 

DPWA ~ ' D  ~ ~-+K ~ 
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Baryon Full Listings 
A(2300), A(2350), A(2390), ,5(2400) 

A(2300) REFERENCES 
CANDLIN 84 NP B238 477 +LOWe Peach ScotlonCl~ ([DIN RAL LOWC) 
CHEW 80 To¢onlo Conf 123 (L84.) IJP 
CUTKOSKY 80 Toronfo Conf 19 ~Fo~syth Babcock Kelly HenClrlck (CMU LBL)IJP 

Also 79 PR D20 2839 Cufkosky Forsylh Hendilcl( Kelly (CMU LBL) 
HOEHLER 79 PeAT 12 1 +Kaiser KOCh PletC}rlnen (KARL) IJP 

Also 80 ToIonto Conf 3 KOCh (KARL) IJP 
HENDRY 78 PRL 41 222 (IND LBL) IJP 

AlSo 81 ANP 136 1 Henclry (IND) 

I 2(2 ) Status .K. A(2350) D35 l(J') = 3  S- 

OMITTED FRGM SUMMARY TABLE 

~(2350) MASS 

VALUE (Me.V) . . . .  ~ U M E N T  ID TECN COMMENT 

2400 ¢ 125 CUTKOSKY 8-0 IPWA E N  ~ ?rN 
2305 _+ 26 HOEHLER 79 IPWA / rN  ~ ;,rN 

,~(2350) WIDTH 

.VALUE (MeV) DOCUMENT ID TECN COMMENT 

400 ± 150 CUTKOSKY 80 IPWA ~ N  ~ 7rN . . . . . . .  
300 ± 70 HOEHLER 79 IPWA ?rN ~ 7rN 

A(2350) POLE POSITION 

REAL PART 
VALUE (MeV)_ . . . . . .  DOCUMENT I_0_._ r_E__CN COMMENT 

2400 ¢ 125 CUTKOSKY 80 IPWA ,I"N ~ ;'rN 

- 2  × IMAGINARY PART 
}/ALUE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 
400 ± 150 CUTKOSKY 80 IPWA ~TN ~ = N  

A(2350) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

5 ¢ 17 CUTKOSKY 80 IPWA T.'~"~-- ~'N . . . . . . . . .  

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

-- 14 ¢ 10 CUTKOSKY 80 IPWA 7rN ~ 7rN 

I" I A(2350) --* N';T 
['2 A(2350) ~ EK 

A(2350) DECAY MODES 

A(2350) BRANCHING RATIOS 

l'(NTr)Irtola, rJ]" 
VALUE DOCUMENT ID TECN COMMENT 
0 2 0 ± 0  10 CUTKOSKY 80 IPWA ~ N ~  :oN 
0 0 4 ¢ 0  02 HOEHLER 79 IPWA ~ ' , N ~  7rN 

( l ' i I ' t ) ' / : / l ' l o to l  In N~r ~ A ( 2 3 5 0 )  --* E K  (I'iI'2)½/I" 
VALUE DOCUMENT ID TECN COMMENT 
< 0  015 CANDLIN 84 DPWA E + p  ~ ~ + K  ~ 

A(2350) REFERENCES 
CANDLIN 84 NP 8238 477 +Lowe Peach ScoflonCl+ (EDIN RAL LOWC) 
CUTKOSKY 80 Toronto Conf 19 +Fotsyth Babcock Kelly HenCltlck (CMU LBL)IJP 

Also 79 PR D20 2839 Culkosky Fotsylh HencIrick Kelly (CMU LBL) 
HOEHLER 79 PDAT 12 1 +Kalsel Koch Plelorlnen (KARL) IJP 

Also 80 Toronto Cant 3 Koch (KARL) IJP 

I I = ~ "~' ) Status 
l A(2390) F37 l(jP) 3(7+ 
| 

OMITTED FROM SUMMARY TABLE 

~(2390) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2 3 5 0 ¢ 1 0 0  CUTKOSKY 80 IPWA / r N ~  ~ N  
2425..+. + 60 HOEHLER 79 IPWA ; ' r N ~  ~ N  

A(2390) WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
300 ± 100 CUTKOSKY 80 IPWA 7rN ~ x N  
300 ¢ 80 HOEHLER 79 IPWA "n'N ~ ~'N 

A(2390) POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

2350 + 100 CUTKOSKY 80 IPWA ~ N  ~ ~'N 

- 2  × IMAGINARY PART 
VALUE (MeV_) . . . . . . .  DOCUMENT ID TECN COMMENT 

260 ± 100 CUTKOSKY 80 IPWA :oN ~ ~'N 

A(2390) ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

0 -+ 13 CUTKOSKY 80 IPWA ~ N  ~ ;oN 

IMAGINARY PART 
VALUE (MeV) . . . . .  DOCUMENT ID TECN COMMENT 
-- 12 _+. 6 CUTKOSKY 80 IPWA ~'N ~ 7rN 

~(2390) DECAY MODES 
I" I A(2390) ~ N~" 
]" 2 A(2390) ~ "~K 

A(2390) BRANCHING RATIOS 

I ' ( N ' a ' ) / 1 7 o l a  I l'~ T 
VALUE DOCUMENT ID TECN COMMENT 

0 08 ¢ 0 04 CUTKOSKY 80 IPWA :~N ~ ;oN 
0 ° 0 7 ¢ 0  04 HOEHLER 79 IPWA ~ r N ~  ;oN 

(l'~F/)!'~/17olal In N~T --* A(2390) ~ ".K (|'II'2)½/1" 
VALUE DOCUMENT ID TECN COMMENT 
< 0  015 CANOLIN 84 DPWA :¢+D ~ " + K ~  . . . .  

A(2390) REFERENCES 
CANDLIN 84 NP B238 477 +Lowe Peach Scotlancl+ (EDIN RAL LOWC) 
CUTKOS.KY 80 Toronfo Cant 19 +Forsyth Babcock Kelly HenClflck (CMU LBL) I J) 

AlSO 79 PR D20 2839 Cutt(osky Forsylh HenClrlck Kelly (CMU L8L) 
HOEHLER 79 PDAT 12 1 +Kaiser Ko, I, Pletotlnen (KARL) IJP 

AlSO 80 ToronTo Conf 3 KOCh (KARL) IJP 

I 
I 3 9- A(2400) G39 I(JP) = 2(2 ) Status e ,~. 

OM,TTED FROM SUMMARY TABLE 

A(2400) MASS 

}/ALUE (MeV) DOCUMENT ID TEC_N__ C.O_.M_ MENT 
2300 ± 100 CUTKOSKY 80 IPWA s'N ~ 7rN 
2468 ± 50 HOEHLER 79 IPWA 7rN ~ ~'N 
2200 ± '100 HENDRY 78 MPWA T N  ~ ~'N 
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Baryon Full Listings 
A(2400),  (2420),  (2750) 

&(2400)  WIDTH 

VALUE (MeV). DOCUMENT IO rECN COMMENT 

330 - 100 CUTKOSKY 80 IPWA ~rN ~ ~rN 
480 -+ 100 HOEHLER 79 IPWA v N  ~ ~'N 
450 ¢ 200 HENDRY 78 MPWA ~,N ~ E N  

A(2400)  POLE POSITION 

REAL PART 
VALUE~_M_@.V._) . . . . . . .  DO_C.U_M_ENT ID TECN COMMENT 

2260 :L 60 CUTKOSKY 80 IPWA 7rN ~ ~rN 

- - 2  × IMAGINARY PART 
VALU~ (Me.V)_ . . . . . . . . . . . .  D_O_CU_MENT JO_._ TECN COMMENT 
320 = 160 CUTKOSKY 80 IPWA ,'rN ~ ~ N  

B(2400)  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

7 : t 4  CUTKOSKY 80 IPWA ~ ' N ~  x N  

IMAGINARY PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
-- 3 :t: 3 CUTKOSKY 80 IPWA T rN .~  ~TN 

~(2400 )  DECAY MODES 
r~ `` (2400) ~ N ~  
['2 ` ` (2400) --,. ~K 

~ (2400 )  BRANCHING RAnOS 

I'(NTr)/rtotaJ 
VALU~ DOCUMENr ~D 
0,05  +_ 0.02 CUTKOSKY 80 
0 06 -+ 0 03 HOEHLER 79 
0. t0 ± 0.03 HENDRY 78 

( l ' ~ r t ) ; ' : / r t a t a  I i n  N~T ~ A(2400) -,,, " K  
VALUE DOCUMENT ID 

< 0  015 CANDLIN 84 

r , / l "  
TECN COMMENT 

IPWA ~'N ~ ~'N 
IPWA 7rN ~ ~ N  
MPWA E N  ~ ~rN 

(['r1"2)~4/I ' 
TECN COMMENT 

DPWA = + p  ~ ~-.+K + 

A(2400)  REFERENCES 

CANDLIN 84 NP 8238 477 +Lowe Peach Scotland+ ([DIN RAt LOWC) 
CUTKOSKY 80 Toronto Cant 19 +Forsyth 8obcock Kelly Henailck (CMU LBL)IJP 

AlSO 79 PR D20 2839 CutKosky Forsyth HendrlCk Kelly (CMU LBL) 
HOEHLER 79 PDAI 12 t +Kaiser KOCh Pletarlnen (KARL) IJP 

Also 80 Toronto Cone 3 Koch (KARL) IJP 
HENDRY 78 PRL 41 222 (IND LBL) IJP 

AlSO 81 ANP 136 I Henclry (IND) 

j j 3{i; A(2420) H3,ti I(JP) = ~ +)Status * * * * 

Most of the results pubhshed before 1975 ore now 
obsolete and have been om~tted They may be found 
m o u r  1982 e d ~ h o n  (Phys l cs  Let ters  111B) 

In a d d l h o n  resu l ts  m th ls  r e g i o n  f r o m  p r o d u c h o n  

e x p e r i m e n t s ,  w h l c h  u s e d  to  b e  l i s t e d  s e p a r a t e l y  as t h e  

n e x t  e n t r y ,  h a v e  b e e n  e n h r e l y  o m d l e d  They  t o o  m a y  

b e  f o u n d  in o u r  1982 e d d l o n  

A(2420)  MASS 

V_AL.UE (MeV) DOCUMENT ID TECN COMMENT 

2380 to 2450 OUR ESTIMATE 
2400 -+ 125 CUTKOSKY 80 rPWA ~'N ~ ;':N 
2416 -+ 17 HOEHLER 79 IPWA ,-rN ~ = N  
2400 -+ 60 HENDRY 78 MPWA ,'rN ~ r ,N 
• * * We d o  not use the fo l l aw lng  cioto for averages  fits l imits etc  • • * 
2400 CANDLIN 84 DPWA ,~'+D ~ ~ + K *  
2358 0 *- 9 0 CHEW 80 BPWA r . + p  ~ 7 r+p  

~(2420 )  WIDTH 

VALUE (MoV) DOCUMENT TD TECN COMMENT 

300 tO 500 OUR ESTIMATE 
450 :I: 150 CUTKOSKY 80 IPWA ~ N  o ;T.N 
340 ± 28 HOEHLER 79 IPWA ,I"N ~ 7rN 
460 :L 100 HENDRY 78 MPWA 7rN . .  ;T,N 
• • • We d o  not use the fo l low ing d a t a  for averages fits bruits e l c  • • • 

400 CANDLIN 84 DPWA T , ~ D - ~  " + K  + 
202.2-+ 45 0 CHEW 80 BPWA ~ * D ~  : r + P  

A(2420)  POLE POSITION 

REAL PART 
VALUE (MeV) DOCUMENT ID TECN COMMENT 

2360 -+ ,00 CUTKOSKY 80 IPWA ;TN ~ T,N 

- 2  X IMAGINARY PART 
~/ALUE (MeV) DOCUMENT ID TECN COMMENT 

420  :t ,00 CUTKOSKY 80 IPWA r ,N ~ ~ N  

A(2420)  ELASTIC POLE RESIDUE 

REAL PART 
VALUE (MeV) DOCUMENT ID 

16 -+ 8 CUTKOSKY 80 

IMAGINARY PART 
V/ALUE (MeV) . _ . DOC.{J~4ENT /D 

- 9 ± 1 t  CUTKOSKY 80 

TECN COMMENT 
IPWA F,N ~ = N  

TECN COMMENT 
IPWA ;,rN ~ ,"rN 

I', ",(2420) ~ N/r 
]'2 ``(2420) ~ ~K 

,3(2420) DECAY MODES 

A(2420)  BRANCHING RATIOS 

l ' ( N ~ ) / l ' l a t a l  I t /1  
VALUE DOCUMENT ID TECN COMMENT 

0.05 iO-0.15 OUR ESTIMATE 
0 08-_0 03 CUTKOSKY 80 IPWA ,"rN ~ ~TN 
0 08-+0 015 HOEHLER 79 IPWA T,N . .  ~rN 
0 ' 11 -+002  HENDRY 78 MPWA , ' r N ~  ~TN 

• * • We d a  nat use the fo l low ing d a l e  for averages  hls hinds e l c  • • * 
0 22 CHEW 80 BPWA z ' + p  ~ z r + p  

(]'~l',,)":/]'tolal m N/'r ~ A(2420)  ~ ~K (1"11'2)~/2,/1" 
VALUE DOCUMENT ID TECN COMMENT 

- 0  0"~6 CANDLIN 84 DPWA ='.+D ~ " + K  + 

``(2420) REFERENCES 

CANDLIN 84 NP B238 477 *Lowe Peach Scotland* (EDIN RAL LOWC) 
CHEW 80 loronto ConE 123 (LBL) IJP 
CUIKOSKY 80 loronto ConE 19 *Forsyth Babcock Kelly HenChlCk (CMLI LBL) IJP 

Also 79 PR [:)20 2839 CutkOSky Forsylh Hendrlck Kelly (CMU ~BL) 
HOEHLER 7g PDAT 12 1 *Ko,ser Koch Pletarlnen (KARL) ;JP 

Also 80 Toronto Cant 3 Koch (KARL) iJ p 
HENDRY 78 PRL 41 222 (IND LBL) IJP 

Also 81 ANP 13b I Henclry 0ND) 

J J A(2750) 13,13 I ( / )  = 2  - )s ta tus  * * 

OMITTED FROM SUMMARY TABLE 

,3(2750) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2794_'-+ 80 HOEHLER 79 IPWA ; ' rN-o ,"rN 
2650 -+ 100 HENDRY 78 MPWA ;'r,N ~ = N  
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Baryon Full Listings 
A(2750), A(2950), A(---3000) 

A ( 2 7 5 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID 

350 ± `100 HOEHLER 79 
500 - 100 HENDRY 78 

A(2750) DECAY MODES 
1`1 ~ ( 2 7 5 0 )  --* N~"  

A(2750) BRANCHING RATIOS 

TECN COMMENT 
IPWA ~"N ~ ~ N  
MPWA ~'N ~ ~'N 

l ' ( N T r  ) / ] ' t o t a  I 
VALUE DOCUMENt ID TECN COMMENT 
0 0 4 ± 0  015 HOEHLER 79 IPWA ",I"N ~ ;,rN 
0 05 ¢ 0 0 t  HENDRY 78 MPWA ,'rN ~ ;,rN 

l ' J I "  

~ ( 2 7 5 0 )  REFERENCES 

HOEHLER 79 PDAT 12 I +Koise," KOCh PletOrlnen (KARL) IJP 
Also 80 Toronto Cant 3 Koch (KARL) IJP 

HENDRY 78 PRL 41 222 (IND LBL) IJP 
Also 8̀ 1 ANP 136 1 HenOry (INO) 

J A(2950) K3,15 J ~(/) = ~t'15 2 "  2 + ) S t a t u s  ~ .It. 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

~ ( 2 9 5 0 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENt 

2990 ± '100 HOEHLER 79 IPWA ~ N  ~ ~ N  
2850 ± 100 HENDRY 78 MPWA ~',N ~ ~ N  

~ ( 2 9 5 0 )  WIDTH 

VALUE (MeV) . . . . . .  DOCUMENt ID rECN COMMENT 

330 ± 100 HOEHLER 79 IPWA ~ N  ~ 7rN 
700 -. 200 HENDRY 78 MPWA ~'N ~ :oN 

~ ( 2 9 5 0 )  D E C A Y  M O D E S  

I''1 ' . ( 2 9 5 0 )  --,. N~"  

~ ( 2 9 5 0 )  B R A N C H I N G  R A T I O S  

F ( N ~ ) / l ' t o t a l  
VALUE DOCUMENt ID TECN COMMENr 

0 0 4 ± 0  02 HOEHLER 79 IPWA , I " N ~  7rN 
0 0 3 ± 0 . 0 1  HENDI~Y 78 MPWA 7 r N ~  ~ N  

1"`1/1" 

~ ( 2 9 5 0 )  REFERENCES 

HOEHLER 79 PDAI 12 'I +Kaiser Koch Pletorlnen 
AlSO 80 toronto Cant 3 Koch 

HENDRY 78 PRI. 4`1 222 
Also 8̀ 1 ANP 136 t Hendrv 

(KARL) UP 
(KARL) UP 

(IND LBL) UP 
(IND) 

J A(-~3000 REGION) 
PARTIAL-WAVE ANALYSES J 

We list h e r e  m l s c e l l a n e o u s  h i g h - m a s s  c a n d i d a t e s  fa t  
~sosp~n-3/2 r e s o n a n c e s  f o u n d  in p a r t i a l - w a v e  a n a l y s e s  

O u r  1982 e d # ~ o n  a l s o  h a d  a A ( 2 8 5 0 )  a n d  a ~ ( 3 2 3 0 )  
The e w d e n c e  for t h e m  w a s  d e d u c e d  f r o m  t o t a l  c ross-  
s e c h o n  a n d  180 ° e l a s t i c  c r o s s - s e c t l o n  m e a s u r e m e n t s  
The A ( 2 8 5 0 )  h a s  b e e n  r e s o l v e d  i n t o  t h e  A ( 2 7 5 0 )  13T3 
a n d  ~ ( 2 9 5 0 )  K 315  The ~ ( 3 2 3 0 )  is p e r h a p s  r e l a t e d  to  
t h e  K 3 '13 of  HENDRY 78 a n d  1o t h e  L 3 '17 of  KOCH 80 

A ( ~ 3 0 0 0 )  M A S S  

~/_ALU_E (_M_e_V_) . . . . . . . . . .  DOCUMENT ID TECN COMMENT 

3300 I KOCH 80 IPWA ~'N ~ ~rN L 3 17 w a v e  
3500 I KOCH 80 IPWA ~',N ~ ~'N M 3 19 

w a v e  
2850 ¢ 150 HENDRY 78 MPWA ~',N ~ x N  13 11 w a v e  
3 2 0 0 ± 2 0 0  HENDRY 78 MPWA T , N ~  7 r N K 3 1 3  

w a v e  
3300 ± 200 HENDRY 78 MPWA T,N ~ ~ N  L 3 17 w a v e  
3700 ± 200 HENDRY 78 MPWA i rN ~ ~rN M 3 19 

w a v e  
4 ' 100¢300  HENDRY 78 MPWA ~ N ~  ~ N N 3 2 t  

w a v e  

A ( ~ 3 0 0 0 )  WIDTH 

VALUE(MeW DOCUMENt 
700 ± 200 HENDRY 

1000 ¢ 300 HENDRY 

1100 ± 300 HENDRY 
1300 ± 400 HENDRY 

1600 ± 500 HENDRY 

TECN COMMENT 

78 MPWA TrN ~ x N  13 11 w a v e  
78 MPWA -trN ~ / rN K 3 13 

w a v e  
78 MPWA ~ N  ~ ~rN L 3 17 w a v e  
78 MPWA TrN ~ "KN M 3 19 

w a v e  
78 MPWA ~ N  ~ :¢N N 3 21 

w o v e  

~ ( ~ 3 0 0 0 )  D E C A Y  M O D E S  

i ' i  A ( ~ 3 0 0 0 )  ~ N~" 

~ ( ~ 3 0 0 0 )  B R A N C H I N G  RAT IOS 

] ' ( N / r ) / r t o t a  i ] ' i / I "  
VALUE DOCUMENr ,D TECN COMMENT 

0 06 " ~ - 0 - 0 ~  . . . .  HENDRY 78 M P w A  = N  ~ t rN ~ 11 w a v e  
0 0 4 5 = 0 . 0 2  HENDRY 78 MPWA = N ~  ~rNr,3 13 

w a v e  
0 03 ¢ 0  01 HENDRY 78 MPWA , - r N ~  "rrNL317 w a v e  
0 0 2 5 ¢ 0 o 0 1  HENDRY 78 MPWA ? r N ~  r, N M 3  19 

w o v e  
0 0 1 8 ¢ 0  01 HENDRY 78 MPWA ? r N ~  7 r N N 3 2 1  

w a v e  

A ( ~ 3 0 0 0 )  F O O T N O T E S  
l l n  adcl i t ion,  KOCH 80 reports some e v i d e n c e  tar an $31 ".(2700) a n d  a 

P33 '.(2800) 

~ ( ~ 3 0 0 0 )  REFERENCES 

KOCH 80 Toronto Cant 3 (KARL) UP 
HENDRY 78 PRL 41 222 (IND LeL) UP 

AlSO 81 ANP 136 I Henary (IND) 



See key on page 129 

N O T E  O N  T I l E  S = +1 B A R Y O N  S Y S I E M  

T h e  c x l d e n c e  for  sl~ar~gcness ~-I b a r y o n  r e s o n a n c e s  \ \as  

rex l e ~ c d  I11 OUt 1976 e d i t i o n  I a n d  has  bccn  rex tcx\ed nlolC 

~cccntlx by Kell.~ 2 a n d  b3 O a d c s  3 No\ \  p a r n a l - \ \ a x c  a n a -  

b s e s  4 5 appeared  m 1984 and  1985, and  both c l mmed  thai 

the  / ' 13  a n d  p e r h a p s  o t h e r  \ \ a x e s  r e s o n a t e  I t o \ ~ c x c r  the  

resu l t s  pe t ro l l  no  d e f i n i t e  COflcltlMon 1t10 sai l lc  Me1\ 

t l c m d  l'oi 15 \ c a l s  T h e  s t a n d a r d s  o f  p r o o f  n lus t  SUl"~pl.x be 

lllOre scx crc  hct c l h a n  Ill a c h a n n e l  in \ \ h l c h  il lan} lose-  

n a n t e s  a le  a h e a d \  k n o \ \ n  to cMsl T h e  p r e s c n t  s k c p n c t s m  

aga in s t  b a l ) . o n s  11oi m a d e  o f  t h l c c  q u a r k s  a n d  lhc  lack o f  

an.~ c x p e r m a c n t a l  act1\ i t \  in this  a r ea  m a k e  ~t hkel.x tha l  

anothc~ 15 }ca r s  \ \ i l l  pass  bcR)ic  the  Issue is d e e d e d  

N o t h i n g  ncx\ at all has  been  p u b h s h e d  m th~s a r ea  s m c c  otu 

1986 e d i t i o n  6 a n d  \ \ c  snnpl.x ~cfer It) tha t  for  h s t m g s  o f  the  

Z 0 ( 1 7 8 0 )  1'01 7 0 ( 1 8 6 5 )  1)03 / 1 ( 1 7 2 5 )  I ' l l  / 1 ( 2 1 5 0 )  a n d  

Z 1(2500) 
R e f e r e n c e s  

I P a r u c l e  D a t a  G r o u p ,  R e \  M o d  P h \ s  48 S I 8 8  

(1976) 

2 R L KclI} .  m 1'~,~ ecctm,,,,,~ .1  t h e  l l cc lHlk ,  o n  1. ',oll~ 
R c s , m a m c s  ( H l r o s h l r n a ,  1 9 7 g ) e ( t  ] E n d o c t a l  

3 ( i  ( ( ) a d c s .  111 1.oll ~ I I H / l n t c ~ n l t d l a l C  l . l Ic Ikq  IxttOll- 
. \ t . / c o , , l l ' l n s / ~ s ( l q g l } . e d  l( F c l r a r l a n d  ( ;  V l o h n l  

4 K H a s h ~ m o t o  P h ) s  R c \  ( ' 2 9  1 3 7 7 ( 1 9 8 4 )  

5 R -k -Mndt a n d  I . D  Ropc~.  Ph.xs R c \  D31 2230  

(1985)  

6 Par t i c le  I ) a t a  ( .~loup Phys  l .ctt  170B 2 8 q ( 1 9 8 6 )  

N O T E  O N  A A N D  Z R E S O N & N C E S  

I. I n t r o d u c t i o n  

T h e r e  arc essentml l ' ,  n o  new resul ts  o n  't a n d  E rcso-  

n a n t e s  for this  c d m o n  T h e  field r e m a i n s  at a s tandst i l l  It 

can o n b  be rex wed  if one  o f  the  lower energx accelerators  

b e c o m e s  a k a o n  f ac to ry  ~ . 'ha l  follo\~s is the  rex m w  f r o m  

o u r  1 9 8 6 c d ~ n o n  ~t s u m m a r ~ z c s  " r e c e n t "  p r o g r e s s  a n d  

p r o b l e m s  ( F o r  a n o t h e r  b r t c f o ' , e r x m \ \ ,  see T n p p  I) 

T a b l e  I t s  an  a t t e m p t  to e x a l u a t e  the  s t a tu s  bo th  o \ e r a l l  

a n d  c h a n n e l  by c h a n n e l ,  o f  each  3. a n d  "2 r e s o n a n c e  m the  

full Baryon I A s t m g s  the  e \ a l u a t t o n s  a re  o f  course  part ly 

s u b j c c u \ e  A b l a n k  i n d i c a t e s  t he r e  is no  c ' , l d e n c c  at all 

r a t h e r  the  r o l e \ a n t  c o u p h n g s  a re  s m a l l  or  lhc  r e s o n a n c e  

d o e s  no t  r e a l s  exis t  T h c  m a r e  B a r ) o n  S u m m a r . ~  T a b l e  

i n c l u d e s  o n l )  the  c s t a b h s h e d  r e s o n a n c e s  (ox eral l  s t a tu s  3 o r  

4 s t a r s )  A n u m b e r  o f  the  1 - a n d  2 - s t a r e n t n e s m a y  e x e n l u -  

al l} d i s a p p e a r ,  bu t  t h e r e  a r e  c e r t a m l x  m a n y  r e s o n a n c e s  yet 

to be d i s c o v e r e d  u n d e r b  m g  the  e s t a b h s h e d  o n e s  

417  

Baryon Full Listings 
Z's, A's and E's 

Table 1 The status of the ~. and E resonances Onl'. those ~ flh an  

overall status of *** or **** are included m the mare Baq, on Fable 

S t a t u s  a s  seeD_ t_n_-:. 

O~crall 
Pamcle 1"1 21 status ~.h ~,r, "zr Other channels 

U I l l 6 )  POI **** \ r r  (u.eakl~) 
A(1405) "S'OI **** **** F **** 
~(1520) DII ~ **** **** o **** ',r,r ~:. 

~(1600) P(I', *** *** r b ** 
~.(1670) Sol **** .4 .*  **** ',~7 
~.11690) D03 **** **** t **** ~.r,r "r,,-r 
MI800) SOl *** *** d ** .V/k* "(138517:. 
\(1810) POI *** *** d ** .'x/k * 
A(1820) F05 **** **** e **** L(1385) ,'r 
'~(1830) DO5 **** *** n **** "£(.1_385) r 
A ( 1 8 9 0 )  P ~; **** **** F ** . \ /k* .  "¢_( 1 3 8 5 ) r  

~,(2(X~0) • o • ',,g. ' , /k* 

~.(2020) f"o: * * r * 
At2100) GO: **** **** b *** ',~ \/k* 
'q2110) t'o5 *** ** 1 * ',¢. \/k* 
A(2325) 1)0~ * * d ~.~" 
',(2350) *** *** d * 
~.(2585) ** ** c 

[1 

E(1193) PII  44.* \ r I',,.cakl.', ) 
~(1385) t '1t  **** **** **** 
E ( 1 4 8 0 )  * * * * 

E(1560) ** ** ** 
"(1580) D I 3  ** * * 

El 1620) .S'l I ** ** * * 
E(1660) PII  *.4 *** * ** 
Z(1670) D I ~ **** **** **** **** se~ oral others 
E(1690) ** . ** . ~.:'r ,"r 
" ( 1 7 5 0 )  SII  *** *** ** * .~q 
~11770) PII  * 
'~I" 1775) D I S **** **** **** *** sex oral others 
Z(1840) Pl~ * * ** * 

Z(1880) Ell  ** ** ** VK* 
"-:11915) l"ls 4.** *** **** *** "£( 1385b'r 
Z(IQ40) l)  l ~ *** * *** ** quast-2-bod~. 
'v(2(X)0) S i t  * * \ h * .  ~.( 152[))r 
"(20301 1"17 **** **** **** ** sex oral olhcrs 
Z(2070) /"IS * * * 
Z(2080) PI~ ** ** 
"£(2100) (;17 * * * 
Z(225o~ *** *** • • 
Z(2455) ** • 
Y(26201 ** * 
E(3000) * * * 
~(3 170) * mtllll-bod\ 

**** Good clear and unml'qakable 
*** Good hut in need ofd ,mfica tum or nolabsolulcl.x cemam 
** Not estabhshed needs confirmallor, 

* E'.tdence ~wak could disappear 

N o n e  o f  the  A's a n d  S ' s  p r o p o s e d  s m c c  the m i d  1 9 ' ( ) s  

coup le  s t rong ly  to  the m a i n  2 -bod }  deca.~ channe l s  \ h  '~r, 

a n d  "ZTr a n d  thus  the 3 se ldon l  a p p e a r  m clos,,  s ec t i ons  Ol 

l n \ a l l a n t  Illabs d i s t r i b u t i o n s  ] [ o \ \ e x c r  \'~hcn the ICd£tlons 

A-.\ --,- K \  Ix.",' -...* ~ r  ;.rod K. \  -.,.. Err a rc  anal.x.zcd some  

o t  the  pa r t i a l -wax  c a n l p h t u d e s  I r a \  el so snltlll i i]orc-ol -]e~s 

r c s o n a n c e - h k c  c t rc lcs  T h e  q t l cs t lon  i11 each  case  is Is Ihl,~ 

rcallx a r e s o n a n c e ,  or  ~s tt an  MIc m e a n d e r  '~ Is the  ctTcct 

e \ e n  real o r  Is it the  i csul t  o f  ul lpei  feel da t a  a n d  ana l  x sis '~ 
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Baryon Full Listings 
A's and Z's 

II .  Form'atlon experiment.,, 

(b> G P (Jopal. Rutherlbrd ~ppleton Laborator}) 

Part~al-~`'a~c anabses  ha~c been made maml} for the 

. \A \rr. antt "Z~rchanncls. but there a r e a l s o a  t~w results 

for the -/x Ace. and some quas~-2-bod.~ channels Earl} 

anal}ses usualb ~.o`'ered onl) the range of a single bubble 

chamber experiment . \hhough the amphtudes from ana- 

I.xses m nmghbormg mass ranges often d~d not .IOta 

smoothl.~ thc.x d~d g~`'e l'aul.~ rchable mlbrmatlon about 

the strongly coupled resonances More recent anal}ses haxe 

used the BreH-\V~gner forms of the dominant  resonances as 

input to p~ox ~de constraints m determining tile ox erall 

amphtudcs and thus m learning about the less prominent 

resonances Besides co'.ermg v, lder ranges, some of the 

more ambIHous of  the anal', ses at the Iov, er energ~cs ha~ c 

treated so`' eral channels sm~ultaneousb, so thai umlant.~ 

constraHlls are automaucall~ sansfied and only a single 

mass and `'`'~dlh is obtained for each resonance 

In the m~d and late 1970"s. much ne`'t data became 

a`'afiable Results from several large K-  p bubblc chamber 

expermlcnts ,acre pubhshed 2-5 and other bubble chamber 

experiments stud~ed K ~, tcachons 6 and K ; l p  reacnons 7 

("ountm cxpemnents measured the /', " p --* l',()n total and 

dfl'fcrentml cross sectmns at low energms. 8 tile A - p  polar> 

zahons dov, n to 1630 MeV for the firsl nine, 9 the K - p  

polarizations from 1700 to 1900 Me\ '  `'`'~lh an order of 

magmtude increase m statistics. 10the /', n elast~cangular 

d~stl~but~ons from 1600 to 1800 MeV II and from 1900 to 

2300 MeV. 2 and the 180 ° K - p  and 0 ° "" ~r " ddtc'renlml 

cross secnons from 1550 to 1900 MeV 13 

More recenfl.x, there ha',c becn nex`' measurements of 

K - n  elastic scattering bel,aeen 1600 and 1740 MeV 14 

Also. he`'`' total and ddtL'rcntml cross-secnon data on K - p  

Az0n. ".3 " a -= . and .\a "0 bet`'~een 1437 and 1486 MeV have 

became ax affable 15 The.-, dearl} shov, the onset of P-v, axe 

a m p h l u d c s b )  1450 Me\'.',`'h~ch brings mtoquest~on ana- 

I}ses of lot`' cnerg} data that assumed only .S" v..aves wcrc 

s~gmficant Fmall~ there are ne~`' ". + a- ' dd't~zrennal 

cross-secnon and polar~zallon d~slr~bul~ons m a regmn 

`'`'here data ,acre sparse, from 1650 to 1715 MeV 16 

We now conlpare the more reccnt anal.~ses with each 

other and vdth the data Some of the data have .',el to be 

incorporated into an} anal.~s~s 

The NK channel The most recent anal}s~s 17 ~s an 

update of the old Rutherford Lab-lmpenal College (RI.IC 

77) anabs~s 18 .ks before. ~t ~s a convennonat  energ.~- 

dependent anal}s~s vvtth the added constra,nt thal the 

masses and vqdths of  the resonances had to be conststent 

', '̀ ~th those determined m the ,nelasnc channels analyzed 

prevmusl.~ ,\~r E~r, A(1520)rr, E(1385)~. and .VK*(892) 

The anal.~s~s also goes closer to threshold co' ,ermg 1470 to 

2170 MeV It does not mc l u d e t h cd a t a  from a n u m b e r o f  

the more recent expermlents mennoned above .As befi)re. 

angular distributions (a total of 5110 data points) v~.ere fit 

directly The ne,a amphtudesdl f fer  htt[e from the RLI( '77  

amphtudes Itos`'cxer. the K n data remoxed s o m e o f t h e  

uncerlamt)es tn the "" resonances 

The LBL-Mt Hol~.okc-('ERN analysis 19 covcrs the nar- 

ro`'~cr range of 1500 to 1940 MeV and also includes most of 

the new data it is an energ}-dependent anal}sl~ using a 

umtar} background parametnzed m terms of scattering 

lengths The cusp effects at the At/and ".T/ thresholds arc 

mch, dcd b.~ mtrodt,cmg a square-root smgulant.', m the 

energ.~ `'ar)atmn of the t`')dlhs of the appropriate reso- 

nances Th)s group's own h~gh-stattsl)cs charge-exchange 

data 8 G`'hlch do not agree ~̀ ' ith bubble chamber measure- 

ments) all but kill the less `'~ell-estabhshcd resonances 

The Umxersltx College. [.ondon (U('[.) A-matrix 

energ}-dcpcndcnl anal)sis 20 covers flom 1540 to 2000 

MeV The \ K  amphtudes are consistent vqth those of the 

other anal} ses o',er nlost of th,s range tto`'`'ever at the Io,.`' 

end there are major dHtkrenccs, due to the absence of con- 

straints from the \11520). v,h~ch hes just outside the range 

co~cred T h e K  n angular d~stnbunons and K - p  polan- 

zatton measurements are not fit '̀ er~ well 

The abo`'e anal',ses, all belov, 2200 MeV. are comple- 

mented b} tile (ollege de Francc-Saclax (('dF-S) energ.~- 

dependent anal.~ sis 5 co`' enng from 2070 to 2440 MeV 

Besides tile con`' ennonal pol.~ nomml parametnzatmn of the 

background amphtudes,  also tried ~s a paramemzanon 

using constraints mlposed by the duaht.~ h} pothesls (that 

-channel backgrounds come exclus~`' el} from the t-channel 

Pomeron exchange amphlude) With 30 fe,xer free parame- 

ters the results are consistent with the con,.entlona] 

approach 

The Yar channel There ~s ver.~ httle agreement, parnc- 

ularl) about the Iov, er parlml v, aves. between the lv, o mul- 

nchannel anal}ses 18 20 The low-energ} /<~)p ---,- "£0a-+ 

data 7 are better explained by the RI.[C 77 amphtudes than 

b} the [ X'L amphtudes .At the ]ngh end. there ~s good 

contmmt.', between the RLI(" 77 amphtudes and those from 

the single-channel analysts of the CdF-S collaboranon 5 co`'- 

ermg from 2070 to 2440 McV The \(1520) anti \(2110) 

resonances, whlch he outside the range covered by lhe [J('L 

anal}sts, clearl.~ provide strong constraints 

The A~r channel "lhls isospm-I channel has been the 

subject of many energ.~-dependent and -independent ana- 
bses  (tbr example. RLI(" 77. TM UCL. 20 Bafllon- 

Lllchfield. 21 de Bellefon-Bcrthon. 22 and Van Horn 23) 

tiowexer, exen tile 'x~despread use of the method of Bar- 

relet zeroes has not helped to resolve the ~ spectrum 

probabl~ because most "- resonances simply do not couple 

strongl} to the \'k: mlhal slate 
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F u l l  L i s t i n g s  

A' s  a n d  E's  

Quast-2-body channels The Rutherford Lab- Imper ia l  

ColLege group has made energy-dependent analyses o f  the 
,= ,  

MI520)n-, ~2(1385)~-. and , \ k  (892) channels over  the w~d- 

est ranges for which data are avai lable The data were 

ext rac ted  f rom the appropr ia t e  3-particle final s tates  b} 

m a k i n g  4 - ' , anab l e  fits to an  incoheren t  s u p e r p o s m o n  o f  

quas l -2-bod ' ,  final s ta tes  and  3-parncle  L o r e n t z - m v a r m n l  

phase  space  T h e  q u a h t y  o f  the  fits suggests  a m a x i m u m  

m o d e l - d e p e n d e n t  sy s t em a t i c  uncertalnt.~ o f  10% T he  .'toa 

channe l  has  been a n a b z e d  f rom th resho ld  to 2440 NIcV b) 

the CdF-S  c o l l a b o r a u o n  5 

Sign conventions f o r  resonance couphngs In t e rms  o f  

the  l sospln-0  and  -1 e lasuc  sca t ter ing a m p l i t u d e s  l f) and  

.11" the a m p h t u d e  for K - p  ~ A:% scat ter ing ~s 

+(-I I - -t0)./'2 where  the  s~gn d e p e n d s  on e o n v e n t m n s  used 

in conjuncuon ~l th  the  C l e b s c h - G o r d a n  coeff icients  (such 

as. is the  bar.~on or the m e s o n  the "'first" parhc le)  If this  

react ion is par t ia l -wave  anal} zed and  ~f the  m e r a l l  phase  is 

chosen  so that.  say. the  "2(1775) 1) 15 a m p h t u d e  at reso- 

nance  po in t s  a long  thc p o s t u r e  m~agmary  axis  (poin ts  

"'up"), thcn  an 3 "£ at r e sonance  will point  "'up" and  an ' ,  A 

at r e sonance  will point  - d o w n "  ( ahmg  the n e g a u v e  maa- 

gmar )  axis) T h u s  the phase  at r e sonance  d e t e r m i n e s  the 

l sospm T h e a b o x e ~ g n o r e s b a c k g r o u n d a m p h t u d e s l n t h e  

r e sona t ing  partial wa~ es 

Tha t  ts the  basic idea In a sJnaJlar but  somc~vhat more  

c o m p h c a t e d  wa.~. the  phases  o f  the h:.\ ---. ~.rr and  K,\ 

~ r  ampl i tudes for a resonating v,'a~ e help determine lhc 

SU(3) mulnp le t  to whtch the resonance belongs .\gain a 

convenmm has to be adopted for some" o~ erall arbHrar) 

phases ~,h~ch wa) i s " u p  "'') Our conxenuon ~s tha to f  

Lc.".l-Sett124 and is shm~n in F~g 1, ~h~ch also compa~cs 

cxpenmcnta]  results ~ lth theoreucal pred~cnons for the 

signs o r se~c ra ]  r e sonances  In the Listings,  a 4- or  s~gn 

In front o f  a nacasu rcmen t  o r  an  inelastic r e sonance  cou- 

phng  indic'ales the sign (the ah~C/l( c era  s~gn m e a n s  that 

the s~gn Is not  d e t c r m m e d  not that  ~t ~s pos~tp, e) For 

more  details ,  see Append ix  [[ o f  our  1982 c d m o n  25 

Argand plots Figure 2 s h o ~ s  s o m e  representau '~e 

Argand  plots  o f  parna l -v .a~c  a m p h t u d c s  For the . \ K  chan-  

nel u e  sho~  the a m p h t u d e s  f rom RI . IC 7718 and  from 

LBL-Mt  H o l ) o k e - C E R N .  19 and  fi)r the '~rr and  .~r chan-  

nels '*e sho~  those  f rom R L I (  7718 and  t )om L'( 'L 20 

Errors on masses and  wtdtJks The  errors quo ted  on 

resonance  pa r ame te r s  f rom parlml-v.'a~ e anal} ses arc of ten 

onl.,, statist ical,  and  the pa rame te r s  can change  b} more  

than  these errors  v, hcn a different  p a r a m e t n z a t l o n  o f  the 

v,a, ,es ~s used Fu r the rmore .  the different  ana l ' , ses  use 

m o r c  or less the s a m e  data  so ~t ~s not  rea lb  appropr ia te  to 

treat the diff , ' rent d e t e r m i n a t i o n s  of  the resonance  pa rame-  
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signs are shown u l th  an "< 
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lower plot for catch an lp l l t ude  is f rom ( ; O P A l .  77 the  upper  plots for the elastic a r n p h t u d e s  are f rom A L S T O N  7g and  
the upper  plots  for the  Err a m p h t u d c s  arc f rom M ~ R T I N  77 In the &rgand plots the  ticks are at integral multmplcs o f  
50 McV. and  the  e s t a b h s h e d  r e sonances  arc shov, n at their  n o m i n a l  p o s m o n s  [the ~'0[ A(1405) is o f  course  below thres- 
hold and  ]s not  s h o ~ n ]  T he  real and  maagmar.x par is  o f  the a m p h t u d c s  as f u n c t m n s  o f e n e r g 5  arc sho~vn projected m 
a h g n m e n t  V,'llh the &rgand plots  
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nt is  l h c  lov, ci plot foi C,lc'll an lpht t ldc  IS ['rOlll 
( JOP. \ I .  77 lhc tipper plot fol the ,.'l;.lstlc amphtLldc 
I~. l+l+Olll , \ [+SION -"~ and the upper plots fi)r the 
A+ and "+r channel'., arc from M-~RTIN 5'v In the 

K N + - A  D I S  AMPI.ITUI):< 

-\rgand plots, the tlcks ate at integral n luhlplcs  of  
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4rgai ld  p lo i ,  lhc litl<'> :ire ;it nltc'Tral illUillplc'<> o f  
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ters as independent  or to average them together In an,.' 
case. the spread of the masses, widths, and branching (rat- 

hens  from the dfflkrent analyses is certainly a better md~ca- 

lion of the unccrtalnlies than are the quoted errors In the 

Bar~on Summary  Table. usually a range reflecting the 

spread of the xalues is given rather than a particular value 

~Alth e r r o r  

For three states, the A( 1520), the A( 1820), and the 

X(1775). there is enough Informanon t(i make an o~erall fit 

tO the various branching fractions It 1S then nc'cessarx to 

use the quoted errors, but the errors obtamed from the fil 

should not be taken seriousb 

Il l .  Production experiments 

Partial-wave analyses of course separate partial waves. 

~hereas  a peak in  a c r o s s  s e c t i o n  o r  a n  l n v a r l a n t  m a s s  d i s -  

Inbunon  usuall$ cannot  be disentangled from background 

and anabzed  for its quan tum numbers,  and more than one 

resonance ma} be contr ibuting to the peak Results from 

partial-wa~e anabses  and from production experlmc'nts arc- 

gencralb kept separate m the Listings. and in the Baryon 

Summar} Table results from production expe r imen ts  are 

used onl) for the lo~-mass states The "2(1385) and 

.x(1405) of course lie belm~ the K.\ threshold and ncarl.,, 

e~e~ ) th ing about them ~s (earned from production experi- 

ments, and production and formatmn experiments agree 

qmte ~ell in the case of A(1520) and results ha' ,e been 

combined There is some disagreement between production 

and formanon experiments m the 1600-17()0 MeV region 

scc the Note on the E(1670) 
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A BARYONS 
(S= - t ,  #=0) 

F1 
SEE STABLE PARTICLES 

l(J p) : 0(12 + ) Status * I I i .  * 

1 <.05> I I(J p) = 0(12 - )  Status * * * * 

N O I ' I C  O N  i l l E  A ( 1 4 0 5 )  

(h.~ R J ttemmg~a.~ ()ua~a-( al lc lon lmdmnc of Phx,,icsl 

I h c  \( 14fl5~ ~<, con~entmnall\ (l",Mllllt.'d Io bt." d ~wll- 

C,>lahhshc'd iM)~,plll () MldllgClle~, ~, I l l '  • I 2 ic',o- 

nanLc hc1011~111~ tO the ! - 1 ">tlpelnltlllll)lel o f lhc  Lqu, l lk 

,,\Men1 I..',mgabout 3(I Me\  bclov, the A \  tlnc,,hoM the 

lcs0n~lnLe Call onl\ bc obs,..'I \ c'd dlie,.II.', m Ih,.: f:n, I" '.,ub.,\.,- 

tOM tt| ' l ]nal kitties ofplt+dtlct lon expetlnlCill~ h ~<is I]lM 

reported b\ \ 1 S I ( ) N  61B 111 lhc ic'ac't lon ~ ]> + D+,-r+ ,it 

I 15 (m\,,'< and ~as '~tlb~cqtlCllll} %c.'en in he% cial ( l l ] l t ' l  

e\pcl l l l /ent~ t tmw%cr these obkt ' l \ { l l l ( ) l l ,~ st i l lc ' lcd he<p, 

(a l  h)'~, M a t l M i t s  (b) dlt"f]t 't l lt le~, rec i )nMiUCl l l l  7 I ] i l , i l  Males 

I n \  o ] \  l l /g x] dec<'1}~ it ') p o o r  111ak~ roMl l t l l lOn ~llld 
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A(1405) 

(d) i.lnccilalnI]cS in lhc b a c k g r o u n d  piltIictllarl} lhai front 

"(1 185) --~ E~- ~ lmsc late ~:t~ badl}  knm~n In fact none 

o f  the c \ p c t t m c n t , ~ d u r m g t h e  pL'rlod 19h2 1972 ~etcabh." 

iL) dcn lons t la tc  a con\ i l lC l l lg  slgllal I ] lufh Jc~,% IllC[IgLIIC [hc 

111i|%~ dtld \~ [(.Jib ~t.'ll or dc icrn l l r lc  lhc qLla11ILl111 nU|l/bL~l'~ 

No', c~ thclcss the ciu I} n lu l l i chat l l l c l  K-nl i t t ]  ix anal} sos 

el" IOV,-CII¢Ig} ~ \  reaction',, pall lCtl iarJ} those {.)t K I M  65 

and  KIM 67. Silongl} sl.iggcgicd thai  the \ (1405)  ~ a s  tin ~- 

'.,.a,.c un.Mablc boul ld  siaic" ol ' l t lc  K.\ '~}~icnl These  aria- 

I } s c ~ g a \ c t h c  \ ( 1 4 0 5 ! a d d c d a u t h c l m c t t }  

mhclc aK" ,lclLla]l\ I) i l l \  t"Ao prod t lc i lon  c \pc l l n l cn l s  

~ l l h  icspcctablc MgilitJ'~ ncdi 14()$ M c V  "[14()K14S 73 

l ind H E M I N ( s \ \ 4 Y  85 Both ot ' ihcsc l ind il slgnl l ]c i ln l l )  

a~)mnlCl l  i t  b u m p  lh;.ll canl lot  bc t11 ~ l ih a Bicil-%+VIcilc'r 

l'UilCtlOll ~ l th  ct)l lMil l l t  parall lClt 'r5 ] h c  ilS)m11101[) ik 

bc l i0 \cd  to bc duc it) lifo Mlt)ng coupl in  7 o r i h c  \(14f)5) 
t~tth the ~-~it~c' &.\ chatmcl( t ,¢¢ D-k I . ITZ  8 l l  tho \(1405) 

~ i d i h  Ihcn has rapid cnc'rg} d c p c n d c n c c i i s i h c  & \  thick- 

hold i~ i ipp ioachcd from bclo~ The o lhcr  hch)~-thrc~hold 

siiangc'ilCS~,, I ic~,on;.incc the E(13~5) dock ilo! ~,llO\ ~. %tlc'll 

as )n ln lC l l \  bt't'atlsc llS /~ \ (_t)upJlll~ 1~, P \~il\c" 

P u l l u ~ l n g i h c  c',ul} \~L)rk of  K I M  65 K I M  67 and %.\K- 

l I I  65. Ihei0 hii~ glo~,t n J Jllc'I'~ll.ii'c" On Incthod~ or  t ' \ l l apo -  

la t ion bclm~ the K.\  thru'shold Most  anahscs t ' t lnstral l l  

their  l'itt., it) agicc ~ l l h  Io~-c l /c ig}  re t ina( ion data ( ~ \  fetal 

and pa l l la l  t'it)s~, sOt'llon'~ it1 lhc rlIoITlt'nlLlll~ lilllgC I()fl J()() 

Mc\',.'~ ) l ind more rcc'cnl]) al lCnlpl~ ha \c  bccn ll~adc to 

ills() l it lhc plodUc't lon ~;r spot'iri l (<,co |or  c' \ i l r l lplo ( t l 4 ( )  

73 V E I T  t~4 V E I T  ~5). ot thc l+adlail\C an l l l h l l a i l on  data 

tic)ill kaonlc hbd logcn (sic for cxiiml)Jc'. \'.\N D I J K  144 

I ) - \ R E \ k ~ { H  85 B t ' R K H \ R I ) I  85. Z H O N ( ,  86i o r h o t h  

al once ( S ( H \ I ( K  <";7) 
It is c o m m o n l }  agtccd i i} i i i  the dala elm onl }  hc It(ted 

~ i t h  an %-~.tat c polo bch)~ & \ '  threshold, but (hero is con- 

t i oxc i s }  aboul  lhc nalurc o l l h ~  polc F o r a  te\ ic>~ e l t i l lS  

it)pie SO." I).\I.ITZ 81 Tx~o SCID,II'IIIC pOSSlblhlics iltC dis- 

CliS~,cd (il) all l l l lSl, lblc il~ \ t'R)LII'Id 'qiliC or (b) il il'UC ]- 

quark ba t }on  resonance i t ( a )  is ttuo ~¢ are t'accd x~iih 

thc r) ioblcr i l  o f  l ]nd i i lg  ano lhcr  I I P  - [).1 '2 t'c'~oilaTlcC 

it) replace the %f 1405) Ill the 1. I ~tlpCi'llltlJilpiOt ()IT |he 

o ihcr  hat~d, i f ( b )  is l iuc.  ~c ha \o  lo undcrMand ~ h \  Ihc 

\ (1405) rllii~,~, i'~ M) hm The [o~ rila~,~, iml lhcs il \el.', largo 

S>l)lr~-olbil sphltii'q~, in Ihc ( , ) (D- insp i red  tTt)nrcl;_iti~ iMic 

qLlark modc l  ] I :or llO\ ~., \~,7 coni lnLic to hsl l-Ct'~lCilct.'s Oll 

i~ \  cxtrapt)Jailorl 's and related I';,SLIC% 
I-acu'd with the poor L,,,.|}crltT~..'ntal data arid the mc'on- 

L'ILISI\ C i lnai}bcs, on0 COLIId qtleStlt)n the 4-StaT" Filling el" Ihc 

.\(1405) It ~cc'ms unl ikc ] )  thai ihc n a l u r o o f t h o  \(14()$) 

~ l l l  bL 'dcc idcd cnl irolb ui~amb]guouslb soon .\hhougt~ 

ilc'~ data  on rad ia t l \  c K caplurc is expected f rom Cxpcr~- 

mCll i  B.N'I.-81 I, II ~ l l l  p robabl }  rcql.ilrc a kaon racier} to 

gl \  0 an o idc r -o f -n lagn l ludc  increase in both fo rn la l ion  and 

p~oduct lon data  bcfoic  tilL" ~ssuc IS finall} scttlod 

Reference  

I See, for example .  N 
Di l l  4 1 ~ ? ( 1 9 7 8 )  

l sgur  and  G Karl Ph}s Re\  

& ( 1 4 0 5 )  M A S S  

P R O D U C T I O N  E X P E R I M E N T S  
I!ALUE (MeV) 

1391 _+ I 
~ 1 4 0 5  

1405 
1400 - 5 
'1382 +- 8 

1400 +- 24 
t410 
1405 
1405 

EVT$ DOCUMENT ID 
700 I HEMINGWAY 85 
400  2 THOMAS 73 
120 BARBARO 68B 

67 BIRMINGHAM 66 
ENGL[R 65 

MUSGRAVE 65 
ALEXANDER 62 
ALSTON 62 
ALSION 61B 

E X T R A P O L A T I O N S  B E L O W  N~" T H R E S H O L D  
VALUE (MeV) DOCUMENT IO 
1406 3 CHAD 73 
1421 MARTIN 70 
1416 _~ 4 MARTIN 69 
1403 ~- 3 KIM 67 
t407 5 +- 1 2 4 KITI~L 66 
1410 7 _+ 1 0 KIM 65 
1409 6 -+ 1 7 4 SAKITT 65 

fECN COMMENT 
HB-C-- K-p42 GoV,.c 
HBC n- p 1 69 GeV.,'C 
DBC K-d2 1-27 GeV.. c 
HBC K-p 3 5 GeV'c 
HOBC Tr- p ~r + C~ '~ 68 

GeV. c 
HBC pp 3-4 GeV, c 
HBC ,'r-D 2 1 GeV:'c 
HBC K- p 1 2-0 5 GeV. c 
HBC K-p 1 15 GeV:c 

TECN COMMENT 
DPWA 0 - r a n g e  hi (sol B) 
RVUE Constant K malnx  
HBC Constant K-matrlx 
HBC K matrix fit 
HBC O-et fechve range  tit 
HBC 0 - e f t e c h v e  range ht 
HBC 0 -e f fec l ive  range ht 

A ( 1 4 0 5 )  W I D T H  

P R O D U C T I O N  EXPERIMENTS 
VALUE (MeV) EVT5 DOCUMENT iD TEeN COMMENT 
3 2 Z  1 700 I HE f~II~G-wAY 85 HBC K - p 4 2 G e V . . c  
45 to 55 400 2 THOMAS 73 HBC ~' -  D 1 69 G e V  c 
35 120 BARBARa- 688 DBC K - d 2  1 - 2 7  G e V c  
50 -+ I0 67 BIRMINGHAM66 HBC K- D 3 5 GeV/c 
89 +_ 20 ENGLER 65 HDBC 
60 _+ 20 MUSGRAVE 65 HBC 
35 _+ 5 ALEXANDER 62 HBC 
50 ALSTON 62 HBC 
20 ALSTON 618 HBC 

EXTRAPOLATIONS BELOW NK THRESHOLD 
VALUE (MeV) DOCUMENT ID TECN COMMENT 
55 3 5 CHAD 73 DPWA 0 - r a n g e  tit (sol B) 
20 MARTIN 70 RVUE Conslont K-malnx 
29 - 6 MARTIN 69 HBC Constant K malrix 
50 :t 5 KIM 67 HBC K malrlx hl 
34 1 _+ 4 I 4 KITIEL 66 HBC 
37 o ¢ 3 2 KIM 65 HBC 
28 2 ± 4 1 4 SAKITT 65 HBC 

I I ~ ( 1 4 0 5 )  ~ ~ 

I 2 ~ ( 1 4 0 5 )  ~ N K  

& ( 1 4 0 5 )  D E C A Y  M O D E S  

. ' , . ( 1 4 0 5 )  B R A N C H I N G  R A T I O S  

I'(N/~I]'(~') 1 2."ri 
VALUE CL % DOCUMENT ID TEeN COMMENT 
<:3 95 HEMINGWAY 85 HBC K-" D 4 2 G e V .  c 

A ( 1 4 0 5 )  F O O T N O T E S  
IHEMINGWAY 05 hnds the "T, mass dlstrlbuUon is asvmmelrLc a n d  a Btelt 

Wlgner hi is pOOr 
2THOMAS 73 d a t a  Is fit by  CHAD 73 (see nexl  sect ,on) 
3See also the a c c o m p a n y l n g  p a p e r  of THOMAS 73 
4Da ta  of SAKITT 65 are  used m the fit by  KITTEL 66 
SAn asymmetr ic  shape  with 1 . 2  = 41 M e V  be low resonance  14 M e V  

a b o v e  

A ( 1 4 0 5 )  R E F E R E N C E S  

HEMINGWAY 85 NP 8253 742 (CERN) J 
CHAO 73 NP 856 46 tKroemer TPomos Marlin (RHEL CMU LOUC) 
IHOMAS 73 NP 056 15 +Englet Flsk Kfoemer (CMU) J 
MARLIN 70 NP 016 479 +Ross (DURH) 
MARTIN 69 PR 183 1352 iS~kilt (LOUC BNL) 
BARBAI~O 688 PRL 21 573 Barbara Galtlen Chodwlck+ (LRL SLAC) 
KIM 67 PRL 19 1074 (YALE) 
BIRMINGHAM 66 PR 152 r148 (81RM GLAS LOIC OXF RHEL) 
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KITTEL 66 PL 21 349 
ENGLER 65 PRL 15 224 
KIM 65 PRL 14 29 
MUSGRAVE 65 NC 35 735 
SAKITT 65 PR 1398 719 
ALEXANDER 62 PRL 8 447 
ALSTON 62 CERN Cant 311 
ALSION 61B PRL 6 69B 

SCHNICK 
JENNINGS 
MALTMAN 
ZHONG 
BURKHARDT 
DAREWYCH 
VEIT 
KIANG 
VANDIJK 
VEil 
DALIrZ 

LOW and 
OADES 
SHAW 
BARIBAI~O 
DOBSON 
RAJASEKA 
CLINE 
MARTIN 
DALITZ 
DONALD 
KADYK 
ABRAMS 

+Otter Wacek (VIEN) 
+riSk Kroemer Mellzer Westgord* (CMU BNL) IJ 

(COLU) 
+Peimezos+ (BIRM CERN EPOL LOIC SACL) 
+Day Glosser Seem(In Frledmon÷ (UMD LRL) 
+Kolbfleisch Miller Smlfh (LRL) I 
• Alvorez Eerie LUZZI+ (LRL) I 
+Alvorez Eberhotd GooD+ (LRL) I 

. . . .  OTHER RELATED PAPERS 

87 PRL 58 1719 +LonOou (O!~3T) 
86 PL B176 229 (IRIU) 
86 PR D34 1372 +ISgur (LANL TNTO) 
86 PL B171 471 +Thomas Jennlngs Barrett (ADLD TRIU SURR) 
85 NP A440 653 *LOWe Rosenlhol (NOTT BIRM WMIU) 
85 PR D32 1765 +Konluk Isgur (YOR'K TNTO) 
85 PR D31 1033 +Jennlngs Thomas Borrelt (IRIU ADLD SuRR) 
84 PR C30 1638 +Kumor Nogam~ VonOlJk (DALH MCMS) 
84 PR D30 937 (MCMS) 
84 PL 137B 4t5  *Jennlngs Barrett Thomas (TRIU SURR CERN) 
81 +McGlnley (OXF) 
Intermediate Energy Keen Nucleon Physics p 381 
77 NC 42A 462 *Rosche (AARH ZURI) 
73 Purdue Cant 417 (UCl) 
72 LBL 555 8ort>oro Gattlerl (LBL) 
72 PR D6 3256 ÷McElhoney (HAWA) 
72 PR D5 610 Rojosekoron (IATA) 
71 PR'L 26 1194 +Laumonn MODD (WISC) 
71 PL 35B 62 *Marl in ROSS (DURH LOUC RHEL) 
67 PR 153 1617 +Wang Ralosekoron (OXF BOMB) 
66 PL 22 711 +Edwards Lys NIsor Moore (LIVP) 
66 PRL 17 509 +a lan  Goldhobef  Goldhober Trilling (LRL) 
65 PR 139B 454 +Sechl Zorn rUMP) 

J A(1520) D03 J , ( J " )  = o ( ~ - )  s tatus * * * * 

D~scovered by FERRO-LUZZI 62. file e loborahon  m WAT- 
SON 63 is the classic p a p e r  on the Breff-W~gner 
a n a l y s i s  of  o m u l t l c h a n n e l  r e s o n a n c e  

The  m e a s u r e m e n t s  of  t h e  m a s s ,  w i d t h ,  a n d  e l a s t l c d y  

p u b h s h e d  b e f o r e  1 9 7 5  a r e  n o w  o b s o l e t e  a n d  h a v e  
b e e n  a m = f r e d  T h e y  w e r e  los t  h s t e d  ~n o u r  1 9 8 2  e d l -  

h e n  ( P h y s i c s  L e t t e r s  t t t B )  

P r o d u c t i o n  a n d  f o r m a h o n  e x p e r i m e n t s  a g r e e  q u f f e  

w e l l .  so t h e y  a r e  h s t e a  t o g e t h e r  h e r e  

A ( t 5 2 0 )  MASS 

VALUE (MeV)  EVT$ DOCUMENT ID rECN COMMENT 

~1519.50 ± 0 . 1 8  OUR AVERAGE 
1517 3 -+ 1 5 300 BARBER 80D SPEC 3 p  ~ " t (1520)K + 
1519 -+ t GOPAL 80 DPWA K N  ~ K N  
1517 8 - + 1  2 5k BARLAG 79 HBC K - D 4 2 G e V / c  
1520 0 -+ 0 5 ALSTON 78 DPWA K N  ~ K N  
1519 7 ± 0 3 4k CAMERON 77 HBC K -  p 0 9 6 - I  36 

G e V / c  
1519 -+ 1 GOPAL 77 DPWA KN m u l t l c h o n n e l  
1519 4 - + 0  3 2000 CORDEN 75 DBC K - d  1 4 - 1 8  G e V / c  

A ( 1 5 2 0 )  WIDTH 

y_A.LUE (MeV)  EVT5 pOCUMEN_.T IL) TECN COMMENT . _ 

t 5 . 59  ± 0 . 2 7  OUR AVERAGE 
16 3 ± 3  3 300 BARBER 80D SPEC " ~ p - - _ ~ ( 1 5 2 0 ) K  ~ 
16 ± I GOPAL 80 DPWA K N  ~ K N  
14 ± 3 677 I BARLAG 79 HBC _K-p 4.2 GeV,, 'c  
15 4 ~: 0 5 ALSTON 78 DPWA K N  ~ K N  
16 3 - + 0  5 4k  CAMERON 77 HBC K - p 0 9 6 - 1 3 6  

GeV, c 
15 0 :I: 0 5 GOPAL 77 DPWA KN m u l t l c h a n n e l  
t5  5 +- 1 6 2000 CORDEN 75 DBC K -  d 1 4 - 1  8 GeV,  c 

A ( 1 5 2 0 )  DECAY MODES 
Frachon ( r~ / l ' )  

I'i A ( 1 5 2 0 )  ~ NK" (44  8 z 0  7 ) ' < t 0  - 2  

]'2 A ( 1 5 2 0 )  ~ "~1T (42  I ± 0  7 ) ~ 1 0  - 2  

]'3 A ( 1 5 2 0 )  - *  A~'Tr ( 9 5 ±0 5 )×10 -2  
]'4 A ( 1 5 2 0 )  --~ .~."}/ ( 7 9 _ + I , 4  ) " ~ 1 0  - 3  

I" 5 A ( 1 5 2 0 )  --~ ",'o,.y ( 1 9 5 ± 0  34)~t0  -2  
l" 6 A(1520) --~ V'x~" ( 8 6 ±0 5 )',10-3 

S c a l e  

1 3  

1 3  

1 2  

4 3 3  

Baryon Full Listings 
A(1405), A(1520) 

]'7 A ( 1 5 2 0 )  ~ ~ ( t 3 8 5 ) 7 r  ( 4 I ±0  s ) , 1 o  -2  

1" 8 A ( 1 5 2 0 )  ~ E ( 1 3 8 5 ) T r  ( ~ ~ . ~ ' )  

['R A ( 1 5 2 0 )  ~ ~.(Tr/r)S.wave ( 1 9 _+0 8 ) ' 1 0  -2  

CONSTRAINED FIT INFORMATION 

An overall flt to 9 branching rotlos uses 24 measure-  
ments and  one constraint 10 determine  6 p a r a m e -  
ters The overall fil has a ~2 = 1 6 5  for 19 degrees  
of f reedom 

The following o f f - d i a g o n a l  array e lements  are  the correlahon 
coefficients ~x~ ,~xj ..'(~,x~ ,~xl). in percent  from the tit to the branch-  
Ing fractions xj .-- l ' i , , ] ' t o l a  I The tit constrains the xl whose labels 
a p p e a r  in this array to sum 1o one 

x 2 65 
x 3 2 9  -. 34  
x 4 9 8 4 
x 5 22 - 21 10 2 
x 6 3 3 I 0 

Xl X 2 X 3 X4 

A ( 1 5 2 0 )  BRANCHING RATIOS 

See Sign c o n v e n t i o n s  for r e s o n a n c e  c o u p l i n g s  in l he  Note 
on ', a n d  ~_ R e s o n a n c e s  

r(" 7r)IrCNK) [2/]'i 
VALUE DOCUMENT ID TECN COMMENT 

0 . 9 ~ " ~ [ ) , O 2 6  oUR FIT Error i n c l u d e s  sca le  fac to r  of I 3 
0 . 9 5 _  0 .04  OUR AVERAGE Error i n c l u d e s  sca le  fac to r  of I 7 See t he  i d e a  

g r a m  b e l o w  
0 .9B _~ 0 03 2 GOPAL 77 DPWA K N  m u l l l c h o n n e l  
0 8 2 ± 0  08 BURKHARDT 69 HBC K - p  0 8 - I  2 G e v . ' c  
I 0 6  - 0 . 1 4  SCHEUER 68 DBC K -  N 3 GeV.  c 
0 9 6  ± 0 20 DAHL 67 HBC ~'. " p  1 6 - 4  G e V . ' c  
0 7310 11 DAUBER 67 HBC K - p 2 G e V ' c  

* • • We d o  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  hls hmds e l c  * • • 
I 06 - 0 12 BERTHON 74 HBC Quas i  2 b o d y  a 
I 72 _+ 0 78 MUSGRAVE 65 HBC 

WEIGHTED AVERAGE 
0 9 5  = 0 0 4  (Error sca led  by  17) 

" ~ ' = ' ~ -  YBlues above of we~gh'.ed average Briar 
a' ld scale factor based the data in ere upon 
thlS ideogram 0nly They ere not neces- 
san ly  the san'e as our "bes t "  values 
0b~emed from a least-squares c0rstrav~ed fit 
uhhzmg measurements  at other (related) 
quanEl',les BS BddltlOnBI InformatlOr! 2 

I ,,]7"/~ BURKHARDT 89 HBC 27 
SCHEUER 88 DBC 0 8 
DAHL 67 HBC 

~ ~  DAUBER 67 HBC 4 0 

, ~ ,  (Con f i dence  Level  - -  0 041)  

4 O@ 0 8  1 0  12  14  16  

I (= ~, ) / I  ( NK) 

I'(A ~ "X)II'CN~') I'3 'It 
VALUE DOCUMENr ID TECN COMMENT 

0.213 ± 0 012 OUR FIT Error i n c l u d e s  sca le  fac to r  of ~ 2 
0 .202  ± 0.021 OUR AVERAGE 
0 . 2 2  ~ 0 03 BURKHARDT 69 HBC K -  p 0 8 - I  2 G e V  c 
0 19 _+ 0 04 SCHEUER 68 DBC K -  N 3 GeV  c 
0 17 - 0 05 DAHL 67 HBC ;7- p t 6 - 4  GeV c 
0 , 2 1 ± 0  18 DAUBER 67 HBC K p 2 G e V . c  
. • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hmlts e t c  * * • 
0 . 2 7  ~ 0 . 1 3  BERTHON 74 HBC QuaSl 2 b o d y  a 
0 2 KIM 71 DPWA K mat r l x  ano lys ls  
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Baryon Full Listings 
A_(1520), A(I600) 
l (z ~)/] ' (  x ~r ~,) 
VALUE DOCUMENT ID 

4 .42  ± 0 .25  OUR FIT Error i n c l u d e s  s c a l e  f ac to r  of 1 2 
3 .9  ± 0 .6  OUR AVERAGE 

3 9 ± I 0 UHLIG 67 HBC 
3 3 : 1 1 BIRMINGHAM66 HBC 
4 5 ± 1 0 ARMENTEROS65c HBC 

r( ~. "Y)ll total 
VALUE EVTS DOCUMENT tO TECN 
0.0079 ± 0.0014 OUR FIT .. . .  

0 .0080  ~ 0.0014 238 MAST 688 HBC 

[ (X°7)/]'tota~ 
VAL_UE DOCUMENT tO TECN 
0.0195 ± 0 .0034  O U R  FIT " 
0 .02  ± 0 0035 3 MAST 688 HBC 

]'(N~')/l'foto I 
VALUE DOCUMENT/D 7ECN 

TECN COMMENT 
1"211 3 

K - p  0 9 - 1 0  G e V : c  
K - p  3 5 G e V : c  

i ' j  I" 
COMMENT 

Using I (NFO/ 
I tola==O 45 

l ' s / r  
COMMENT 

Not m e a s u r e d  see  
n o t e  

r t / r  
COMMENT 

A(1520) FOOTNOTES 
1From the  bes t - reso lu t i on  s a m p l e  of ~,~-x-, even t s  on l y  

BARBER 800 ZPHY C7 17 )Doln)on Lee Marshall+ (DAI~ LANC SHEF) 
GOPAL 80 Toronto ConE IBq (RHEL) LJP 
BARLAG 79 NP 8149 220 *BlokzlJl JOngejons+ (AMST CERN NIJM OXF) 
ALSTON 78 PR D18 182 AIslon Gornlost Kenney+ (LBL MTHO CERN) iJP 

AlSO 77 PRL 38 1007 Alslon Gamlost Kenney+ (LBL MTHO CERN) IJP 
CAMERON 77 NP 8131 399 +Fror;.ek Gopol Kalmu$ MCPherson~(RHEL LOIC) IJP 
GOPAL 77 NP BI t9  362 +Ross VonHorn McPhefson÷ (LOIC R'HEL) IJP 
MASt 76 PR D14 13 +Alston Gornjosl Bangerter+ (LBL) 
CORDEN 75 NP 884 306 +Cox Do÷tnell Kenyon O Neole+ (BIR'M) 
BERTHON 74 NC 21A 146 ÷Tflstrom+ (CDEF RHEL SACL SIRS) 
MAST 73 PR D7 3212 ¢Bongertel AlSton Gorniost+ (LBJ,) IJP 
MAST 73B PR D7 5 ¢Bangertel Alston G~rnjo$t÷ (LBL) I JR 
CHAN 72 PIlL 28 256 +Button Sharer Hettzboch KOfler+ (MASA YALE) 
BURKHARDT 71 NP 827 64 +Filtrtutn Kluge÷ (HEID CERN SAC{.) 
KIM 71 PRL 27 356 (HARV) IJP 

Also 70 Duke Cant Sbl Klm (HARV) IJP 
BAR'BARO 698 Lund Cant 352 Sort)olD Goltterl Bongertef MOSl IrlpD (LRL) 

AlSO 70 Duke Cone 95 Tdpp (LRL) 
BURKHARDT 69 NP 814 106 ÷FllthUlh Kluge+ (HEID EFI CERN SACL) 
MAST 68S PRI. 21 1715 ÷Alston Bongerter Goltlefl÷ (LRL) 
SCHEUER 68 NP 88 503 ÷Merrlll Vetglo$ DeWilt÷ (SABR~ Co)Iob ) 
DAHL 67 PR 163 1377 ÷Hardy Hess Klrz Mlller (LRL) 
DAUBER 67 PL 248 525 *Molamu<3 SChleln Slate÷ Stork (UCLA) 
UHLIG 67 PR 155 1448 ~Chodlon Condon Glosser Yoah+ (UMD NRL) 
8)RMINGHAM6b PR 152 1148 (BIRM GLAS LOIC aXE RHEL) 
AR'MENTEROS 65c PL 19 338 *Ferro Luzzi¢ (CERN HEID SACL) 
MUSGRAVE 65 NC 35 735 )Petmezas÷ (B4RM CERN EPOL LOIC SACL) 
WATSON 63 PR 131 2248 ~Ferro Luzzl TtlDD (LRL) tJP 
FERRO LUZZI 62 PRL 8 28 eTflpp Watson (LRL) IJP 

A(1520) REFERENCES 

I A(1600) Po'l I ~ ( / )  : °(~+) status * * * 

S e e  a l s o  tr~e ' , ( 1 8 1 0 )  Pa l  T h e r e  a r e  q u i t e  p o s s i b l y  
tWO P01 s t a t e s  in  th lS r e g i o n  

A(1600) MASS 

VALUE (MeV) DOCUMENT ID 7ECN COMMENT 

1560 to 1700 OUR ESTIMATE 
1568 ± 20 GOPAL 80 DPWA I (N ~ KN 
1703 :t: 100 ALSTON 78 DPWA KN ~ I (N 
1573 = 25 GOPAL 77 DPWA / (N m u l t l c h a n n e l  
1596 ± 6 KANE 74 DPWA K -  p ~ " r, 
1620 :t: 10 LANGBEIN 72 IPWA / (N m u l t l c h a n n e l  
• * • We do  not  use  t he  f o l l o w l n g  d a t a  for o v e r a g e s  fits l imits e t c  * • * 
1572 or 1617 t MARTIN 77 DPWA KN m u l f l c h o n n e l  
1646 :t: 7 2 CARROLL 76 DPWA Isospln-0 to ta l  a 
1570 KIM 71 DPWA K mat r i x  ana lys l s  

A(1600) WIDTH 

V_A÷UE (MeV) DOCUMENT ID TECN COMMENr 
50 to 250 OUR ESTIMATE 

116 ± 20 GOPAL 80 DPWA KN ~ KN 
593 = 200 ALSTON- 78 DPWA KN ~ KN 
147 ± 50 GOPAL 77 DPWA KN m u l t l c h a n n e l  
1 7 5 =  20 KANE 74 DPWA K - p  ~ ~ r  

60 :t: 10 LANGBEIN 72 IPWA KN m u l t l c h a n n e l  
• ° ° We d o  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  fits, l imits e t c  • • • 
247 or 271 ,i MARTIN 77 DPWA KN m u l t l c h a n n e l  

20 2 CARROLL 76 DPWA Jsospln-0 to ta l  r/ 
50 KIM 71 DPWA K mat r i x  ono lys ls  

I" I A ( 1 6 0 0 )  ~ N K  

I" 2 A ( 1 6 0 0 )  ~ X ~  

A(1600) DECAY MODES 

0 ,448  = 0 .007  OUR FIT Error i n c l u d e s  s c a l e f a c l o r  of I 3 
0 .455  :t 0.011 OUR AVERAGE 

0 47 ± 0 02 GOPAL 80 DPWA KN ~ KN 
0 45  ± 0 03 ALSTON 78 DPWA ~(N ~ KN 
0 4 4 8 = 0  014 CORDEN 75 DBC K - d  1 4 - 1 8  G e V ' c  
• • • We d o  not  use the  t o l l o w l n g  c la lo  for a v e r a g e s  fits hmits e t c  * • • 
0 47 = 0  01 GOPAL 77 DPWA See GOPAL 80 
0 42 MAST 76 HBC K - p  ~ /(On 

1"(~ ~ ) / l ' l o to  I I "2/1" 
VALUE DOCUMENT ID TECN COMMENT 

0.421 = 0 . 0 0 7  OUR FIT Error i n c l u d e s  s c a l e  f a c l o r  of 1 3 . . . .  
0 . 423  _+ 0o011 OUR AVERAGE 

0 4 2 6 ± 0  014 COROEN 75 DBC K - d  1 4 - 1 8  G e V : ' c  
0 4 1 8 ± 0  017 BARBARa 698 HBC K - p 0 2 8 - 0 4 5  

G e V . : c  
• * • We d o  not  use the  f o l l o w i n g  c lara  for a v e r a g e s  tlts l imits e t c  • • • 

0 46 KIM 71 DPWA K ma t r l x  ana lys i s  

l '(X ~ ~)I] ' total  I"6/I" 
VALUE DOCUMENT ID TECN COMMENr 

0°0086 ± 0 .0005  OUR FIT 
0 .0086  _+ 0 .0005  OUR AVERAGE 
0 007 ± 0 002 4 CORDEN 75 DBC K -  d 1 4 - I  8 GeV , , c  
0 0 0 8 5 ± 0 . 0 0 0 6  5MAST 73 MPWA K - p  ~ ~Tr~T 
0 010 ± 0  0015 BARBARa 698 HBC K - ~ ' 0 2 8 - 0 4 5  

G e V / c  

r(z(1385) ~- ( ~ A'rrTr))ll'(A ~r~) I'8/I" 3 
The ~.~r mode Is largely clue to ~_(1385)~" Only the values of 
(Z(1385)~') .,' (~.2,-r) glven by MAST 738 and CORDEN 75 are based on 
rea l  3 b o d y  p a r J l o l - w a v e  a n a l y s e s  The d i s c r e p a n c y  b e t w e e n  t he  two  
resul ts is essen f l a l l y  d u e  1o t he  d i f fe rent  h y p o t h e s e s  m a d e  c o n c e r n i n g  
t he  s h a p e  of the  (~ '~ )S-wave  s to le  

VALUE DOCUMENT tO TECN COMMENt 

0 5 8 ± 0  22 CORDEN 75 DBC K - d  1 4 - 1 8  G e V / c  
0 8 2 ± 0  10 6MAST 738 IPWA K - p ~  't~r~" 
• • • We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  flJs l iml ls  e l c  • • • 
0 3 9 = 0  10 7BURKHARDT 71 HBC K - p  ~ (Ar.;T).-r 

]'(Z(1385) "a ' ) / I ' to ta  I rT / l  
VALUE DOCUMENT tO TECN COMMENT 

0.041 = 0 . 0 0 5  CHAN 72 HBC K - D  ~" "~TTr . . . . . . .  

I '(A "rr ~ ) l i ' t o t a  t I"3/1" 
VALUE DOCUMENr ID 7ECN COMMENT 

0 .095  = 0 .005  OUR R:I' -Error i n c l u d e s  s c a l e  f a c t o r o i - ' 1 2  " " 
0 .096  = 0 .008  OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of 1 6 
0 091 :t: 0 006 CORDEN 75 DBC K -  d I 4 - I  8 G e V / ' c  
0 1 1  = 0  01 8MAST 738 IPWA K - p  ~ %IrE 

[ '(A (~"n')S.wove)/l" (A "x 71"} 1"9/1"3 
VALUE DOCUMENT ID TECN COMMENT 

0.20±0.08 - " CORDEN 75 DBC K'±-d--1-4~i'8 Ge{;;'c 

2The KN~ "~ amplitude al resonance Is +0 46=0 01 
3Calculated from l(~.~)/ItotaF assuming SUE3) Needed to constra)n the 
sum of all the branching ratios to be unlty 

4Much of the ~'a" decoy proceeds via Z(1385)~ 
5Assumes I (NT0/l'iotol = 0 46 
6Both v(1385);'r .503 and .~('x~) '°03 contribute 
7The central bin (1514-1524 MeV) gives 0 74±0 10 other bins ore lower 

by  2 4 0  5 s t a n d a r d  dev ia t i ons  
8Assumes i (N IO / I  iolal = 0 46  ± 0 02 



See key on page 129 

A ( 1 6 0 0 )  B R A N C H I N G  R A T I O S  

See Sign c o n v e n t i o n s  for r e s o n a n c e  c o u p l l n g s  
on ~ and  Z R e s o n a n c e s  

in t he  Note  

I ' ( N ~ ' ) / l ' l o t a  I l ' t / [ "  
VALUE DOCUMENt /O TECN COMMENT 

0.15 tO 0 .30  OUR ESTIMATE 
0 23 _+ 0 04 GOPAL 80 DPWA K N  ~ K N  
0 . 1 4  ± 0 05 ALSTON- 78 DPWA K N  ~ K N  
0 2S -+ 0 15 LANGBEIN 72 IPWA KN m u l l i o h a n n e l  
• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
0 24 ± 0 04 GOPAL 77 DPWA See GOPAL 80 
0 30 or 0 29 I MARTIN 77 DPWA K N  m u l t i c h o n n e l  

( l ' ~ l ' , ) ~ ' : / I ' t o l o l  i n  N K  ~ A ( 1 6 0 0 )  ~ E r r  ( I '11"2)½/1"  
VALUE DOCUMENT ID TECN COMMENT 

-- 0 16 _+ 0 04 GOPAL 77 DPWA K N  m u l l i c h a n n e l  
- ~  3 3 ± 0  11 KANE 74 DPWA ,_K-D ~ "~ t  

0 28 :t: 0 . 0 9  LANGBEIN 72 IPWA K N  m u l f i c h a n n e l  

Baryon Full 
A(1600), 

4 3 5  

Listings 
A(1670) 

• • • We d o  not  use the  f o l l ow ing  d a l e  fat  a v e r a g e s  fds hmlts e l c  • • • 
- 0  3 9 0 r  - 0  39 IMARTIN 77 DPWA KN m u l t l c n a n n e l  
NOT SEEN HEPP 768 DPWA K - N  o " ~  

A ( 1 6 7 0 )  D E C A Y  M O D E S  

1" I ' ~ ( 1 6 7 0 )  ~ N~"  

1" 2 ~ ( 1 6 7 0 )  ~ ~ r  

1" 3 ~ ( 1 6 7 0 )  ~ ~,r/ 

1" 4 ~ ( 1 6 7 0 )  ~ " ( 1 3 8 5 ) ~ r  

A ( 1 6 7 0 )  B R A N C H I N G  R A T I O S  

See Slgn c o n v e n t i o n s  for r e s o n a n c e  c o u p l i n g s  m l h e  No le  
on  ~. a n d  ~ R e s o n a n c e s  

r(N~/rfofa~ 
VALUE DOCUMENt ID tECN COMMENT 

0.15 tO 0 25 OUR ESTIMATE 
0 18 ± 0*03  GOPAL 80 DPWA K N  ~ K N  
0 17 ± 0 03 ALSTON- 78 DPWA K N  o K N  

• • • We do  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits hml ls  e tc  • • • 

I t , " I  

A ( 1 6 0 0 )  F O O T N O T E S  

ITne  two  MARTIN 77 v a l u e s  a r e  f rom a T m a l d x  p o l e  a n d  from o Brei l  
W l g n e r  Ell 

2A Io ta i  cross s e c l l o n  b u m p  w l l h  ( J + 1  2) l el / I totat = 0 04 

0 20 ± 0 03 GOPAL 77 DPWA See GOPAL 80 
0 15 I MARTIN 77 DPWA K N  m u l h c h a n n e l  

( I ' l l ' / ) ' h / l ' l o t a  I I n  NK" ~ ~ ( 1 6 7 0 )  ~ "~Tr (1 t [ ' 2 ) ' ~ / 1  
VALUE DOCUMENT ID TECN COMMENT 

- 0  26_+0 02 KOISO 85 DPWA K_-p ~ " ~  
- 0  31 _+0 03 GOPAL 77 DPWA KN m u l h c h o n n e l  
- 0 . 2 9 _ + 0  03 HEPP 76B DPWA K - N  ~ "Tr  
- - 0  2 3 ± 0  03 LONDON 75 HLBC K - p  ~ ~-°,-r° 
- 0 27 _+ 0 02 KANE 74 DPWA K -  p ~ ~- 

GOPAL 
ALSTON 

Also 
GOPAL 
MARTtN 

AlSO 
AlSO 

CARROLL 
HEPP 

A ( 1 6 0 0 )  REFERENCES 

80 toronto Cant 159 (RHEL) IJP 
78 PR D18 182 Alston Gomjost Kenney+ (LBL MTHO C~RN) IJP 
77 PRL 38 1007 Alstort Gamiest Kenney* (LBL MTHO CERN) IJP 
77 NP 8119 362 +ROSS VonHom McPherson+ (LOIC RHEL) IJP 
77 NP 8127 349 +PIOCOCR Moo;house (LOUC aLAS) IJP 
778 NP B126 266 Martin P~acock (LOUC) 
77c NP BI2b 285 Martin Pldcock (LOUC) IJP 
70 PRL 37 806 *Chlang Kyclo LI Mozur Michael*  (BNL) I 
7 b S  PL 658 487 *Braun Grlmrn Sttobele+ (CERN HE~D MPIM) IJP 

• • • We do  not  use the f o l l ow ing  d a t a  for o v e r a g e s  fils l imds e tc  • • • 
- 0 13 I MARTIN 77 DPWA K N  m u l h c h o n n e l  

( l ' ~ l ' f ) " ~ / l ' l o l a l  m N~"  ~ ~ , ( 1 6 7 0 )  --,. ~ ( I  t ] 3 ) ~ / ' I  
VALUE DOCUMENt tD rECN COMMENT 

+ 0 20 -+ 0 05 BAXTER 73 DPWA K - p  ~ neu t ra l s  
• • • We d o  not  use the  t a l l o w i n g  d a t a  for a v e r a g e s  his hmJls e t c  • = • 

0 24 KIM 71 DPWA K-matr ix  ana lys i s  
0 26 ARMENTEROS69C HBC 
0 20 or 0 23 BERLEY 65 HBC 

KANE 74 LBL 2452 (LBL) UP 
LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 
KIM 71 PRL 27 356 (HARV) IJP 

J A(1670) Sot J I ( J P )  = 0(12 - )  S l a l u s  el. ,x. ~. ~. 

The  m e a s u r e m e n t s  of t h e  m o s s ,  w t d f h ,  a n d  e l a s h c d y  

p u b h s h e d  b e f o r e  1 9 7 4  a r e  n o w  o b s o l e t e  a n d  h a v e  

b e e n  o m f l t e d  1"hey w e r e  l as t  h s t e d  m o u r  1 9 8 2  e d l -  
n o n  ( P h y s i c s  L e t t e r s  t t t B )  

n ( 1 6 7 0 )  M A S S  

V.A_LU_E_(MeV_)_. DOCUMENt ID 7E__C_N. C_OMMENt 

1660 to 1680 OUR ESTIMATE 
1670 8 z 1 7 KOiSO 85 DPWA K - O  ~ ~ 
1667 ± 5, GOPAL 80 DPWA K N  ~ K N  

( l ' ; l ' , ) " 2 / l ' l o t a l  i n  N~"  ~ ~ . ( 1 6 7 0 )  -~. ~ E ( 1 3 8 5 )  n (1"i1'4)*~/1" 
VALUE DOCUMENt ID tECN COMMENT 

- - 0  1 8 = 0  05 PREVOST 74 DPWA K - - N - ~ ( 1 3 8 5 ) ~  

A ( 1 6 7 0 )  F O O T N O T E S  

IMARTIN 77 Obta ins  i d e n t i c a l  r e s o n a n c e  p a r a m e t e r s  f rom o T ma l r i x  DOle 
a n d  from o BreJt W igne r  fit 

A ( 1 6 7 0 )  REFERENCES 

KOISO 85 NP A433 b19 *Sol Yamomoto KeLler (tOKY MASA) 
GOPAL 80 TOrOntO Cone 159 (R'HEL) IJP 
ALSTON 78 PR D18 182 AlStOn Garnjost Kenney+ (LBL MTHO CERN) tJP 

AISO 77 PRL 38 1007 Alston Gofnjost Kenney+ (LBL MTHO CERN) IJP 
GOPAL 77 NP Bt t9  362 ÷ROSS VanHorn McPherson* (LOIC RHEL) IJP 
MARTIN 77 NP B127 349 *PIOCOCk Moo~'hOUSe (LOUC GLAS) IJP 

AISO 77B NP B126 266 Marlin PlClCOCk (LOUC) 
AISO 77C NP B126 285 Martin Piacock (LOUC) IJP 

HEPP 7Off PL 65B 487 ÷Braun GfJmm StroOele+ (CERN HEID MPIM) IJP 
LONDON 75 NP B85 289 +Yu BOya+ (BNL CERN EPOL ORSA TORt) 
KANE 74 LBL 2452 (LBL) iJP 
PREVOSt 74 NP Bb9 24b +BarloulauQ+ (SACL CERN H~ID) 
BAXTER 73 NP B67 125 ÷Buckingham Corbetl Ounn+ (aXE) IJP 
KIM 7t PRL 27 35b (HARV) IJP 

'167'I = 3 ALSTON 78 DPWA ~ N  ~ KN 
1670 ~ 5 GOPAL 77 DPWA K N  m u l l i c h a n n e l  
1675 +-2 HEPP 76B DPWA K - N ~  ~ ,  
1679 ~ I KANE 74 DPWA K - p  ~ "~', 
1665 +_5 PREVOST 74 DPWA K - N ~  ~ ( 1 3 8 5 ) ~  

• • • We d o  not  use t he  f o l l ow ing  c ia la  for o v e r a g e s  fits l imits e t c  • • * 
1664 1 MARTIN 77 DPWA KN m u l t l c h o n n e l  

A ( 1 6 7 0 )  W I D T H  

VALUE (MeV.) . . . .  DOCUMENT_ID. TECN COMMENT 
2 5  to  50 OUR ESTIMATE 
34 I ± 3 7 KOISO 85 DPWA _K-p  ~ ~r ,  
29 -+ 5 GOPAL 80 DPWA K N  ~ K N  
29 ± 5 ALSTON- 78 DPWA K N  ~ K N  
45 - 10 GOPAL 77 DPWA K N  m u l l l c t l o n n e l  
46  ± 5 HEPP 76B DPWA K - N ~  ~Tr 
40 ± 3 KANE 74 DPWA K - p  ~ ~ ' ,  
19 ± 5 PREVOST 74 DPWA K - N  ~ ~(1385)~-  
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits, e l c  • • • 
12 I MARTIN 77 DPWA K N  m u l t l c h o n n e l  

AlSO 70 Duke Cant 161 Klm (HARV) IJP 
ARMENIEROSb9C Lund Paoer 229 •Balllon+ (CERN HEID SACL)[JP 

Values ore Quoted In LEVI sE1rTl 69 
BERLEY 65 PRL 15 64t *Connol ly Hart Rohm SIonehHl+ (BNL) [JP 
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Baryon Full Listings 
A(1690), A(1800) 

J A(1690) D03 J /(JP) = 0 ( ~ - )  Status * * * * 

The  m e a s u r e m e n t s  of  t h e  m a s s .  w t d t h ,  a n d  e l a s t i c i t y  

p u b h s h e d  b e f o r e  1 9 7 4  o r e  n o w  o b s o l e t e  a n d  h a v e  

b e e n  o m i t t e d  T h e y  w e r e  l as t  h s t e d  ~n o u r  1 9 8 2  ed~-  

h o n  ( P h y s l c s  L e l t e r s  111B) 

A(1690) M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1685 to 1695 OUR ESTIMATE 
t 6 9 5  7_+2 6 KOISO 85 DPWA K - p ~  "~,  
1690 _+ 5 GOPAL 80 DPWA i (N ~ KN 
1692 _+ 5 ALSTON 78 DPWA KN ~ KN 
1690 ± 5 GOPAL 77 DPWA KN m u l t l c h a n n e l  
1690 -+3 HEPP 76B DPWA K - N ~  "~T 
1689 ± 1 KANE 74 DPWA K - p  ~ " ~  

• • • We do  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits. l imits e t c  • , • 
1687 or 1689 I MARTIN 77 DPWA KN m u l t l c h a n n e l  
1692 ± 4 CARROLL 76 DPWA Isospin*0 to ta l  r; 

~ ( 1 6 9 0 )  W I D T H  

V_.A_LUE (MeV) D.OCUMENT IO TECN COMMENr 

50 tO 70 OUR ESTIMATE 
6 7 2 _ +  5 6  KOISO 85 DPWA _K-D ~ ~,'r 
61 ± 5 GOPAL 80 DPWA KN ~ KN 
64 ± 10 ALSTON 78 DPWA KN ~ KN 
60 ± 5 GOPAL 77 DPWA /(N m u l t l c h a n n e l  
82 _+ 8 HEPP 76B DPWA K - N ~  ~ "  
60 ± 4 KANE 74 DPWA K - p  ~ ~ r  
• • • We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits l imits e l c  • • • 
62 or 62 t MARTIN 77 DPWA K N  m u l t i c h a n n e l  
38 CARROLL 76 DPWA Isospln-0 fo la l  a 

A ( 1 6 9 0 )  D E C A Y  M O D E S  

] ' I  \ ( 1 6 9 0 )  ~ N K  

1" 2 A ( 1 6 9 0 )  ~ . ~ r  

l 3 A ( 1 6 9 0 )  ~ A ~/ 

I" 4 ' ~ ( 1 6 9 0 )  ~ A~rTr 

I" 5 ' ~ ( 1 6 9 0 )  ~ " - ~ "  
I'6 A ( 1 6 9 0 )  --* E ( 1 3 8 5 ) ~ r ,  S - w a v e  

A ( 1 6 9 0 )  B R A N C H I N G  R A T I O S  

The sum of o11 t he  q u o t e d  b r o r l c h i n g  ra t las  Is mo re  t h a n  1 0 
The t w o - b o d y  rat ios a r e  f rom pa r t i a l  w a v e  ana l yses ,  a n d  thus 
p r o b a b l y  o re  m o r e  r e l l a b l e  t h a n  the  t h r e e  b o d y  rat ios w h i c h  
a r e  d e t e r m i n e d  from b u m p s  in cross sec t ions  Of t he  lo i te r  
t he  " ~ ' ~  b u m p  looks  m o r e  s l g n l f l c a n l  (The er ror  g l v e n  for 
t he  ~ =  ra t io  looks u n r e a s o n a b l y  s m a l l )  Ha rd l y  a n y  of t he  
~ r ~  d e c a y  c a n  b e  v la  w(1385)  for t h e n  s e v e n  t imes  as 
m u c h  ~.~,~" d e c a y  w o u l d  b e  r e q u i r e d  See Sign c o n v e n  
t lons for r e s o n a n c e  c o u p l i n g s  ;n t he  Note  on  '~ a n d  ~ Reso 
n o n c e s  

l ' ( N K ) / ] ' f o t a  I ] ' i / r  
VALUE DOCUMENT ID 7ECN COMMENT 

0Z2 to 0.3 OUR ESTIMATE 
0 23 ± 0 03 GOPAL 80 DPWA KN ~ KN 
0 22 ± 0 03 ALSTON- 78 DPWA KN ~ KN 

• • • We d o  not  use t he  f o l l o w i n g  d o l o  for a v e r a g e s  fits l imits e t c  • • * 
0 24 ± 0 03 GOPAL 77 DPWA See GOPAL 80 
0 28 or 0 26 1 MARTIN 77 DPWA KN m u l l l c h a n n e l  

( [ ' l l ' f ) ' ~ / l ' l o t a l  In NK" ~ ~ ( t 6 9 0 )  ~ '~?r  ( 1 " i [ ' 2 ) ½ / T  
VALUE OOCUMENT ID 7ECN COMMENT ........ 

----0.34_+0 02-" KOISO ---- 85 DP~/A L(-p ~ : ' x  
- 0  2 5 ± 0  03 GOPAL 77 DPWA K N m u l t l c h a n n e l  
- 0  2 9 ± 0  03 HEPP 76B OPWA K - N ~  ~ ' ,  
- 0 28 ± 0 03 LONDON 75 HLBC K -  p ~ ~0~.0 
- 0  2 8 ± 0  02 KANE 74 DPWA K - D  ~ ~ "  
• • • We do  na t  use t he  f o l l ow ing  d a l e  for a v e r a g e s  fits l imits e t c  • • • 
- 0 30 or - 0 28 1 MARTIN 77 DPWA KN m u l l l c h a n n e l  

( l ' y / ) ! " : - / l ' t o t a l  in N K  --* A ( 1 6 9 0 )  ~ A r/ ( 1 " t [ ' 3 ) ~ / 1 "  
VALUE DOCUMENT ID TECN COMMENT 

0 00 _+ 0 03 BAXTER 73 DPWA K -  p ~ n e u t r a l s  

( l ~ l / )  " / l t o t a  I In N K  A ( 1 6 9 0 )  ~ k ~ ' r  ( I ' t l ' 4 ) ~ / l "  
VALUE DOCUMENT/D rECN COMMENT 

• • • We d o  h a l  use the f o l l ow ing  d a l a  for a v e r a g e s  fits, l imits e t c  * • * 
0 25--.0.02 28ARTLEY 68 HDBC K-p~ '~; 

( l ' ~ l ' f ) : ' ~ / l ' t o l a l  In N K  ~ A ( 1 6 9 0 )  ---,. ~ ' T r  (1 i 1 ' 5 ) ~ / T  
VALUE DOCUMENF ID TECN COMMENT 

0 21 ARMENTEROS68c HDBC K - N  ~ " , ' r£  

( [ ' l ] ' r ) " ~ / l ' t o t a l  I n  N K  ~ \ ( 1 6 9 0 )  ~ " ~ ( 1 3 8 5 ) 1 r ,  S - w a v e  ( 1 " t 1 6 ) ½ / I "  
VALUE DOCUMENT IO TECN COMMENT 

+ 0 27 ± 0 0~I-" PREVOST 74 D P W A  K -  N ~ " ( 1 3 8 5 )  ~r 

A ( 1 6 9 0 )  F O O T N O T E S  

IThe  two  MARTIN 77 v a l u e s  a r e  f rom a T-matr ix Do le  a n d  from a Srelt 
W l g n e r  fit A n o t h e r  D03 ~, at  1966 MeV is a lso  s u g g e s t e d  by  MARTIN 77 
bu t  Js very  u n c e r l a l n  

28ARTLEY 68 uses on ly  cross s e c h o n  d a t a  The e n h a n c e m e n t  is not  seen  
b y  PREVOST 71 

A ( 1 6 9 0 )  REFERENCES 

KOISO 85 NP A433 619 +SOl Yomomoto Koller (TOKY MASA) 
GOPAL 80 Toronto Cant 159 (RHEL) IJP 
ALSTON 78 PR D18 182 Alston Gomjost Kenney÷ (LBL MTHO CERN) iJP 

AlSO 77 PRL 38 1007 Alston Gornlost Kenney+ (LBL MTHO CER'hl) IJP 
GOPAL 77 NP B119 362 +ROSS VonHorn McPhetson+ (LOtC RHEL) IJP 
MARTIN 77 NP B127 349 +Piacock Moorhouse (LOUC GLAS) iJP 

AlSO 776 NP B126 266 Mortln Pldcock (LOUC) 
AlSO 77C NP B126 285 Martin Pldcock (LOUC) UP 

CARROLL 76 PRL 37 806 +Chiong Kycio LI Mozur Michael+ (BNL) t 
HEPP 768 PL 65B 487 +Braun Grlmm Strobele+ (CERN HEID MPIM)IJP 
LONDON 75 NP B85 289 +Yu Boyd+ (BNL CERN SPOt ORSA TORt) 
KANE 74 LBL 2452 (LBL) IJP 
PREVOST 74 NP B69 246 +Bodoutoud+ (SACL CERN HEID) 
BAXTER 73 NP 867 125 +Bucklngham Corbett Dunn+ (OXF) IJP 
PREVOST 71 Am|terOom Cant (CFRN HElD SACL) 
ARMENTEROSb8C NP B8 216 +Baillon+ (CER'N HEID SACL) I 
BARTLEY 68 PRL 21 1111 +Chu bawd Greene+ (TUFT FSU BRAN) l 

I A(1800) So,m J : °(12-) stotus * * * 

Thls is the second resonance ,n the SOl wave. the first 
belng the \(1670) 

,:(4800) MASS 

VA_LUE ( ~ V ) . .  DOCUMENT ID TECN COMMENT 

1720 to 1850 OUR ESTIMATE 
1841 ± 10 GOPAL 80 DPWA KN .~ KN 
1725 3:20 ALSTON 78 DPWA /~N ~ KN 
1825 :~ 20 GOPAL 77 DPWA KN m u H I c h a n n e l  
1830 ± 20 LANGBEIN 72 IPWA KN m u l f l c h e n n e l  
• * * We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits, l imits, e l c  • • • 
1767 or 1842 1 MARTIN 77 DPWA KN m u l t l c h a n n e l  
1780 KIM 71 DPWA K-matr lx  ana lys is  
1872 _+ 10 BRICMAN 70B DPWA KN .~ KN 

M1800) WIDTH 

V_{~LUE..(MeV ) DOCUMENT ID TECN COMMENT 

2 0 0  tO 400 OUR ESTIMATE 
228 :I: 20 GOPAL 80 DPWA KN ~ KN 
185 ± 20 ALSTON 78 DPWA K'N ~ KN  
230 ± 20 GOPAL 77 OPWA KN m u l t i c h a n n e l  

70 ± 15 LANGBEIN 72 IPWA KN m u l t i c h a n n e l  
• • • We d o  not  use t he  f o l l o w l n g  d a t a  for o v e r a g e s  fits l lm l ls  * t o  • • • 
435  or 473 I MARTIN 77 DPWA KN m u l t i c h a n n e l  

40 KIM 71 DPWA K-motr lx  ana lys i s  
100 ± 20 BRICMAN 70B DPWA KN ~ KN 

A ( 1 8 0 0 )  D E C A Y  M O D E S  

l i  A ( 1 8 0 0 )  ~ N K  

[ '2 A ( 1 8 0 0 )  ~ ~ 

l" 3 A ( 1 8 0 0 )  ~ " ( 1 3 8 5 ) ~ "  

I" 4 A ( 1 8 0 0 )  ~ N K ~ ( 8 9 2 ) .  S = 1 / 2 ,  S - w a v e  

l ' s  A ( 1 8 0 0 )  ~ N ~ 1 C ( 8 9 2 ) .  5 = 3 / 2 .  D - w a v e  



See key on page 129 

4 3 7  

Baryon Full Listings 
A(18 0) 

A ( t 8 0 0 )  B R A N C H I N G  R A T I O S  

See Slgn conven t ions  for resonance  coup l i ngs  in the Note 
on % a n d  ~ Resonances 

I ' ( N T O / I ' I o f a  I ] ' t / r  
VALUE DOCUMENT tO TECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.25 tO 0.40 OUR ESTIMATE 
0 36 ± 0 04 GOPAL 80 DPWA ~'N ~ KN 
0 28 ± 0 05 ALSTON" 78 DPWA K N  ~ K N  
0 35 ± 0 15 LANGBEIN 72 IPWA K N  m u l t l c h a n n e l  
• • * We d o  not  use the  fo l l ow ing  d a t a  for overages  fits l imits e t c  • ° ° 
0 37 ± 0 05 GOPAL 77 DPWA See GOPAL 80 
I 21 or 0 70 1 MARTIN 77 DPWA K N  m u l t l c h o n n e l  
0 80 KIM 71 DPWA K-matrix OnoWsis 
0 18 ± 0 02 8RICMAN 70B DPWA K N  ~ K N  

( r l l ' t ) ~ ' 2 / l ' t o f a l  in  N K  ~ A ( 1 8 0 0 )  ~ ~?r ( r l l ' 2 ) ½ / T  
VALUE DOCUMENT ID TECN COMMENT 

- 0 08 ± 0,05 GOPAL 77 DPWA K N  mult lc~nonnel 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e t c  • • • 
- 0.74  or - 0 .43  I MARTIN 77 DPWA K N  m u l t i c h a n n e l  

0 24 KIM 71 DPWA K matdx  analysis 

( | ' r r l ) ' ~ / | ' l o l o l  in  N K  ~ A ( 1 8 0 0 )  ~ ~ ( 1 3 8 5 )  7r ( I ' l I ' 3 ) ½ / I "  
VALUE DOCUMEN~ IO TECN COMMENT 

+ 0  0 5 6 ± 0  028 2CAMERON 78 DPWA K - p ~  "(1385)'n" 

(l'll'f)I"~/l'lofol In NK ~ ' K 1 8 0 0 )  ~ NK~(892), S = 1 / 2 ,  S-wave 

(l'll ',O~/l" 
VALUE DOCUMENT ID TECN COMMENT 

--0 17 ± 0  03 2CAMERON 78B DPWA K - p  ~ N-I( x~ 

( ] ' ~ ] ' t ) ' ~ ' / l ' f o f a l  In N/(" ~ A ( 1 8 0 0 )  ~ N ~ W ( 8 9 2 ) .  5 = 3 / 2 ,  D - w a v e  

([d's)~/r 
VALUE DOCUMENT ID rECN COMMENT 

- 0  13 ± 0 . 0 4  CAMERON 78B DPWA K - p  - ~ - N &  "~ . . . . . . . . . . .  

A ( 1 8 0 0 )  F O O T N O T E S  
IThe two MARTIN 77 va lues ore from a T mafnx  p o l e  a n d  from a Brelt 

Wlgner fil 
2The p u b l i s h e d  sign has b e e n  c h a n g e d  to b e  m a c c o r d  wdh  the  baryon-  

first conven t i on  

A ( 1 8 0 0 )  R E F E R E N C E S  

GOPAL 80 Toronto Cant 159 (K'HEL) IJP 
ALSTON 78 PR D18 182 AlSlon GarnJost Kenney+ (L~. MTHO CERN) IJP 

Also 77 PRL 38 1007 AIsIon GarnJosf Kenney+ (LBL MIHO CERN) IJP 
CAMERON 78 NP B143 189 +Fronek Gopal Bacon Bunerworth+(RHEL LOIC) IJP 
CAMERON 78~ NP B~46 327 +Franek Gopal Kalmus McPherson*KR'HEL LOIC) IJP 
GOPAL 77 NP B119 362 +ROSS VanHom McPherson* (t.OIC RHEL) IJP 
MARTIN 77 NP B127 349 +Piacock Moorhouse (LOIJC GLAS) IJP 

Also 77B NP B126 266 Martin PlClcock (LOUC) 
Also 77c NP B126 285 Martin PlOcock (LOUC) IJP 

LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 
KIM 71 PRL 27 356 (HARV) IJP 

Also 70 Duke Cant 161 Kim (HARV) IJP 
BRICMAN 70B PL 33B 51t +Terra Luzzl Lognoux (CERN) IJP 

J A(t810) J l(J P) = 0 ( ~  + )  Status a..m 

A l m o s t  a l l  t h e  r e c e n t  a n a l y s e s  contain a P0t s ta te ,  
a n d  s o m e t i m e s  t w o  of  t h e m ,  b u t  t h e  masses ,  w i d t h s .  
a n d  b r a n c h i n g  rahos  v a r y  g r e a t l y  See  a l s o  t h e  
A(1600) P01 

A ( t 8 t 0 )  M A S S  

_V.ALUE (MeV)  DOCUMENT ID T E.CN_. C__O_M._MENT 

1 7 5 0  tO 1850 OUR ESTIMATE 
1841 ~ 20 GOPAL 80 DPWA KN ~ KN 
1853 ± 20 GOPAL 77 DPWA KN m u l l l c h a n n e l  
1735 ± 5 CARROLL 76 DPWA Isospln-0 to ta l  r/ 
1 7 4 6 + 1 0  PREVOST 74 DPWA K - N ~  ~(1385),-r 
1780 _+ 20 LANGBEIN 72 IPWA K N  m u l t i c h a n n e l  

• • • We d o  not  use the fo l l ow ing  d a t a  for averages  il ls hmlts e f t  • • • 
1861 Of 1953 I MARTIN 77 DPWA K N  m u i h c h a n n e l  
1755 KIM 71 DPWA i< malr~.x analysis 
1800 ARMENTEROS70 HBC K N  ~ K N  
1750 ARMENTEROS70 HBC KN ~ ~_.Tr 
1690 ± 10 BARBARa 70 HBC KN .°  ~-~ 
1740 BAILEY 69 DPWA K N  ~ K N  
1745 ARMENTEROS688 HBC K N  o K N  

A ( 1 8 1 0 )  WIDTH 

VALUE (Me ' / )  DOCUMENT ID TECN 

50 to 250 OUR ESTIMATE 
164 ± 20 GOPAL 80 DPWA 

90 - 20 CAMERON 78B DPWA 
166 :t 20 GOPAL 77 DPWA 
46 ± 20 PREVOST 74 DPWA 

120 ± 10 LANGBEIN 72 IPWA 
• • • We do  not  use lhe  fo l l ow ing  d a t a  for averages  fits 
535 or 585 t MARTIN 77 DPWA 

28 CARROLL 76 DPWA 
35 KIM 71 DPWA 
30 ARMENTEROS 70 HBC 
70 ARMENTEROS 70 HBC 
22 BARBARa 70 HBC 

300 BAILEY 69 DPWA 
t47 ARMENTEROSOBB HBC 

COMMENT 

K N  ~ K N  
K -  D ~ N IC 4¢ 
K N  m u l t l c h o n n e l  
K - N  . ~(1385)~  
K N  mul fLchonnel  
l lmllS e tc  • • • 
K N  m u l l i c n o n n e l  
IsOSpln-O tOIOI o" 
K matr ix  analysis 
i ( N  ~ K N  
K N  o ~-~ 
K N  ~ ~ r  
K N  ~ K N  

A(1810) DECAY MODES 

I' I % ( 1 8 1 0 )  ~ NK 

]'2 ~ ( 1 8 1 0 )  ~ E ~  

I '  3 % ( 1 8 1 0 )  ~ ~ ( 1 3 8 5 ) ~ "  

r .  % ( 1 8 1 0 )  ~ N K ~ ( 8 9 2 ) ,  S = 1 / 2 ,  P - w a v e  

l" 5 % ( 1 8 1 0 )  ~ N ~ I = ( 8 9 2 ) ,  S = 3 / 2 ,  P - w a v e  

A ( 1 8 1 0 )  B R A N C H I N G  RAT IOS 

See Sign convenhons  for resonance COuplings in Ine Note 
on %. a n d  ~ Resonances 

l ' ( N ~ 0 / l ' f o f a  I 
VALUE DOCUMENT tO TECN 

0 . '2"  "to 0 . ' 5  O U R  ESTiMAIE 
0 24 ¢ 0 04 GOPAL 80 DPWA 
0.36  - 0.05 LANGBEIN 72 IPWA 
• • • We d o  not  use the fo l low ing  d a t a  for averages  fits 
0 21 ± 0.04 GOPAL 77 DPWA 
0 52 or 0 49 I MARTIN 77 DPWA 
0 30 KIM 71 DPWA 
0 15 ARMENTEROS 70 DPWA 
0 55 BAILEY 60 DPWA 
0 4 ARMENTEROSb8B DPWA 

( ] ' / ] ' / ) I O / ] ' I o t o I  In  N K  --* \ ( 1 8 1 0 )  ~ E r r  
VALUE DOCUMENT IO TECN 

"" L 0-24-~ 0 04 GOPAL 77 DPWA 
• ° • We do  not  use lhe fo l l ow ing  d a t a  for averages  Ells 

+ 0 25 or + 0 23 t MARTIN 77 DPWA 
< 0 01 LANGBEIN 72 IPWA 

0 17 KIM 71 DPWA 
+ 0 20 2 ARMENTEROS 70 DPWA 
- 0 13 ± 0 03 BARBARa 70 DPWA 

( I ' . I ' l ) " ~ - / l ' f o l o l  m NK" ~ ~ ( 1 8 1 0 )  ~ ~ ( 1 3 8 5 )  ~" 
VALUE DOCUMENT ID TECN 

+ 0  18_~0 10 PREVOSt 74 DPWA 

( l ' l l ' r ) V : / l ' f o t a l  in N~" ~ ~ ( 1 8 i 0 )  ~ N ~ 4 C ( 8 9 2 ) .  

VALUE DOCUMENt tO TECN 

- 0 t4 _. 0 03 2 CAMERON 78B DPWA 

([ ~ l ' l ) ' : / [ ' f o t a l  In  NK" ~ ~.(1810) ~ Nk"~(892), 

VALUE 

-+ '~)-3g" ; ~-.-0-6 . . . . .  

r111" 
COMMENT 

K N  m u l h c h o n n e l  
l lmlfs e f t  • • • 
See GOPAL 80 
K N m u l f l c h o n n e l  
K matr ix  analysis 
K N  ~ K N  
K N ~ K N  
K N  ~ K N  

(1 J ' 2 ) ~ ' / ] "  
COMMENT 

K N  m u l t l c h o n n e l  
limits e tc  • • • 
K N  m u l h c h o n n e l  
K N  m u l t l c h o n n e l  
K matr ix analysis 
K N  - " =  
K N ~  " i t  

( I  ,11 3 ) ' ~ / l  
COMMENT 

K - N  ~ ~(1385) ~ 

5 = 1 / 2 .  P - w o v e  

(1"ir4)',~ / 1 
COMMENT 

K -  p ~ N I ( ~  

S = 3  ,'2, P - w a v e  

(1115)'/L, '  1 
pgCU_M.E.NT ~0 . [ec,~ COMMENT 

CAMERON 78B DPWA K -  p ~ NK~ 

A ( 1 8 1 0 )  F O O T N O T E S  
IThe two MARTIN 77 values are from o T moiFix p o l e  a n d  Irom a Brell 
Wlgner  fit 

2The pub l i shed  sign has b e e n  C h a n g e d  to be  in a c c o r d  wl th  the ba ryon  
first conven t l on  
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Baryon Full Listings 
A(1810), A(1820) 

A ( 1 8 1 0 )  REFERENCES 

GOPAL 80 Toronto Cant 159 (RHEL) IJP 
CAMERON 78S NP Bt46 327 +Fronek GODOI Kalmus McPherson.~{RHEL LOlC)IJP 
GOPAL 77 NP B1t9 362 +ROSS VonHorn McPherson~ (LOIC RHEL) IJP 
MARLIN 77 NP Bt27 349 +PldCOCk Moorhouse (LOUC GLAS) IJP 

AlSO 77S NP B126 266 Martin PIcIcock (LOUC) 
AlSO 77C NP B126 285 Martin PldcOCk (LOUC) UP 

CARROLL 76 PRL 37 806 oChiong KycIo Li Mozur Michael+ (BNL) I 
PREVOSI 74 NP B69 246 ~Barloulaucl* (SACL CERN HELD) 
LANGBEIN 72 NP B47 477 +Wagner (MPIM) IJP 
KIM 71 PRL 27 356 (HARV) IJP 

AlSO 70 Duke Cant t61 KIm (HARV) IJP 
ARMENIEROS 70 Duke C0nf t23 +Bolllon~ (CERN HElD SACL) IJP 
BARBARa 70 Duke Cant t73 Bo le ro  Galtlerl (LRL) IJP 
BAILEY 69 UCRL 50617 Thesis (LLL) IJP 
ARMENTEROS 688 NP B8 195 ~8alllon+ (CERN HEID SACL) IJP 

J ~(1820) F05 J l(J ~) = 0(~ ÷) Status * * * * 

This r e s o n a n c e  Is t h e  c o r n e r s t o n e  for  o i l  p a r t i a l - w o v e  
a n a l y s e s  m th~s r e g i o n  Mos t  of  t h e  resu l ts  p u b h s h e d  
b e f o r e  1973 a r e  n o w  o b s o l e t e  a n d  h a v e  b e e n  o m i t -  
t e d  T h e y  m a y  b e  f o u n d  ~n o u r  1982 e d f l ~ o n  (Phys i cs  
Le t te rs  t t t B )  

M o s t  of  t h e  q u o t e d  er rors  a r e  s t a h s h c a l  o n l y ,  t h e  sys- 
t e m a h c  er rors  d u e  to  t h e  p a r h c u l a r  p a r o m e t n z a h o n s  
u s e d  ~n t h e  p a r h a l - w a v e  a n a l y s e s  a r e  n o t  ~ n c l u d e d  
For th~s r e a s o n  w e  d o  n o t  c a l c u l a t e  w e i g h t e d  a v e r -  
a g e s  for t h e  m a s s  a n d  w~d th  

A ( 1 8 2 0 )  M A S S  

VALUE (MeV~ D_OC. UMENr ID TECN COMMENt 

1815 to 1825 OUR ESTIMAIE 
1823 ± 3 GOPAL 80 DPWA -KN ~ K N  
18t9 +- 2 ALSTON 78 DPWA K N  ~ T(N 
1822:1:2 GOPAL 77 DPWA K N  mul t~cnanne l  
1821 ':I: 2 KANE 74 DPWA K - p  ~ " z r  

• • • We dO not  use lhe  fo l l ow ing  d a t a  for averages  fits l imits e t c  • • • 
1830 DECLAIS 77 DPWA K N  ~ I ( N  
1817 or 1819 i MARTIN 77 DPWA K N  m u l f l c h o n n e l  

A ( 1 8 2 0 )  WIDTH 

VALUE (MeV) . . . . . . . . . . . . .  DOCUMENt ID rECN COMMENT 

70 to 90 OUR ESTIMATE 
77 ± 5 GOPAL 80 DPWA K N  ~ T(N 
72 ± 5 ALSTON- 78 DPWA ~(N ~ K N  
81 .+_+ 5 GOPAL 77 DPWA KN m u l t l c h a n n e l  
87 ± 3 KANE 74 DPWA K- p ~ v:¢ 
• • * We do not use the following data for averages, flts. llmits etc • • * 
82 OECLAIS 77 DPWA KN ~ KN 
76 or 76 I MARTIN 77 DPWA KN multlchannel 

A ( 1 8 2 0 )  D E C A Y  M O D E S  

F r a c t i o n  ( I ' ~ / I ' )  S c a l e  

I '  I ~ ( 1 8 2 0 )  - ~  NK" (58 4 ±  1 7 )×10  - 2  

I" 2 A ( t 8 2 0 )  --~ "7 t "  (13 4 ±  1 0 ) < 1 0  - 2  

1 3 A(1820) ~ At/ ( I 6 + ~ 3)'~I0-2 

I 4 '~(1820) --~ ~..'/1"~ (15 +- 4 ) x l 0  - 2  16  

r s A ( 1 8 2 0 )  ~ -"- ' (1385) 'n-  

1" 6 A(1820) ~ ~(1385)?r, P - w a v e  (~0 5± 3 5),<I0 -2 18 

l" 7 A ( 1 8 2 0 )  .-,. " ( 1 3 8 5 ) ~ ,  F - w a v e  ( 9 + 1 2  ) × t 0 _  s 1 9  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

An o v e r a l l  h i  t o  6 branching ra t ios  uses 9 m e a s u r e  
m e n l s  a n d  o n e  c o n s t r a i n t  t o  d e t e r m i n e  6 p a r a m e -  
ters The o v e r a l l  fit has  a X 2 = 7 3 for 4 d e g r e e s  of 
f r e e d o m  

The f o l l o w i n g  o f f . d i a g o n a l  a r r a y  e l e m e n t s  a r e  t h e  c o r r e l a h o n  c o e f h -  
c l e n t s  , ~ x j ; ) x s , / ( / ) x  I ~,xs). in  p e r c e n t ,  f r o m  t h e  ht  to  t h e  b r a n c h i n g  
t r a c t i o n s ,  x i . .  l ' i . , 'J' ioto I The f l t  c o n s t r a i n s  t h e  x i  w h o s e  l a b e l s  
a p p e a r  In thls array to sum to o n e  

X 2 39 
X 3 S 2 
x 4 24 12 21 
x 6 " 7 3 0 84 
X 7 2 I 0 - 2 6  

Xl  X2 X 3 X4 
" 5  
X6 

A ( 1 8 2 0 )  B R A N C H I N G  RAT IOS 

Errors QUOted Qo not  i nc l ude  uncer fa lnhes Irl the poramet r l za  
l ions used in the  par t ia l  w o v e  analyses onci are thus fad  
smal l  See also Sign conven t ions  for resonance COUDhngs 
in the Note on ', a n d  ~ Resonances 

[ ' ( N / 0 1 I ' f o l o  I l ' r / l  
VALUE DOCUMENT ID TECN COMMENT 

0.s-.~-~o 0.-~,~,-ouR ES.MATE 
0.584 +- 0.017 OUR FIT 
0.586 ± 0.017 OUR AVERAGE 
0 58 ± 0 02 GOPAL 80 DPWA KN ~ KN 
0 60 _ 0 03 ALSTON 78 DPWA K N  ~ K N  

• * * We do  no l  use the  fo l l ow ing  d o l o  for overages  Ills hmllS efc  • • • 
0.51 OECLAIS 77 DPWA K N  ~ K N  
0 57 - 0 02 GOPAL 77 DPWA See GOPAL 80 
0 59 or 0 58 I MARTIN 77 DPWA K N  mul fJchonne l  

( l ' ; I ' : ) " : / l ' t o t a  I i n  N K  --* .~.(1820) -,- ~ I r  ( 1 1 1 2 ) ~ / 1  
VALUE DOCUMENT ID TECN COMMENT 

0.280 +- 0.009 0(JR'FIT . . . . . . . . . . . . . .  
- 0.280 +- 0.009 OUR AVERAGE 
- 0 28 - 0 03 GOPAL 77 DPWA KN m u l t i c h a n n e l  
- 0  28+-0 01 KANE 74 DPWA K - p ~  ~Tr 

• * • We do  not  use the fo l l ow ing  d a t a  for averages  fits, l imits, e l c  • • • 
- 0 . 2 5  or - 0  25 I MARTIN 77 DPWA KN mu l f i chonne l  

( l  ~ [ ' l ) " : : / [ ' t o to l  i n  N K  ~ A ( 1 8 2 0 )  ~ .'~ r I (1"11'3) ~/ '1 
VALUE DOCUMENT ID rECN 

0 n o A  ÷ 0 . 0 4 0  . . . .  -- 0 020 OUR FIT 

+ 0.040 RADER 73 MPWA - 0°096 _ 0.020 

I ' ( ~  ~" ~ ) / ] ' l o f a l  I"4/l" 
VALUE DOCUMENT ID rECN COMMENt 

0.15 +- 0.04 OUR FIT Error inc ludes  sca le  factor  of I 6 
NO CLEAR SIGNAL 2ARMENTEROS68C HDBC K - N  ~ " T r ~  

( [ '~ ] '~) I '~ / l '1ofa i i n  N K  ~ A ( 1 8 2 0 )  ~ " ( 1 3 8 5 ) ~ .  P - w a v e  ( l ' j ' 6 ) ' / 2 / r  
VALUE DOCUMENr ID TECN COMMENT 

0.25 +- 0.04 OUR FIT Error mc ludes  sca le  factor  of 1 8 
0.25 +- 0.04 OUR AVERAGE Slgns on measurements  were i gno red  Error 

inc ludes  scale factor of 1 7 
- 0 167 _~ 0 054 3 CAMERON 78 DPWA K -  p o ~(1385) ,I- 
- 0  27 - 0  03 PREVOST 74 DPWA K - N ~  ~(1385),"r 

( I ' l l ' / ) ' . / : / l ' fotal  I n  N K  ~ ~ ( 1 8 2 0 )  ~ Z(J385)tq', F-wave  ( l ' t l  7 ) ½ / I  

VALUE DOCUMENt ID rECN COMMENT 

0.07 ± 0.05 OUR FIT Error inc ludes  scale factor of 1 9 
~.0 065+-0.029 3CAMERON 78 DPWA K - D  - ~(1385),'r 

A ( 1 8 2 0 )  F O O T N O T E S  
1The two MARTIN 77 va lues are from a T matr ix  p o l e  a n d  from a Breit 
Wiener fit 

2There is o suggest ion of a b u m p  e n o u g h  to be  consistent  w i lh  wha t  Is 
e x p e c t e d  from " (1385)  ~ ETr d e c a y  

3The p u b l i s h e d  sign has b e e n  c h a n g e d  1o be  in a c c o r d  with the ba ryon  
flrsl conven t i on  

GOPAL 
ALSTON 

AlSO 
CAMERON 
DECLAiS 
GOPAL 
MARTIN 

AlSO 
AISO 

A ( 1 8 2 0 )  REFERENCES 

80 loronlo cant t59 (RHEL) IJP 
78 PR D18 t82 Alslon Gom]ost Kennev* (LBL MTHO CERN) IJP 
77 PRL 38 1007 Alston Garnlost Kennev+ (LBL MTHO CERN) IJP 
78 NP B143 189 +Ftanek GOOd1 B a c o n  Butlerwodh+(RHEL LC~C) IJP 
77 CERN 77 16 +Duchon Louvel Parry Segulnol÷ (CAEN CERN) [JP 
77 NP B119 362 +Ross VanHom McPherson÷ (LOIC RHEL) IJP 
77 NP B127 349 +PIclcock MoOrhouse (LOUC GLAS) IJP 
778 NP B~26 266 Martin Pldcock (LOUC) 
77C NP B126 285 Marlin PldCOCk (LOUC) IJP 



See key on page 129 

KANE 74 LBL 2452 (LBL) IJP 
PREVOST 74 NP B69 246 +Sorloutoud+ [SACL CERN HEID) 
RADER 73 NC IbA 178 ~Sarlouloud~ (SACL HEID CERN R'HEL COEF) 
AEtMENTEROSbBC NP B8 21b ÷SoIllon* (CERN HElD SACL) I 

GOPAL 
ALSTON 

AlSO 

4 3 9  

Baryon Full Listings 
A(1820), A(1830), A(1890) 

A ( 1 8 3 0 )  REFERENCES 

80 Toronto Cant 159 (RHEL) i jp 
78 PR D~8 182 AISTOn GQrnjosl Kennev~ (LSL MTHO CERN) .JP 
77 PR'L 38 1007 AlStOnGQrnjo$1 Kennev~ (LBL MTHO CER~N) IJP 

l ~(1830) D05 J ~ ( / )  = 0(52 - )  S t a t u s  * * '~ '~ 

For resu l ts  p u b h s h e d  b e f o r e  1973 ( t h e y  o r e  n o w  
o b s o l e t e )  s e e  o u r  1982 ed f f~on  (Phys ics  Le t te rs  t t 18 )  

The b e s t  e v i d e n c e  for this r e s o n a n c e  is in t h e  . ~  
c h a n n e l  

A ( 1 8 3 0 )  M A S S  

VALUE (MeV) DOCUMENT ID rECN COMMENT 

1810 to 1830 OUR ESTIMATE 
1831 ± 10 GOPAL 80 DPWA K N  ~ K N  
1825 _+ 10 GOPAL 77 DPWA k'N multich(3nnel 
1825 ± 1 KANE 74 OPWA K - p  ~ ~ r  

• • • We do  not  use the fo l l ow ing  d a t a  for averages  fits limits e tc  • • • 
1817 or 1818 t MARTIN 77 DPWA KN multJch(snnel 

~(1830) WIDTH 

yALiJE (M~y)_.  DOCUMENT ~D '[[CN. _C.(?_M.MENT 

60 to 110 OUR ESTIMATE 
100 :t: f0 GOPAL 80 DPWA K N  ~ K N  

94 _.+_ 10 GOPAL 77 DPWA K N  m u l h c h o n n e l  
119 ± 3 KANE 74 DPWA K - D  ~ ~-~ 
• • • We d o  not use the  fo l l ow ing  dot(:] for overages  fits limits e tc  * • * 

56 or 56 E MARTIN 77 DPWA KN mul l l ch(snne l  

A ( 1 8 3 0 )  D E C A Y  M O D E S  

I t ~ . ( 1 8 3 0 )  --,. N / (  

I '  2 A ( 1 8 3 0 )  ~ " ~ r  

r 3 \ ( 1 8 3 0 )  ~ ~.fl 

r 4  A ( 1 8 3 0 )  ~ ~ ( 1 3 8 5 ) ~ ,  D - w a v e  

A ( 1 8 3 0 )  B R A N C H I N G  R A T I O S  

See "Sign conven t ions  for resonance  coup l i ngs  in the Note 
on ', a n d  ~ Resonances 

] ' ( N T 0 / ] ' t o l a  I I ' i / t "  
VALUE DOCUMENT ID TECN COMMENT 

0.03 tO 0.40 OUR ESTIMATE 
0 08 _+ 0 03 GOPAL 80 DPWA K N  ~ K N  
0.02 ± 0 02 ALSTON" 78 DPWA K N  ~ I (N  
• • • We do  not  use the fo l l ow ing  d a t a  for averages,  fits IJmils e tc  • • • 
0 04 ± 0 03 GOPAL 77 DPWA See GOPAL 80 
0 04 or 0 04 I MARTIN 77 DPWA KN m u l t l c h a n n e i  

( I ' l I ' / ) : " - ' / l ' t o t o  i In  N K  ~ ~ . ( 1 8 3 0 )  ~ E~"  (1 " t I ' 2 )½ / I "  
VALUE DOCUMENT ID rECN COMMENT 

- -0  17 ~:0 .03 GOPAL 77 DPWA / ( N m u l t l c h a n n e l  
- 0  15_+0 01 KANE 74 DPWA K - D  ~ ~_,'r 

• • • We do  not  use the fo l l ow ing  d a l o  for overages  fits I lml ls e tc  • * * 
- 0  17 or - 0  17 I MARTIN 77 DPWA KN mul t lch(3nnel  

( l ' t l ' / ) " ' : / l ' t o t o  I In N K - - . .  ' ~ ( 1 8 3 0 ) ~  ~ (1"11"3)½,/1" 
VALUE DOCUMENT ID 7ECN 

--[~ -0-44-± [ ) 0 2 0  RADER 73 MPWA 

( l ' , I ' l ) ' / ~ ' / I ' t o t o l  In  N K  ~ ~ , ( 1 8 3 0 )  ~ ~ ( t 3 8 5 ) ~ .  D - w a v e  ( I ' 1 1 " 4 ) ~ / l  ' 
VALUE DOCUMENT ID TECN COMMENT 

~ 0  141 ± 0  014 2CAMERON 78 DPWA K - p  ~ ~-(1385)~ 
~ 0  13 ± 0  03 PREVOST 74 DPWA K - N ~  ~(1385 )~  

A ( 1 8 3 0 )  F O O T N O T E S  
IThe two MARTIN 77 va lues are from (3 T matr ix  p o l e  a n d  from (3 Brelt 

Wlgner  fit 
2The CAMERON 78 u p p e r  l lml t  on G-wove d e c o y  Is 0 03 The p u b l i s h e d  

slgn has b e e n  c h a n g e d  to be  in (sccord wi th the baryon-f lrst conven t i on  

CAMERON 
GOPAL 
MARTIN 

AlSO 
AlSO 

KANE 
PREVOST 
RAPER 

78 NP S143 189 oSranek Gopol Bacon 8utferworth÷(R~EL LOIC) iJp 
77 NP Slr9 362 ~Ros$ VonHom McPherson~ (.OIC RHEL) IJP 
77 NP S127 349 *PlCJCOCk Moorhouse (.OUC GLAS) IJP 
77S NP S12b 266 MarTin PiCICOCk (~OUC) 
77C NP S126 285 Martin PlOCOCk (LOUC) IJP 
74 LBL 2452 (LBL) IJP 
74 NP S69 24b +BorloulouO* (SACL CERN HEID) 
73 NC 1hA 178 *Sorloulaud+ (SACL HElD CERN [~HEL CDEF) 

J A(1890) Po3 J ,cJ5 : o(32 +) s~atus * * * * 

For resu l ts  p u b h s h e d  b e f o r e  1974 ( t h e y  a r e  n o w  
o b s o l e t e )  s e e  o u r  1982 e d l h o n  (Phys ics  Let ters  t11B) 

The J P  = 3 , 2  + a s s i g n m e n t  is c o n s i s t e n t  w i t h  a l l  a v a i l -  
a b l e  d a t a  ( i n c l u d i n g  p o l a n z a h o n )  a n d  r e c e n t  p a r h a l  
w a v e  a n a l y s e s  The d o m i n a n t  m e l a s h c  m o d e s  r e m a i n  
u n k n o w n  

A ( 1 8 9 0 )  M A S S  

V__A!.U~ (_MeV)_ . . . . . . . . .  OOC.UMENr ID TEC_N C.O__MMfNT. 

1 8 5 0  t (3  1 9 1 0  O U R  ESTIMATE 
1897 ± 5 GOPAL 80 DPWA K N  -~ K N  
1908 ± 10 ALSTON 78 DPWA /(N ~ KN 
1900 ± 5 GOPAL 77 DPWA K N  mul l ich(snnel  
1894 ± 10 HEMINGWAY 75 DPWA K - p  ~ K N  

• * • We d o  not  use the fo l low ing  d a t a  for averages  fits Itmds etc  • • • 
1856 or 1868 I MARTIN 77 DPWA K N  mult lch(snnel  
1900 2NAKKASYAN 75 DPWA K " p  ~ 't~. 

A ( 1 8 9 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

60 to 200 OUR ESTIMATE 
74 :L 10 GOPAL 80 DPWA K N  ~ ~(N 

119 ± 20 ALSION 78 DPWA K N  ~ K N  
72 ± 10 GOPAL 77 DPWA K N  m u l l i c h a n n e l  

107 - 10 HEMINGWAY 75 DPWA K - p  ~ K N  
• • • We do  not  use the f(311(3wmg d a t a  for averages  fits, broils, e tc  • • • 
191 Or 193 I MARTIN 77 DPWA K N  mulhch(snne l  
100 2 NAKKASYAN 75 DPWA K-  D ~ \ 

A ( 1 8 9 0 )  D E C A Y  M O D E S  

r I ~ , ( 1 8 9 0 )  ~ N K  

I" 2 A ( 1 8 9 0 )  ~ " 7 1  

]'3 ~ ( 1 8 9 0 )  ~ %~ 

1" 4 ~ . ( 1 8 9 0 )  ~ ~ ( 1 3 8 5 ) ~ ' ,  P - w a v e  

1" 5 ~ . ( 1 8 9 0 )  ~ " ( 1 3 8 5 ) 7 r ,  F - w a v e  

t" 6 ~ ( 1 8 9 0 )  ~ N K ~ ( 8 9 2 ) ,  S = 1 / 2 ,  P - w a v e  

A ( 1 8 9 0 )  B R A N C H I N G  RAT IOS 

See 'Sign conventi(3ns for resonance c(3upl lngs in the Note 
on \ and ~ Resonances 

I ' ( N K ) / r t o t a  L 1 I/r 
VALUE DOCUMENT ID rECN COMMENT 

0.20 to 0.35 OUR ESTIMATE 
0 20 ± 0 02 GOPAL 80 DPWA K N  ~ K N  
0 34 ± 0 05 ALSTON- 78 DPWA K N  ~ K N  
0 24 ± 0 04 HEMINGWAY 75 DPWA K -  13 ~ K N  
• • • We do  not  use the fo l l ow ing  d(31(3 f(3f overages  his limits e tc  • • • 
0 18 ± 0 02 GOPAL 77 DPWA See GOPAL 80 
0 36 or 0 34 I MARTIN 77 DPWA K N  mulhch(snnel  

( i '~[ ' / )~ '~/] ' fot(si  In  N K  ~ \ ( 1 8 9 0 )  ~ ~? r  ( I  11 2)~h.,'l 
VALUE . . . .  DOCUMENT ID TECN COMMENT 

--0 0 9 - . 0  03 GOPAL 77 DPWA KNmu l t l ch ( snne l  
• • • We do  not  use the fo l l ow ing  d a t a  for (3vefages fits limits e tc  * • • 
-t-0 15 or + 0  14 I MARTIN 77 DPWA K N  mui l ich(snnel  



4 4 0  

Baryon Full Listings 
A(1890), A(2000), A(2020) 

( r , l ' r ) " : / l ' t o f a  I i n  NK" ~ ``(1890) ~ ``.c (1"11"3)~1'1" 

VALUE DOCUMENr ID rECN COMMENT 

SEEN BACCARI 77 IPWA K - D  ~ ~,~' 
0 032 2NAKKASYAN 75 DPWA K - D  ~ %~' 

( l ' f , ) " : / l ' t o t o  I ~n N K  ~ ``(1890) ~ ~ ( 1 3 8 5 ) / r ,  P - w a v e  ( 111 "4 ) v2 / I "  

VALUE DOCUMENT IO IECN COMMENT 

• --0 03 CAMERON 78 DPWA K - p  ~ "~(4385)= 

( l ' f ; ) " : / l ' l o l a  I ~n NK - .  ``(1890) ~ ~ (1385) / r ,  F-wave ( ] '~ I 's)~/ ]"  
VALUE DOCUMENt ID rECN COMMENT 

--0 126_+0 055 3 C A M E R O N - 7 8  [)PWA K - D  ~ ~(4385)~T 

( ] ' f l )"~/ l ' tolo I m N K  ~ ' , (1890) ~ NK~(892) .  S = I / 2 ,  P-wave 
( I d ' 6 ) v , / r  

VALUE DOCUMENr ID TECN COMMENT 

- 0  07_+0 03 34CAMERON 788 DPWA K - D  ~ Nk '~  

A(1890)  FOOTNOTES 

A(2000)  BRANCHING RATIOS 

tThe two  MARTIN 77 va lues are from o T-motrlx p o l e  a n d  from a Brelt 
Wigner Il l 

2Found ~n one  of two  bes l  soJutlons 
3The p u b l i s h e d  sign has b e e n  c h a n g e d  to b e  In a c c o r d  wi th  the  ba ryon  

first c o n v e n t i o n  
4Upper  hmlts on the '°3 a n d  F 3 waves  ore e a c h  0 03 

A(1890)  REFERENCES 

GOPAL 80 Toronlo Cant 159 (RHEL) IJP 
ALSTON 78 PR O18 182 Alslon Garnlost Kei~ney+ (LBL MTHO CERN) IJP 

Also 77 PRL 38 1007 Alslon GamlOSr KeOney+ (LBL MTHO CERN) IJP 
CAMERON 78 NP B143 189 +FraOek GODal Bacon Butlerwodh+(RHEL LOIC) UP 
CAMERON 78B NP 8146 327 +Franek GODOI Kalmus McPnerson~,(RHEL LOIC) IJP 
BACCARI 77 NC 41A 96 +Poulata Revel lal l lnl+ (BACL CDEF) IJP 
GOPAL 77 NP S119 302 +Ross VanHom McPhetson. (LOK~ RHEL) IJP 
MARLIN 77 NP B127 349 +Pldcock Moarhouse (LOUC GLAS) IJP 

AlSO 778 NP 8126 266 Martin PlClCock (LOUC) 
AlSo 77C NP B126 285 Martin Placock (LOUC) IJP 

HEMINGWAY 75 NP Bg't 12 +Eades Harmsen+ (CERN HEID MPIM) IJP 

( l ' l l ' s ) ~ / r  
VALUE DOCUMENT ID TECN COMMENT 

- 0 09 - 0 03 CAMERON 78B DPWA K -  p ~ N / (  ~ 

A(2000)  FOOTNOTES 
I The paramete rs  q u o t e d  here are ranges from the three best fits the  

lower  state p r o b a b l y  has J < 3..'2 a n d  the  h igher  one p r o b a b l y  has J _< 
5,'2 

2The p u b l i s h e d  sign has b e e n  c h a n g e d  to be  in a c c o r d  w i l h  the ba ryon  
first conven t i on  

A(2000)  REERENCES 

CAMERON 780 NP Br46 327 *Flonek Gopal Kalmu$ MCPherson~RH/L LOlC) IJP 
NAKKASYAN 75 NP B93 85 (CERN) IJP 
BRANDSTET 72 NP B30 13 Branclslellef Bulterworth* (RHEL CD~F SACL) 
BARBARa 70 Duke Cant i 73 Barbara Golrlerl (LRL) IJP 

NAKKASYAN 75 NP B93 85 (CERN) IJP 

IA(2000) I '(/) = o(,') sto,us * 
OMITTED FROM SUMMARY TABLE 

W e  list h e r e  a l l  t h e  a m b i g u o u s  r e s o n a n c e  p o s s i b i l i t i e s  
w i t h  a m a s s  a r o u n d  2 G e V  The p r o p o s e d  q u a n t u m  
n u m b e r s  o r e  D3 (BARBARO-GALTIERI 70 in ~Tr) .  DB+F s, 
PB+Ds.  or  P I + D 3  (BRANDSTETTER 72 m %~:), a n d  $I 
( C A M E R O N  78B m N ~  Ic) The first t w o  of  t h e  a b o v e  
a n a l y s e s  s h o u l d  n o w  b e  c o n s p d e r e d  o b s o l e t e  S e e  
a l s o  N A K K A S Y A N  75 

VALUE (MeV) . . . .  DOCUMENT ID TECN COMMENT 

2030 :t 30 CAMEi~I~I -  7~B [)PWA K - D  --" h / - /~ - - -  " 
1935 tO 197~ I 8RANDSTET 72 DPWA K - D  ~ %~c 
1951 1o 2034 1BRANDSTET 72 DPWA K - p  ~ ~ 
2010 :t 30 BARBARa- 70 DPWA K - p  ~ ~Tr 

A(2000)  MASS 

VALUE (Me V; . . . . . .  DOCUMENT ID [ECN CO M..MENT 

125 :I: 25 CAMERON 78B DPWA K - p  ~ N I (  ~ 
180 to 240 'I BRANDSTET 72 DPWA ( lower  mass) 

73 lo  154 I BRANDSTET 72 OPWA (h igher  moss) 
130 -+ 50 BARBARa- 70 OPWA K -  p ~ ~ x  

A(2000)  WlDTH 

A(2000)  DECAY MODES 
I' I A(2000)  ~ NK" 
I" 2 A(2000)  ~ ~'tr 
I" 3 A(2000)  ~ Ao: 
I'4 A(2000)  - *  NK'4'(892). S=1/2,  S-wave 
ls .``(2000) -,,. NK~(892) ,  S = 3 / 2 ,  D-wave 

I A(2020) Fo7 J ~(/) = 0(~ ~) Status * 

OMITTED FROM SUMMARY fABLE 

In LITCHFIELD 71 n e e d  for t h e  s t a t e  rests s o l e l y  o n  o 
P o s s i b l y  i n c o n s l s t e n l  p o l a n z a h o n  m e a s u r e m e n t  a t  
1 784  G e V / ' c  HEMINGWAY 75 d o e s  n o t  r e q u i r e  this 
s t a t e  G O P A L  77 d o e s  n o t  n e e d  d m e i t h e r  NK" o r  " , I "  
W d h  n e w  K -  n a n g u l a r  d l s t n b u h o n s  i n c l u d e d ,  
DECLAIS 77 sees  it H o w e v e r ,  th is  a n d  o t h e r  n e w  d a t a  
a r e  i n c l u d e d  m GOPAL  80 a n d  t h e  s t a t e  is n o t  
r e q u i r e d  BACCARI  77 w e a k l y  s u p p o r t s  it 

VALUE (MeV) DOCUMENr ID rECN COMMENT 

2140 BACCARI 77 DPWA ._K-p ~ ~,., 
2117 DECLAIS 77 DPWA K N  ~ KIV 
2100 -+ 30 LITCHFIELD 71 DPWA K -  p ~ K N  
2020_+20 BARBARa 70 DPWA K - p  ~ ~_';r, 

A(2020)  MASS 

VALU_E (MeV) . DOCUMENr ID TECN COMMENt 

128 BACCARI 77 DPWA K - p  ~ ~ 
167 DECLAIS 77 DPWA K N  ~ K N  
120 -+ 30 LITCHFIELD 71 DPWA K -  p ~ K N  
160 ± 30 BARBARa 70 DPWA K-.O ~ '~ ~- 

A(2020)  WIDTH 

A(2020)  DECAY MODES 
I' i ``(2020) ~ NK 
['2 ``(2020) ~ ZTr 
I" 3 A(2020)  ~ ~.~: 

See Sign conven t ions  for resonance coup l i ngs  In the  Note 
on ~. a n d  ~ Resonances 

( [  ,I r) - / I  folal ,n N~" .``(2000) ~ ~'~" (r11"2)~/r 
VALUE DOCUMENT ID rECN COMMENT 

--0 2 0 ± 0  04 BARBARa 70 DPWA K - p ~  ~-,~" 

( l ' f t ) " : / l ' t o l o ~  In  N&" ~ A ( 2 0 0 0 )  ~ ``~' ( I ' t 1 "3 )~ /1 "  
VALUE DOCUMENt ID TECN COMMENT 

0 17 tO 0 2"5 t BRA--NI3STET 72 DPWA ( Iowe i -mass)  
0 04 to 0 15 i BRANDSTET 72 DPWA (h igher  mass) 

(l'i]'t)'~:/I total in N~' ~ .``(2000) ~ Ni~k(892),  S=1/2, S-wave 
( I  11"4) '4/I  

VALUE DOCUMENr IO TECN COMMENr 

- 0  12 _+ 0 03 2CAMERON 78B DPWA K - D  ~ N ~  k 

(I ' f l ) !~:/ l ' lotol In NK ~ A(2000)  ~ N~1C(892). S=3/2. D-wave  



See key on page 129 

4 4 1  

Baryon Full Listings 
A.(2020), A(2100) 

A ( 2 0 2 0 )  B R A N C H I N G  R A T I O S  

See Sign conven t lons  for resonance  coup l i ngs '  In the Note 
on ~. a n d  " Resonances 

I ' ( N K ' ) / I ' t o I o  ~ I l / r  
VALUE DOCUMENT ID TECN COMMENT 

0 05 DECLAIS 77 DPWA K N  ~ K N  
0 0 5 ± 0  02 LITCHFIELD 71 DPWA K - p  ~ K N  

( l ' ~ l ' / ) ! ~ / I ' t o t o l  In  N~" ~ A(2020) ~ Z~r (1"11"2)½/1 ' 
VALUE DOCUMENT IO TECN COMMENT 

--0 1 5 ± 0  02 BARfiARO" 70 DPWA K - D ~  ~ 

(i ~ l ' f ) ! ~ / l ' t o t a l  In N~" ~ A ( 2 0 2 0 )  ~ A~: ( l ' ~ l ' 3 ) ½ / l  
VALUE DOCUMENT IO 7ECN COMMENT 

<5-~5 . . . . . . . . . . . .  B~,~C'~R~ 7:, DPWA ~ - p -  ~ 

A ( 2 0 2 0 )  REFERENCES 

GOPAL 80 Toron)o Cant t59 (RHEL) 
BACCARI 77 NC 41A 96 +PoulorO Revel rolllnl÷ (SACL CDEF) IJP 
DECLAIS 77 CERN 7716 +Ouchon Louvel Polry Segulnot+ (CAEN CERN)IJP 
GOPAL 77 NP B119 362 +Ross VOnHofn McPherson+ (LOIC RHEL) 
HEMINGWAY 75 NP B91 12 +Eocles Hormsen÷ (CERN HEID MRIM) I JR 
LITCHFI~LD 71 NP B30 125 + Lesquov+ (RHEL CDEF SACL) I JR 
BARBARa 70 Duke Cant 173 Barbara Golller[ (LRL) IJP 

A(2100) G 0 7  I l(J p) = 0(72 - )  S t a t u s  e e e 

D i s c o v e r e d  b y  C O O L  66  a n d  b y  WaHL 66 Mos t  of  t h e  
resu l ts  p u b h s h e d  b e f o r e  1973 a r e  n o w  o b s o l e t e  a n d  
h a v e  b e e n  o m l t t e d  They  m a y  b e  f o u n d  m o u r  1982 
e d d l o n  (Phys l cs  Let ters  111B) 

Thls e n t r y  o n l y  i n c l u d e s  resu l ts  f r o m  p a r h a l - w a v e  a n a -  
l yses  P a r a m e t e r s  of  p e a k s  s e e n  in c ross  s e c t i o n s  a n d  
in m v a r ~ a n t - m a s s  d~st r~buhons a r o u n d  2 1 0 0  M e V  u s e d  
to  De h s t e d  ~n a s e p a r a t e  e n t r y  i m m e d i a t e l y  f o l l o w i n g  
It m a y  b e  f o u n d  m o u r  1986 e d d l o n  (Phys i cs  Le t te rs  
170B) 

A ( 2 1 0 0 )  M A S S  

V_ALUE_..(_MeV) DOCUMENT IO 7ECN COMMENT . . . . . . . . . . . . . . . . . . . . . .  
2090 to 2110 OUR ESTIMATE 
2104 ± 10 GOPAL 80 DPWA KN ~ t(N 
2106 _+ 30 DEBELLEFON 78 DPWA K N  ~ K N  
21t0  ± 10 GOPAL 77 DPWA KN mul tJcr lannel  
2105 :I: 10 HEMINGWAY 75 DPWA K - p  ~ K N  
2 t 1 5 ± 1 0  KANE 74 DPWA K - p ~  ~-~" 

• • • We dO not  use the fo l l ow ing  d a t a  for averages  fits l imits e tc  • • • 
2094 BACCARI 77 DPWA K - p  ~ ' ~  
2094 DECLAIS 77 DPWA K N  ~ K N  
2110 Or 2089 1NAKKASYAN 75 DPWA K - p  ~ ~.u: 

A ( 2 1 0 0 )  WIDTH 

VALUE (MeV)  DOCUMENT IO TECN COMMENT . . . . . . . . . . . . . . . . . . . . .  
100 to 250 OUR ESTIMATE 
157 -+-+ 40 DEBELLEFON 78 DPWA K N  ~ T(N 
250 ± 30 GOPAL 77 DPWA K N  m u l t l c h a n n e l  
241 -+ 30 HEMINGWAY 75 DPWA K - p  ~ K N  
1 5 2 : 1 5  KANE 74 DPWA K - p  ~ ~..Tr 

• • • We do  not  use the l o l i o w l n g  clara for ave rages  fits l imits e tc  • • * 
98 BACCARI 77 DPWA K - P  ~ ~ 

250 DECLAIS 77 DPWA K N  ~ K N  
244 or 302 i NAKKASYAN 75 DPWA K - p  ~ ~ 

A ( 2 1 0 0 )  D E C A Y  M O D E S  

I~  A ( 2 1 0 0 )  ~ N K  

| '2 A ( 2 1 0 0 )  ~ ZTr  

I" 3 A ( 2 1 0 0 )  ~ A~/ 
l '4  A ( 2 1 0 0 )  ~ E K  

I '  5 A ( 2 1 0 0 )  ~ ~u :  

1" 6 ~ . ( 2 1 0 0 )  ~ N K * ( 8 9 2 ) ,  5 = 3 / 2 ,  D - w a v e  

|'7 A ( 2 t 0 0 )  ~ N ~ ( 8 9 2 ) ,  5 = I / 2 .  G - w a v e  

A(2100) B R A N C H I N G  RAT IOS 

See Sign conven t ions  for resonance coup l i ngs  in the Note 
on ~, a n d  ~ Resonances 

I ' ( N K ) / l ' t o t o  I l'~,,'l 
VALUE DOCUMENT ID TECN COMMENT 

0.25 tO 0.35 OUR ESTIMATE 
0 34 ± 0 03 GOPAL 80 DPWA K N  ~ K N  
0 .24_+0 .06  DESELLEFON 78 DPWA K N ~  K N  
0 31 -+0 03 HEMINGWAY 75 DPWA K - p  ~ K N  

• • • We dO not use the fo l l ow ing  d a t a  for overages  his limits e tc  • • • 
0 .29  DECLAI$ 77 DPWA K N  ~ K N  
0 30 -+ 0 03 GOPAL 77 DPWA See GOPAL 80 

( ] ' l l ' t ) V : / l ' t o t a l  In N K - , ,  ~ ( 2 1 0 0 )  ~ E Tr (1'11"2)~/1" 
VALUE DOCUMENT tO TECN COMMENT 

+ 0 12 ± 0 04 GOPAL 77 DPWA K N  m u l h c h a n n e l  
+ 0  11 ~:0 01 KANE 74 DPWA K - D  ~ " ~  

( l ' l I ' f ) ! ' ~ / l ' t o t a l  in N K  ~ ~ ( 2 1 0 0 )  ~ '~r/ ( I ' i 1 "3 )~ /1 "  
VALLIE . oOCUMENT ;O rECN COMM_EN_T ...... 

--0 050-+0 020 RADER 73 MPWA K - p  ~ ' ~  

( l ' ~ l ' / ) ! ' : / ] ' t o t a l  in N ~ '  --*. ~ , ( 2 1 0 0 )  ~ - K  ( l ' t l ' 4 ) ~ / l "  
VALUE DOCUMENT ID TECN COMMENT 

0 035 +- 0 018 LITCHFIELD 71 OPWA K '  p ~ -'=K 
• • • We do  not use the to l lowf f lg  d a t a  for overages  fits l imits etc  * • • 
0 003 MULLER 698 OPWA K-p ~ ~K 
0 05 TRIPP 67 RVUE K - p  ~ E K  

(1 ~ l ' , ) ~ " : / l ' t o t a l  in N~" ~ ' ~ ( 2 1 0 0 )  ~ \ ~  ( l ' l l ' s ) ~ / l  
VALUE DOCUMENT ID 7ECN COMMENT 

--0 070 28ACCARI 77 DPWA D37 w o v e  
+ 0  011 2BACCARI 77 DPWA G17 w a v e  
+ 0  008 2BACCARI 77 DPWA G37 w o v e  

0 122 or 0 154 1NAKKASYAN 7S DPWA K - p ~  '~uc 

( ] ' ~ I ' l ) ' / : / l ' t o t o l  In  N K  ~ \ ( 2 1 0 0 )  ~ N K ~ ( 8 9 2 ) ,  S = 3 / 2 .  D - w a v e  

( I 1 [ 6 ) ~ / I "  
VALUE DOCUMENT ID TECN COMMENT 

+-[~-21-~'0"04" CAMERON 788 DPWA K - p  ~ NK sk 

( l ' r l ' f ) ! ' ~ / I ' t o r o l  In N K  ~ ' ~ ( 2 1 0 0 )  ~ N K ' ~ ( 8 9 2 ) ,  S = I / 2 ,  G - w a v e  

(l'11"7) ½/l" 
VALUE DOCUMENT ID 7ECN COMMENT 

- -0  0 4 ± 0  03 . . . .  3CAMERON 78B DPWA K - p - *  N I ~  

3 - ( 2 1 0 0 )  F O O T N O T E S  
1The NAKKASYAN 75 values are from the  two best solutions found  Each 

has the ~,(2100) a n d  one  aaa l t l ona l  resonance (P3 or FS) 
2Nole 11101 tt~e lh ree for BACCARI 77 entries are foe three Olfferent waves  
3The puDIIs~ed Sigh has Deen c h a n g e d  to De m accord with the ba ryon  

first c o n v e n h o n  The uppe r  hmJt On Ihe G 3 w o v e  Is 0 03 

A ( 2 1 0 0 )  REFERENCES 

GOPAL 80 Toronlo Cant 159 
CAMERON 78B NP 8146 327 
DEBELLEFON 78 NC 42A 403 
BACCARI 77 NC 41A 96 
DECLAIS 77 CERN 77 16 
GOPAL 77 NP B119 362 
HEMINGWAY 75 NP 891 12 
NAKKASYAN 75 NP e93 85 
KANE 74 LBL 2452 
RAEHER 73 NC 16A 178 
LITCHFIELD 71 NP B30 125 
MULLER 69fl UCRL 19372 Thesis 
TRIPP 57 NP B3 10 
COOL 66 PRL t6 1228 
WaHL 66 PRL 17 107 

(RHEL) IJP 
*~ranek Gopof Kolmus McPhelson+(RHEL LOIC)I JR 

De Bellefon Bedhon B,IlOlI~ [CDEF SACL)I JR 
+POulafd Revel lallinl4 (SACL CDEF)IJP 
+Duchon Laurel Parry Segu,not+ (CAEN CERN) IJP 
*Ross VanHom Mcahetson* (LOIC RHEL)I JR 
*[oaes Hormsen. [CERN HE(O MPIM) IJP 

(CERN) UP 
(LBL) I JR 

*6artoutaud* (SACL HErD CERN RHEL CDEF) 
LeSQuOV* (RHEL CDEF SACk) I JR 

(LRL) 
*Lellt1* (LRL SLAC CERN HEID SACL) 
*Glacome01 Kyclo Leonllc Lundby+ (BNL) 
~SOlmltZ Stevenson (LRL) I JR 



4 4 2  

Baryon Full Listings 
A(2110), A(2325) 

l A ( 2 1 1 0 )  F051 '(J'>) : °(~+) s,atus * * * 

For resu l ts  p u b l i s h e d  b e f o r e  1974 ( t h e y  o r e  now 
obsolete), see our 1982 edff~on (Physms Letters 111B) 
Al l  t h e  r e f e r e n c e s  h a v e  b e e n  r e t a i n e d  

This r e s o n a n c e  is in t h e  B a r y o n  S u m m a r y  T a b l e ,  b u t  
t h e  e v i d e n c e  for it c o u l d  b e  b e t t e r  

A(2110) M A S S  

!/_AL_U_E.(_MeV) DOCUMENr ID TECN COMMENT 

2090 to 2140 OUR ESTIMATE 
2092 ± 25 GOPAL 80 DPWA KN ~ KN 
2125 ± 25 CAMERON 788 DPWA K - p  ~ N ~ *  
2106. ± 50 DEBELLEFON 78 DPWA KN ~ KN 
2 1 4 0 ± 2 0  DEBELLEFON 77 DPWA K - p ~  ~.'~ 
2100 ± 50 GOPAL 77 DPWA KN m u l t l c h a n n e l  
2112 ± 7 KANE 74 DPWA K - p  ~ ~ r  

• * • We d o  not  use the  fo l l ow ing  d a t a  for overages  fits l imits s i c  * • • 
2137 BACCARI 77 DPWA K - p  ~ "~: 
2103 i NAKKASYAN 75 DPWA K - p  ~ ~..,.: 

A ( 2 1 1 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

150 to 250 OUR ESTIMATE . . . . . . . . . . . . .  
245 ± 25 GOPAL 80 DPWA KN ~ KN 
16.0 ± 30 CAMERON 78B DPWA K - p  ~ N ~  4( 
251 ± 50 DEBELLEFON 78 DPWA KN ~ KN 
140 ± 20 DEBELLEFON 77 DPWA &"- p ~ v:,.r 
200 ± 50 GOPAL 77 DPWA KN muHichanne l  
190±30 KANE 74 DPWA K - p ~  v~r 

• • • We d o  not  use the  f o l l ow ing  d a t a  for averages ,  fits, l imits e tc  • • • 
132 BACCAR~ 77 DPWA K - o  ~ ",~, 
391 I NAKKASYAN 75 DPWA K -  p ~ ' ~ ,  

A ( 2 1 1 0 )  D E C A Y  M O D E S  

I" I . \ ( 2 1 1 0 )  ~ N K  

r 2 A ( 2 1 1 0 )  ~ ~ 

I" 3 A ( 2 1 1 0 )  ~ ~x 
r 4  A ( 2 1 t 0 )  ~ " ( 1 3 8 5 ) 7 r ,  P - w a v e  

1 s A ( 2 1 1 0 )  - . .  N ~ 1 C ( 8 9 2 ) ,  S = 1 / 2 ,  F - w a v e  

A ( 2 1 1 0 )  B R A N C H I N G  R A T I O S  

See Sign conven t ions  for resonance coup l i ngs '  in the  Note 
on % a n d  ~- Resonances 

I '(N)~/I'ioto i 
VALUE DOCUMENT ID IECN 

0.05 to 0.25 OUR ESTIMATE 
0 07 :I: 0 03 GOPAL 80 DPWA 
0 27 ± 0 06 2 DEBELLEFON 78 DPWA 
• • • We do  not  use the fo l l ow ing  d a t a  tar overages  tits 
0 07 ± 0 03 GOPAL 77 DPWA 

"" % " ~ 7 T  {I , l , )  lltota I i n  N K  ~ A ( 2 1 1 0 )  
VALUE DOCUMENT ID TECN 

+ 0  1 4 ± 0  01 DEBELLEFON 77 DPWA 
• ~ 0 20 ± 0 03 KANE 74 DPWA 

• • * We d o  nOl use the fo l l ow ing  d a t a  for averages  fits 
0 10 ± 0 03 GOPAL 77 DPWA 

( i ' ~ r l ) ' i : / r t o t a l  i n  NK" ~ 3 . ( 2 1 1 0 )  ~ '~ . '  
VALUE C~OCUMENr ID TECN 

< 0  05 BACCARI 77 DPWA 
0 112 I NAKKASYAN 75 DPWA 

A ( 2 1 1 0 )  F O O T N O T E S  
tFound  In one  of two best solut ions 
2The p u b l i s h e d  error of 0 6 was o mispr int  
3The CAMERON 78 u p p e r  l imit  on F-wave d e c a y  is 0 03 The sign here has 

b e e n  c h a n g e d  to be  in a c c o r d  wi th the baryon-f irst conven t i on  
4The pub l i shed  sign has b e e n  c h a n g e d  to be  tn a c c o r d  wi th the ba ryon  

first c o n v e n h o n  The CAMERON 78B u p p e r  hmJts on the P3 ancl F 3 waves  
are e a c h  0 03 

A ( 2 1 1 0 )  REFERENCES 

GOPAL S0 Toronto Cant 159 (RHEL) IJP 
CAMERON 78 NP B143 189 *Fronek Gopol Spoon Sutterwodh*(RHEL LOIC) IJP 
CAMERON 788 NP B146 327 +Ffonek Gopol Kolmus MCPherson~.{RHEL LOIC) IJP 
DEBELLEFON 78 NC 42A 403 De BOlleton Berthon BIIIOlI+ (CDEF SACL) IJP 
BACCARI 77 NC 41A 9b +PoularO Revel Tolllnl÷ (SACL CDEF) IJP 
DEBELLEFON 77 NC 37A 175 De Bellefon Serlhon SillOlr+ (CDEF SACL) IJP 
GOPAL 77 NP B119 362 +ROSS VonHorn McPherson* (LOIC R'HEL) IJP 
NAKKASYAN 75 NP B93 85 (CERN) IJP 
KANE 74 LBL 2452 (LeL) IJP 

IA(2325) Do31 ' ( / )  = o(~-) status * 
OMITTED FROM SUMMARY TABLE 

BACCARI 77 finds this slate wlth elther JP = 3,,'2- or 
3/'2 + in a eneTgy-dependenl parllal-wave analyses of 
K-p ~ ~,~ from 2070 to 2436 MeV A subsequent 
seml-energy-mdependent analysls from threshold to 
2436 MeV selects 3/2- DEBELLEFON 78 (same group) 
a l s o  sees  lh~s s t a t e  m a n  e n e r g y - d e p e n d e n t  p a r t i a l  
w a v e  a n a l y s i s  of  K - D  ~ K N  d a t a ,  a n d  f i nds  JP = 3 / 2 -  
o r  3 / 2  + They  a g a i n  p r e f e r  JP . . . . . .  b u t  o n l y  o n  t h e  
bas i s  of  m o d e l - d e p e n d e n t  c o n s i d e r a t i o n s  

A ( 2 3 2 5 )  MASS 

VALUE (Met/) DOCUMENT ID TECN COMMENT 

2342 ± 30 DEBELLEFON 78 DPWA KN ~ KN 
2327 ± 20 8ACCARI 77 DPWA K -  p ~ ~ 

A ( 2 3 2 5 )  WIDTH 

VALUE (MeV) DOCUMENT ID rECN COMMENT 

1 7 7 _ 4 0  DEBELLEFON 78 DPWA K N ~  KN 
16,0 _4-40 BACCARI 77 IPWA K - p  ~ %~,.' 

A ( 2 3 2 5 )  D E C A Y  M O D E S  

I ' i  A ( 2 3 2 5 )  ~ N K  

1.1/I. I 2 A ( 2 3 2 5 )  ~ 3 . ~  

COMMENT 

F(N ~ KN A ( 2 3 2 5 )  B R A N C H I N G  R A T I O S  

KN ~ KN 
l imits e tc  . . .  r { , N K ) / r t o t a l  1"i/1 
See GOPAL 80 VALUE DOCUMENT ID rECN COMMENT 

0 19 :1 :006  DEBELLEFON 78 DPWA K N ~  KN 

(1"41"2)½/F 
COMMENT ( l ' l r t ) % / r l o l a l  i n  N~" ---,. A ( 2 3 2 5 )  - , .  t~. ,  ( l  t l 2 ) ~ / ' I  
K -  p ~ ~ T, VAt UE DOCUMENT ID TECN COMMENT 

K - p  ~ ~=', 0 06 ± 0 02 . . . . . . .  I BACCARI 77 IPWA $33 w a v e  
l imlts s i c  • • • 0 05 ± 0 02 i BACCARI 77 DPWA D13 w o v e  
KN m u l t i c h a n n e l  0 08 ± 0 .03  I BACCARI 77 DPWA D33 w o v e  

( r rF3)~/ r  A(2325) FOOTNOTES 
COMMENT 

. . . . .  INo te  lho t  the  three BACCARI 77 entr les ore for three di f ferent waves  

(rt]'l)~/:/rtotol In NK ~ A(2110) ~ v(1385)Ir. P-wave (l'Ii'4)~/r 
VALUE DOCUMENT ID TECN COMMENT 

+ 0  071 ± 0 . 0 2 5  3CAMERON 78 DPWA K - p  ~ ~(1385)'f f  

( T ' i r t . ) i ~ / r t o t a l  i n  N~" - -~  A ( 2 1 1 0 )  --,. N / ~ ( 8 9 2 ) .  S = I / 2 .  F - w a v e  

( l ' I r s ) ~ / r  
VALUE DOCUMENT ID TECN COMMENT 

-~-7 ±0.04 4 CAM~-~O~-~SB DPWA r- p 4 N~- 

A ( 2 3 2 5 )  REFERENCES 

DEBELLEFON 78 NC 42A 403 De Bellefon Berlhon Billolr+ (CDEF SACL) IJP 
BACCARI 77 NC 41A 96 +PoulOrO Revel Talllnl+ (SACL CDEF) UP 



See key on page 129 

l(J P) = 0(; ÷) Status e e e 

DAUM 68 favors JP = 7 / 2 -  or 9 /2  ~ BRICMAN 70 
favors 9/2 + LASiNSKI 71 suggests three states ~n thls 
region using a Pomeron + resonances model There 
are now also three formation exl::)erlments from the 
College ae  France-Sacloy group. OEBELLEFON 77. BAC. 
CARJ 77. and DEBELLEFON 78 which find 9:2 + m 
energy-dependent parhal-wave analyses of ,~N ~ " ~  
~.='. and NK 

A ( 2 3 5 0 )  MASS 

~'ALUE. (_MeV) DOCUMENT ID TECN COMMENT 

2340 tO 2370 OUR ESTIMATE 
2370 _+ 50 DEBELLEFON 78 DPWA K N  -~ K N  
2365 -. 20 DEBELLEFON 77 DPWA K -  p ~ ~ ' .  
2358 _+ 6 BRFCMAN 70 CNTR TOtal c h a r g e  

e x c h a n g e  
• * • We do  no l  use the fo l low ing d a t a  tar averages  his limits e tc  • • * 

2372 BACCARI 77 DPWA K - p  ~ ' , ~  
2344+_15 COOL 70 CNTR K - p  K - o f  tota l  
2360 ± 20 LU 70 CNTR i P ~ K ÷ Y~ 
2 3 4 0 ±  7 BUGG 68 CNTR K - D  K - d t O I O I  

A ( 2 3 5 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN 

100 tO 250 OUR E S T I M A T E  

204 _ 50 DEBELLEFON 78 DPWA 
110 -+20 DEBELLEFON 77 DPWA 
324 ± 30 BRICMAN 70 CNTR 

• • • We do  not use the fo l lowing da ta  tar averages  Ells 

257 BACCARI 77 DPWA 
190 COOL 70 CNTR 

5 5  LU 70 CNTR 
140 _+ 20 BUGG 68 CNTR 

COMMENT 

K N  ~ K N  
K - p - o  l~ 
ToIol c h a r g e  

e x c h a n g e  
limits e f t  • * * 

K - p  ~ ~,~ 
K -  p K -  d tota l  
~ p  ~ K ÷ y  =~ 
K -  p K -  d tota l  

I" I k (2350 )  ~ NK 
l" 2 ~ (2350 )  ~ E ~  
l 3 ~ (2350 )  ~ ~ 

A ( 2 3 5 0 )  DECAY MODES 

A ( 2 3 5 0 )  BRANCHING RATIOS 

See Sign convent ions  for resonance  couphngs  in the Note 
on 't a n d  Z Resonances 

l ' (NK)/ l ' to ta l  
VALUE DOCUMENT ID rECN COMMENT 

~ 0  12 OUR ESTIMA-TE 
0 12 ~ 0 04 DEBELLEFON 78 DPWA K N  ~ K N  

( l ' , l ' t ) l : / l ' l o t a l  in N K  ~ 'L(2350) ~ ~ "  

VALUE DOCUMENT IO 

- 0  1t _+0 02 DEBELLEFON 77 

( l  ,l t) /1 tolal In NK ~ ' t (2350)  ~ A,.,: 
VALUE DOCUMENT ID 

~ 0  05 BACCARi 77 

1 1/1" 

(1"112)W/I 
TECN COMMENT 
DPWA K -  p ~ " ,'r 

(I'll'3)VL/]" 
TECN COMMENT 

DPWA K - p  ~ ~.~ 

A ( 2 3 5 0 )  REFERENCES 
DEBELLEFON 78 NC 42A 403 De Beltefon Be¢thon BillOlr+ (CDEF SACL) IJP 
BACCARI 77 NC 4rA 96 ÷POulOrO Revel Ioll lnl* (SACL CDEF) IJP 
DEBELLEFON 77 NC 37A 178 De Beileton Bertrlon Billolr÷ (CDEF SACL) IJP 
LAS~NSKI 71 NP B29 125 (EFI) IJP 
8J~ICMAN 70 PL 31B 152 *Ferro Luzzl Perreau* (CERN CAEN SACL) 
COOL 70 PR D1 1 8 8 7  *Glocomell l  Kycla LeOntlc El÷ (BNL) I 

AlSO 66 pRI. 16 1228 Cool Glacomelll Kycla Leontlc LunclI:)y+(BNL) J 
kU 70 PR D2 1 8 4 6  +Gfeenberg Hugrles Mlnehort Morl~ (YALE) 
BUGG b8 PR 168 1466 +Gilmore Knlghl+ (RHEL BII~M CAVE) I 
DAUM 68 NP B7 19 ÷Eine Lagnaux Sans Sleuer UClo (CERN) JP 

4 4 3  

Baryon Full Listings 
A(2350), A(2585), ~2+, ,.,~'° 

lA(2585) BUMPSI /(:5= o(¢) status **  
OMITTED FROM SUMMARY TABLE 

A ( 2 5 8 5 )  MASS 
(BUMPS) 

VALUE (fvfev_) DOCUMENT ID TECN COMMENT 

2585.+45 ABRAMS 70 CNTR K - p  K - d t o l a l  
2530 _+ 25 LU 70 CNTR ~ P • - K + Y~ 

A ( 2 5 8 5 )  WIDTH 
(BUMPS) 

VALUE (Mev)  DOCUMENT /C rECN COMMENT 

300 ABRAMS 70 CNTR K p K-  d to la l  
150 LU 70 CNTR I D ~ K + Y *  

1 i ' , (2585)  ~ NK 

A ( 2 5 8 5 )  DECAY MODES 
(BUMPS) 

A ( 2 5 8 5 )  BRANCHING RATIOS 
(BUMPS) 

( j . 1 )  × ] , (NK)/ ] ,oto ' 
2 j  tS not known so only (J+12) < l (NK) / ' i , om t car: De g lven 

VALUE DOCUMENT ID rECN COMMENT 

1 ABRAMS 70 CNTR K -  p K -  d 1OTOI 
0 12 _+ 0 12 1 BRICMAN 70 CNTR Tolal cha rge  

e x c h a n g e  

I t,,1 

A ( 2 5 8 5 )  FOOTNOTES 
(BUMPS) 

1The resonance  is at the e n d  of the region ana l yzed  no c lear  signal 

ABRAMS 70 PR DI 1917 
AlSO 66 PRL 16 1228 

B~CMAN 70 PL 318 152 
.U 70 PR D2 1846 

A ( 2 5 8 5 )  REFERENCES 
(BUMPS) 

*COOl GlOcomelh Kycla Leontlc L * (BNE) I 
Cool Glacomelll Kycla Leontic LundDv*(BNL) I 

-Ferro LUZZI Perreou* (CERN CAEN SACL) 
*GteenDerg Nughes M,nehort Mcrl* (VALE) 

Z BARYONS 
(S= - t ,  I=  I) 

D 
SEE STABLE PARTICLES 

I (J  P) = I(12' ) Status . . ,v, .~ 

SEE STABLE PARTICLES 

I (J  p) = 1(12 ' )  Status * * * * 
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Baryon Full Listings 
!;-, 2(1385) 

SEE STABLE PARTICLES 

I(JP) = 1(12 +) Status e e e- .i- 

I ~(1385) P~3 J I(JP) = 1(2 3+) Status ~ ~ e e 

D i s c o v e r e d  by  ALSTON 60 Early m e a s u r e m e n t s  Of t he  
mass a n d  w~dth for  c o m b i n e d  c h a r g e  s ta tes h a v e  
b e e n  b m f f t e d  They m a y  b e  found  in our  1984 e d i t i o n  
(Rev  M a d  Phys 5 6 .  NO 2 Port II Apr i l  1984)  

We o v e r a g e  a m y  the  mos t  s l g m h c a n t  d e t e r m l n a t l o n s  
We d o  no t  a v e r a g e  resul ls f rom mc fus l ve  e x p e r i m e n t s  
wi th l a rge  b a c k g r o u n d s  or  results w h i c h  a r e  no t  
a c c o m p a n l e d  by  s o m e  d~scusslon Of e x p e r i m e n t a l  
reso lu t i on  N e v e r t h e l e s s  s y s t e m a h c  d i f f e r e n c e s  
b e t w e e n  e x p e r i m e n t s  r e m a i n  (See t he  i d e o g r a m s  m 
the  L~shngs b e l o w  ) These d i f f e rences  c o u l d  ar ise  f rom 
I n t e r f e r e n c e  e f fec ts  tha t  c h a n g e  wi th p r o d u c h o n  
m e c h a n i s m  a n d / o r  b e a m  m o m e n t u m  They c a n  a lso  
b e  a c c o u n l e d  for m par t  by  d i f f e r e n c e s  in the  
p a r a m e t n z a h o n s  e m p l o y e d  (See BORENSTEIN 74 for a 
d iscuss ion  on  this po in t  ) Thus BORENSTEIN 74 uses a 
Bred-W~gner wdh  e n e r g y - m d e p e n d e n t  w id th ,  s i nce  a 
P -wave  was  f ound  1o g w e  unsahs fac to r y  fits C A M -  
ERON 78 uses the  s a m e  form On the o the r  h a n d  
HOLMGREN 77 a b r a m s  a g o o d  ht to the i r  ~.Tr s p e c t r u m  
with a P -wave  Brel t -Wlgner.  but  i n c l udes  the  pa r t i a l  
w ld lh  for the  ~n" d e c a y  m o d e  m the  p a r a m e t n z a h o n  
AGUILAR-BENITEZ 81D g w e s  masses  a n d  w id ths  for  f i ve  
d i f fe ren t  Bred-Wigner  s h a p e s  The results v a r y  cons id -  
e r a b l y  On ly  the  best-f i t  S -wave  results a r e  g i v e n  he re  

~ ( 1 3 8 5 )  MASSES 

~ ( 1 3 8 5 )  + M A S S  
VALUE (Met/) EVTS DOCUMENT/O TECN COMMENT 
1382.8 :l: 0.4 OUR AVEI~AGE Error Includes s c a l e ' a c t o r  of 2 0 See the 

Ideogram below 
1384 1 +_ 0 7 1897 BAUBILLIER 84 HBC 
1384 5+_0 5 5256 AGUILAR 81D HBC 

1383 0 +_ 0 4 9361 AGUILAR 81D HBC 

1381 9 ± 0 3 6900 CAMERON 78 HBC 

1381 ± I 6846 BORENSTEIN 74 HBC 
1383 5:1:0 85 2300 HABIBI 73 HBC 
1382 +_ 2 400 AGUILAR 728 HBC 
1384 4 ~: 1 0 1260 SIEGEL 67 H8C 
1382 +_ I 750 ARMENTEROS65B HBC 
1381.0 z I 6 859 HUWE 64 HBC 
• • • We do not use the fol lowing doto  for overages flls 
1385 1 +_ 1 2 600 BAKER 80 HYBR 
1383 2 _+-" I 0 750 BAKER 80 HYBR 
1381 ± 2 7k ~ BAUBILLIER 798 HBC 
1391 -" 2 2k CAUTIS 79 HYBR 

1390 : 2 100 t SUGAHARA 798 HBC 
1385 = 3 22k I 2 BARREIRO 778 HBC 
1385 _ I 2594 HOLMGREN 77 HBC 
1380 = 2 1 BARDADIN 75 HBC 
1382 = t 3740 3 BERTHON 74 HBC 

1390 ± 6 46 AGUILAR 708 HBC 

1383 z 8 62 4 BIRMINGHAM66 HBC 
1378 ± 5 135 LONDON 66 HBC 
1384 3 +- 1 9 250 4 SMITH 65 HBC 
1382 6 +- 2 1 250 4 SMITH 65 HBC 
1375 0 +_ 3.9 170 COOPER 64 H8C 
1376 0+_3 9 154 4ELY 61 HLBC 

K - p  8 25 GeV,.'c 
K - D ~  '~ ,-r :'r 4 2 

GeV, c 
K - p ~  't 3T. 4 2 

G e V / c  
K - p  0 96-1 36 
G e V / c  

K - p  2 18 GeV,,c 
K - p  ~ ~ ' ~  

K - p  2 1 GeV,,c 
K - p  0 9 - 1  2 GeV: 'c 
K - D  1 22 G e V / c  
limlts etc • • • 
~ + p  7 G e V / c  
K - p  7 G e V / c  
K - p  8 25 G e V / c  
7 r + p / K - D 1 1 5  
GeV 

r, - p 6 G e V / c  
K - p  4 2 GeV /c  
See AGUILAR 81D 
K - p  14 3 G e V / c  
K -  D 1263-1843 

M e V / c  
K - D ~  ~;,r S 4 

G e V / c  
K - p  3 5 G e V / c  
K - p  2 24 G e V / c  
K--p 1 8 G e V / c  
K-  p 1 95 G e V / c  
K - p  1 45 G e V / c  
K - p  1 11 G e V / c  

WEIGHTED AVERAGE 
13828  ± O4 (Error scaled b y 2 0 )  

i 

2 
X 
35  
117 
0 3  
88  
32 
O7 

26 
0 6  
13 

32 6 

BAUBILLIER 84 HBC 
AGUILAR- 813 HBC 
AGUILAR- 81D HBC 
CAMERON 78 HBC 
80RENSTEIN 74 HBC 
HABIBI 73 HBC 
AGUlLAR- 72B HBC 
SIEGEL 67 HBC 
ARMENTEROS 65B HBC 
HUWE 64 HBC 

(Conf,denco Level < 0 001} 
i i 

1375 1380 1385 1390 1395 1400 

E(1385) + moss (MoV) 

~ ' ( 1 3 8 5 )  ° MASS 
VALUE (MeV) EVr5 DOCUMENT ID T_E_C_AI_ _C_OMME_N_[. . . 
1383.7 ± 1.0 O U R  A V E R A G E  Error includes scale factor of 1 4 See lhe idea 

gram below 
1384 I + - 0 8  5722 AGUILAR 81D HBC K - p ~  ~ 3 ~ 4 2  

GeV. c 
1380 +_2 3100 5BORENSTEIN 74 HBC K - D  ~ '13~" 2 18 

GeV,,'c 
1385 1 +-2 5 240 4THOMAS 73 HBC ~'.-p ~ '~'0K 0 
• • • We do not use lhe tallowing data  for overages fits limits e lc • • • 
1389 ± 3 500 6 BAUBILLIER 798 HBC K-  p 8 25 GeV,'c 

WEIGHTED AVERAGE 
13837  + 10  [Error scaled b y 1 4 )  

" ~ , . . ~  _ 

L X2 

AGUILAR- 8:D HBC 0 3 
BORENSTEIN 74 HBC 3 3 
THOMAS 73 HBC 0 3 

4 0  
(Conhdence Level = O 136) 

| i 

1375 1380 1385 1390 1395 14OO 

"(1385) 0 moss (MeV) 

~ ( 1 3 8 5 ) -  M A S S  
VALUE (MeV) Evr5 OOCUMENT ID TECN COMMENT 
1 3 8 7 . 2  :I: 0 . 5  O U R  A V E R A G E  Erro-rIncludes scale factor o f - 2 ~ S e e  ti~e Idea 

gram below 
1388 3+_1 7 620 AGUILAR 81D HBC K - D ~  ' 17 r~42  

GeV /c  
1384 9 ± 0  8 3345 AGUILAR 81D HBC K - D  ~ '~3~ 4 2  

GeV /c  
1387.6 _~ 0 3 9720 CAMERON 78 HBC K - D  0 96-1 36 

GeV /c  
1383 ± 2 2303 BORENSTE[N 74 HBC K-  p 2 18 GeV,, c 
1390 7 :t: 1 2 1900 HABI81 73 HBC K - p  ~ ~ i "  
1387 1:1:1 9 630 4THOMAS 73 HBC 7 r - p ~  ~.:E-K ~" 
t390 7 +- 2 0 370 SIEGEL 67 HBC K-  p 2 1 GeV/'c 
1384 +- I 1380 ARMENTEROSb5S H8C K - p  0 9 - I  2 GeV /c  
1385 3 :t: 1 9 1086 4 HUWE 64 HBC K - p  1 15-1 30 

G e V / c  
• * * we do not use the following data  for overages fits limits, etc • * • 
1383 +- 1 4 5k I BAUBILLIER 798 HBC K - p  8 25 GeV,,c 
1380 :t: 6 150 I SUGAHARA 79B HBC ~r- p 6 G e V / c  
1387 :I: 3 12k I 2 BARRE~RO 77s HBC K -  p 4 2 GeV,,c 
1391 +_ 3 193 HOLMGREN 77 HBC See AGUILAR 81D 
1383 :i: 2 i BARDADIN- 75 HBC K -  p 14 3 GeV /c  
1389 ± 1 3060 3 BERTHON 74 HBC K -  p 1263-1843 

M e V / c  



See key on page 129 

1389 ± 9 15 LONDON 66 HBC K -  p 2 24 G e V i c  
1391 5:1:2 6 120 4SMITH 65 HBC K - p  1 8 G e V / c  
1399.8 :t 2 .2  58 4 SMITH 65 HBC K -  p 1 95 G e V / c  
1392 0 -+ 6 2 200 COOPER 64 HBC K -  p 1 45 G e V / c  
1382 ± 3 93 DAHL 61 DBC K -  d 0 45 G e V / c  
1376.0 -+4 4 224 4ELY 61 HLBC K - p  1 11 G e V / c  

WEIGHTED AVERAGE 
13872 + 0 5  (Error scaled b y 2 2 )  

X2 

AGUILAR- 81D HBC ~ "  
' - I- '  ~ AGUILAR- 81D HBC 8 1  

CAMERON 78 HBC f 9 
I ~ l  BORENSTEIN 74 HBC 4 4  

'[,dJ "--I'-- HABIBI 73 HBC 8 6 
--~'~t- THOMAS 73 HBC O0 

~ J  I SIEGEL 67 HBC 3 1  
~ [  ARMENTEROS 65BHBC for 

 uw, . ,o 

3TT 
J ~ , , "  ~ .  (Conhdence  Level < O OO1) 

1375 1380 1386 1390 1395 14OO 

~ ( 1 3 8 5 ) -  mass (MeV)  

Z ( 1 3 8 5 ) -  - Z ( 1 3 8 5 )  ÷ M A S S  DIFFERENCE 

.VALU_E_ (MeV) CL %_ DOCUMENT/D TECN COMMENT 

• • • We d o  not  use the fo l l ow ing  Oofa for averages  fits l imits, e f t  • • * 

30 :t 6 100 
43 -+ 5 22k 
34 ± 2 2594 
4 0 0 - +  3 2  
48 -+ 3 3740 

33 -+ 20 46 

25 -+ 32 62 
30 3 ± 7.5 250 
33 1 ± 8 3 250 
5 t  -+ 16 170 
48 -+ 16 154 

~ ( 1 3 8 5 )  ° WIDTH 
.VALUE (MeV) EVTS 

3 6  --. 5 O U R  A V E R A G E  

34 8 ± 5 6 5722 

39 3 ± 10 2 240 

4 4 5  

Baryon Full Listings 
I;(1385) 

4 SUGAHARA 798 HBC 7 r - p  6 G e V . c  
~ 2 BARREIRO 778 HBC K " p 4 2 G e V . . c  

HOLMGREN 77 HBC See AGUiLAR 81D 
t BARDADIN 75 HBC K - p  14 3 G e v . c  
3 BERTHON 74 HBC K-  P 1263-1843 

M e V / c  
9AGUILAR 70B HBC K - D ~  "_~:s 4 

GeV. 'c  
o BIRMINGHAM66 HBC K -  p 3 5 GeV c 
9 SMITH 65 HBC K - p  1 8 GeV c 
9 SMITH 65 HBC K -  p 1 95 GeV. c 
9 COOPER 64 HBC K p 1 45 GeV c 
9ELY 61 HLBC K - p  1 11 GeV c 

DOCUMENT ID rECN 

AGUILAR- 8tD HBC 

9 THOMAS 73 HBC 

COMMENt 

K - D ~  't 3.-r 4 2 
GeV. 'c  

limits e l c  • • • 
K - p  ~ %3}'r 2 18 

GeV:' c 
OSPK , T - D  1 5 GeV C 

• • • We do  not use the fo l low ing  Clolo for overages  il ls 
53 -+ 8 3100 t0BORENSTEIN 74 HBC 

30 +- 9 106 CURTtS 63 

Z ( 1 3 8 5 ) -  WIDTH 
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
39.4 Z 2.1 O U R  A V E R A G E  Error inc ludes  scale factor of 1 7 See the i dea  

g r a m  b e l o w  
38 4 ± 1 0  7 620 AGUILAR 81D HBC K - p  ~ " ~  4 2  

GeV c 
3 4 6 ±  4 2  3346 AGUILAR 81D HBC K - p ~  %3,-r 4 2  

GeV.. c 
39 .2  ± 1 7 9720 CAMERON 78 HBC K -  p 0 9 6 - I  36 

GeV., c 
35 ± 3 2303 8 BORENSTEIN 74 HBC K -  O 2 18 GeV, c 
51 9 ± 4 8 1 9 0 0  9 HABIBI 73 HBC K - p  ~ %,'r= 
48 2-+ 7 7 630 9THOMAS 73 HBC = - p  ~ " ,~ ' -K  ~ 
31 0 ± 6 5 370 9SiEGEL 67 HBC K - p  2 I GeV: 'c  
38 0-+ 4 1 1382 9ARMENTEROS65B HBC K - D 0 9 5 - 1 2 0  

GeY., c 
62 -+ 7 1086 HUWE 64 HBC K - p  1 15- I  30 

GeV.. c 

- 2 to ~-6 95 7 BORENSTEIN 74 HBC K - p  2 18 G e V / c  
7 2 ± I  4 7HABIBI 73 HBC K - p ~  %~'~r 
6 3-+2 0 7SIEGEL 67 HBC K - p 2 1 G e V , , c  

t t  ± 9 7 LONDON 66 HBC K -  p 2 24 GeV~c  
9 ~ 6 LONDON 66 HBC % 3~" events 
2 0 :11 5 7ARMENTEROS65g HBC K - p 0 9 - 1 2  G e V . c  
7 2 ± 2  1 7SMITH 65 HBC K - p  18 G e V ; c  

17 2_+2 0 7SMITH 65 HBC K - D  195 G e V / c  
17 _+7 7 COOPER 64 HBC K - D  145 G e V / c  

4 3 = 2 2 7 HUWE 64 HBC K - p  1 22 GeV: ' c  
0 0 : 4 2 7 ELY 6 t  HLBC K - p  1 11 G e V / c  

Z ( 1 3 8 5 )  ° - 7~,(1385) + M A S S  DIFFERENCE 

VALUE (MeV_) . . . . . .  CL% OOCUMENT ID rECN COMMENT 

• • • We do  not  use the  fo l l ow ing  d a t a  for averages  fils l imits, e tc  • • * 
- 4  to + 4  95 7BORENSIEFN 74 HBC K - p  2 18 G e V / c  

7 - , ( 1 3 8 5 ) -  - Z ( 1 3 8 5 )  0 M A S S  DIFFERENCE 

VALUE (MeV)__ ._ DOCUMENT ID tECN COMMENT 

• • • We do  not  use the f o l l owmg d a t a  for overages  fits, l imits e l c  • • * 
2 0-_2 4 7THOMAS 73 HBC ~ - p  ~ %;'r-K + 

Z ( 1 3 8 5 )  WlDTHS 

Z(1385) - WIDTH 
VALUE (M_eV~ Errs DOCUMENT tO TECN COMMENt 
3 5 . 8 ±  0 . 8  O U R  A V E R A G E  

37.2  -+ 2 0 1897 BAUBiLLIER 84 HBC K -  p 8 25 G e V / c  
35 I ±  1.7 5256 AGUILAR 81D HBC K - D ~  ' t ~ 4 2  

G e V / c  
37.5+_. 2 0 9361 AGUiLAR 81D HBC K - O ~  't3;,r 4 2  

GeV,,'c 
35.5  -+ 1 9 6900 CAMERON 78 HBC K - p  0 96-1 36 

G e V / c  
34 .0  -+ 1.6 6846 8 BORENSTEIN 74 HBC K - p  2 18 GeV, ' c  
38 3-+ 3 2 2300 9HABI81 73 HBC K - p  ~ %7r~ 
32 5 ±  6 0 400 AGUILAR 728 H8C K - p  ~ %~r's 
36 -+ 4 1260 9SIEGEL 67 HBC K - p  2 1 GeV, ,c  
32 0 : t  4 7 750 9ARMENTEROS65B HBC K - p 0 9 5 - 1 2 0  

GeV, c 
46 5 -+ 6 4 859 9 HUWE 64 H8C K - p  1 15- I  30 

G e V / c  
• • * We do  not  use the  fo l l ow ing  clara for averages  flts l lmlts e t c  • • • 
40 ± 3 600 BAKER 80 HYBR ~ ' + p  7 G e V / c  
37 - 2 750 BAKER 80 HYBR K - p  7 GeV/ 'c  
37 z 2 7k  t BAUBILLIER 798 HBC K - p  8 25 GeV, ,c  
30 ± 4 2 k  CAUTIS 79 HYBR 7 r + p /  K - p  11 5 

GeV 

• • • We clo not use the  fo l l ow ing  d a t a  for overages  fits, l imits, e tc  • • , 
44 -+_ 4 4 5k I BAUBILLIER 79B HBC K- p 8 25 GeV., c 
58 ± 4 1 5 0  I SUGAHARA 798 HBC ~ " - p  6 GeV: 'c  
45 ± 5 12k r2BARREIRO 778 HBC K - D 4 2 G e V  c 
35 _+ 10 193 HOLMGREN 77 HBC See AGUILAR 81D 
47 ± 6 I BARDADIN 75 HBC K -  p 14 3 GeV:  c 
40 _ 3 3060 3 BERTHON 74 HBC K -  p 1263-1843 

M e V : c  
29 2 +_ I0 6 120 9 SMITH 65 HBC K -  p 1 80 GeV, c 
17 1 ± B 9 58 9 SMITH 65 HBC K-  p t 95 G e V : c  
88 ± 2 4  200 9COOPER 64 HBC K - p  1 45 G e V ' c  
40 DAHL 61 DBC K - d 0 4 5  GeV c 
66 -~ 18 224 9ELY 61 HLBC K - p  1 11 G e v c  

WEIGHTED AVERAGE 
3 9 4  J: 21 (Error scaled by  17) 

X 2 

AG0,L^,- . , c  
p 

O0 
- ~ AGUILAR- 8'D HBC " 3  

,~ CAMERON 78 HBC 0 0 
1 ~ BORENSTEIN 74 HBC 22 
I 7"~ ~ HABIBI 73 IIBC 67 

J "~I : THOMAS 73 HBC 13 
SIEGEL 87 HBC 17 

I ' - ~  ARMENTEROS 65B HBC 0 1 
/ VvVV~..~ I HUWE 64 HBC 104 

2"~'8" ' 
~ . ~  ~ i'~,,,,~,~,__ = (Conf?ence Level = 0 002)  

20 40  60  80  1OO 

" ( 1 3 8 5 ) -  w id th  (MeV) 

Z ( t 3 8 5 )  POLE P O S I T I O N S  

" " ( 1 3 8 5 )  + REAL PART 

VALUE OOCUMENT I0 COMMENT 
1379 ± I LICHTENBERG 74 Extropola les HABIBI 73 

" ( 1 3 8 5 )  ~ - I M A G I N A R Y  PART 
VALUE DOCUMENT ID COMMENT 
17"5--± I 5 . . . . . . . .  LICHTENBERG 74 Extrapolates HABiBI 73 



446 

Baryon Full Listings 
Z(1385),  ;(1480) 

~ ( 1 3 8 5 ) -  REAL PART 
VAt UE DOCUMENT ID 

1383 ,+ I LICHTENBERG 74 

~ (1385 ) -  - I M A G I N A R Y  PART 
VAL UE DOCUMENT ID 

2-2-"5 £-'1-5"- LICHTENBERG 74 

COMMENT 

H ; ( e ~ - T T  - Ext rapo la tes  

COMMENT 

Ext rapo la tes  HA8181 73 

2;(1385) DECAY MODES 
I'i X(1385)  ~ A~r 
r 2 X(1385)  ~ "~- 
I" 3 X(1385) ~ %'? 
14 "--:(1385) ~ ".i 3" 
I s ~(1385.) ~ NK 

2;(1385) BRANCHING RATIOS 

['(z~)Ir(.~ r) 1'2/r1 
VALUE DOCUMENT IO TECN CHG COMMENT 

0 . t 3 5  ± 0 . 0 t i  OUR AVERAGE 
0 20 -+0 06 DIONISI 78B HBC -+ K - p ~  Y ~ K K  
0 16 ,+ 0 03 BERTHON 74 HBC + K - D  1 2 6 - I  84 

G e V / c  
0 1t _+ 0 02 BERTHON 74 HBC K -  p 1 2 6 - 1  84 

G e V / ' c  
0 21 *_0 05 BORENSTEIN 74 HBC + K - D ~  

" 0 ~- + 7r -  
0 18 - . 0  04 MAST 73 MPWA ± K - p ~  

,,, ~T + ~--  
~-0 }'r + x', - 

0 10 ~0 05 THOMAS 73 HBC T r - p  ~ %K~" 
" K : ¢  

0 16 -+0 07 AGUILAR- 72B HBC + K - p 3 9  4 6  
GeV,' c 

0 13 +-0 04 COLLEY 718 DBC -0 K-NI5GeV,,'C 
0 13 ±0 04 PAN 69 HBC + ~r+p ~ %K~r 

"K~ 
0 08 -+0 06 LONDON 66 HBC + K-p224 

GeV,,c 
0 163_.0 041 ARMENTEROS65B H8C ,+ K-p095-120 

GeV,,c 
0 0 9  - - . 0 0 4  HUWE 64 HBC ,+ K - p  1 2 - 1 7  

G e V  
• • • We d o  not  use  t~e f o l l ow ing  d a t a  tar  a v e r a g e s  flts l imits, e l c  • * • 
< 0  04 ALSTON 62 HBC +_0 K - p  1 15 

GeV , , c  
0 . 0 4  _+ 0 . 0 4  8ASTIEN 61 HBC ± 

r ( . t  ~ ) l ] ' l o t a l  1"3/[" 
VALUE EVI5 DOCUMENT /D TECN COMMENT 

• • • We d o  not  use the  f o l l o w l n g  d a t a  for o v e r a g e s  fits l imlts, e t c  * • * 
0 17 ,+ 0 17 I MEISNER 72 HBC I e v e n t  on l y  

1'( t 3 ' ) / r ( A  = )  l ' j r ,  
VALUE CL % DOCUMENT ID TECN COMMENT 

• • • We d o  no t  use t he  f o l l o w i n g  c la ta  for o v e r a g e s  fits l imits e f c  • • • 
< 0  06 90 COLAS 75 HLBC K - p  5 7 5 - 9 7 0  MeV 

] ( z - y ) / r (  ~ 7r) r , l r t  
VALUE CL% DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  f o l l o w i n g  d a t a  for a v e r a g e s  fits, l imits e l c  * • • 
< 0  05 90 COLAS 75 HLBC K - p  5 7 5 - 9 7 0  MeV 

(l'~FI)~h/l'totol In Nk" ~ ~(1385)  ~ A/r  (I'8I't)~/1" 
VALUE DOCUMENT lO CHG COMMENT 
+0 5 8 6 ~ - O  319 1t DE-VENISH 748 ( ) - -  [ : Ixed t d l s p e r s l o n - r e l  

Z,(1385) FOOTNOTES 
IF rom fit to I nc l us l ve  ~.~ s p e c t r u m  
21nc ludes  d a t a  of HOLMGREN 77 
3The errors a re  s ta t is t i ca l  on l y  The reso lu t i on  is not  u n f o l d e d  
4The error  is e n l a r g e d  to | ' / N  t ' 2  See t he  n o t e  on  t he  K~ (892 )  mass in 

t he  1984 e d i t i o n  
5From o tit to ",:r0 w i th  t he  w i d t h  f i xed  a t  34 MeV  
6From fit to i nc l us i ve  A-x0 s p e c t r u m  w i th  t he  w i d t h  f i xed  at  40  MoV 
l R e d u n d a n t  w i th  d a l a  in t he  mass List ings 
8Results f rom % ~ + ~ ' -  a n d  '~ ~ + 7r -  ~-0 c o m b i n e d  by  US 
9The er ror  is e n l a r g e d  to 4 I ' / N  I /2  See the  n o t e  on  t he  K~ (892 )  moss In 

t he  1984 e d l t i o n  
10Cons ls ten t  w i th  + 0 a n d  - w id ths  e q u a l  
11An e x t r a p o l a t i o n  of t he  p a r o m e t r l z e c l  a m p l l t u a e  b e l o w  t h r e s h o l d  

8AUBILLIER 84 
AGUILAR 84D 
BAKER 80 
BAUBILLIER 798 
CAUTIS 79 
SUGAHARA 79B 
CAMERON 78 
DIONISI 788 
BARREIRO 77B 
HOLMGREN 77 
BARDADIN 78 
COLAS 75 
BERTHON 74 
BORENSTEIN 74 
DEVENISH 748 
LICHTENBERG 74 

AlSO 748 
HABIBI 73 

AlSO 73 
MAST 73 

AlSO 738 
tHOMAS 73 
AGUILAR 72S 
MEISNER 72 
COLLEY 71S 
AGUILAR /0S 
PAN 69 
SIEGEL 67 
BIRMINGHAM 66 
LONDON 66 
ARMENTE ROS 6SB 
SMITH 68 
COOPER 64 
HUWE 64 

AlSO 69 
CURTIS 63 
ALSION 62 
BASIIEN 61 
DAHL 61 
ELY bi  
ALSTON 60 

:~(1385) REFERENCES 

ZPHY C23 213 + (BIRM CERN GLAS MSU LPNP) 
AFI$ A77 144 AgullOr Benllez Saliclo (MADR) 
NP 816b 207 .Ch lmo Damon Gibbs Hall Mlller~ (LOlC) 
NP B148 18 • (BIRM CERN GLAS MSU LPNP) 
NP B156 507 *BaUam Bouchez Carroll Chadwick+ (SLAC) 
NP B156 237 +Ochlol Fukul Cooper+ (KEK OSKC K I N K )  

NP Bt43 189 +Fronek Gopal Bacon Butterworth+(RHEL LOIC) 
PL 788 154 +Aimenleros Dial  (CERN AMST NIJM OXF) 
NP B126 319 +Befge Got'~ull Blokzljl+ (CERN AMST NIJM) 
NP B119 261 ÷Agullar Benltez K~uyver÷ (CERN AMST NIJM) 
NP B98 418 Bafaadln Otwlnowska+ (SACL EPO( R'HEL) 
NP B91 253 +Fo~vell Ferret Six (ORSA) 
hE 21A 146 +Tristram+ (CDEF RHEL SACt STRtB) 
PR D9 3006 +KoIDIIelSCh Strand* (BNL MICH) 
NP B8t 330 ÷Froggan Martin (DESY NaRD LOUC) 
PR DI0 3865 (IND) 
Prlvale Comm t lch lenberg  (IND) 
NevUs t99 TheSIS (COLU) 
Purdue Cant 387 Ballay Bridgewater Cooper+ (COLU SING) 
PR D7 3212 +Bongertel Aiston Gamjost+ (LBL) UF 
PR D7 5 MOSt Bohgerter Alston GarnJost* (LBL) IJF 
NP B56 15 +Englel Flsk Kraemer (CMU) JP 
PR D6 29 Agullar Benltez Chung E~snel Samlo$ (BNL) 
NC 12A 62 (UNC LBL) 
NP 831 61 +Cox [as lwood Ft~,+ (BIRM EDIN GLAS LOIC) 
PI~. 25 58 Agullar Benltez Barnes Bassano~ (BNL SYRA) 
PRL 23 808 +Fort'non (PENN) I 
UCRL 18041 TheSIS (LRt.) 
PR 152 1148 (BIRM GLAS LOIC aXE RHEL) 
PR 143 1034 +Rou Golclberg Lichtmon+ (BNL SYRA) J 
PL 19 75 * (CERN HEID SACL) 
UCLA Thesis (UCLA) 
PL 8 365 ~FIIIhulh Frlar'nan Malamud* (CERN AMST) 
UCRL 11291 Thesls (LRL) JP 
PR 180 1824 Huwe (LRL) 
PR 132 1771 *Coftln Meyer rerwll l lger (MICH) J 
CERN Cant 3 t i  eAIvorez Ferro LUZZI+ (LRL) 
PRL 6 702 ~Ferro Luzzl Rosenfeld (LRL) 
PRL 6 t42 ÷HOr'WlIZ Miller Murray While (LRL) 
PRL 7 461 eFung Gldat Pan Powell White (LRL) J 
PRL 5 520 .Alvarez Eberhord GOOd Grazlaf'Io÷ (LRL) I 

l(J P) = I(97) Status e 

OMITTED FROM SUMMARY TABLE 

These are peaks seen m %~', and V;'r spectra m the 
r e a c t i o n  T , + p  ~ ( Y , T ) K  + a t  1 7 G e V / c  A l so ,  t h e  Y 

p o l o r l z o h o r ~  O S c i l l a t e s  in  t h e  s a m e  r e g i o n  

MILLER 70  s u g g e s t s  a p o s s i b l e  a l t e r n a t e  e x p l a n a h o n  ~n 

t e r m s  of a r e f l e c t i o n  of  N ( 1 6 7 5 )  ~ A K  d e c a y  H o w -  
e v e r .  s u c h  a n  e x p l a n a t i o n  for  t h e  ( ~ + , - r 0 ) K +  c h a n n e l  

~n t e r m s  of  A ( 1 6 5 0 )  ~ ~ K  d e c a y  s e e m s  u n l i k e l y  ( s e e  

PAN 7 0 )  In a d d d ~ o n  s u c h  r e f l e c h o n s  w o u l d  a l s o  h a v e  

t o  a c c o u n t  for  t h e  o s c i H a h o n  of t h e  Y p o l a n z a h o n  in  

t h e  1 4 8 0  M e V  r e g i o n  

H A N S O N  71.  w l t h  less  d a t a  t h a n  PAN 70.  c a n  n e i t h e r  
c o n h r m  n o r  d e n y  t h e  e x l s t e n c e  of  t h l s  s t a t e  MAST 75  
s e e s  n o  s t r u c t u r e  in  th i s  r e g i o n  in  K - p  ~ .% rro 

ENGELEN 80  p e r f o r m s  a m u l h c h a n n e l  a n a l y s i s  of 
K - p  ~ pKo , ' r  - a t  4 2  G e V . , , c  T h e y  o b s e r v e  a 3 5  

s t a n d a r d - d e w a h o n  s i g n a l  a t  1 4 8 0  M e V  ~n p K  ° w h i c h  

c a n n o t  b e  e x p l a i n e d  a s  o r e f l e c h o n  of  a n y  c o m p e h n g  

c h a n n e l  

2;(1480) MASS 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVT$  DOCUMENT ID TECN CHG COMMENT 

1480 120 ENGELEN 80 HBC + ~ - - J -  Kp~uO~,.= _ 

1485 ± 10 CLINE 73 MPWA - K -  d 
(~=- )P  

1479 ± 10 PAN 70 HBC + , - r * p  
C '~ ~ -+)K + 

1465 ± 15 PAN 70 HBC + ~ r ~ p  
( ~ ' ) K  + 



See key  on page 129 

4 4 7  

Baryon Full Listings 
: (1480),  ;(1560), 1 (1580) 

;~ (1480)  WIDTH 
( P R O D U C T I O N  EXPERIMENTS) 

VALUE (MeV) . EVF~  DOCUMENT ID .... TECN_. CHG COMMENT 

80-+20 120 ENGELEN 80 HBC + K - ~  
( p / ~ ) x -  

40 -+ 20 CLINE 73 MPWA - K-  d ( ~ = - ) p  
3t ± 15 PAN 70 HBC + ~ ' p  

(~.~r+)K + 
30 -+ 20 PAN 70 HBC + 7r + p 

(~= )K*  

Z ( 1 4 8 0 )  DECAY MODES 
( P R O D U C T I O N  EXPERIMENTS) 

1"~ Z ( 1 4 8 0 )  ~ N K  

r 2 ~ ( 1 4 8 0 )  --* .'t~r 
l" 3 " ( 1 4 8 0 )  ~ ~'Tr 

I'(X ?r) / l ' (A "~') 
VALUE 
0 82 ±0 5t 

I ' ( N ~ " ) / I ' ( A  7r) 
VALUE 
o 72±-o-5o ..... 

l'(N~S)II'total 
VALUE 

SMALL 

7-,(1480) B R A N C H I N G  RATIOS 
( P R O D U C T I O N  EXPERIMENTS) 

DOCUMENr 10 rECN CHG 
PAN 70 HBC + 

I"3/]" 2 

1" i / I '  2 
DOCUMENr ID TECN CHG 
PAN 70 HBC + 

l'r/l" 
DOCUMENT 10 rECN COMMENT 
CLINE 73 MPWA K- d ~ ( ' ~ - ) p  

ENGELEN 
MAST 
CLINE 
HANSON 
MILLER 
PAN 

AlSO 
AlSO 

~ ; (1480)  REFERENCES 
( P R O D U C T I O N  EXPERIMENTS) 

80 NP B167 61 +JongeJons Dlonlsl+ (NIJM AMST CERN OXF) 
75 PR D11 3078 +Alston GornJosf Bongerter+ (LBL) 
73 LNC b 205 *Loumonn MODp (WlSC) IJP 
71 PR D4 1296 +Kolmus Loule (LSL) I 
70 Duke Cant 229 (PURD) 
70 PR D2 49 +Forman KO HagOpIan ~lOVe (PENN) 
69 PRL 23 808 Pan Forman (PENN) I 
69e ~ 23 806 Pan Forman (PENN) I 

I Z(1560) BUMPS l l(J') : I(~') s,o,us * * 

OMITTED FROM SUMMARY TABLE 

Thls en l ry  lists peaks  r epo r t ed  m mass spec t ra  a round  
1560 MeV wi thout  imp ly ing  that  they  a re  necessar i ly  
re la ted  

DIONISI 788 observes  a 6 s t anda rd -dev l a t i on  e n h a n c e -  
ment  at 1553 MeV m the c h a r g e d  A / ~ "  mass spec t ra  
from K - p ~  ( ~ / ~ ) T r K K  at 4 2  G e V / c  in a CERN ISR 
exper imen t .  LOCKMAN 78 reports a narrow 6 
s t a n d a r d - d e w a h o n  e n h a n c e m e n t  at  1572 MeV in ATr± 
from the reac t i on  P P  ~ A T r + ~ ' - X  These e n h a n c e -  
ments o re  unl lke ly  to be  assoc ia ted  with the ~(1580)  
(whlch has not b e e n  con f i rmed  by  severa l  recen t  
exper imen ts  -- see the next  ent ry  in the bshngs) 

CARROLL 76 observes  a b u m p  at 1550 MeV (as well  as 
o n e  at 1580 MeV)  in the isospin-1 K N  to ta l  cross sac- 
hart. but  uncer ta in t ies  in cross sect ion measurements  
outs ide the mass t a n g e  of the e x p e r i m e n t  p r e c l u d e  
est imat ing its s lgn l f l cance  

See also MEADOWS 80 for a rev iew of this state 

~ ( 1 5 6 0 )  MASS 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) Evrs 0OCUMENT 10 rECN CHG COMMENr 
1553 ± 7 121 DIONISI 78S HBC +- K - D  ~ (Y. ' r )KK 
1572-+4 40 LOCKMAN 78 SPEC p p  ~ ~#+,-'r- 

X 

.T-,(1560) WIDTH 
(PRODUCTION EXPERIMENTS) 

VALUE (MeV) EVTS DOCUMENt IO TECN CHG COMMENt 

79+_.30 121 DIONISI 78B HBC ~ K - p  ~ ( Y ~ ) K K  
15-+ 6 40 ILOCKMAN 78 SPEC -~ p p ~  *~ '+~' -  

X 

~ ( 1 5 6 0 )  DECAY MODES 
(PRODUCTION EXPERIMENTS) 

I'i 3 ( 1 5 b 0 ) - - A ~  

I" 2 X ( 1 5 6 0 )  ~ X ~  

.?.;(1560) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

rCz~)/{1"(.~.) + ,(':~)] r2/¢1",+r2) 
VALUE DOCUMENr 10 IECN CHG COMMENr 

0 3 5 _ 0  12 DIONISI 78B HBC -+ K - p ~  (Y~ ' )KK 

]'(A Ir)II ' tota I r l / ]"  
VALUE DOCUMENr /0 IECN CHG COMMENr 

SEEN LOCKMAN 78 SPEC :t: OP ~ ~-."r+,~- 
X 

7-,(1560) FOOTNOTES 
(PRODUCTION EXPERIMENTS) 

IThe width observed by LOCKMAN 78 Is consistent wlth experlmenlol reso 
lution 

Z ( 1 5 6 0 )  REFERENCES 
(PRODUCTION EXPERIMENTS) 

MEADOWS 80 Tofonlo Conl 283 (CINC) 
DIONISI 78B PL 78B 154 +Armenteros DIOZ (CERN AMST NIJM OXF) I 
LOCKMAN 78 CEN DPHPE 78 01 +Meyer RonOer Poster $Chlein+ (UCLA SACL) 
CARROLL 76 PRL 37 806 +Chlong KVClO LI Mozur Michael+ (BNL) I 

1 ~ ( t 5 8 0 )  0 t3  I /(J~) : 1(32-) s,a,us * * 

OMITTED FROM SUMMARY TABLE 

Seen in the Isospm-I K N  cross sect ion at BNL (LI 73, 
CARROLL 76) a n d  in a pa rha l -wave  analysls of K - O  
't ,-T O for C m energ les  1560-1600 MeV by  LITCH- 
FIELD 74 LITCHFIELD 74 finds JP = 3 / 2 -  Not seen by  
ENGLER 78 or by  CAMERON 78C (w~th larger  stohshcs m 
/ ~ p  ~ ~+ a n d  ~0,-.r+) 

~ - (1580)  MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
1583 ± 4 I CARROLL 76 DPWA ISOSpln I total c, 
1582__.4 2LITCHFIELD 74 DPWA K - p - -  't~'. 0 

~ ( t 5 8 0 )  WIDTH 

VALUE (MeV) OOC_UMF_/~IT_.!Q rECN COMMENr . . . . . . . .  

15 I CARROLL 76 DPWA Isospln-I totol a 
11 Z4 2LITCHFIELD 74 DPWA K - p -  *t,-rO 



4 4 8  

Baryon Full Listings 
2( ] 580), 2( ] 620) 

] 'r " ( 1 5 8 0 )  ~ N~" 

I" 2 ~ ( 1 5 8 0 )  ~ A~" 

I'~ ~ ( 1 5 8 0 )  ~ -"-'~" 

~ ( 1 5 B 0 )  D E C A Y  M O D E S  

.?.;(1580) B R A N C H I N G  RATIOS 

See Sign convent ions for resonance COuplings in the Note 
on % and "" Resonances 

I ' ( N ~ " ) / l ' t o t o  I I'i/1" 
VALUE DOCUMENT IO TECN COMMENT 
+ ~ - 0 3  _. 0o0;I-- 2 LITCHF~ELD 74 DPWA KN mult ichonnel-- 

( l ' ~ I ' l ) v : / r t o t g t  In NK" ~ ~ ( 1 5 8 0 )  ~ .% ~r (1 '~ I '2 )~ / I "  
VALUE DOCUMENT ID TECN COMMENT 

NOT SEEN CAMERON 78C HBC K~O-- %?r+ 
NOI SEEN ENGLER 78 HBC K~p~  ~a "+ 
+ 0  10--.0 02 2LITCHFIELD 74 DPWA K - O ~  %~rO 

( [ ' ~ r t ) ' ~ / I ' t o ta l  in NK" ~ " ~ ( 1 5 8 0 )  ~ ~ r  ( [ ' d ' 3 ) W / r  
VALUE DOCUMENT ~D rECN COMMENT 
NOT SEEN CAMERON 78C HBC K~D- -  : ° ~  + 
NOT SEEN ENGLER 78 HBC K~O ?.;0 ~r + 
+ 0 03 ~ 0 .04 2 LITCHFIELD 74 DPWA KN multlchonnel 

7- . (1580)  FOOTNOTES 
1CARROLL 76 sees o totol-cross-secflon bump with ( J + I / 2 )  ]'el l totol = 

0 06 
2The moln effect observed by LITCHFIELD 74 is in the ",x final state, the KN 

and "~r coupl ings ore est imated from a mult ichonnel fir including total 
cross section data  of LI 73 

CAMERON 
ENGLER 
CARROLL 
LITCHFIELD 
LJ 

ENGLER 

: ~ ( 1 5 8 0 )  REFERENCES 

7BC NP B132 489 *CODL~u~p~* (BGNA EDLN GLAS PlSA RHEL) I 
78 PR D18 3061 +Keyes KroemeI Tor'~3ko ChO+ (CMU ANL) 
76 PRL 37 806 +Chlong KyclO Li Mazur Michael+ (BNL) I 
74 PL 51B 509 (CERN) IJP 
73 PurClue Cant 283 (BNL) I 

- - -  - OTHER RELATED PAPERS . . . . . . .  

76 PL 63B 231 +Keyes Kroemer Schlereth Tonoko+(CMU ANL) I 

.~(1620) D E C A Y  MODES 

I'~ % ( 1 6 2 0 )  .-,. N K  

I" 2 ~ ( 1 6 2 0 )  ~ .~.Tr 

I" 3 ~ ( i 6 2 0 )  -,. ~'n- 

Z ( 1 6 2 0 )  B R A N C H I N G  RATIOS 

r ( N / O / r t o l a  I 1 t/1" 
VALUE DOCUMENT ID rECN COMMENT 
0.22 ¢ 0-0-2- LANGBEIN 72 IPWA KN mult lchannel 
0 05 KIM 7'I DPWA K-matrlx analysis 

( l ' ~ r / ) ; ' : / l ' t o to  I In N K  ~ ~ ( 1 6 2 0 )  ~ A zr ( l ' d ' 2 ) W / r  
VALUE DOCUMfNT IO TECN COMMENT 
0 . 1 2 ± 0  02 IMORRtS 78 DPWA K - n - -  %}T ± 
NOT SEEN BAILLON 75 IPWA KN ~ %~" 
0 15 KIM 71 DPWA K motrlx analysis 

( I ' l r / ) " ~ / l ' t o t a l  in NK" - - . . ~ ( 1 6 2 0 )  ~ ~ ( l ' i r 3 ) ~ / r  
VALUE DOCUMENT ID rECN COMMENT 
NOT SEEN HEPP 76B DPWA K - N ~  "~" 
0 40 ± 0 06 LANGBEIN 72 IPWA KN mulflchonnel 
0 08 KIM 71 DPWA K-motrlx analysis 

7-.,( t 6 2 0 )  FOOTNOTES 
IMORRIS 78 obtains on equal ly good fit without including thls resonance 
2Total cross section bump with ( J + I / 2 )  I'el / I tota I is 0 06 seen by CAR 

ROLL 76 
~'fotol CrOSS-section bump with ( J + l , 2 )  |'el : ~'totol Is 0 04 seen by CAR 

ROLL 76 

MORRIS 
CARROLL 
HEPP 
8 A I L L O N  

VANHORN 
AlSO 

LANGBEiN 
KIM 

AlSO 

: ~ ( 1 6 2 0 )  REFERENCES 

78 PR D17 55 +Albrlght Colleralne Klmel Lannultl (FSU) IJP 
76 PRL :~7 80b +C1'~Iong KycIo L1 Mozut Mlcnoe1÷ (1)NL) 1 
76B PL 65B 487 +Braun Grimm Srfobele÷ (CERN HEID MPIM) IJP 
75 NP B94 39 +Lllchfield (CERN RHEL) IJP 
75 NP B87 145 (LBL) IJP 
75B NP 887 157 VonHom (LBL) IJP 
72 NP B47 477 +Wagner {MPIM) tJP 
71 PRL 27 356 (HARV) IJP 
70 Duke Cant 161 Klm (HARV) IJP 

I Z ( 1 6 2 0 )  $11 I ~(Jp) : 1(J-) slo~us * * 

OMITTED F R O M  S U M M A R Y  TABLE 

The SlI  s l a te  a l  1697 M e V  r e p o r t e d  by  VANHORN 75 is 
t e n t a t i v e l y  hs led  u n d e r  t he  ~ ( ~ 7 5 0 )  CARROLL 76  sees  
t w o  b u m p s  in t he  isOSpln-I l o te l  c ross  s e c t i o n  n e a r  this 
mass  

P r o d u c t l o n  e x p e r l m e n t s  a r e  hsted s e p a r a l e l y  In the  
nex t  en t ry  

Z ( 1 6 2 0 )  M A S S  

VALUE (MeV) DOCUMENr ID 
1600 ± 6 '~ MORRIS ;'8 
1608 ± 5 2 CARROLL 76 
1633 ± 10 3 CARROLL 76 
1630 ± 10 LANGBEIN 72 
1620 KIM 7'I 

TECN COMMENT 
DPWA K -  n ~ %.Ir C . . . . .  
DPWA Isospln 1 total a 
DPWA l_sospln 1 total a 
IPWA KN muffichonnel 
DPWA K molrix analysis 

Z ( 1 6 2 0 )  WIDTH 

VALUE (MeV) ~)OCUMENT ID 
87 - 19 I MORRIS 78 
15 2 CARROLL 76 
10 3 CARROLL 76 
6,5 - 20 LANGBEIN 72 
40 KIM 71 

TECN COMMENT 
DPWA K-  n ~ % ~r- 
DPWA Isospln-1 total a 
DPWA !sospln*1 total n" 
IPWA K N  mult ichonnel 
DPWA K-matrlx analysls 

1620) PRODUCTION EXPERIMENTS I 

/(jp) = 1(9 ~) 
Forma t i on  e x p e r l m e n t s  a r e  hsted s e p a r a t e l y  In the  
p r e v i o u s  en t ry  

The results of  CRENNELL 69B at  3 9 G e V / c  a r e  not  con -  
f i rmed  by  SABRE 70 at  3 0 G e V / c  Howeve r .  a t  4 5 
G e V / c .  A M M A N N  70 sees a p e a k  at  1642 M e V  w h i c h  
on  the  bas is  at  b r a n c h i n g  rahos  they  d o  not  assoc laJe  
wf lh the  ~ ( 1 6 7 0 )  See MILLER 70 for a r e v l e w  of t hese  
con f l i c t s  

2 ; ( 1 6 2 0 )  M A S S  
( P R O D U C T I O N  EXPERIMENTS) 

VALUE (MeV) EVT5  DOEUMENr ID TECN CHG COMMENT 
~6.42 :t 12 AMMANN 70 DBC K - N 4 5 G e V / c  
1618 _+ 3 20 BLUMENFELD 69 HBC + K~O 
1619± 8 CRENNELL 69B DBC :t K - N ~  %}TTr~" 

• • • We do not use the fol~owlng data  for overages flts llmits e lc • • * 
1646 ± 8 CRENNELL 68 DBC ± See 

CRENNELL 69B 

Z ( 1 6 2 0 )  WIDTH 
( P R O D U C T I O N  EXPERIMENTS) 

V..%UE~_M__e V) . . . . . . . . .  ~V~.S 
55 ± 24 
30 ± 40 20 
7~ + 22 

" - 1 5  

DOCUMENr IO T~CN CNG COMMENT 
AMMANN 70 DBC K-  N 4 5 G e V / c  
BLUMENFELD 69 HBC + 

CRENNELL 69B DBC ± 



See key on page 129 

• • * We d o  not  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s ,  fits l lml ts  e t c  • * • 
66  ± 16 CRENNELL 68 DBC ± See 

CRENNELL 698 

.~.,(1620) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

['i ~ ( t 6 2 0 )  --* N~' 
I" 2 ~(1620)  ~ ATr 
[" 3 ~(1620)  -.. ~Tr 
[`4 ~(1620)  -*  .%~'~ 
r 5 ."(1620) ~ ~(1385)~r  
[`6 E(1620)  --.. A(1405)~" 

7.,(1620) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

['(.~. = ~-)Ir(,'~ ~r) r./r2 
VALUE EVT$ DOCUMENT ID TECN CHG 

~ 2 . 5  14 8LUMENEELD 69 HBC + 

I'(N/O/I'C A ~r) r t / l "  2 
VALUE DOCUMENT IO TECN CHG COMMENT 

()-.4--. 0 4  AMMANN 7"0 DBC K - D 4 5  G e V / c  
0 0 ± 0.1 CRENNELL 68 DBC + See 

CRENNELL 69B 

r (A / i ' ) / l ' to ta  I r 2 / r  
VALUE DOCUMENT ID TECN CHG 

LARGE CRENNELL 68 DBC ± 

r (~ (  1385) ~r)/l'(.'~ ~') I"5/I" 2 

VALUE CL % OOCUMEN~ IP TECN CHG COMMENT 

< 0 3  95 AMMANN 70 DB(~ K -  p 4 5  G e V / c  
0 . 2  ± 0.  I CRENNELL 68 D8C ± 

r(~ ~r)/[`(.~ =) F J r  2 
VALUE eL% DOCUMENT 10 TECN COMMENT 

< ~ :  1 "" " 95-- AMMANN 70 -DBC-" K - N d ~ G e V , , ' c  

r(A(~4051 ~r )/[`(.~ ~r) vd['~ 
VALUE DOCUMENT ID TECN COMMENT 

0 7  ± 0 4  AMMANN 70 DBC K -  p 4 5  G e V / c  

Z(1620)  REFERENCES 
(PRODUCTION EXPERIMENTS) 

AMMANN 70 PRL 24327 +Gartlnkel Carmony Gutoy+ (PURD IND) 
AI$o 73 PR D71345 Ammonn Carmony Garflnkel÷ (PURD IUPU) 

MILLER 70 D~Jke Cone 229 (PURD) 
SABRE 70 NP 816 201 Borloutaucl Merrll Schever+ (SABRE Collob ) 
BLUMENFELD 69 PL 298 .$8 ÷Kolbflelsch (8NL) I 
CRIENNELL 69e LunCl Paper 183 ÷Korshon Lal O Nell Scarf+ (BNL CUNY) I 

Results are Quoted In LEVI SETI169C 
Also 69c LunCl Cant Levl Sertl (EFI) 

CRtENNELL 68 PRL 21648 +Deloney Flamlnlo Kafshc.n÷ (8NL CUNY) I 

J ~(1660) P11 I ~ ( / )  = 1(~+) status e .t .! 

For results p u b l i s h e d  before 1974 (they are now 
obsolete), see our 1982 edition (Physics Letters tttB) 

~;(1660) MASS 

VALUE (MeV) OOCUMENT ID TECN COMMENT 

1 6 3 0  to  1690 OUR ESTIMATE 
1665 I ± 1 1 2  I KOISO 85 DPWA _K-p  --_~-'~t 
1670 ± 10 GOPAL 80 DPWA KN ~ KN 
1679 ± 10 ALSTON- 78 DPWA KN ~ K N  
1676 ± 15 GOPAL 77 DPWA KN m u l t l c h a n n e l  
1668 ± 2 5  VANHORN 75 DPWA K - D  ~ A ~  ° 
1670 ± 2 0  KANE 74 DPWA K - p  ~ ~ r  
• • • We d o  not  use t he  f o l l o w i n g  d a t a  far a v e r a g e s  fits l imits e t c  * * * 

1565 or 1597 2 MARTIN 77 DPWA K N  m u l t l c h a n n e l  
1660 ± 30 3 BAILLON 75 IPWA KN ~ %'~" 
1671 ± 2 4pONTE 75 DPWA K - p  ~ 't~ro 
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Z(1660)  WIDTH 

V__ALUE (MoV) _ _ .  DOCUMENT ID TEC..N_ C O M M E I ~  

40 to 200 OUR ESTIMATE 
8 1 . 5 ±  2 2 2  IKOISO 85 DPWA K - p ~  ~.~" 

152 ± 20 GOPAL 80 DPWA KN ~ KN 
38 ± 10 ALSION 78 DPWA KN ~ KN 

120 ± 20 GOPAL 77 DPWA KN m u l t l c n a n n e l  

+ 165 VANHORN 75 DPWA K p o ".,T r0 230 - 60 
250 ± 1 1 0  KANE 74 DPWA K - D  ~ ~-tr 
• • • We do  not  use the  fo l l ow ing  d a t a  far a v e r a g e s  tits hmlts, e t c  • • • 
202 or 2 t7  2 MARTIN 77 DPWA KN m u l t l c h a n n e l  

80 -+ 40 3 BAILLON 75 IPWA KN ~ ~.;r 
81 ± 10 4pONTE 75 DPWA K-O~ ~,-rO 

,T.,(1660) DECAY MODES 

I'~ v(1660) ~ N~' 

['2 ~(1660) --*..%~" 
I" 3 ~(1660) --,- ~Tr 

7-,(1660) BRANCHING RATIOS 

See Sign c o n v e n t i o n s  tar  r e s o n a n c e  c o u p l i n g s  in the  No te  
an  ~ a n d  " R e s o n a n c e s  

r(N~/rtatal r~ / r  
VALUE DOCUMENT IO TECN COMMENT 

0 . I  to  0°3 OUR ESTIMATE 
0 . 1 2  - 0 0 3  GOPAL 80 DPWA KN ~ I(N 
0 1 0  = 0 . 0 5  ALSTON" 78 DPWA I (N ~ KN 

• * • We clo not  use the  fo l l ow ing  d a t a  for o v e r a g e s  tlts l lmits, e t c  • • * 
< 0 0 4  GOPAL 77 DPWA See GOPAL 80 

0 2 7  or 0 2 9  2 MARTIN 77 DPWA /(N m u l t l c h a n n e l  

(l'~]'/)"~/l'total in N~"---* ~(1660)  ~ . ' ~  (['d'2)~/[" 
VALUE DOCUMENT ID TECN COMMENT 
< 0 0 4  - -  GOPAL . . . .  7"7 DPWA K N - m u l t l c h o n n e l  

0 1 2 + 0 -  0412 VANHORN 75 DPWA K - p ~  %r. ° 

• • * We d o  na t  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits, l imits e t c  • • • 
- 0 1 0  or - 0 1 1  2MARTIN 77 DPWA K N m u l t l c h a n n e l  
- 0 . 0 4 _ + 0 0 2  38AILLON 75 IPWA K N ~  '~T 
+ 0 . 1 6 : t 0  0 t  4pONTE 75 DPWA K - p ~  '~TO 

(I'~I'/)'6/l'total in N~" ~ Z(1660)  ~ "~" ( l 'd '3)~/ I "  
VALUE DOCUMENT ID TECN COMMENT 

- - ' 0 1 3 - + 0 " 0 4  I1<OISO 8-5 DPWA _ K - p ~  "~Tr 
- 0 1 6  ~ 0 0 3  GOPAL 77 DPWA KN m u l t l c h a n n e l  
- 0 t t  ~_ 0 01 KANE 74 DPWA K -  p ~ ~ / r  
• • • We do  not  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits e t c  • • • 

- 0  34 or - 0 , 3 7  2MARTIN 77 DPWA K N m u l t i c h a n n e l  
NOT SEEN HEPP 768 DPWA K - N  ~ ~Tr 

Z(1660)  FOOTNOTES 
IThe e v i d e n c e  of KOISO 85 Is w e a k  
2Tl~e two  MARTIN 77 v a l u e s  o re  f rom o T-matr lx p o l e  a n d  from a Brelt 

W igne r  fit 
3From so lu l l on  I of BAILLON 75 not  p resen t  in sa lu l l on  2 
4From so lu t ion  2 of PONTE 75 na t  p resen t  in so lu t ion  I 

Z(1660)  REFERENCES 
KOISO 85 NP A433 519 ÷Soi Vomomolo Kofler (TOKY MASA) 
GOPAL 80 Toronto Cant 159 (RHEL) IJP 
ALSTON 78 PR DtS 182 AlstOn Gomlost Kenney~. (LBL MIHO CERN) IJP 

AlSO 77 PRL 381007 AlstOn Gornjost Kenney* (LBL MfHO CERN) IJP 
GOPAL 77 NP 8119362 +Ross VonHort~ McPherson+ (LOIC RHEL) IJP 
MARTIN 77 NP 8127349 +Pldcock Moofhouse (LOUC GLAS) IJP 

AlSO T7B NP 8126266 Martlrl PlClCOCk (LOUC) 
AlSO T7C NP 8126285 Martin PIOCOCk (LOUC) IJP 

HEPP TbB PL 658487 +Braun Grlmm Sttobele+ (CERN HEID MPIM) IJP 
BAILLON 75 NP 89439 +Lltchfleld (CERN R'HEL) IJP 
P O N I E  75 PR D122597 +Hertzbach BultonShatet* (MASA IENN UCR) IJP 
VANHC4~hl 75 NP 887 "145 (LBL) IJP 

Also 758 NP 887157 VanHom (LBL) IJP 
KANE 74 LBL 2452 (LBL) IJP 



4 5 0  

Baryon Full Listings 
2;(1670) 

NOTE ON T H E  "--;(1670) R E G I O N  

Production experiments The measured Z~r/Err 

branching ralto for produced E( 1670)'s ~s strongly depen- 

dent on m o m e n t u m  transfer Th~s was first d~scovercd by 

EBERHARI)  69, who suggested that there exist two ~ reso- 

nances V,'lth the same mass and quan tum numbers  one 

v, fth a large ~ r r  [maml3 A(1405)rr] dcca) mode produced 

peripherally, and the other with a large E r  decay mode pro- 

duccd at larger angles These results were confirmed b} 

..~GL:IL.~R-BENITEZ 70. ASPELI, 74, ESTES 74, and 

TIMMERXIANS 76 T h c m o s t h k c l y q u a n t u m  numbers  

l b r b o t h t h c Z r a n d t h e A ( 1 4 ( / 5 ) r s t a t e s a r e l ) 1 3  T hc r c t s  

also posslbl) a third ~. lhc xS(1690) m the Listings. the mare 

evidence for v, htch ~s a large Y.rr/'~r branching ratio These 

lop~,.:s have bccn reviewed b} EBERHARD 73 and b) 

MILLER 7() 

Formation experiments Two stales are also observed 

near this mass m tbrmat~on experiments One of these, the 

E(1670) D13, has the same quan tum numbers  as those 

observed m production and has a large "- . : r /~rr  branching 

ratio, t t m a )  well be the 23(1670) produced at larger angles 

( s c c T I M M E R M A N S  76) T h e o t h c r s t a t c ,  the 

Z(1660) PI !' has d~fferent quan tum numbers  from those 

seen m production, and its 23r/23rr branching ratio fs unk- 

nown T h u s l l s r e l a t ~ o n l o t h e p r o d u c c d E ( 1 6 7 0 ) ' s t s  

obscure 

I ~(1670) D13 I ~(J') = 1 (3 - )  stotus * * * * 

For m o s t  r e s u l t s  D u b l i s h e d  b e f o r e  1 9 7 4  ( t h e y  a r e  n o w  

o b s o l e t e ) ,  s e e  o u r  1 9 8 2  e d i t i o n  ( P h y s i c s  L e t t e r s  1118) 

R e s u l t s  f r o m  p r o d u c h o n  e x p e r i m e n t s  a r e  l i s t e d  

s e p a r a t e l y  m t h e  n e x t  e n t r y  

Z(1670 )  MASS 

}/ALUE_(M_e_.V_) . . . . . . . . .  DOCUMENT IO rECN COMMENT 

1665 to 1685 OUR ESTIMATE 
1665 1 -+ 4 1 KOISO 85 DPWA K - D  ~ ~.~r 
1682 :t: 5 GOPAL 80 DPWA K N  ~ K N  
1679 :I: 10 ALSTON- 78 DPWA K N  ~ K N  
1670 :I: 5 GOPAL 77 DPWA KN m u l t l c h a n n e l  
1670 - 6 HEPP 768 DPWA K - N ~  V~r 
1685 ± 20 8AILLON 75 IPWA K N  ~ ~ 

1659 + 12 VANHORN 75 DPWA K - p  ~ ' ~ r  ° 
- 5 

1670 - 2 KANE 74 DPWA K - D  ~ "~T 
• • ° We d o  no t  use  t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l imits e t c  * * * 
1667 or 1668 I MART~N 77 DPWA ~'N m u l t i c h a n n e l  
1650 DEBEt.LEFON 76 IPWA K - D  ~ , ~ 0  
1671 -+ 3 PONTE 75 DPWA K - p  ~ A~r ° (sol  I )  
1655 = 2 PONTE 75 DPWA K - p  ~ ~ . o  (sol  2) 

Z O 6 7 0 )  W1DtH 

VALUE ( M e V )  DOCUMENr ID TECN COMMENT 

4 0  t o  8 0  O U R  ESTIIdATE 

6 5 . 0 1 -  7 3 KOISO 85 DPWA _K-p . - - _ '%r  
79 ± 10 GOPAL 80 DPWA K N  ~ K N  
56 :t: 20 ALSTON 78 DPWA K N  ~ R'N 
50 -+ 5 GOPAL 77 DPWA ~'N m u l t l c h a n n e l  

56 - 3 HEPP 768 DPWA K - N ~  ~ 
85 :i: 25 BAILLON 75 IPWA K N  ~ y~r 
32 _ 11 VAN½ORN 75 DPWA K - p  ~ . ~ o  
79 -+ 6 KANE 74 DPWA K -  p ~ ~ ~" 
• • • We clo not  use t he  f o l l o w i n g  d a t a  fat a v e r a g e s  flts l)mlts e t c  • • * 
46  or 46  I MARTIN 77 DPWA K N  m u l t l c h a n n e l  
80 DEBELLEFON 76 IPWA K - D  ~ , ~ 0  
44  ~: 11 PONTE 75 DPWA K - p  ~ Y~r 0 (sol I )  
76 _+ 5 PONTE 75 DPWA K - D  ~ '~;.r0 (sol 2) 

~..~(1670) DECAY MODES 
l'~ ~ (1670)  ~ N K  

I" 2 ~ (1670)  -,..'~Tr 
I" 3 ~ (1670)  ~ "~-  
I' 4 " ( 1 6 7 0 )  --~ .'~r7r 
I" 5 " ( 1 6 7 0 )  --,. "~ ' r r  
I" 6 ~(1670)  --,. v (1385)~"  
l 7 ~ (1670)  -,. ~(1385)~ ' .  S-wave 
l'a " ( t 6 7 0 )  ~ A(1405) ' ; r  
l' 9 ~ (1670)  --.. A(1520)~r  

.72(1670) BRANCHING RATIOS 

See Sign c o n v e n l i o n s  for r e s o n a n c e  c o u p l l n g s  In f i le  Note  
on  '~ a n d  ~ R e s o n a n c e s  

I ' ( N R ' ) / l ' t o t a  I I"I/I' 
VALUE OOCUMENT ID [ECN COMMENT 

0 .07  to 0.13 OUR ESTIMATE 
0 10 ± 0 03 GOPAL 80 DPWA ~(N ~ K N  
0 11 ± 0 03 ALSTON" 78 DPWA K N  ~ ~(N 

• • " We do  not  use the  t o l l o w l n g  d a t a  for a v e r a g e s  fits l lmits e fc  • ° • 

0 08 + 0 03 GOPAL 77 DPWA See GOPAL 80 
0 07 or 0 07 i MARTIN 77 DPWA K N  m u l t i c h a n n e l  

( l '~I'r)":/ l ' tota I In N~" ~ ~ (1670 )  ~ A~" (I'iI'2)~/I" 
VALUE DOCUMENT ID TECN COMMENT 

0 17 ± 0  03 2MORRIS 78 DPWA K - n ~  ~ 7 r -  
0 13 -+0 .02  2MORRIS 78 DPWA K - n ~  ~,~'-  

+ 0  10 -+0 02 GOPAL 77 DPWA ~ ' N m u l t i c h o n n e l  
+ 0  06 _+0 02 8AILLON 75 IPWA K N ~  ~Tr 
+ 0  09 _+0 02 VANHORN 75 OPWA K - D ~  ~ o  
+ 0 . 0 1 8  -+ 0 060 OEVENISH 74B F lxed- r  d l spe rs l on  re l  
• • • We d o  not  use  the  f o l l ow ing  d o r a  foe a v e r a g e s ,  fits. l imits e t c  * • • 
+ 0 08 or + 0 08 'I MARTIN 77 DPWA K N  m u l t l c h a n n e l  
+ 0  05 DEBELLEFON 76 IPWA K - D ~  ~ . o  

0 08 ± 0 01 PONTE 75 DPWA K - D  ~ . ~ 0  (sol I )  
0 17 :tO 01 PONTE 75 OPWA K - D  ~ ~,~o (sol 2) 

(l' lI '/)'/~/I'tofai in N K  ~ ~(1670)  ~ VTr ( ] 'd '3)~/ I "  
VALUE DOCUMENT ID TECN COMMENT 

+ 0 . 2 0 - + 0 . 0 2  KOISO 85 DPWA K - D ~  v~. 
+ 0  21 -+0 02 GOPAL 77 DPWA K N m u l t l c h o n n e l  
+ 0 . 2 0 _ + 0  01 HEPP 768 DPWA K - N ~  ~Tr 
+ 0 21 -+ 0 03 KANE 74 DPWA K -  p ~ ~ 
• • • We d o  not  use the  f o l l o w l n g  d a t a  for a v e r a g e s ,  fits, l imits, e t c  • ° • 
+ 0 18 of + 0 17 1 MARTIN 77 DPWA KN m u l t l c h a n n e l  

I'(A ~ 7 r ) / l ' t o t o  I I ' 4 / I "  
VALUE DOCUMENT ID TECN COMMENT 

• * • We d o  no t  use the  f o l l ow ing  (:Iota for o v e r a g e s  fits l imits e t c  * • ° 
< 0  I~ ARMENTEROS68E HBC K - p  (1'1=0 09)  

( I ~ I i )  / I ra te  I In N K ~  ~(1670)  ~ ~ (1385)~ ' ,  S-wave (]' I I 'T)~l]" 
VALUE DOCUMENT IO TECN COMMENT 

+ 0 . 1 1  __.0.03 PREVOST 74 DPWA ~ ( - N - ~  *~(1385)7r 
• • • We d o  not  use t he  f o l l o w i n g  d a t a  for a v e r a g e s  fits l lmits,  e t c  • * • 

0 17__.0 02 3SIMS 68 DBC K - N ~  %Tr,-r 

r('-" r r) / l ' toto~ r ~ / r  
VALUE DOCUMENr /D TECN COMMENT . . . . . . . . . . . . . . . . . . . . . . . .  

• • • We d o  not  use  t he  f o l l o w l n g  d a t a  for a v e r a g e s ,  fHs l imits e t c  • • • 
< 0  14 4ARMENTEROSb8E HBC K - D ,  K - d ( l ' t = O  09)  

1"(A(1405) r ) / r t o f o ,  r s / r  
VALUE DOCUMENT ID TECN COMMENT 

• • • We do  not  use  l h e  f o l I ow lng  d a t a  for o v e r a g e s  fits. l imlts e t c  * • * 
< 0  06 ARMENTEROS68[ HBC K -  p K -  d ( l ' I = 0  09)  
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r l E f / l ' ~ o , a  , In  N K " - - , , . . - - , ( t 6 7 0 )  ~ A ( 1 4 0 5 ) T r  l ' `11'B/r  2 
VALUE DOCUMENT tO TECN COMMENT 

0°007"±0 002 SBRUCKER 70 DBC K - N ~  ETa" 
• * • We d o  not  use the  fo l l ow lng  d a t a  for overages ,  fits l imits e t c  • • • 
< 0  03 BERLEY 69 HBC K - O  0 6-0  82 G e V / c  

r(.'t ('14051 ~-)/r(~('t38517r) rB/['~ 
VALUE DOCUMENT IO TECN COMMENT 
0 2 3 ± 0  08 BRUCKER 70 DBC K - N ~  ~Tr~" 

( l ' l l ' t ) ~ / r t o t o t  In  N K  -~. ~ ( 1 6 7 0 )  ~ A ( 1 5 2 0 ) ' I I "  ( I ' `11"9)~/1"  
VALUE DOCUMENT ID TECN COMMENT 
0 081 ± 0 0`16 6 CAMERON 77 DPWA P w o v e  d e c a y  

7-. ,(1670) F O O T N O T E S  
1The two MARTIN 77 va lues ore from o T matr ix  Dole a n d  from a Brelt 

Wlgner  fit 
2Results ore wl th  a n d  w i thout  on S`1`1 ~(1620) in the  fit 
3SIMS 68 uses on ly  cross sechon d o t o  Result used as UDDer l imit  on ly  
4Ratio on ly  fat ~2=', system in I = I wh ich  c a n n o t  be  ~(1385) 
5Assumlng the  '~(1405) 7r c rosssec t lon  b u m p  Is clue on ly  to 3 / 2 -  reso- 

n a n c e  
6The CAMERON 77 u p p e r  l lm l t  on F-wove d e c a y  is 0 03 

KOISO 
GOPAL 
ALSTON 

Also 
MORRIS 
CAMERON 
GOPAL 
MARTIN 

Alto 
AlSO 

: ~ ( 1 6 7 0 )  REFERENCES 

85 NP A433 6`19 ~SoI Yarnamoto Koflel (TOKY MASA) 
80 Toronto Cant `159 (RI4EL) IJP 
78 PR D`1B `182 Alsfon Gamlost Kenney* (LBL MTHO CERN) IJP 
77 PRL 38 1007 Alslon GarnJost Kenney÷ (LBL MTHO CERN) IJP 
78 PR D`17 55 eAIUrlghl Collera~ne Klmel Lonnuftl (FSU) IJP 
77 NP 813`1 399 +Fionek GODOI Kalmus MCPhefSon~R'HEL LOJC) UP 
77 NP 8119 362 +Ross VonHom McPrNgrson+ (LOIC RHEL) IJP 
77 NP 8127 349 ÷PldCOCk Moorhouse (LOUC GLAS) IJP 
778 NP Bt26 266 Martin Pldcock (LOUC) 
77c NP 8`126 285 Mortln Pldcock (LOUC) IJP 

DEBELLEFON 76 NP 8109 `129 De Bellefon Benhon (CDEF) IJP 
HEPP 768 PL 658 487 +Braun Grimm StroDele+ (CERN HEID MPIM)IJP 
BAILLON 75 NP 894 39 .Litchfleld (CERN RHEL) IJP 
PONTE 75 PR Dr2 2597 *Hertzb(3ch Button S~laler+ (MASA TENN UCR)IJP 
VANHORN 75 NP B87 `145 (LBL) IJP 

Also 758 NP 887 157 VonHom (LBL) IJP 
[~EVENISH 74t NP B8`1 330 *Ftoggotl Marlin (DESY NaRD LOUC) 
KANE 74 LBL 2452 (LBL) IJP 
PREVOST 74 NP 869 246 ÷8orloutauO* (SACL CERN HEID) 
BRUCKER 70 Duke Cant 155 +Hafrlson Sims Albdght Choncller÷ (FSU) I 
BERLEY 69 PL 308 430 +Ha~'l Rahm Wllils Yomomoro (BNL) 
ARMENTEROS 68| PL 2BB 52`1 +8olllon+ (CERN HEID SACL) I 
SIMS 68 PRL 2̀ 1 '14`13 +Albtight Borlley Meet+ (FSU TUFT BRAN) 

J 2;(t670) B U M P S  J ~(/) = ~(~) 

F o r m a t i o n  e x p e n m e n t s  a r e  l i s t e d  s e p a r a t e l y  m t h e  
p r e c e d i n g  e n t r y  

P r o b a b l y  t h e r e  o r e  t w o  s ta tes  a t  t h e  s a m e  m a s s  w i t h  
t h e  s a m e  q u a n t u m  n u m b e r s ,  o n e  d e c a y i n g  to  ~ ' t r  a n d  
A,~', t h e  o t h e r  to  A ( 1 4 0 5 ) ~  S e e  t h e  n o t e  in f ron t  of  
t h e  p r e c e d i n g  e n t r y  

: ; ( 1 6 7 0 )  M A S S  

( P R O D U C T I O N  EXPERIMENTS)  

VALUE (MeV) EVTS DOCUMENT ID rECN CHG COMMENT 
1670 ± 4 " " I CARROLL 76 D-P~/A Isosp~n I 

to ta l  a 
1675 ± 10 2 HEPP 76 DBC - K -  N 

I 6 - I  75 
G e V / c  

1665 :t I APSELL 74 HBC K - O  2 87 
G e V / c  

1688 ± 2 or 1683 ± 5 1200 8ERTHON 74 HBC 0 Quasl-2 b o d y  

1670 ± 6 AGUILAR 708 HBC KU-o ~ ~7r;¢ 
4 GeV 

1668 ± 10 AGUILAR- 708 HBC K - D  ~ ~ 3 ~  
4 GeV 

`1660 ± 10 ALVAREZ 63 HBC + K - p  1 51 
GeV/C  

• • • We d o  not  use the  fo l low ing  clara for overages  hts l imits e tc  • • • 
1668 ± 10 150 3FERRERSORIA 81 OMEG - ,v-  p 9 '12 

GeV.,'c 
1655 Io 1677 TIMMERMANS76 HBC + K -  D 4 2 

G e V : c  
1665 ± 5 BUGG 68 CNTR K -  D @ to lo l  

rr 
1661 ± 9 70 PRIMER 68 HBC + See 

BARNES 69E 
1685 ALEXANDER 62C HBC - 0  ;'r- p 2 -2  2 

Ge V , c 

: ~ ( 1 6 7 0 )  WIDTH 

( P R O D U C T I O N  EXPERIMENTS)  

VALUE (MeV) fV~$ DOCUMENr IO [E_C_N CHG COMMENT 

67 0 :t: 2 4 APSELL 74 HBC K -  O 2 8-7  
GeV, 'c  

110 ±`12 AGUILAR 708 HBC K - p ~  ~ , - r~ '4  
GeV 

+ 4 0  AGUILAR 708 HBC K - p  ~ ~3T, 4 
135 - 3 0  GeV 

40 ± 10 ALVAREZ 63 HBC + 
• * * We do  not use the fo l l ow lng  d o t o  for averages,  tits, i lmlts e tc  • * • 

90 :t: 20 150 3 FERRERSORIA 81 OMEG - 7r- p (2 12 
GeV., c 

52 'i CARROLL 76 DPWA Isospin I to lo l  

48 to 63 TIMMERMANS76 HBC + /('- p 4 2 GeV,' c 
30 ± 15 BUGG 68 CNTR 
60 ± 20 70 PRIMER 68 HBC + See BARNES 69E 
45 ALEXANDER 62c HBC --0 

. ) ; ( 1 6 7 0 )  D E C A Y  M O D E S  

( P R O D U C T I O N  EXPERIMENTS)  

I`1 Z ( 1 6 7 0 )  --* N~" 

J'2 ~ ( 1 6 7 0 )  --,. 3.7r 

r 3 Z ( 1 6 7 0 )  - , .  ~ t r  

I"4 " ( 1 6 7 0 )  - , .  3. t rTr  

I 5 ~ ( 1 6 7 0 )  - , .  ~T r~ -  

I" 6 ~ ( 1 6 7 0 )  - , .  " ( 1 3 8 5 ) ~ "  

I" 7 " ( 1 6 7 0 )  ~ ~ ( 1 4 0 5 ) 7 r  

2 ; ( 1 6 7 0 )  B R A N C H I N G  RAT IOS 

( P R O D U C T I O N  EXPERIMENTS)  

] ' ( N T 0 / [ ' ( ~  ?r ) [ ' `1 / r  3 
VALUE Evrs DOCUMENT IO rECN CHG COMMENT 
< 0  03 TIMMERMANS76 HBC + K - p  4 2 G e V / c  
< 0 . 1 0  BERTHON 74 HBC 0 Quasi 2-bocly o" 
< 0  2 AGUILAR 708 HBC 
< 0  26 BARNES 69E HBC + K- p 3 9 -5  

GeV, c 
0 025 BUGG 68 CNTR 0 Assuming J = 

3.'2 
< 0  2 4  0 PRIMER 68 HBC + K - p  4 6 -5  

GeV,.c 
< 0  6 LONDON 66 HBC + K - / 3  2 25 

GeV ,c  
< 0  t9 0 ALVAREZ 63 HBC + K - O  t 15 

GeV c 
_>0 5 ± 0  25 SMITH 63 HBC - 0  

r( ~ ~)/r('= ~) r2/r~ 
VALUE Errs DOCUMENT IO TECN CHG COMMENT 

0 76 ± 0 09 ESTES 74 HBC 0 K -  p 2 1 2 6 
GeV: 'c  

0 4 5 ± 0  15 BARNES 69E HBC K - p  3 9 -5  
GeV,  C 

0 15 ± 0 07 HUWE 69 HBC + 
0 11 _. 0 06 33 BUTTON 68 HBC + K - O  1̀ 7 GeV C 

• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits l imits, e tc  • • * 
< 0  45 _+ 0 07 

0 55"2-0 11 
0 0 

< 0  6 

1 2 130 

1 2 

r(  ~ ~- ~-)/r('_: ~-) 
VALUE EVTS 

< 0 6  

0 56  90  

0 t7  

TIMMERMANS76 HBC + K -  D 4 2 GeV.  c 
BERTHON 74 HBC 0 Quasi 2 -body  r~ 
PRIMER 68 HBC + See BARNES 69E 
LONDON 66 HBC + K- D 2 25 

GeV. 'c  
ALVAREZ 63 HBC -t. K - D  I `15 

G e v  c 
SMITH 63 HBC -. 0 

I '~/  I" 3 
DOCUMENT ID TECN CHG COMMENT 
LONDON 66 HBC + K -  O 2 25 

GeV, ' c  
ALVAREZ 63 HBC + K - D  115 

G e V , ' c  
SMITH 63 HBC - 0  
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Baryon Full Listings 
 (1670),  ;(1690) 

r(z~-~r)l,(z~) rs/r3 
VALUE E V T $  DOCUMENT tO ZECN CHG COMMENT 
LARGEST AT SMALL ANGLES ESTES 74 HBC 0 K - p  2 1 2 6 

GeV/c 
• • • We d o  not  use the fo l l ow ing  d a t a  for averages  fits l imits e l c  • • * 
< 0  2 2HEPP 76 DBC - K - N  1 6 - 1 7 5  

G e V / c  
0 56 180 ALVAREZ 63 HBC + K-~3 1 15 

GeV,, 'c 

r ( . % ( 1 4 0 5 )  7 r ) / I ' ( Z  "fl') [ '7/1"3 
VALUE EVTS DOCUMENT tD TECN CHG COMMENT 
~ I ~ - " ± 0  3 to 0 . 0 2 _ i ) "  07 34TIMMERMANS76 HBC + K - p 4 2 G e V , i ' c  
LARGEST AT SMALL ANGLES ESTES 74 HBC :I: K - p  2 1 2 6 

G e V / c  
3 0 ± 1.6 50 LONDON 66 HBC + K - D  2 25 

G e V / c  
• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits l imits, e tc  • • • 
0 58 _+ 0 20 17 PRIMER 68 HBC + See BARNES 69E 

I ' (Z 'n ' ) / I ' (E  ~r'n') 1"3/1" ~ 
VALUE DOCUMENT tD TECN CNG COMMENT 
VARIES WITH PROD ANGLE 5 APSELL 7~4 HBC + K -  p 2 87 . . . . .  

G e V / c  
1 39 ± 0 16 BERTHON 74 HBC 0 Quasi 2 Dody  r; 
2 5 to 0 24 4 EBERHARD 69 HBC K - D  2 6 G e V / c  

< 0  4 BIRMINGHAM66 HBC + K - D  3 5 GeV, ' c  
0 3 0 : t 0  15 LONDON 66 HBC + K - D 2 2 8  

G e V / c  

r(A(~4o5) =)/r('.; ==) 
VALUE DOCUMENT IO 

0 97 ± 0 08 TIMMERMANS76 
1 00 :t 0 02 APSELL 74 

0 ( ~ n + 0 . 1 0  " ' ~  - O. 16 EBERHARD 65 

l'7/I" ~ 
TECN C"G COMMENT 

HB~ .... K-p42 GeV.ic 
HBC K - p  2 87 

GeV/' c 

HBC + K -  p 2 45 
GeV/ ' c  

r(.~(1405) 7r)/]'(~(1385) ;r) r7/ l '  6 
VALUE DOCUMENT tD TECN CHG COMMENT 

< 0  8 EBERHARO 65 HBC + K - p  2 45 
G e V / c  

EBERHARD 
HUWE 
BUGG 
BUTTON 
PRIMER 

PRL 22 200 +FrleOmon PrlDsteln ROSS (LRI.) 
PR 180 1824 (LI?L) 
PR 168 1466 +Gllmore Knlght+ (RHEL BIRM CAVE) I 
PRL 21 1t23 Button-Shafet (MASA LRL) JP 
PRL 20 610 *Goldberg Jaeger Barnes Dornan+ (SYRA fiNL) 
PR 163 1446 +PrlpSteln Shlvely Kruse Swanson (LRL ILL) IJP 
PR 152 1148 (B[RM GLAS LOIC OXF RHEL) 
PR 143 1034 ÷ROU Golclberg Llchtmon+ (BNL SYRA) IJ 
PRL 14 466 ÷Shlvely ROSS Slega~ Flcenec÷ (LRL ILL) t 
PL 18 69 + (SACL EPOL GLAS LOIC OXF RHEL) JP 
PRL 10 184 ÷Alston Ferro Luzzl Huwe÷ (LRL) 
Athens Cant 67 (LRL) 

l ~ ( 1 6 9 0 )  B U M P S  J /(J ~) : I('~ ?) sto,u~ * * 

OMITTED FROM SUMMARY TABLE 

S e e  t h e  n o t e  p r e c e d i n g  t h e  " ( 1 6 7 0 )  D s h n g s  S e e n  ,n 
p r o d u c t i o n  e x p e r , m e n t s  o n l y ,  m a i n l y  in ~ "  

r(.~ ~r~r ) / r (z~)  ['4/r~ 
VALUE DOCUMENT tD rECN CHG COMMENT 
0 35 -+ 0 2 " BIRMINGHAM66 HB~-  + " K -  p 3 5 GeV/ ' c  

r ( A  = ) / r ( ' . :  = = )  r 2 / r  ~ 
VALUE DOCUMENT tO TECN CHG COMMENT 
< 0  2 BIRMINGHAM66 HBC + K - p  3 5 G e V / c  

r(A =)/[r(A =) + r(z =)] r2/¢r2+r31 
VALUE DOCUMENT tD TECN 
<:0 6 AGUILAR 70B HBC 

r("C1385)=)Ir('_:Tr) ]'6/['3 
VALUE DOCUMENT ID TECN COMMENT 

--<0 21 _+ 0 05 TIMMERMANS76 HBC K - p  4 2 GeV,,'c 

VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
1698 _. 20 70 I GOODARD 79 HBC + : r + p  10 3 

G e V / c  
1707 :t 20 40 2 GODDARD 79 HBC + ~r+p  10 3 

GeV,,c 
1698 ± 20 15 ADERHOLZ 69 HBC + ~r+p 8 GeV/c 
1682 ± 2 46 BLUMENFELD 69 HBC + K~p 
1700 : t20  MaTT 69 HBC + K - p  5 5  GeV,/c 
1694 ± 24 60 3 PRIMER 68 HBC + K -  O 4 6-5  

G e V / c  
1700±  6 4SIMS 68 HBC - K - N ~  *~=',Tr 
1715 ± 12 30 COLLEY 67 HBC + K - p  6 GeV,,'c 

~/ALUE (MeV) EVTS OOCUMENT ;D rECN CHG COMMENT 
240 ± 60 70 I GODDARD 79 HBC + ~ r+p  10 3 

GeV./c 

130 + 1 0 0  40 2 GODDARD 79 HBC + , T * p  103 
- 60 

GeY.,'c 

142 +_ 40 15 ADERHOLZ 69 HBC + ~ + p  8 GeY, ' c  
25 ± 10 46 BLUMENFELD 69 HBC + K~p 

1 3 0 ±  25 MaTT 69 HBC + K - D 5 5 G e V , , ' C  
105 ± 35 60 3 PRIMER 68 HBC + K -  p 4 6 -5  

G e V / c  
6 2 ±  14 4SIMS 68 HBC - K - N ~  %~'Tr 

100 ± 38 30 COLLEY 67 HBC + K - p  6 G e V , c  

7-.,(1690) MASS 
(PRODUCTION EXPERIMENTS) 

7-.,(1690) WIDTH 
(PRODUCTION EXPERIMENTS) 

T.,(t690) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

VALUE E V T $  DOCUMENT ID TECN CHG COMMENT 
~J~-- 3 / 2 -  400 BUTTON 68 HBC ± "-0 Tr . . . . . . . . . .  
JP = 3 / 2 -  EBERHARD 67 HBC + 't(1405) T 
j R  = 3 /2  + LEVEQUE 65 HBC %(1405)~" 

Y-(1670) QUANTUM NUMBERS 
(PRODUCTION EXPERIMENTS) 

).~ 1670) FOOTNOTES 
~Totol cross sec t ion  b u m p  w l l h  ( J ÷ I / 2 )  [ el / ] ' total = 0 23 
2Enhancemen l s  In Z~" a n d  " ~ r  cross sect ions 
3Backward  p r o d u c t i o n  in the .% ~ r - K  + f inal state 
4 D e p e n d l n g  on p r o d u c t i o n  a n g l e  
5APSELL 74. ESTES 74. a n d  TIMMERMANS 76 flnO strong b r a n c h i n g  rot lo 

d e p e n d e n c e  on p r o d u c t i o n  a n g l e  as in ear l ier  p r o d u c t i o n  exper imen ts  

7-.,(1670) REFERENCES 
(PRODUCTION EXPERIMENTS) 

FERRERSORIA 81 NP Bi78 373 +Trellle Rivet Volte+ (CERN CDEF EPOL LALO) 
CARROLL 76 P~L 37 806 +Chlong Kycia LI Mazur Michael+ (BNL) I 
HEPP 76 NP B1~5 82 +Braun Grlmm Stroebele+ (CERN HEID MPIM) I 
TIMMERMANS76 NP 8112 77 ÷Engelen+ (HUM CERN AMST OXF)JP 
APSELL 74 PR DI0 1419 +Ford Gourevltch+ (BRAN UMD SYRA TUFT) I 
BERTHON 74 NC 21A ~46 *Trlitrom~. (CDEF R~EL SACL SIRS) 
ESTES 74 LBL 3827 Thesls (LBL) 
AGUILAR 70g PRL 25 58 Agullor Benltez Barrwls Baslano+ (8R4. SYRA) 
BARNES 69| BNL 13823 +Chung Ellner Flomlnlo+ (BNL SYRA) 

I" I "-'(1690) ~ NK 
I" 3 Z(1690) --~ ATr 
I'~ "(1690) ~ ~ "  
r 4 -"-(1690) ~ v(1385)~" 
I" 5 E(1690) ~ .~,~'~" (Including E(1385)~) 

r (NT01r(A ~') I"i/I"2 
VALUE EVTS DOCUMENT ID ~CN CHG COMMENT 
~ALL GOVEJ, R-D ~9 HBC + ,r+p 102 

G e V l c  
< 0  2 MaTT 69 HBC + K -  p 5 6 G e V / c  

0 .4  ± 0 25 18 COLLEY 67 HBC + 6 /30  events  

r(z 7r)Ir(.~ 7r) r31r2 
VALUE CL % DOCUMENT IO TECN CHG COMMENT 
SMALL GODDARD 79 H--BC- -+-- ~ ' + p  10 2 

G e V / c  
< 0  4 90 MaTT 69 HBC + K -  p 5 5 G e V / c  

0 .3  ± 0 3 COLLEY 67 HBC + 4 /30  events 

r(~(1385) =)IF(A =)  r4/I" 2 
VALUE DOCUMENT IO rECN CHG COMMENT 
< 0  5 MaTT 69 HBC + K - p  5 5 G e V / c  

7-.,(4690) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

EBERHARD 67 
BIRMINGHAM 66 
LONDON 60 
EBERHARO 65 
LEVEQU[ 65 
ALVAREZ 63 
SMITH 63 
ALEXANDER 62C CERN Cant 320 

69 
69 
6B 
68 
68 

+Jacobs KolDtlelsch Miller+ (LRL) I 



See key on page 129 

r(A'/rTr ( inc lud ing •~(1385)Tr))/r(:A'tr) rs / | '  2 
VALUE DOCUMENT ID TECN CHG COMMENT 

2 0 ± 0 6 BLUMENEELD 69 HBC + 3 1 / 1 5  e v e n t s  
0 5 ± 0 25 COLLEY 67 HBC + 15 /30  e v e n t s  

l ' (Z (1385) ' x ) / I ' (A  ~"x ( inc lud ing .'-(1385) ~r)) i '4 / r  s 
VALUE DOCUMENr ID TECN CHG COMMENT 

LARGE SIMS 68 HBC K -  N ~ .~ ~ ~ - -  
SMALL COLLEY 67 HBC + K - p  6 GeV.. 'c  

7_.,(1690) FOOTNOTES 
(PRODUCTION EXPERIMENTS) 

IF rom ~r÷O ~ ( " . ~ ' + ) K  + J - 1 /2  ~S not  r e q u i r e d  by  the  d a t a  
2From ~.+D ~ (~ .E+) (K~ ' )  + J - 1.'2 is I n d l c a t e d .  bu t  l a r g e  b a c k g r o u n d  

p r e c l u d e s  a de f i n i t e  c o n c l u s l o n  
3See t he  " ( 1 6 7 0 )  Lis l ings AGUILAR 8ENITEZ 708 w l th  t h r e e  t imes  t he  d a t a  

of PRIMER 68 f ind no  e v i d e n c e  for t he  ~ (1690)  
4This ana lys is ,  w h i c h  IS d i f f icu l t  a n d  requ i res  seve ra l  a~sump l i ons  a n d  

shows no  u n a m b i g u o u s  "~(1690) s igna l  sugges ts  J = 5 . 2  Such a s ta te  
w o u l d  leac l  a l l  p rev ious l y  k n o w n  Y~ I ro lec to r ies  

Z(1690 )  REFERENCES 
(PRODUCTION EXPERIMENTS) 

GODDARO 79 PR Dt9 1350 +Key kusle Prentice Yoon GorOon+(TNTO 8NL) IJ 
AGUILAR 708 PRL 25 58 Agullor Benilez Barnes Bossono+ (BNL SYRA) 
ADERHOLZ 69 NP 811 259 +8ortsch+ (AACH 8ERL CERN JAGL WARS) 
BLUMENFELD 60 PL 29B 58 +Kolbflelsch (8NL) 
MaTT 69 PR 177 1966 +Ammar Davis KTODOC S4ote+ (NWES ANL) 

AlSo 67 PRL 18 266 Derrlck FielDs Loken Ammar+ (ANL NWES) 
PRIMER 68 PRL 20 610 +Goldbetg Jaeger Barnes Damon+ (SYRA BNL) 
SIMS 68 PRL 21 t413 ~Albrlghl 8artley Moor+ (FSU TUFT BRAN) 
COLLEY 67 PL 248 489 (BIRM GLAS LOIC MUNI OXF RHEL) 

l Z(t750) S~I I I(JP) = I ( ~ - )  Status ~ e e 

For most results published before 1974 (they are now 
obsolete), see our 1982 edition (Physics Letters 111B) 

There is ewdence for th~s state in many parhal-wave 
analyses, but with w~de varlahons ~n the mass, width, 
and couplings The latest analyses mdlcated signifi- 
cant couphngs to NK and A~-, as well as to ~ /  whose 
threshold is at 1746 MeV (JONES 74) 

.?..;(1750) MASS 

V_ALUE (MeV) DOCUMENT ID TECN COMMENT 
1730 tO 1800 OURES~MATE . . . . . . . . . . . . .  

1756 ± 10 GOPAL 80 DPWA t (N ~ KN 
1770 ± 10 ALSTON 78 DPWA KN ~ /(N 
1770 ± 15 GOPAL 77 DPWA KN m u l t i c h o n n e l  
• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s ,  fits l imits, e t c  * * • 
1800 or 1813 I MARTIN 77 DPWA K N  m u l l i c h o n n e l  
1715 :I: 10 2 CARROLL 76 DPWA fsospin-1 to ta l  ~r 
1730 DEBELLEFON 76 IPWA _K-p  ~ ~.~-0 
1 7 8 0 ± 3 0  BAILLON 75 IPWA K N ~  ~.Tr(sol I )  
1 7 0 0 ± 3 0  BAILLON 75 IPWA K N ~  ' t~ r (so l  2) 

+ 20 
1697 _ 10 VANHORN 75 DPWA K - p  ~ %~rO 

1785 :~ 12 CHU 74 DBC FItS a ( K - n  ~ ~ - ~ )  
1760 ± 5 3 JONES 74 HBC FIts a ( K - p  ~ ~0~I) 
1739 ± 10 PREVOST 74 DPWA K -  N ~ ~(1385)  ~" 

~ (1750 )  WIDTH 

VALUE (MeV) _ _  DOCUMENT ID rECN COMMENT 
6 0  t o  1 6 0  OUR ESTIMATE 

64 ± 10 GOPAL 80 DPWA KN ~ KN 
161 _ 20 ALSTON- 78 DPWA KN ~ KN 

60 ± 10 GOPAL 77 DPWA KN m u / t l c h a n n e l  
• • * We do  not  use  t he  t o l f ow lng  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
117 or 119 I MARTIN 77 DPWA KN m u l t l c h a n n e l  

10 2CARROLL 76 DPWA Isospin-1 to ta l  o" 
110 DEBELLEFON 76 IPWA / ( - p  ~ ~ - 0  
1 4 0 ± 3 0  8AtLLON 75 IPWA K N ~  '~='. (SOl I )  
160:1:50 BAILLON 75 [PWA K N ~  ~.~. (sol 2) 

6 6 _ ~  VANHORN 75 DPWA K - p ~  ~ r  0 

89 ± 33 CHU 74 DBC Fits a ( K -  n ~ Z -  ~) 
92 ~ 7 3 JONES 74 HBC FIts a ( K - p  ~ "~0~) 

108 ~:20 PREVOST 74 DPWA K - N ~  Z ( 1 3 8 5 ) ~  
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Baryon Full Listings 
2(1690),  (1750) 

Z(1750) BRANCHING RATIOS 

See Sign c o n v e n t i o n s  for r e s o n a n c e  c o u p l i n g s  in the  Note  
on  '~ a n d  ~ R e s o n a n c e s  

l ' ( N K ) / r t o t a  I 1"1//I ` 

VALUE DOCUMENT ID TECN COMMENT 

0 . 1  to 0 4 OUR ESTIMATE 
0 . 1 4 _ 0 . 0 3  GOPAL 80 DPWA K N ~  KN 
0 3 3 -  0 05 ALSTON 78 DPWA l (N  ~ KN  
• • • We dO not  use / he  fo l l ow ing  d a t a  for a v e r a g e s  fits hmlts e fc  • • • 

0 15 +_ 0 . 0 3  GOPAL 77 OPWA See GOPAL 80 
0 06 or 0 05 i MARTIN 77 DPWA KN m u t t i c h o n n e l  

( ] ' l I ' / )~/I ' tofal  In N~"-,. ~ ( t750)  -,. '~Tr ( l ' f l '2)½/r  
VALUE DOCUMENT ID TECN COMMENT 

0 04 ± 0  {33 GOPAL 77 DI;~/'A K N m u l H c h o n n e l  
• • • We d o  not  use t he  fo l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • * • 
- 0 10 or - 0 . 0 9  I MARTIN 77 DPWA KN m u l h c h a n n e l  
- 0  12 DEBELLEFON 76 IPWA K - p  ~ ~.,0 
- 0 12 +-. 0 02 BAILLON 75 IPWA KN ~ '~r (sol t )  
- 0 t3  ± 0 03 BAILLON 75 IPWA KN ~ ~ ~ (sol 2) 
- 0  13 : t 0  04 VANHORN 75 DPWA K - p  ~ '~r,O 
- 0 120 ± 0 . 0 7 7  DEVENISH 748 F ixed t d ispers ion  Tel 

(r l i ' /): / : / l ' total in N~" ~ " (1750)  ~ "~Tr (rf ] '3)½/[" 
VALUE DOCUMENT ID TECN COMMENT 

-- 0 09 ± 0 05 GOPAL 77 DPWA KN m u l l l c h a n n e l  
• • * We do  ha l  use the  fo l l ow ing  d a t a  for a v e r a g e s ,  fits l imits e t c  • * • 
+ 0 06 or + 0 06 I MARTIN 77 DPWA KN m u l t l c h a n n e l  

0 13 _~ 0 02 LANGBEIN 72 IPWA KN m u l l l c h o n n e l  

(r l l ' / ) ' / : / r fotal  in N~" ~ ~(1750) ~ ~r~ (I'i['4)½/1" 
VALUE DOCUMENT /D TECN COMMENT 

0 23 ± 0 0"I-'" " 3 JONES 74 HBC Fits a ( K - o  ~ ~'C ~)-- 
• • • We d o  no l  use the  f o l l ow ing  d a t a  for o v e r a g e s  fits l lml lS e l c  • * • 
SEEN CLINE 69 DBC Thresho ld  b u m p  

0"~]'l)'~/I'total in NK" ~ ~ (1750)  ~ "L(1385)x ( l ' t I '5)~/ | '  
VALUE DOCUMENT ID TECN COMMENT 

+ 0  t8  _~()~-5 P R E V O S T - - 7 4  DPWA K - N ~  " ( 1 3 8 5 ) ~  

(l'~l'l)"~-/l'total In N K  ~ ~(1750) ~ ~. (1520)~ (I 11'6)½/[ ̀  
V_AL_U.E DOCUMENT ID TECN COMMENT 

• • • We do  not  use the  fo l l ow ing  d a t a  for a v e r a g e s  fits hindS e f t  • • • 
0 032 ± 0 021 CAMERON 77 DPWA P w a v e  d e c a y  

Z(1750) FOOTNOTES 
1The two  MARTIN 77 va lues  a re  f rom a T-matrix p o l e  a n d  from a Breit 
W l g n e r  fit 

2A to ta l  cross sec t i on  b u m p  wi th  ( J + 1 : 2 )  I el ." I Iotol = 0 30 
3An S-wave Breit W lgne r  hf to the  th resho ld  cross s e c h o n  wi th  no  b a c k  

g r o u n d  a n d  errors s ta t is t ica l  on ly  

Z(1750)  REFERENCES 

GOPAL 80 Toronlo Cant 159 
ALSTON 78 PR D18 182 

Also 77 PRL 38 1007 
CAMERON 77 NP 8131 399 
GOPAL 77 NP 8119 362 
MARTIN 77 NP 8127 349 

AlSO 778 NP 8126 266 
A~SO 77C NP B126 285 

CARROLL 76 PRL 37 806 
DEB{LLEFON 76 NP 8109 129 
BAILLON 75 NP 894 39 
VANHORN 75 NP 887 145 

AlSO 758 NP 887 157 
CHU 74 NC 20A 35 
DEVENISH 748 NP 881 330 
JONES 74 NP 573 14t 
PREVOST 74 NP ~ 9  246 
LANGBEIN 72 NP 847 477 
CLINE 69 LNC 2 407 

(RHEL) IJP 
Alston GarnlOSl Kenney÷ (LBL MtHO CERN)IJP 
Alston Gafnlosl Kenney÷ (LBL MTHO CERN)IJP 

*Fronek Gopal Kalmus McPherson~RHEL LOIC) IJP 
BRass VOnHOrn McPher$on÷ (LOIC RHEL)IJP 
÷PICJCOCk Moorhouse (LOUC GLAS) IJP 

Morhn P~dcock (LOUC) 
Mor~ln PlCJCock ~LO~C) IJP 

,Cr l lang KycIo Li MQZul Mlchoel* (BNL) I 
De Bellefon Berthon (CDEF) IJP 

,Lltchfleld {CERN RHEL) IJP 
(LBL) IJP 

VanHorn ( lBl)  IJP 
+Bortley÷ (PLAT TUFT BRAN)IJP 
+Froggolt Marlin (DESY NaRD LOUC) 

(CHIC) IJP 
+BorIoutouO+ (SACL CE~N HELD) 
+Wagner (MPIM) IJP 
+taurnann MODD (WISC) 

T-(1750) DECAY MODES 
I" I ~ (1750 )  --,. N~" 
['2 ~(1750) --~ ~ 
r 3 ~(1750) ~ "~Tr 
I' 4 ~(1750) --,. "r /  
1" 5 ~(1750) -,,. ~( t385)7r  
1" 6 ~(1750) --,- A(1520)~  



4 5 4  

Baryon Full Listings 
 (1770),  (1775) 

J Z(1770) P1t J ~(J~) = ~(j*) status * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

E v i d e n c e  for  th is  s i d l e  n o w  Tests s o l e l y  o n  s o l u h o n  1 of  
BAILLON 75, ( s e e  t h e  f o o t n o t e s )  b u t  t h e  A-~I" p a r t i a l -  
w o v e  a m p l i t u d e s  of  th is  s o l u t i o n  o r e  in d i s a g r e e m e n t  
w f f h  a m p h t u d e s  f r o m  m o s t  o t h e r  ATr a n a l y s e s  

7_,(1770) M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1738 -+ 10 I GOPAL 77 DPWA KN muf f i chonne l  
1770-+20 2BAILLON 75 IPWA K N ~  %,~r 
'1772 3KANT 72 DPWA K - p  ~ ~ r  

~ ( 1 7 7 0 )  WIDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENr 
72 -+ 10 I GOPAL 77 DPWA KN m u l t l c h o n n e l  
80:1:30 2BAILLON 75 IPWA K N ~  ~.= 
80 3KANE 72 DPWA K - p  ~ ~ r  

7 . , ( 1770 )  D E C A Y  M O D E S  

l" I ~ ( ' 1 7 7 0 )  ~ N K  

r 2 ~ ( 1 7 7 0 )  ~ A ~ r  

1" 3 ~ ( 1 7 7 0 )  ~ " .~"  

7-, , (1770) B R A N C H I N G  R A T I O S  

See Slgn conven t i ons  for resonance  coup l i ngs  in the  Note 
on %, a n d  ~ Resonances 

I ' ( N l O / I ' t a t o  I l'JI 
VALUE DOCUMENT ID TECN COMMENt 
0 14-+0 04 IGOPAL -77 DPWA ~ ' N m u l t i c h a n n e l  

( F ~ l ' / ) ' ~ ' / i ' t o f a l  i n  N K  ~ ~ ( 1 7 7 0 )  ~ A ~  ( l ' t I ' 2 ) V ~ / r  
VALUE DOCUMENT tO TECN COMMENT 

< 0 04 GOPAL 77 DPWA KN mul f l c lnonne l  
- 0  0 8 _ . 0 . 0 2  2BAILLON 75 IPWA K N ~  ~ 

(I'~I'/)"~/l'total In NK" ~ "(1770) ~ .~r (1"iI'3)~/I ' 
VALUE DOCUMENT ID TECN COMMENr 
< 0 04 GOPAL 77 DPWA KN m u l t l c h a n n e l  

- 0  108 3KANE 72 DPWA K - p  ~ ~ 

I ; ( 1 7 7 0 )  F O O T N O T E S  
I R e q u l r e d  to fit the  Isaspln I l a ta l  CraSS sect ion of CARROLL 7b In the KN 
c h a n n e l  The a d d l t i o n  of new K - D  po la r i za t lan  a n d  K - n  dl f ferent ia l  
cross-sect ion d a t a  in GOPAL 80 f ind it to be  more  consis tent  wfft~ the  
~(1660)  P11 

2From solut ion I of BAILLON 75 nat  present  in so lut ion 2 
3Not requ i red  In KANE 74 wh ich  supersedes KANE 72 

~ ( 1 7 7 0 )  REFERENCES 

GOPAL 80 Toronto Conl 159 (RHEL) 
GOPAL 77 NP 0119 362 +Ross VanHorn McPherson+ (LOIC RHEL) ~JP 
CARROLL 75 PRL 37 806 +Chlang Kyck:l Li MOZUf Michael* (BNL) I 
BAiLLON 75 NP 094 39 +Lltc~flela (CERN RHEL) IJP 
KANE 74 LBL 2452 (LBL) IJP 
KANE 72 PR D5 1583 (LBL} 

l ~(1775) D15 J ~(J3 = 1(~-) s,otus * * * * 

D i s c o v e r e d  b y  GALTIERI 63.  thlS r e s o n a n c e  p l a y s  t h e  
s a m e  r o l e  as c o r n e r s t o n e  for  i sospm-1  a n a l y s e s  in th ls  
r e g i o n  as t h e  A ( 1 8 2 0 )  d o e s  in t h e  ~sospln-0 c h a n n e l  

For m o s t  resu l ts  p u b h s h e d  b e f o r e  1974 ( t h e y  a r e  n o w  
o b s o l e t e ) ,  s e e  OUT 1982 ed f f~on  (Phys l cs  Le t te rs  111B) 

Z ( 1 7 7 5 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1770 to 1780 OUR ESTINIATE " " 
1778 z 5 GOPAL 80 DPWA KN - -  KN 
1777 - 5 ALSTON 78 DPWA KN ~ KN  
1774 _+ 5 GOPAL 77 DPWA KN m u l h c h o n n e l  
1775 :t 10 BAILLON 75 IPWA KN ~ ~ 
1 7 7 4 _ 1 0  VANHORN 75 DPWA K - p ~  "~r,o 
1772__. 6 KANE 74 DPWA K - p ~  ~-~" 
° • • We d o  nat  use lne  ta l l ow ing  d a t a  for averages ,  fils, l iml ls e tc  • ° * 
1772 or 1777 I MARTIN 77 DPWA KN m u l t l c h a n n e l  
1765 DEBELLEFON 76 IPWA K - D - *  '~'co 

~ ( 1 7 7 5 )  W lDTH 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

105 to 13.5 OUR EST IMATE 

137 _+ 10 GOPAL 80 DPWA K N * KN 
1t6 ± t0 ALSTON 78 DPWA KN ~ i (N  
130 ~ t0 GOPAL 77 DPWA KN m u l i l c h a n n e l  
125 ± 15 BAILLON 75 IPWA KN ~ %,~ 
~46_+18 VANHORN 75 DPWA K - D ~  ~,.ro 
1 5 4 ± 1 0  KANE 74 DPWA K - p ~  " ~  
• • • We d o  not use the fo l l ow ing  OoIo far averages  fits l imits e tc  • • • 
102 or 'L03 I MARTIN 77 DPWA KN m u l h c h a n n e l  
120 DEBELLEFON 76 IPWA K - p -  '~-0 

: ~ ( 1 7 7 5 )  D E C A Y  M O D E S  

F_ l ' achon  ( l ' i l f . )  S c a l e  

l '  I . ~ ( 1 7 7 5 )  ~ N K  (43 0 -+ 2 4) ~ 'i0 - 2  i 8 

r 2 ~ ( 1 7 7 5 )  ~ ~ (15 I _+1 4)'<10 -2 

[ 3  ~ ( 1 7 7 5 )  ~ " ~  ( 2 1_+0 7 ) . 1 0  - 2  `16 

| '4 " ( 1 7 7 5 )  ~ " ~'~" 

1" 5 ~(1775) ~ ~(1385)~, D-wave ( 8 3±0 9),I0 -2 I 1 

r 6 ~ ( 1 7 7 5 )  ~ A ( 1 5 2 0 ) ~  (19 1 ±2 4 ) " 1 0  - 2  2 2  

C O N S T R A I N E D  FIT I N F O R M A T I O N  

A n  o v e r a l l  ht  1o 8 b r a n c h i n g  rahos  uses 16 m e a s u r e -  
m e n f s  a n d  o n e  c o n s t r a i n t  t o  d e t e r m i n e  6 p a r a m e -  
ters The o v e r a l l  fit has  a X 2 = 26 4 tar 1'1 d e g r e e s  

of f r e e d o m  

The f o l l o w i n g  o f f - d i a g o n a l  a r r a y  e l e m e n l s  a r e  t h e  c o r r e l a h o n  coe f f i  
c l e n t s  ;~x~ ;~x~.'(/~xj ~xj). m p e r c e n t ,  f r o m  t h e  flt t o  t h e  b r a n c h i n g  
f r a c t i o n s ,  x I J ' l . ' | ' io la l  The flt c o n s f r o l n s  t h e  xi w h o s e  Jabots 
a p p e a r  m th is  a r r a y  to  s u m  to  o n e  

x 2 9 

x 3 19 2 
x 5 47 4 9 
x 6 45 4 8 21 

Xl X 2 X 3 X5 

Z , ( 1 7 7 5 )  B R A N C H I N G  RAT IOS 

See Sign conven t ions  for resonance  coup l i ngs  In the Note 
an %, a n d  "~ Resonances Also the  errors Quoted  do  not  
i nc l ude  uncer ta in t ies  d u e  to the p a r a m e t n z a t l o n  used in the  
par t ia l  w a v e  analyses a n d  are 1bus tao  smal l  

] ' ( N l 0 / l ' l o t a  I 1" i / ' I '  
VALUE DOCUMENT/D TECN COMMENT 

0.37 i0-().43 OUR EST IMATE 

0°430 -+ 0 024 OUR FIT Error inc ludes  scale factor  of 1 8 
0°394  _+ 0.017 OUR AVERAGE 
0 40 :t 0 02 GOPAL 80 DPWA KN ~ KN 
0 37 - 0 03 ALSTON 78 DPWA KN ~ KN 
• • • We do  not  use the  fo l l ow ing  d a t a  for averages  fits l imits e tc  • • * 
0 41 -+ 0 03 GOPAL 77 DPWA See GOPAL 80 
0 37 or 0 36 I MARTIN 77 DPWA KN m u l t t c h a n n e l  

~l'~l'l)'/~/r{otai in NK" ~ ~(1775) ~ .~.T, (I'II2)~/I 
VALUE DOCUMENT ID TECN COMMENT 

0°255  - 0o013 OUR Fit Error Inc ludes sca le  factor  of 1 1 
- 0 , 262  - 0.015 OUR AVERAGE 
- 0 28 ± 0 03 GOPAL 77 DPWA KN m u l t i c h a n n e l  
- 0  25 -+0 02 BAILLON 75 IPWA KN .o %,~r 

+ 0 04 VANHORN 75 DPWA K -  p ~ %. r, 0 - 0  28 - 0 . 0 5  
- 0 259 __ 0 048 DEVENISH 740 Flxed t d ispers ion rel 



4 5 5  

See key on page 129 Baryon Full Listings 
 (1775),  (1840) 

• • * We d o  no t  use t i le  f o l l ow ing  d a t a  tar a v e r a g e s  fits l imits e t c  • • • 
- 0 29 or - 0 28 1̀ MARTIN 77 DPWA K'N mu l t i c r~onne l  
- 0  30 DEBELLEFON 76 IPWA K - p  ~ ,,,-r0 

(]'~l'/)":/rtota I in NK" ~ "(1775) ~ ~" (l'J'3)'a/I' 
VALUE DOCUMENT ID TECN COMMENT 

0.095-+ 0.0'14 OUR FiT Error i n c l u d e s  s c a l e  fac to r  of 1 6 
0 . 0 9 8  -+ 0.016 OUR AVERAGE Error i n c l u d e s  s c a l e  fac to r  of '1 8 

~0 ' 13 -+0 .02  GOPAL 77 DPWA K N m u l h c h o n n e l  
0 09-+0 01 KANE 74 DPWA K-D ~ ~ 

• • • We dO not  use the  f o l l o w i n g  d o l o  for o v e r a g e s  fits bruits e t c  * * * 
+ 0  08 or + 0  08 1MARTIN 77 DPWA K N m u l t i c h a n n e l  

( l ' / l ' l ) t - ~ / l ' t o t a l  I n  NK" ~ . ~ ( 1 7 7 5 )  ~ A ( 1 5 2 0 ) ~ r  ( l ' f l ' 6 ) ' a / l "  
VALUE DOCUMENT ID rECN COMMENT 

0 286 _* 0 016 OUR FIT Error i n c l u d e s  sca le  fac to r  of '1 g 
0 . 3 0 3  _+ 0 .009  OUR AVERAGE Signs on  m e a s u r e m e n t s  w e r e  i g n o r e d  

- 0  3 0 5 - + 0  010 2CAMERON 77 DPWA K - p  ~ ~.(1520),'r0 
0 31 - -0  02 BARLETTA 72 DPWA K - D  ~ %('1520),'r ° 
0 27 _+0 03 ARMENTEROS65C HBC K - D  ~ ~( '1520)~ "0 

( l ' ; l ' ! ) ' : - V r t o t a  I I n  N K - - , .  ~ ( ' 1 7 7 5 )  ~ . ~ ( ' 1 3 8 5 ) 7 r .  D - w o v e  ( ] ' J ' 5 ) ~ / [ "  
VALUE DOCUMENT ID TECN COMMENT 

0.189 "z 0 .009  OUR FIT 
0.188 -+ 0.0'10 OUR AVERAGE Signs on  m e a s u r e m e n t s  w e r e  i g n o r e d  

- 0 . ' 1 8 4 - + 0  0f'1 3CAMERON 78 DPWA K - D  ~ ! ( '1385)~"  
+ 0  20 ,+0 02 PREVOST 74 DPWA K - N ~  ! ( ' 1 3 8 5 ) ~  
• • • We do  not  use the  t a l l o w i n g  d o l o  for o v e r a g e s  IlLs l lmds e t c  • * • 

0 32 -+0 06 SIMS 68 DBC K-N~ ~.~= 
0 24 ,+0 03 ARMENTEROS67C HBC K-D * "~=~r 

r( ~. " ; r ) / l ' ( N , ~ 0  I ' 2 / I  1̀ 
VALUE DOCUMENT ID TECN COMMENT 
0 .35  _~ 0 .04  OUR FIT Error i n c l u d e s  sca~e t ac to r  of 1 2 

0 . 3 3  : 0 .05  UHLIG 67 HBC K -  p 0 9 GeV,, c 

I ' ( ~  'll" 7 i ' ) / l ' i o t o  I 1"41 I" 
VALUE DOCUMENT ID TECN COMMENT 

• • • We d o  not  use the  f o l l ow ing  d a t a  for o v e r a g e s  flls l imits e t c  • • • 
0 f2  4ARMENTEROS68c Hoec  K - N ~  ~.-r~, 

r('('1385) ~r, D-wove)/r(NK) 1511 l 
VALUE DOCUMENr ID TECN COMMENT 
0 t 9 2  _+ 0 . 0 3 0  oUR FIT Error i n c l u d e s - s c a l e  tac to r  of 1 3  
0 .25  - 0 .09  UHLIG 67 HBC K - p  0 9  G e v . ' c  

]'(A(~520) ~r)/r( N~') [ 6.,"1`1 

VALUE DOCUMENI ID TECN COMMENt 
0 . 4 4  -+ 0 .07  OUR FIT ErrOr i n c l u d e s  s c a l e  fac to r  of 2 3 
0 . 2 8  _+ 0 .05  UHLIG 67 HBC K -  D 0 9 G e V  ' c  

2 ; ( 1 7 7 5 )  F O O T N O T E S  

`1The two  MARTIN 77 v a l u e s  o re  f rom o T m o m x  p o l e  a n d  from o Bred 
W lgne r  fit 

2This ro te c o m b i n e s  P-wave-  a n d  F-wove d e c a y s  The CAMERON 77 resul ts J 
for the  s e p a r a t e  P w o v e -  a n d  F-wove d e c a y s  o re  - 0  303 -+0 0'10 a n d  
- 0  037 -+ 0 014 The p u b l i s h e d  signs h a v e  b e e n  c h a n g e d  h e r e  to b e  in 
a c c o r d  w i th  t he  baryon-h rs t  c o n v e n t i o n  

3The CAMERON 78 u p p e r  hml t  on  G - w a v e  d e c a y  is 0 03 
4For a b o u t  3 /4  of th,s the  !~ system has  I = 0 a n d  ,s a lmos t  e n h r e l y  

~.('1520) For t he  rest t he  " ~  has  I = '1 w h i c h  is a b o u t  w h a t  is e x p e c t e d  
t ram the  k n o w n  .~('1775) .o l ( f 3 8 5 ) , - r  ro te  as seen  in ~,"r ~" 

2 ; ( 1 7 7 5 )  REFERENCES 

GOPAL 80 Toronto Cant 159 (RHEL) IJP 
ALBION 78 PR DiS f82 Aislon Gomlost Kenney.  (LBL MTHO CERN) JJP 

AlSO 77 PRL 38 1007 Aislon Gamlost Kenney* (LBL MTHO CERN) IJP 
CAMERON 78 NP B143 '189 +Franek Gopal Bacon Bullerworth~(RHEL LOIC)IJP 
CAMERON 77 NP 8131 399 +Fronek C.opol Kolmu$ McPherson~RHEL LOIC)IJP 
C-OPAL 77 NP B`1`19 362 +ROSS VonHorn McPherson+ (LOIC RHEL) IJP 
MARTIN 77 NP BE27 349 *PIQCOCk Moornouse (LOUC GLAS) IJP 

AlSO 778 NP B`126 200 Marlin Pidcock (LOUC) 
AlSO 77C NP B`126 285 Marlin PidcOCk (LOUC) IJP 

DEBELLEFON 76 NP 8`109 f29 De BeHefon Berlhon (CO/F) IJP 
BAILLON 75 NP 894 39 +LltchflelCl (CERN RHEL) IJP 
VANHORN 75 NP BB7 `145 (LBL) /JP 

AlSO 758 NP B87 t57 VonHorn (LBL) UP 
DEVENISH 74B NP BeE 330 +Froggolt Martln (OESY NOR{) LOUC) 
KANE 74 LBL 2452 (LBL) IJP 
PREVOST 74 NP B6q 246 +Barloutaua+ (SACL CERN HEID) 
BARLETTA 72 NP B40 45 (EFI) IJP 

Also ()6 PRL `17 841 Fensler Gelfona Harmsen, (CHIC ANL CERN)IJP 
ARMENIEROS68C NP B8 2`10 *Bail lon* (CERN HEID SACL) I 
SIMS OB PRL 2`1 `14'13 *Albrlgnt 8olt ley Meet .  (FSU TUFT BRAN) 
ARMENTEROB07C ZPHY 202 486 +FerrOLuzzi+ (CERN HE~D SACL) 
UHLIC, O7 PR f55 1448 +Chorllon Con(Ion C.Iosser YoClh. (UMD NRL) 
ARMENTEROS bSc PL f9 338 +Ferro Luzzl+ (CERN HEID SACL) IJP 
C,ALTIERI 03 PL 6 296 *HuSsaln TrlpD (LRL) IJ 

2;(1840) P'I3 I '(J") = 1(~÷) stolus * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

For t h e  t i m e  b e i n g ,  w e  l ist t o g e l h e r  h e r e  a l l  r e s o n a n c e  

c l a i m s  m t h e  Pf3 w o v e  b e t w e e n  1 7 0 0  a n d  1 9 0 0  M e V  

Z(1840) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
'1798 Or 1802 - " " f MARTIN 77 DPWA KN m u l t i c h o n n e l  
'1720 -+ 30 2 BAILLON 75 IPWA KN ~ ~,~" 
1925 :i: 200 VANHORN 7S DPWA K - p  ~ ~.TrO 
1840 ± 10 LANGeEIN 72 IPWA KN m u l t i c h o n n e l  

Z , ( 1 8 4 0 )  W I D T H  

~/ALUE .(MeV) DOCUMENT ID TECN COMMENT 
93 or 93 1̀ MARTIN 77 DPWA KN m u H l c h o n n e l  

120__.30 2 BAILLON 75 IPWA K N ~  ~,,r 

+ 5 0  VANHORN 75 DPWA K - D  ~ ~:r,o 65 _ 20 
120 _ 10 LANGBEIN 72 IPWA KN m u l t l c h a n n e l  

[ ' f  ~ ( 1 8 4 0 )  ~ N/~" 

[ '2 E ( 1 8 4 0 )  - - , . . ' ~  

[ 's  ~ ( 1 8 4 0 )  ~ ~ T  

2 . ; ( 1 8 4 0 )  D E C A Y  M O D E S  

2 ; ( 1 8 4 0 )  B R A N C H I N G  R A T I O S  

See Sign c o n v e n t i o n s  for r e s o n a n c e  c o u p l i n g s  in the  Note  
on '~ and ~ Resonances  

l ' (  N [ O / l ' t o t a l  1"i/1" 
VALUE DOCUMENt ID TECN COMMENI 
0 or 0 I MARTIN 77 DPWA KN m u l l l c h o n n e l  
0 37 -+ 0 .13  LANGBEIN 72 IPWA KN m u l t l c h a n n e l  

(I'll'/)!:2/l'totol i n  NK" ~ " ~ ( 1 8 4 0 )  ~ A'fl" (l'iI'2)V2/r 
VALUE DOCUMENT ID rECN COMMENT 
+ 0 03 or + 0 03 I MARTIN 77 DPWA KN m u l t l c h o n n e l  
+ 0 . 1 1  ± 0  02 2BAILLON 75 IPWA K N ~  ~?r 
+ 0 06 _ 0 04 VANHORN 75 DPWA K -  D ~ ~ ,'TO 
+ 0 122 -+ 0 078 DEVENISH 74B Fixed t d i spe rs ion  te l  

0 20 _+ 0 04 LANGBEtN 72 IPWA KN m u l t l c h o n n e l  

( l ' r l ' l ) ~ / l ' t o l o l  I n  N K  ~ ~ ( 1 8 4 0 )  ~ ~'~" ( I ' ` 11 '3 )~ / I "  
VALUE DOCUMENT ID TECN COMMENt 
- 0 04 or - 0 04 ' MARTIN 77 DPWA ~'N m u l t l c h o n n e l  

0 15 _ 0 04 LANGBDN 72 IPWA KN m u l t l c h o n n e l  

2 ; ( 1 8 4 0 )  F O O T N O T E S  

IThe two  MARTIN 77 va lues  a re  f rom O T mo tnx  p o l e  a n d  from o Breit 
W igner  Elf 

2From so lu t ion  I of BAILLON 75 not  p resen t  in so lu t ion  2 

• ? . ; ( 1 8 4 0 )  REFERENCES 

MARLIN 77 NP B127 349 +PlclcOCk Moorhouse (LOUC C.LAS) IJP 
AlSO 77B NP B120 266 Mortln Plclcock (LOUC) 
A~SO 77c NP B126 285 Marlln PIOCOCk (LOUC) IJP 

BAILLON 75 NP B94 39 +Lltch/lela (CERN RHEL) IJP 
VANHORN 75 NP B87 145 (LBL) UP 

AlSO 75S NP B87 157 VonHorn (LBL) UP 
DEVENISH 748 NP B8f 330 +Froggatt Marlin (DESY NaRD LOUC) 
LANC'BEIN 72 NP B47 477 +Wagner (MPIM) IJP 



456  

Baryon Full Listings 
2;(1880), 2;( 1915) 

J 2~(1880) P~I J ~(/) : ~(~÷) status * * 

OMITTED FROM SUMMARY TABLE 

A PI~ r e s o n a n c e  Is s u g g e s t e d  b y  s e v e r a l  p a r h a l - w a v e  
a n a l y s e s ,  b u t  w~th w l d e  v a r l a l l o n s  ~n t h e  m a s s  and 
other parameters We hst here all clolms which lle 
well above t~e P~ ~(1770) 

Z(1880)  MASS 

VALUE (MeV) DOCUMENT I0 TECN COMMENT 

1826 -+ 20 GOPAL 80 DPWA KN ~-~: IV . . . . . . .  
1870-+10 CAMERON 788 DPWA K - D ~  N ~  fL~ 
1847 or 1863 J MARTIN 77 DPWA K N  m u l t l c h o n n e l  
1 9 6 0 ± 3 0  2BAILLON 75 IPWA K N ~  ~ r  
1985_+50 VANHORN 75 DPWA K - D  ~ ~.,-.r0 
1898 3 LEA 73 DPWA Mu l f l chonne l  K mat r lx  

~1850  ARMENTEROST0 IPWA K'N ~ KN 
1950-+50 BARBARa 70 DPWA K - N ~  ~ r  
1920:1:30 LITCHFIELD 70 OPWA K - N ~  ~ r  
1850 BAILEY 69 DPWA KN ~ ~'N 
1882-+40 SMART 68 DPWA K - N ~  ~ r  

Z(1880)  WIDTH 

VALUE (l~ev,) . . . . . . . .  DOCUMENT /O 

86 -+ 15 GOPAL 8C] 
80 -+ 10 CAMERON 788 

216 or 220 '~ MARTIN 77 
260 -+ 40 2 BAILLON 75 
220 ± 140 VANHORN 75 
222 3 LEA 73 

30 ARMENTEROS 70 
200 _ 50 BARbARa 70 
170 __. 40 LITCHFIELD 70 
200 BAILEY 69 
222 -+ 150 SMART 68 

TECN COMMENr 

DPWA K N  ~ I ( N  - - -  
DPWA K -  D ~ N-k~ 
DPWA K N  m u l t t c h a n n e l  
IPWA KN ~ '~r 
DPWA K -  p ~ ~.=° 
DPWA M u l t l c h a n n e l  K-matr lx 
IPWA ~(N ~ K N  
DPWA K -  N ~ ~. 7r 
DPWA K -  N ~ ~/r 
DPWA KN ~ KN 
DPWA K -  N ~ ~, x" 

T_.,(1880) DECAY MODES 
l'~ ~(1880)  --~ N~" 
I'~ " (1880)  --*, A~" 
I"3 "..;(1880) ~ ~ "  
I'4 " (1880)  -*  N ~ ' ( 8 9 2 ) .  S=t/2.  P-wave 
ls ~(1880)  - *  N ~ ' ( 8 9 2 ) .  S=3/2. P-wave 

2;(1880) BRANCHING RATIOS 

See "S lgn  conven t i ons  for resonance  c o u p l i n g s  in the  Note 
on ~. a n d  v Resonances 

I ' ( N ~ ) / l ' t o t a l  l'i/I" 
VALUE DOCUMENr ID rECN COMMENT 

0 06 -+ 0 - - ~  GOPAL 80 DPWA K N  ~ K N  
0 27 or 0 27 I MARTIN 77 DPWA KN m u l t l c h o n n e l  
0 31 3 LEA 73 DPWA M u l t l c h a n n e l  K-matr ix 
0 20 ARMENTEROS70 IPWA t ( N  ~ K N  
0 22 BAILEY 69 DPWA KN ~ KN 

(rtr/)~/~/l'totai In NK --,. ~ ( 1 8 8 0 )  --,. A?r (I'~l'~)~/I" 
VALUE DOCUMENT IO TECN COMMENT 

--~0.24 or - 0 .24  I MARTIN 77 DPWA K'N m u l f i c h a n n e l  
- 0  12 -+0 02 2BAILLON 75 IPWA ~ ' N ~  .",~r 
+ 0  05 + 0  07 VANHORN 75 DPWA K - p  ~ ,~.0 

- 0  02 
- 0 169 :I: 0 119 DEVENISH 748 Fixed-f d ispers ion rel 
- 0 30 3 LEA 73 DPWA Mu l f i channe l  K-motr lx 
- 0 . 0 9  --.0 04 BARBARa- 70 DPWA K - N ~  A~" 
- 0  14 -+0 03 LITCHFIELD 70 DPWA K - N ~  ATr 
- -0  t i  ± 0 . 0 3  SMART 68 DPWA K - N ~  A r  

(l'~Iit)~/Ftotal In  N K - - * .  ~ ( 1 8 8 0 )  ~ ~ =  (FlI'3)~/F 
VALUE DOCUMENT ID TECN C ~ M E N T  _ _  
+ 0 30 or + 0 29 I MARTIN 77 DPWA K N  m u l t i c h a n n e l  
NOT SEEN 3 LEA 73 OPWA M u l t l c h a n n e l  K-matr lx 

(F~l'i:)"~/Ftora= in N~' -,- ~(1880) --,, N~(¢(892), S=1/2, P-wave 
( r ~ l ' 4 ) ~ I r  

VALUE O0~UMENT ID TECN COMMENT 
---'0 05 ± 0 03 4 CAMERON 7-88 [)PWA K - ~  ~ N ~  I = -  

( F r F i ) ~ / l ' t o t a l  In  NK" --~ Z ( 1 8 8 0 )  ~ N ~ " * ( 8 9 2 ) .  S = 3 / 2 .  P - w a v e  
( r ' 4 r D ~ / r  

VALUE DOCUMENT IO TECN COMMENT 

+ 0  11 -+0 03 CAMERON 78B DPWA K - p  ~ N ~  (¢ 

Z(1880) FOOTNOTES 
1The two  MARTIN 77 va lues ore from o T-matrlx Dole a n d  from o Brelt 

Wigner flt 
2From solut ion I of BAILLON 75 ha l  present  in so lut ion 2 
3Only uncons f ra lned  states from tab le  1 of LEA 73 are listeci 
4The p u b l i s h e d  sign has b e e n  c h a n g e d  to be  in a c c o r d  w l th  the  baryon-  

first conven t i on  

GOPAL 
CAMERON 
MARTIN 

AlSO 
AlSO 

BAILLON 
VANHO~N 

AISO 
DEVENISH 
LEA 
ARMENIEROS 70 
BAREIARO 70 
LIICHFIELD 70 
BAILEY 69 
SMART 68 

~-(1880) REFERENCES 

80 Toronto Cant ~59 (RHEL) IJP 
788 NP 8146 327 +Franek Gopol Kolmu$ McPher$on+(RHEL LOlC) IJP 
77 NP B127 349 +Plclcock Moomouse (LOUC G~.A5) IJP 
778 NP 8126 266 Marrln Piclcock (LOUC) 
77c NP 8126 285 Mortln PldCock (LOUC) IJP 
75 NP 894 39 +LHchflelO (CER'N RHEL) IJP 
75 NP 887 145 (LBL) IJP 
758 NP BS7 157 VonHotn (LBL) IJP 
748 NP BSl 330 +Froggall Marlln (DESY NaRD LOUC) 
73 NP 856 77 +Mortln Moorhouse+ (RHEL LOUC GLAS AARH) IJP 

Duke Conf 123 ÷Balllon+ (CERN HEID SACL)IJP 
Duke Conf 173 Barbara Galtlerl (LRL) IJP 
NP B22 269 (R'HEL) IJP 
UCRL 50617 lhe$1s (LLL) IJP 
PR 169 1330 (LRL) IJP 

J ~ ( 1 9 1 5 )  Ft5 J , ( / )  = ~(~+) status * * * * 

D i s c o v e r e d  b y  C O O L  66 For resu l ts  p u b l i s h e d  b e f o r e  
1974  ( t h e y  a r e  n o w  o b s o l e t e ) ,  see  o u r  t 9 8 2  e d i t i o n  
(Phys i cs  Le t te rs  111B) 

This e n t r y  o n l y  i n c l u d e s  resu l ts  f r o m  p a r t i a l - w a v e  a n a -  
l yses  P a r a m e t e r s  of p e a k s  s e e n  in c ross  s e c t i o n s  a n c l  
m v a r l a n t - m a s s  d i s t r i b u t i o n s  in th is  r e g i o n  u s e d  to  b e  
h s t e d  in in a s e p a T a t e  e n t r y  i m m e d i a t e l y  f o l l o w i n g  
They  m a y  b e  f o u n d  In o u r  1986 e d i t i o n  (Phys i cs  Le t te rs  
t 706 )  

2;(1915) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1900 to 1935 OUR ESTIMATE 
1937 -+ 20 ALSTON 78 DPWA K N  ~ K N  
1894-+ 5 ICORDEN 77C K - n  ~ ~Tr 
1909 -+ 5 I CORDEN 77C K -  n ~ Y ~  
1920 ± 10 GOPAL 77 DPWA K N  m u l t l c h a n n e t  
1900 ± 4 2 CORDEN 76 DPWA K -  n ~ A : ~ -  
1920 ± 30 BAILLON 75 IPWA KN ~ A~" 
1914 -+ 10 HEMINGWAY 75 DPWA K - D  ~ K N  

1 9 2 0 + ;  5 VANHORN 75 DPWA K - p ~  ~,~rO 

1920 ± 5 KANE 74 DPWA K - p  ~ ZTr 

• • • We d o  not  use tl~e fo l l ow ing  d a t a  for averages  fits l lmlts e t c  • • • 
NOT SEEN DECLAIS 77 DPWA K'N ~ KN 
1925 or 1933 3 MARTIN 77 DPWA K N  m u t t l c h a n n e l  
1915 DEBELLEFON 76 tPWA K -  p ~ A ~ "0 

2;(1915) WIDTH 

VALUE (M@V) ....... DOCUMENT IO rECN C_OM_MENT 

80 to 160 OUR ESTIMATE 
161 ± 20 ALSTON" 78 OPWA K N  ~ -KN 
107-+14 I CORDEN 77C K - n ~  ~ "  

8 5 = 1 3  I CORDEN 77C K - n ~  ~ "  
130 -+ 10 GOPAL 77 DPWA KN m u l t l c h a n n e l  

7 5 ± 1 4  2COROEN 76 OPWA K - n ~  A T r -  
70 ± 20 8AILLON 75 IPWA K N  ~ A~" 
85 :t 15 HEMINGWAY 75 DPWA K -  p ~ KN 

102 -+ 18 VANHORN 75 DPWA K - p  ~ ~Tr 0 
162-+25 KANE 74 OPWA K - p ~  ~, i t  

• • ° We ClO nat  use the fo l l ow ing  d a t a  for overages ,  fits. l lmlts e t c  • * * 
171 or 173 3 MARTIN 77 DPWA KN m u l t l c h o n n e l  

60 DEBELLEFON 76 IPWA K - p  ~ ~,Ir 0 



See key on page 129 
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Baryon Full Listings 
2;(1915), 2;(1940) 

2;(1915) DECAY MODES 
rf Z(1915) ~ NK 
r 2 E(1915) -,. A 
l "  3 ~(1915) - *  Z ~  

J ~(t940) D13 J l(J P) = I(3-) Status 'I" '~ e 

I'= ~'(1915) ~ -~(1385)~'.  P-wave 
1" 5 Z (1915)  ~ E ( 1 3 8 5 ) ~ ,  F-wave 

:~(1915) BRANCHING RATIOS 

See Slgn c o n v e n t l o n s  for r e s o n a n c e  c o u p l i n g s  In t he  Note  
on  '~ a n d  ~ R e s o n a n c e s  

F ( N ~ ) / l ' t o t o l  1 " t / I "  
VALUE DOCUMENT IO TECN COMMENT 

0 .05  tO 0.15 OUR ESTIMATE 
0 . 0 3 ± 0  02 4GOPAL 80 DPWA K N ~  I(N 
0 14 ± 0 05 ALSTON 78 DPWA KN ~ KN 
0 11 -. 0 04 HEMINGWAY 75 DPWA K - D  ~ KN 

• * * We d o  not  use the  f o l l o w i n g  d a t a  for o v e r a g e s  flts l imits, e f t  • • • 
0 05 ± 0 . 0 3  GOPAL 77 DPWA See GOPAL 80 
0 08 or 0 08 3 MARTIN 77 DPWA KN m u l t l c h a n n e l  

( l ' l l i l )"~/ l ' tota I In N K - . .  Z(1915) ~ A 7r ( i i i ' 2 ) ½ / r  
VALUE DOCUMENT ~D ~ECN COMMENr 
- 0  09 ± 0  03 GOPAL 77 DPWA K N m u l t l c h a n n e l  
- 0  10 ± 0 . 0 1  2COfi'DEN 76 DPWA K - n ~  "~lr- 
- - 0  0b ± 0  02 BAILLON 75 IPWA K N ~  ~Tr 
- 0  09 ± 0 . 0 2  VANHORN 75 DPWA K - D  ~ ,,,~0 
- 0 087 ± 0 056 DEVENISH 748 F lxed  f d l s p e r s l o n  Tel 

• * * We d o  not  use t he  f o l l o w l n g  d a l a  for a v e r a g e s  flts l imits e t c  * • • 
- 0 09 or - 0 09 3 MARTIN 77 DPWA K N  m u l t l c h a n n e l  
- 0  10 DEBELLEFON 76 IPWA K - p  ~ ,~.o 

( I ' t r l ) ' / ~ / F t o t o l  In N~" --,. " (1915)  ~ ~ "  (r11"3)½/I' 
VALUE DOCUMENT ID TECN COMMENT 

- - 0 . 1 7 _ 0  01 ICORDEN 77C K - n ~  "~r  
- 0  1 5 ± 0  02 t CORDEN 77C _ K - n ~  ~ "  
- 0 19 ± 0 03 GOPAL 77 C.PWA KN m u l t l c h a n n e l  
- 0  1 6 ± 0  03 KANE 74 DPWA K - p ~  ~ "  

• • • We d o  not  use the  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  * • • 
- 0 05 or - 0 05 3 MARTIN 77 DPWA ~'N m u l t l c h a n n e l  

(F~Ft)~;~/l'total m N K  ~ ~(1915)  ~ ~(1385)~r ,  P-wave ( I ' t I ' 4 )~ / I  
VALUE DOCUMENT ID rECN COMMENT 

< 0  0 t  CAMERON 78 DPWA K - %  ~ EC1385) zr 

(]'~Ft)V~/l'totol In N K  ~ E(1945) ~ -":(1385)'x, F-wave (F I r s )~ /T  
VALUE DOCUMENT I0 TECN COMMENT 
+ 0 039 ± 0--00-9-'" 5 C,~ME~O~N- 78 DPWA K- p T ~ ( 1 3 8 5 )  = 

:~(1915) FOOTNOTES 
IThe  two  ent r ies  for CORDEN 77C a r e  f rom two  dlf ferenT a c c e p t a b l e  solu 

t lons 
2pre fe r red  so lu t ion  3 see  CORDEN 76 for o the r  poss lb i l l t les  
3The two  MARTIN 77 v a l u e s  a re  t ram a T-matr lx p o l e  a n d  from o Brelt 

W l g n e r  fit 
4The mass a n d  w~dJh a re  f i xed  to t he  GOPAL 77 v a l u e s  d u e  to t he  low 

e las t i c i t y  
5The p u b l i s h e d  sign has  b e e n  c h a n g e d  to b e  In a c c o r d  w i th  the  b a r y o n  

firm c o n v e n t i o n  

Z(1915)  REFERENCES 

GOPAL 80 To'onto Cant 159 (RHEL) IJP 
ALSTON 78 PR O18 182 Alston GomJost Kenney÷ (LBL MTHO CERN) IJP 

Also 77 PRL 38 1007 Alston GornJost Kenney÷ (LB. MTHO CERN) UP 
CAMERON 78 NP 8143 189 +Franek Gopal Bacon Butterworth+(RHEL LOIC) IJP 
COl?DEN 77C NP 8125 61 ÷COX Kenyon O Neale StuOb$ Sumorok+(BIR'M)IJP 
DECLA[S 77 CERN 77 16 ÷Duchon Louvel Parry Segulnol÷ (CAEN CERN) IJP 
GOPAL 77 NP 8119 362 +Ross VanHom McPherson÷ (LOIC RHEL) IJP 
MARTIN 77 NP 8127 349 +Plclcook Moorhouse (LOUC GLAS) IJP 

Also 778 NP 8126 266 Martln Piclcock (LOUC) 
AIso 77c NP 8126 285 Martin Piclcock (LOUC) UP 

CORDEN 76 NP 8104 382 +Cox Dorlnell Kenyon ON+ale+ (BIRM) IJP 
DE8ELLEFON 76 NP B109 129 De Beflefon Berthon (CDEF) IJP 
BAILLON 75 NP 894 39 +Lltchfleld (CERN RHEL) IJP 
HEMINGWAY 75 NP 891 12 ÷Eacles Harms+n÷ (CERN HEID MPIM) IJP 
VANHORN 75 NP 887 145 (LB.) IJP 

Also 75g NP B87 157 VanHorn (LB.) IJP 
DEVENiSH 748 NP 881 330 ÷Froggott Martin (DESY NaRD LOUC) 
KANE 74 LB. 2452 (LB.) IJP 
COOL 66 PRL t6 1228 +Glacornell l  KycIo Leontlc tunclby~ (BNL) 

For r e s u l t s  p u b h s h e d  b e f o r e  1 9 7 4  [ t h e y  a r e  n o w  
o b s o l e t e ) ,  s e e  o u r  1 9 8 2  e d l h o n  ( P h y s i c s  L e t t e r s  t t t B )  

N o t  a l l  a n a l y s e s  r e q u l r e  t h l s  s t a t e  It ~s n o t  r e q u i r e d  b y  

t h e  G O Y A L  77  a n a l y s i s  of K - n  ~ ( ~ , ~ ) -  n o r  b y  t h e  
G O P A L  80  a n a l y s i s  of  K - n  ~ K - n  S e e  a l s o  HEMING-  

W A Y  75  

,T.,(1940) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 

1900 tO 1950 OUR ESTIMATE 
1920 ± 50 GOPAL 77 DPWA k'N m u l t i c h a n n e l  
1 9 5 0 ± 3 0  BAILLON 75 IPWA K N ~  '~Tr 

1949 _+ ~ VANHORN 75 DPWA K - r )  ~,-r0 

1 9 3 5 ~ 8 0  KANE 74 DPWA K - D  ~ "~I" 
1940 ± 20 LITCHFIELD 748 DPWA K -  D ~ ~-(1520) 7r0 
1950 ± 20 LITCHFIELD 74C DPWA K -  p ~ 3,( '1232)K 
• • • We d o  no l  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits, e fc  • • • 
t 8 8 6  or 1893 t MARTIN 77 DPWA KN m u l t i c h a n n e l  
1940 DEBELLEFON 76 IPWA K - p  ~ ,,,~.o Ft 7 

w a v e  

~(1940 )  WIDTH 

VALUE (MeV} . . . . . .  DOCUMENT ID rECN COMMENT 

150 tO 300 OUR ESTIMATE 
170 - . 25  CAMERON 788 DPWA K - p  ~ NTC4~ 
300 -± 80 GOPAL 77 DPWA KN m u l l i c h a h n e l  
150 ± 75 BAILLON 75 IPWA KN ~ ~Tr 

+ 7 0  VANHORN 75 DPWA K-;=. ~ ~,';T0 160 - 4 0  

330 - - .80  KANE 74 DPWA K - D  ~ ~ 
6 0 - . 2 0  LffCHFIELD 748 DPWA K - p ~  ",(1520);,r0 

70 + 3 0  LITCHFIELD 74C DPWA K - p ~  A(1232)  K - 2 0  
• • • We d o  h a l  use t he  f o l l ow ing  d a t a  for o v e r a g e s  fits l imits eTc • • • 
t57  or 159 I MARTIN 77 DPWA KN m u l t l c h a n n e l  

.?.;(1940) DECAY MODES 
I" I E(1940)  ~ N~' 
] ' 2  ~(1940)  ~ %~" 
I" 3 ~(1940) ~ ETr 
I" 4 ~(1940) ~ A(1520)Tr, P-wave 
l" 5 " ( 1 9 4 0 )  ~ A(1520)~- ,  F-wave 
T' 6 ~ (1940)  ~ A(1232)K,  S-wave 
I" 7 " ( 1 9 4 0 )  ~ A(1232)K,  D-wave 
I" s -".'(1940) ~ E(1385)Tr, S-wave 
F 9 E(1940)  ~ N ~ * ( 8 9 2 ) ,  S=3/2, S-wave 

• ?..;(1940) BRANCHING RATIOS 

See Sign c o n v e n t i o n s  tar r e s o n a n c e  c o u p l i n g s  in the  Note  
on  "~ a n d  ~ Resonances  

l'(N)O/l'totol l'./l 
VALUE DOCUMENT ID TECN COMMENT 

< 0 . 2  O U R  ESTIMATE 
< 0  04 GOPAL 77 DPWA KN m u t t i c h a n n e l  

0 '14 or 0 13 I MARTIN 77 DPWA KN m u l t i c h o n n e l  

( I ' i I ' / ) " ~ / l ' t o t a  I In N K  ~ w(1940) ~ A ~" (l 't l '2)J~/l 
VALUE DOCUMENT IO TECN COMMENT 
-- 0 06 _. (~ "03- GOPAL 7:7 DPWA KN m u f f i c h a n n e l  
- 0 04 _. 0 02 BAILLON 75 IPWA KN ~ "~ .T 

+ 0  03 VANHORN 75 DPWA K - p  ~ '~Tr0 - 0 . 0 5  - 0  02 
- 0 153 _. 0 070 DEVENISH 748 F ixed t d ispers ion  Tel 

• • • W e  Oo  not  use the  fo l l ow ing  a a l o  for a v e r a g e s ,  tits l imits e l c  * • * 

-- 0 15 Or - 0 14 I MARTIN 77 DPWA KN m u l h c h a n n e l  
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Baryon Full Listings 
 ;(1940),  ;(2000) 
( l ' y / ) " i / r t o ta l  in N~"- , .  ~ (1940)  ~ "'n" (I '~I '3)~/I" 
VALUE DOCUMENr ID rECN COMMENr 

- 0 . 0 8  :t: 0 0 4  GOPAL ~ 7  DPWA KN m u i t i c h a n n e T -  
- 0 1 4  ± 0 0 4  KANE 74 DPWA K -  p ~ ~ r  

• • • We  d o  not  use  t he  f o l l o w i n g  d a t a  for o v e r a g e s  fits, l lml ts  e t c  ° * • 
+ 0 1 6  Or + 0 1 6  I MARTIN 77 DPWA KN m u l t i c h a n n e f  

(['~]'r)'~:/l'fotal in N~"- . .  ~(1940)  ~ A(1520)~r,  P-wave (I''11"4)~/] 
VALUE DOCUMENT ID 7ECN COMMENt 

< 0 0 3  CAMERON 77 DPWA K - p  ~ ~.(1520)~r0 
- 0 1 1  ± 0 . 0 4  LITCHFIELD 748 DPWA K - D  ~ " , (1520) 71"0 

(r~rl)!" ' / l ' tofa I in NK" ~ ~ (1940)  --* A ( 1 5 2 0 ) ~ ,  F w a v e  (I'~1'5)~/I ' 
VALUE DOCUMEN~ ID TECN COMMENT 

0 0 6 2  Z 0 0 2 1  CAMERON 77 DPWA K -  p ~ %(1520)'tr0 
- 0 0 8  - . 0 . 0 4  LITCHFIELD 748 DPWA K - D ~  A ( 1 5 2 0 ) ~  0 

(l'~['/)"~/['total in NK" .-~ ~(1940)  .-~ ' , ( t232)K,  S-wave (]''11"6)~/1" 
VALUE DOCUMENT IO TECN COMMENT 

-- 0 '~6 ± 0 0 5  LITCHFIELD 74C DPWA K -  p ~ A (1232 )  K 

( i ' i I ' l )~VFfotal In N K - . .  ~(1940)  ~ ~(1232)K' ,  D -wave  (I'~I'7)V~/I" 
VALUE DOCUMENT IO rECN COMMENT 

- 0  14__.0 05 LITCHFIELD 74C DPWA K - p ~  A ( t 2 3 2 ) ~ "  

(l 'y~)'/~/l 'total in NK"--* ~ (1940)  ~ ~(1385)~r,  S-wave (I'll's)~/l" 
VALUE DOCUMENT IO TECN COMMENr 

+ 0  0 6 6 ± 0  025  2CAMERON 78 DPWA K - p  ~ "~(1385)~" 

(l'~I't')"~/l'lotal m NK -,. ~ (1940)  -.. N ~ ( 8 9 2 ) ,  S=3/2 ,  S-wave 
(r'119) v~/i 

VALU~ DOCUMENr ID TECN COMMENT 

- 0 0 9 ± 0 0 2  3CAMERON 788 DPWA K - p ~  ~/T('~ 

2;(1940)  FOOTNOTES 
IThe  l w o  MARTIN 77 v a l u e s  a r e  f rom o T-matr ix p a t e  a n d  f rom o Brelf 
W l g n e r  fi l  

21"he p u b l i s h e d  s ign has b e e n  c h a n g e d  to b e  In a c c o r d  w i th  t he  b a r y o n  
first c o n v e n t i o n  

3 U p p e r  l imits on  t he  D'1 a n d  D 3 w a v e s  a r e  e a c h  0 03 

• ?.;(1940) REFERENCES 

Toronto ConE 159 (RHEL) 
NP 8143 189 +Ffanek Cabal  Bacon Butterwoiqh+(RHEL LOIC) IJP 
NP 8146 327 +Franek Cobol Kolmus McPhetson+(R'HEL LOIC)IJP 
NP 8131399 +Franek Gopal Kalmus McPherson~RHEL LOIC) UP 
NP B119362 +Ross VonHorn McPherson+ (LOIC RHEL) IJP 
PR D162746 +SOdhl (DELH) 
NP 8'127349 +Pidcock Moorhouse (LOUC GLAS) IJP 
NP 8126266 Martin Piacock (LOUC) 
NP 8'126286 Martln Pidcock (LOUC) IJP 
NP 8109 '129 De 8ellefon BOrthon (CDEF) IJP 
NP 894 39 +Litchflelcl (CERN RHEL) IJP 
NP B9112 +Eacles Hormsen+ (CERN HEID MPIM) IJP 
NP 887 145 (LBL) IJP 
NP 887157 VonHorn (LBL) IJP 
NP 881330 ~Froggott Martin (DESY NaRD LOUC) 

LBL 2452 (LBL) IJP 
NP 87419 *Hemlngwoy 8OHIon+ (CERN HEID) IJP 
NP 87439 ~Hemlngwoy 8olllon+ (CERN HEID) IJP 

GOPAL 80 
CAMERON 78 
CAMERON 788 
CAMERON 77 
GOPAL 77 
GOYAL 77 
MARTIN 77 

AlSo 776 
Also 77C 

DEBELLEFON 76 
BAILLON 75 
HEMINGWAY 75 
VANHORN 75 

AlSO 758 
DEVENISH 748 
KANE 74 
LITCHRELD 74ll 
LITCHRELD 74C 

OMITTED FROM SUMMARY TABLE 

I(JP) : 1( 1 -  ) Status 

We list here all reported $I~ slates lying above the 
~( t750)  S'1'1 

2; (2000)  MASS 

VALUE (._Me.V) DOCIJME.~Ir ID. _ TECN COMMENT 

1944 :t  15 GOPAL 80 DPWA / (N ~ K N  
1955 ± 15 GOPAL 77 OPWA K N  m u l t i c h a n n e l  
1755 or 1834 I MARTIN 77 DPWA f (N m u l t l c h a n n e l  
2 0 0 4 ± 4 0  VANHORN 75 DPWA K - p  ~ A~rO 

2; (2000)  WIDTH 

VALUE (Me V) DOCUMENT ID 

215 ± 25 GOPAL 80 
170 ± 40  GOPAL 77 
413 or 450  '1 MARTIN 77 
t 16  ± 40 VANHORN 75 

rECN COMMENT 

DP~WA ~;N ~ / (N 
DPWA KN m u q t l c h a n n e l  
DPWA KN m u l t i c h o n n e l  
DPWA K - D  ~ A~ro 

2; (2000)  DECAY MODES 
1''1 ~ ( 2 0 0 0 )  ~ NK 
r 2 " { 2 0 0 0 )  -,. A'rr 
I" 3 ":(2000) -,- .":~ 
I' 4 ~(2000) ~ A(1520)~" 

I" 5 ~(2000) ~ N~*(892), S=I12, S-wave 
I" 6 ~(2000) ~ NK~(892), S=312, D-wave 

2; (2000)  BRANCHING RATIOS 

See Sign c o n v e n t i o n s  for r e s o n a n c e  c o u p l i n g s  in the  Note  
on  % a n d  ~ R e s o n a n c e s  

GOPAL 
CAMERON 
CAMERON 
GOPAL 
MARTIN 

Also 
AII, o 

BAILLON 
VANHORN 

Also 

2;(2000)  REFERENCES 

80 Toronto Cant 159 (RHEL) IJP 
788 NP 8146327 +Franek GoPol Kalmus MCPher$one(RHEL LOIC)IJP 
77 NP B13'I 399 ÷Franek GopOl Kalmus MCPhe¢$OR+(RNJEL LOIC) IJP 
77 NP 8119362 +Ross VanHorn MCPhetson+ (LOIC RHEL) IJP 
77 NP 8127349 +Ptdcock Moorhouse (LOUC aLAS) iJP 
778 NP S'126266 Martin PldCOCk (LOUC) 
77C NP B126285 Martin PldCoCk (LO~JC) IJP 
75 NP B9439 +LltchflelCl (CERN RHEL) IJP 
75 NP 887145 (LBL) IJP 
758 NP B87 '157 VanHom (LBL) IJP 

7_.,(2000) FOOTNOTES 
11,he two  MARTIN 77 v a l u e s  o re  f rom o T-mofr lx p o l e  a n d  from a Brelt 

W l g n e r  fit 
2The p u b l i s h e d  s ign has b e e n  c h a n g e d  to b e  In a c c o r d  w i th  t he  b a r y o n  

first c o n v e n t i o n  

r(N~')Irtotal ['IIF 
VALUE DOCUMENT IO TECN COMMENT 

0 5 1  ~: 0 . 0 5  GOPAL 80 DPWA KN ~ K N  
0 4 4  ± 0 0 5  GOPAL 77 DPWA See GOPAL 80 
0 6 2  or 0 5 7  I MARTIN 77 DPWA KN m u l t l c h o n n e l  

( l ' l l ' l ) V V I ' f o t o i  In N ~ '  ~ Z ( 2 0 0 0 )  ~ .%~ (1 "11"2 )~ / I "  
VALUE DOCUMENT tO rECN COMMENT 

0 0 8  :t 0 . 0 3  GOPAL 77 DPWA K N  m u l t i c h a n n e l  
- 0 1 9  or - 0 . 1 8  1 MARTIN 77 DPWA / (N m u l t l c h a n n e l  
NOT SEEN BAILLON 75 IPWA KN ~ A ~" 

07+~_- 0201 VANHORN 75 DPWA K - p  ~ %~r O + 0  

(l'~l'f)'~/l'lotal in NK"-.,. " . (2000)  ~ Z ~  (1"ti'3)½/1" 
VALUE DOCUMENT ID TECN COMMENT 

+ 0 2 0 ± 0 0 4  GOPAL 77 DPWA K N m u l f l c h o n n e l  
+ 0 . 2 6  or + 0 2 4  IMARTIN 77 DPWA k N m u l t l c h o n n e l  

(l'~I'l)V~/l'total In N~'--,. ~ (2000)  ~ A(1520)~r ( I ' i I '4)~/ I"  
VALUE DOCUMENT ID TFCN COMMENT 

+ 0 0 8 1  ± 0 0 2 1  2 CAMERON 77 DPWA P-wave d e c o y  

(rlT'f)v~/Ftotol In N/(" ~ ~ (2000)  ~ NTGIc(892). S= I /2 ,  S-wave 
(r '~rs)~,/r  

VALUE DOCUMENT IO rECN COMMENT 

+ 0  I 0 : I : 0 0 ~ >  . . . . . . . . . .  2cAMEI~0N 788 DPWA K - p  ~ NK~ 

( r l r t ) ' ,V l ' fo ta  I in NK ~ ~(2000)  ~ NK~(892) ,  S=3/2. D-wave  
(I'iI'6)~/1" 

VALUE DOCUMENT ID TECN COMMENT 

- - 0 0 7 - + 0 . 0 3  CAMERON 788 DPWA K - p  ~ NK ~ 



See key on page 129 

l ( J  P) = I ( ~  + )  S t a t u s  ~ e .8..u. 

D i s c o v e r e d  b y  C O O L  6 6  a n d  b y  W a H L  66  For m o s l  
resu l ts  p u b l i s h e d  b e f o r e  1 9 7 4  ( t h e y  a r e  n o w  o b s o l e t e ) .  
s e e  o u r  1 9 8 2  e d m o n  (Phys i cs  Le t t e r s  1118) 

Thls e n t r y  o n l y  i n c l u d e s  resu l ts  f r o m  p a r t l a l - w a v e  a n a -  
lyses  P a r a m e t e r s  o f  p e a k s  s e e n  m c r o s s  s e c t i o n s  a n d  
I n v a r l a n t - m a s s  d l s t r i b u l i o n s  a r o u n d  2 0 3 0  M e V  m a y  b e  
f o u n d  in o u r  1 9 8 4  e d d i o n ,  R e v  M a d  Phys 56  ( A p r i l  
1984 ,  Par t  II) 

7_ . (2030 )  M A S S  

VALUE (MeV) DOCUMENT ID TECN COMMENT 

2 0 2 5  t o  2 0 4 0  ()UR ESTIMATE 
2036 :t. 5 GOPAL 80 DPWA K N  ~ T~N 
2038 ± 10 CORDEN 77B K -  N ~ NK "~ 
2040 ± 5 GOPAL 77 DPWA K N  mul t l channe l  
2 0 3 0 ±  3 ICORDEN 76 DPWA K - n ~  ~ r -  
2035 ± `15 BAILLON 75 IPWA KN ~ ". ~, 
2038 ± 10 HEMINGWAY 75 DPWA K -  p ~ K N  
2042 ± `11 VANHORN 75 DPWA K -  p ~ ~,:r0 
2 0 2 0 ±  6 KANE 74 DPWA K - p  ~ E l f  
2035 ± `10 LITCHFIELD 748 DPWA K -  O ~ '~('1520)~ ° 
2 0 2 0 ± 3 0  LITCHEIELD 74C DPWA K - D  ~ " . (1232)K 
2025  ± 10 LITCHFIELD 74D DPWA K - p  ~ ~.('1820)~ 0 
• * * We do  not  use the fo l lowlng d o l o  for ove rages ,  fits l lmlls e tc  • * • 
2027 to 2057 GOYAL 77 DPWA K - N  ~ ~ 
2030 O[BELLEFON 76 IPWA K - p  ~ A =  0 

z C 2 0 3 0 )  W l D T H  

VALUE (MeV) DOCUMENr ID TECN COMMENT 

'1.50 IO 200 OUR ESTIMAIE 
172 ± 10 GOPAL 80 OPWA ) (N  ~ K N  
137 ± 4 0  CORDEN 778 K - N ~  NT('~ 
190 :I: 10 GOPAL 77 DPWA KN mu l t i chonne l  
2 0 1 ±  9 SCORDEN 76 DPWA K - n ~  ~ . I r -  
' 1 8 0 ± 2 0  BAILLON 75 IPWA K N ~  ' ~  
172 ± `15 HEMINGWAY 75 DPWA K - p  ~ K N  
178 ± 13 VANHORN 75 DPWA K - p  ~ ~.~.o 
`1`11 ± 5 KANE 74 DPWA K - p  ~ " ~  
160 ± 20 LITCHFIELD 748 DPWA K - p  ~ ~.(1520)~ 0 
200 ± 30 LITCHFIELD 74C DPWA K - p  ~ A(`1232)K 
• • • We do  not  use the fo l lowing clara for o v e r a g e s  flts, l imits e tc  * * • 
260 DECLAIS 77 DPWA K N  ~ K N  
126 lo  195 GOYAL 77 DPWA K - N  ~ ?.= 
160 DEBELLEFON 76 IPWA K -  D ~ ~.Ir ° 

70 1o '125 LITCHFIELD 74D DPWA K - D  ~ ' K 1 8 2 0 ) x  0 

.T . , (2030)  D E C A Y  M O D E S  

]'~ Z ( 2 0 3 0 )  --,. N~"  

] '2 Z ( 2 0 3 0 )  ~ A ~ r  

] '3 Z ( 2 0 3 0 )  --* ~ r  

] '4 ~ ( 2 0 3 0 )  --.- E K  

1"~ Z ( 2 0 3 0 )  ~ A ( 1 8 2 0 ) ~ r .  P - w a v e  

] '6 Z ( 2 0 3 0 )  - . -  A ( 1 5 2 0 ) ~ r .  D - w a v e  

T'~ ~ ( 2 0 3 0 )  - . .  A ( 1 5 2 0 ) ~ r ,  G - w a v e  

] '8 Z ( 2 0 3 0 )  ~ A ( 1 2 3 2 ) ~ ' ,  F - w a v e  

F 9 E ( 2 0 3 0 )  --,. A ( 1 2 3 2 ) K .  H - w a v e  

I'~0 ~ ( 2 0 3 0 )  ~ Z ( 1 3 8 5 ) ~ r ,  F - w a v e  

I ' t~ Z ( 2 0 3 0 )  ~ N ~ I ~ ( 8 9 2 ) ,  S = I / 2 .  F - w a v e  

r~2 " - ' ( 2 0 3 0 )  ~ N ~ I c ( 8 9 2 ) ,  S = 3 / 2 ,  F - w a v e  

Z ( 2 0 3 0 )  B R A N C H I N G  R A T I O S  

See "Sign conven t l ons  for r e s o n a n c e  coup l ings  in the No te  
on  ~. a n d  Z Resonances  

F ( N K ) / I ' I o t o  I ] ' t / l '  
VALUE DOCUMENT IO rECN COMMENT 

0.`17 to  0 . 2 3  O U R  ESTII~ATE . . . . . . . . .  
0 . 1 9 ± 0 . 0 3  GOPAL 80 DPWA ~ ' N ~  ~'N 
0 `18 :I: 0 03 HEMINGWAY 75 DPWA K -  p ~ K N  
• • • We do  not  use the fo l low ing  d a t a  for o v e r a g e s  fits llmlts e t c  * • • 
0 . 1 5  DECLAIS 77 DPWA K N  ~ K N  
0 . 2 4  ± 0 . 0 2  GOPAL 77 DPWA See GOPAL 80 

4 5 9  

Baryon Full Listings 
 (2030) 

(['~]'l)'~/l'total In NK ~ '"(2030) --* A ~ (I'tr2)~/[ 
VALUE DOCUMENT ID TECN COMMENT 

+ 0 . 1 8  ± 0  02 GOPAL 77 DPWA ~ 'Nmu l t l ch -onne l  
+ 0  20 ±0.0 '~  tCORDEN 76 DPWA K - n ~  ~.rr -  
+ 0  18 ± 0  02 BAILLON 75 IPWA ~ ' N ~  ~,-r 
+ 0  20 ± 0  01 VANHORN 75 DPWA K - p ~  ~,-ro 
+ 0 195 ± 0 053 DEVENISH 748 Flxed-t d lspers lon rel 

• • • We do  hal  use the fo l lowing d a t a  for o v e r a g e s  fits limits e f c •  • • 
0 20 DEBELLEFON 76 IPWA K - p  ~ ~ o  

( l '~ l ' f )~" ' / I ' fo ta~ in  N K  ~ ~ ( 2 0 3 0 )  --* ~ r  ( ] ' t l ' 3 ) % / r  
VALUE DOCUMENT ID TECN COMMENT 

- 0  09 ± 0 . 0 1  2CORDEN 77C K - n  ~ "~ "  
- 0 0 6  ± 0 0 1  2 CORDEN 77C _K.- n ~ '~tr 
- 0  15 ± 0  03 GOPAL 77 DPWA K N m u l t i c h o n n e l  
- 0 10 :I: 0 01 KANE 74 DPWA K - p  ~ " E  

• * * We do  not use the fo l lowlng d a l a  for o v e r a g e s  flts l imits e tc  • • • 
- 0  0 8 5 ± 0 ° 0 2  3GOYAL 77 DPWA K - N - o  ~ 

( ] ' i ] ' / ) Y : / l ' t o t a l  i n  N K  ~ ~ ( 2 0 3 0 )  ~ _--K ( l ' t l  4 ) ½ / ]  ` 
VALUE DOCUMENT IO TECN COMMENT 

0 023 MULLER 698 DPWA K - p  ~ ~ 'K 
< 0  05 BURGUN 68 DPWA K - D  ~ "=K 
<.0 .05  TRIPP 67 RVUE K - D  ~ "EK 

( | ~ r l ) ' . ' : - / l ' t o t a  I in  N K  ~ " ~ ( 2 0 3 0 )  --,. A ( 1 8 2 0 ) T r ,  P - w a v e  ( r l l ' 5 ) ~ I T "  
VALUE DOCUMENT ID TECN COMMENT 

0o 14 ± 0 02 CORDEN 758 DBC K -  n ~ N K ' x -  
0 18 ± 0  04 LITCHFIELD 740 DPWA K - p  ~ ~.(1820)~r0 

( ] ' i r l ) " ~ / ] ' f o t a l  i n  N ~ " - - ~  ~ ( 2 0 3 0 )  ~ A ( 1 5 2 0 ) ; r ,  D - w a v e  ( l ' ~ I 6 ) ~ / [  ' 
VALUE DOCUMENT ID TECN COMMENT 

+ 0  1 1 4 ± 0  010 4CAMERON 77 DPWA K - p ~  '~(1520),"r ° 
0 14 ± 0  03 LITCHFIELD 748 DPWA K - p ~  ~.(1520)~ 0 

• • • We do  not  use the fol~owlng clata for a v e r a g e s  fits l lmlls e tc  • • • 
0 10 ± 0 . 0 3  5CORDEN 758 DBC K - n  ~ N K ~ -  

( | ' z l ' / ) " ~ / l ' l o f a l  i n  N K  ~ . ~ ( 2 0 3 0 )  ---* A ( 1 5 2 0 ) 7 r ,  G - w a v e  ( | i I ' 7 ) ½ / | "  
VALUE DOCUMENT ID TECN COMMENT 

~ - -0146 :1 :0 .010  4CAMERON 77 DPWA K - p ~  '~(1520)~ 0 
0 . 0 2  ± 0 02 LITCHFIELD 748 DPWA K -  p - -  " .( ' [520)~ "° 

(]'~l'/)v2/['fela I In N K  ~ ~ ( 2 0 3 0 )  ~ ~ ( 1 2 3 2 ) K ,  F -wave  (l '~l'B)~/]" 
VALUE DOCUMENT ID rECN COMMENT 

0 16 ± 0 03 LITCHFIELD 74C DPWA K - p  ~ A ( 1 2 3 2 ) k ; - -  
• * • We do  not  use the fo l lowing d a t a  for a v e r a g e s  hts limits e l c  • • * 
0 1 7 ± 0  03 5CORDEN 758 DBC K - n ~  N K ~ r -  

( [ ' l ] ' I ) ' / 5 / [ ' t o t o l  in  NK" ~ Z ( 2 0 3 0 )  ~ A ( 1 2 3 2 ) K ,  H - w a v e  ( ] ' t l ' 9 ) ~ / r  
VALUE DOCUMENT IO rECN COMMENT 

0 00 ± 0 02 LITCHFI[LD 74C DPWA K -  p ~ A(1232)  

( ] ' ~ ] ' f ) " ~ / l ' t o l a  I In NK" ~ ~ ( 2 0 3 0 )  ~ " ( 1 3 8 5 ) ~ ,  F - w a v e  ( ] ' 1 1 " i 0 ) ~ / ] "  
VALUE DOCUMENT ID TECN COMMENT 

+ 0  153__.0 026 4CAMERON 78 DPWA K-p-~- -  "-i;138"5)-T~---" 

( ] ' f l ' f ) ! ' ~ / l ' f o t a  I In N~"  ~ " ( 2 0 3 0 )  ~ N ~ I C ( 8 9 2 ) ,  S = I / 2 ,  F - w a v e  

( ] ' t ] ' t l ) '~ . / r  
VALUE DOCUMENT ID TECN COMMENT 

+ 0  06-- .0  03 4CAMERON 788 DPWA K - p  ~ N K ~  
- 0  0 2 ± 0  01 CORDEN 778 K - d  ~ N N K  "~ 

( r~ I ' / ) "~ - / l ' f o l a l  in  N K  ---. ~ ( 2 0 3 0 )  ~ N ~ ( 8 9 2 ) ,  S = 3 / 2 ,  F - w a v e  

( I ' i ] '12)½/r  
VALUE DOCUMENT ID TECN COMMENT 

+ 0 . 0 4 ± 0 . 0 3  6CAMERON 788 DPWA K -  p ~ NT( xk 
- 0  1 2 ± 0  02 CORDEN 77~ K - d ~  N N K  ~ 

Z ( 2 0 3 0 )  F O O T N O T E S  
tp re fe r red  solut ion 3 see CORDEN 76 for o ther  Dossibdlt ies 
2The two  entr ies for CORDEN 77c a re  f rom two di f ferent  a c c e p t a b l e  solu 

t ions 
3This coup l i ng  Is e x t r a c t e d  f rom unnormahzea  a u t o  
4The pub l i shed  slgn has b e e n  c h a n g e d  to be  in a c c o r d  with the ba ryon  

first c o n v e n t i o n  
5An uppe r  limit 
6The u p p e r  l imit on the G 3 w a v e  is 0 03 

GOPAL 
CAMERON 
CAMERON 
CAMERON 

Z ( 2 0 3 0 )  REFERENCES 

B0 rofonlo Cant 15o (RHEL) IJP 
78 NP 8143 '189 +Ffonek Gopol Bacon Butlerworth+(RHEL LOIC)IJP 
788 NP 8146 327 +Fronok Gopal Kalmu$ McPhetson+(RHEL LOIC)IJP 
77 NP 8131 399 +Fronek Gopol Kotmus McPhel$on~g'HE1. LOIC) IJP 



4 6 0  

Baryon Full Listings 
 :(2030), Z(2070),  (2080),  ;(2100) 
CORDEN 77S NP B424 365 +Cox Kenyon ONeole SIuDDs Sumorok+(BIRM) IJP 
CORDEN 77C NP B125 61 *Cox Kenyon O Neole StuDb$ Sumorok+(BIRM)IJP 
DECLAIS 77 CERN 77 16 ~.Duchon LOuvel POtW Segulnot+ (CAEN CERN) IJP 
GOPAL 77 NP B119 362 .~Ross VonHorn McPherson+ (LOIC R'HEL) IJP 
GOYAL 77 PR D16 2746 +SOClhl (DELH) IJP 
COI~EN 76 NP 0104 382 ~Cox Dorlnell Kenyon O Neole+ (81RM) IJP 
DEBELLEFON 76 NP B'~0~ 129 De Bellefon EN~rthon (CDEF) IJP 
BAILLON 75 NP 094 39 +LllchflelCl (CER'N RHEL) IJP 
CORDEN 7SB NP B92 365 +Cox Dorlnell Kenyon O Neale÷ (BtRM) IJP 
HEMINGWAY 75 NP 091 12 +Eacles Hormsen+ (CERN HEID MPIM) IJP 
VANHORN 75 NP B87 145 (LBL) UP 

Also 758 NP 887 157 VQnHom (LBL) IJP 
DEVENJSH 748 NP 081 330 +Froggott Mortln (DESY NC~D LOUC) 
KANE 74 LBL 2452 (LBL) IJP 
LITCHFIELD 748 NP 074 '19 +Hemlngway Bolllon+ {CERN HEID) IJP 
LITCHFIELD 74C NP 074 39 +Hemlngwoy BolllOn+ (CER~N HEID)IJP 
LIrCHFIELD 74D NP B74 12 +Hemlngwoy BolllOn~ (CERN HEID)IJP 
MULLER 69S uCRI. 19372 Thesis (LRL) 
BURGUN 58 NP 08 447 +Meyer Poull rolllnl+ (SACL CDEF RHEL) 
TRtPP 67 NP 03 T0 +Leith* (LRL SLAC CERN HEID SACL) 
COOL 66 PRL 16 1228 +Glocomelll Kyclo Leontlc LunOby+ (BNL) 
WaHL 66 PRL 17 107 +Solmltz Stevenson (LRL) IJP 

J ~ ; ( 2 0 7 0 )  Ft5 J ~(.,'3 = ~(~÷) s~o~u, * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

This s t a t e  s u g g e s t e a  b y  BERTHON 70B f i nds  s u p p o r t  m 
G O P A L  80 w i t h  n e w  K - p  p o l a n z a h o n  a n d  K - n  a n g u l a r  
d ~ s t r l b u h o n s  The v e r y  b r o a d  s t a t e  s e e n  in KANE 72 Is 
n o t  r e q u i r e d  m t h e  l a t e r  (KANE 74 )  ana lys~s  of  K N  
Z~r 

V A L e ( M e W  

2051 ± 25 
2057 
2070 -+ 10 

Z , ( 2 0 7 0 )  M A S S  

DOCUMENT ID TECN COMMENT 

GOPAL 80 DPWA K N  ~ K N  
KANE 72 DPWA K -  D ~ Z~r 
BERTHON 700 DPWA K - p  ~ ~ r  

Z ( 2 0 7 0 )  WIDTH 

OOCUMENT ID TECN COMMENT 

GOPAL 80 DPWA KN ~ KN 
KANE 72 DPWA K - D  ~ V;'r 
BERTHON 70B DPWA K -  p ~ " ~r 

VALUE (MeV)  

300 -+ 30 
906 
140 -+ 20 

[ ' r  Z ( 2 0 7 0 )  - , -  N K  

F 2 E ( 2 0 7 0 )  ~ ~ 

2 ; ( 2 0 7 0 )  D E C A Y  M O D E S  

2 ; ( 2 0 7 0 )  B R A N C H I N G  R A T I O S  

See Sign conven t i ons  for resonance  coup l i ngs '  In the Note 
on ~. ancl ~ Resonances 

f(Ni011'tota I r , / r  
VALUf OOCUMENT ,~ TECN COMMENT 

0 08 ± 0 03 GOPAL 80 DPWA KN ~ ~'N 

( F i r t ) ' ~ / l ' t o t o  I In  NK" ~ Z ( 2 0 7 0 )  ~ ZTr  ( F T F 2 ) ½ / F  
VALUE DOCUMENT ID TECN COMMENT 

" t ' 0 . I 0 4  KANE 72 DPWA K - p  ~ Z ~  
+ 0 . 1 2  -+0.02 BERTHON 700 DPWA K - D  ~ "~r 

2 ; ( 2 0 7 0 )  REFERENCES 

GC~OAL 80 ToronTo Conl 159 (RHEL) IJP 
KANE 74 LBL 2452 (LBL) 
KANE 72 PR D5 1583 (LBL) 
~RTHON 708 NP B24 417 ÷Vrono Butlerworth+ (CDEF RHEL SACL)IJP 

1 ~(2080) P13 I I(J") = q~÷) status * * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

S u g g e s t e d  b y  s o m e  b u t  n o t  o i l  p a r t l a l - w a v e  a n a l y s e s  
ac ross  th is  r e g i o n  

2 ; ( 2 0 8 0 )  M A S S  

VALUE (MeV)  DOCUMENT ID TECN COMMENT 

2091 ± 7 1 CORDEN 76 DPWA K -  n ~ A ~',- 
2070 to 2120 DEBELLEFON 76 IPWA K - p  ~ ~.~o 
2120 -+ 40 BAILLON 75 IPWA KN ~ '~Tr (sol I )  
2140 ± 40 BAILLON 75 IPWA K N  ~ '~Tr (SOl 2) 
2082 -+ 4 COX 70 DPWA See CORDEN 76 
2070-+30 LITCHFIELD 70 DPWA K - N ~  ' ~ "  

~ ( 2 0 8 0 )  W iDTH 

VALUE (MeV,] DOCUMENT ID rECN COMMENT 

186_+48 ICORDEN 76 DPWA K - n ~  ' ~ ' -  
100 DEBELLEFON 76 IPWA K - p  ~ ,~.0 
240_+50 BAILLON 75 IPWA K N ~  ~r (SOI  I )  
200_+50 BAILLON 75 IPWA K N ~  ~.Tr(soI 2) 

87 ± 20 COX 70 DPWA See CORDEN 76 
2 5 0 ~ 4 0  LITCHFIELD 70 DPWA K - N ~  ~ r  

I'~ ~ ( 2 0 8 0 )  ~ N K  

I" 2 Z ( 2 0 8 0 )  ~ A ~  

2 ; ( 2 0 8 0 )  D E C A Y  M O D E S  

> ' , ( 2 0 8 0 )  B R A N C H I N G  R A T I O S  

See Sign conven t lons  for resonance coup l i ngs '  In the Note 
on '~ a n d  Z Resonances 

(r,r/)'~Irtoto, in N~"-,. "(2080) ~ .~.~ (I'iI'2)~/r 
VALUE DOCUMENT ID TECN COMMENT 

- -0  10-+0 03 ICORDEN 76 DPWA K - n ~  ~.Tr- 
- 0  10 DEBELLEFON 76 IPWA K - p  ~ *,~0 
- 0  13:1:0.04 BAILLON 75 IPWA K N ~  ~Tt (sol I&2)  
- 0 16 = 0 03 COX 70 DPWA See CORDEN 76 
- 0  09_+0 03 LITCHFIELD 70 DPWA K - N ~  ~.,-r 

2 ; ( 2 0 8 0 )  F O O T N O T E S  
Ipreterrecl so luhon 3 see CORDEN 76 for o ther  possibi l i t ies, i nc lud ing  a 

D15 at  this mass 

2 ; ( 2 0 8 0 )  REFERENCES 

CORDEN 76 NP 0104 382 +Cox Dartnell Kenyon O Neale+ (BIRM) IJP 
DEBELLEFON 76 NP 0109 129 De 8ellefon Berthon (CEHEF) IJP 

AIso 75 NP B90 1 De Bellefon Berthon Brunet+ (CDEF SACL) IJP 
BAILLON 75 NP B94 39 +LltChfleia (CERN RHEL) IJP 
COX 70 NP 019 61 +IsJom Colley+ (81RM EDIN GLAS LOIC)IJP 
LITCHFIELO 70 NP B22 269 (RHEL) IJP 

1 ~(2100) G17 [ i ( / )  = 1(~-) status * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

2 ; ( 2 1 0 0 )  M A S S  

VALUE (Ivlev,] DOCUMENT IO rECN COMMENT . . . . . . .  

2060 ± 20 BARBARa 70 DPWA K -  p ~ ~.-zr0 
2120:1:30 BARBARa- 70 DPWA K - p  ~ ~ 

,Y,(2 t 0 0 )  WIDTH 

VALU_E (MeV~ ___ . DOCUMENT I0  TECN COMMENT 

70 Z 30 BARBARa- 70 DPWA K -  p ~ A~r° 
135 ± 30 BARBARa- 70 DPWA K -  p ~ ~'~ 



See key on page 129 

4 6 1  

Baryon Full Listings 
 ;(2100),  ;(2250) 

1", " ( 2 1 0 0 )  ~ N K  

F 2 Z ( 2 t 0 0 )  --,. A T r  

I" S Z ( 2 1 0 0 )  --,. ~ 

7 _ , ( 2 t 0 0 )  D E C A Y  M O D E S  

Z ( 2 1 0 0 )  B R A N C H I N G  R A T I O S  

See "S lgn  c o h v e n t l o n s  for c e s o n a n c e  c o u p l l n g s  in t he  Note  
on  't a n d  ~ R e s o n a n c e s  

( l ' i l i l ) ' / ~ / l ' t o t a  I I n  NK" ~ ~ ( 2 1 0 0 )  --,. ~.~- ( F ~ F 2 ) ~ / F  
VALUE DOCUMENT/D ~ECN COMMENT 

- - 0  07 ± 0  02 BARbARa- 70 DPWA K - p  ~ ~.~o 

(l'~l'l)!'~/l'total In NK" ~ ~ ( 2 4 0 0 )  --,. • " ' r r  (FIF3)½/I" 
VALUE DOCUMENT ID TECN COMMENT 
+ 0 13 ± 0 02 BARBARa 70 DPWA K -  p ~ "~ ~" 

: ~ (2100 )  REFERENCES 

BARBARa 70 Duke Cant 173 Barbara Goltlerl [LRL) IJP 

J ~ ( 2 2 5 0 )  J ~(J") = ~c':) s,otus * * * 

R e s u l t s  f r o m  p a r t l a l - w o v e  a n a l y s e s  a r e  1oo w e a k  t o  
w a r r a n t  s e p a r a t i n g  t h e m  f r o m  t h e  p r o d u c h o n  a n d  

c r o s s - s e c t l o n  e x p e r i m e n t s  LASINSKI 71 in  K N  u s i n g  a 

P o m e r o n  + r e s o n a n c e s  m o d e l ,  a n d  DEBELLEFON 76,  
DEBELLEFON 77,  a n d  DEBELLEFON 78  in e n e r g y -  

d e p e n d e n t  p a r t l a l - w a v e  a n a l y s e s  of K N  ~ . ' t~ ,  ~,'zr, 
a n d  NK,  r e s p e c h v e W ,  s u g g e s t  t w o  r e s o n a n c e s  a r o u n d  

t h i s  m a s s  

Z , ( 2 2 5 0 )  M A S S  

V_A_LUE (MeV) DOCUMENT IO TECN COMMENT 

2210 to 2280 OUR ESTIMATE 
2270 ± 50 DEBELLEFON 78 DPWA D 5 w a v e  
2210 ¢ 30 DEBELLEFON 78 DPWA G, 9 w a v e  
2275  ± 20 DEBELLEFON 77 DPWA O 5 w a v e  
2215 ¢ 20 DEBELLEFON 77 DPWA G, 9 w a v e  
2 3 0 0 ± 3 0  IDEBELLEFON 758 HBC K - O ~ - ~ ° K ' °  

+ 3 0  VANHORN 75 DPWA K - D  ~ ~TO F 5 2251 - 20 
w a v e  

2280 ± 14 AGUILAR 708 HBC K -  O 3 9 4 6 G e V : ' c  
2237 ± 11 BRICMAN 70 CNTR Total c h a r g e  

e x c h a n g e  
2 2 5 5 ± 1 0  COOL 70 CNTR K - p  K - d t o t a l  
2250 ± 7 BUGG 68 CNTR K -  p, K -  d to ta l  
• ° ° We do  not  use t he  f o l l o w l n g  c1ata for a v e r a g e s  flts l lmlfs e t c  • ° • 
2260 DEBELLEFON 76 IPWA D 5 w a v e  
2215 DEBELLEFON 76 IPWA G, 9 w a v e  
2 2 5 0 ± 2 0  LU 70 CNTR ~r P ~ K + Y~' 
2245  BLANPIED 65 CNTR 3 p  ~ K + Y~ 
2299 ± 6 BaCK 65 HBC PD 5 7 GeV/c 

Z ( 2 2 5 0 )  W I D T H  

VALUE (MeV) DOCUMENT ID TECN 

60  to  150  OUR ESTIMATE 
120 ± 40 DEBELLEFON 78 DPWA 

80 ± 20 DEBELLEFON 78 DPWA 
70 ± 20 DEBELLEFON 77 DPWA 
60 ¢ 20 OEBELLEFON 77 DPWA 

130 ± 20 1 DEBELLEFON 75B HBC 
192 ¢ 30 VANHORN 75 DPWA 

100 ± 20 AGUILAR 70B HBC 
164 ± 50 BRICMAN 70 CNTR 

230 ± 20 BUGG 68 CNTR 
• • • We d o  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fl ls 
100 DEBELLEFON 76 IPWA 
140 DEBELLEFON 76 IPWA 
170 COOL 70 CNTR 
125 LU 70 CNTR 
150 BLANPIED 65 CNTR 

..~17 
21 - 21 BaCK 65 HBC 

COMMENT 

D 5 w a v e  
G 9 w o v e  
D5 w a v e  
G 9 w a v e  
K - p  ~ -V~°K° 
K - p  ~ '~r0 F S 

w o v e  
K - p 3 9  4 6 G e V : c  
Total c h a r g e  

e x c h a n g e  
K -  p K -  d to ta l  
l im i ts  e tc  • * • 
O 5 w o v e  
G 9 w o v e  
K- ,O  K -  d to ta l  
"yo ~ K + Y~  
"rP ~ K + Y~  

p.O 5 7 G e V / c  

Z ( 2 2 5 0 )  D E C A Y  M O D E S  

I'~ " ( 2 2 5 0 )  ~ N~"  

I '2 Z ( 2 2 5 0 )  ~ A ~" 

F 3 ~ ( 2 2 5 0 )  ~ " ~ "  

I" 4 ~ ( 2 2 5 0 )  ~ N~ 'T r  

I" 5 ~ ( 2 2 5 0 )  ~ - - ( 1 5 3 0 ) K  

Z ( 2 2 5 0 )  B R A N C H I N G  R A T I O S  

See "S ign  c o n v e n t i o n s  tar r e s o n a n c e  COuDl lngs in the  Note  
on  ~. a n d  ~ R e s o n a n c e s  

l'(N~')/l'tota ~ FI/I" 
VALUE DOCUMENT JD TECN COMMENT 

• < :0 .1  OUR ESTIMATE 
0°08 ± 0 02 DEBELLEFON 78 DPWA O 5 w a v e  
0 02 ~ 0 01 DEBELLEFON 78 DPWA G9 w a v e  

(J+;) × I'(NI()/I'foto I I"i/I" 
VALUE DOCUMENT ID TECN COMMENT 

• " • We d o  not  use the  fo l l ow ing  d a t a  for o v e r a g e s  fits. l imits e t c  • • • 
0 16 ± 0 12 BRICMAN 70 CNTR Total c h a r g e  

e x c h a n g e  
0 42 COOL 70 CNTR K - p  K - d t o t a l  
0 47 8UGG 68 CNTR 

( ] ' ~ I ' f ) ~ / : l l ' l o t a l  In N K ~ X ( 2 2 5 0 )  --,. A 71" ( I ' i i  2)½11" 
VALUE DOCUMENT ID TECN COMMENT 
- - 0  16:1:0-(33 .... V,~,NHoR~N 75 DPWA K - p - -  ,~.o F5 

w a v e  
• • • We d o  h a l  use the  fo l l ow ing  d a t a  for a v e r a g e s ,  fits l imits e l c  • • • 
+ 0  11 DEBELLEFON 76 IPWA D 5 w a v e  
- 0 10 DEBELLEFON 76 iPWA G~ w a v e  
- 0  18 BARBARa 70 DPWA K - p  ~ ~ . o  G9 

w a v e  

( l ' ~ l ' l ) t e / l ' l o t o l  i n  NK" ~ " : ( 2 2 5 0 )  ~ ~ "  ( I ' I I ' 3 ) ~ / I "  
VALUE DOCUMENI ID TECN COMMENT 
+ 0  06.+.+0°02 DEBELLEFON 77 DPWA D 5 w a v e  
- 0 03 ± 0 02 DEBELLEFON 77 DPWA G 9 w a v e  
+ 0 , 0 7  BARBARa 70 DPWA K - p  ~ ~,'T Gq w a v e  

I'( N~')/I'("- ~') 1"1/1" ~ 

VALUE DOCUMENT ID TECN COMMENT 

• • * We do  not  use the  f o l l ow ing  d a t a  tar a v e r a g e s  tits l imits e t c  , • ,  
< 0  18 BARNES 69 HBC I s t a n d a r d  d e v  l imit  

r( A ~)/r(" Tr) ]'~/r3 
VALUE DOCUMENT ID rECN COMMENT 

• • • We do  not  use l he  f o l l ow ing  d a t a  tar a v e r a g e s  flts, l imits, e t c  • • * 
< 0  18 BARNES 69 HBC I s t a n d a r d  d e v  l imit  

( l ' l l ' l ) ' ~ / l ' t o t o  I In NK" ~ ~ ( 2 2 5 0 ) ~  ~ ( 1 5 3 0 ) K  ( I ' 1 1 " 5 ) ~ / I "  
VALUE DOCUMEN~ ID TECN COMMENT 
0~-8-~-004 t DEBELLEFON 75S HS~ K : ~ p - - 2  - - *0K  0 

~ (2250 )  F O O T N O T E S  
tSeen  in l he  ( in l t io l  a n d  f inal  s ta te )  D S w a v e  Isospin not  d e t e r m i n e d  

~ ( 2 2 5 0 )  REFERENCES 

DE8ELLEFON 78 NC 42A 403 De Sellefon Serlhon Sll[oife (CDEF SACL) IJP 
DEBELLEFON 77 NC 37A 175 De Beilefon Serthor~ BIHOIr. (CDEF SACt.) IJP 
DEBELLEFON 76 NP BI09 129 De Sellefof~ Serthon (CDEF) IJP 

AJSO 75 NP Bg0 I De Bellefon Senhon Brunet* (CDEF SACL) IJP 
DEBELLEFON 75~ NC 28A 289 De 8ellefon Betthon Slllolr, (COES SACL) 
VANHORN 75 NP B87 145 (LBL) IJP 

Also 751) NP B87 157 VanHorn (LBL) IJP 
LASINSKI 71 NP B29 t25 (EFI) IJP 
AGUILAR 70g PRL 25 58 AgullOr Benltez Barnes Sossono* CBNL SYRA) 
BARBARa T0 Duke Cant 173 Barbara Gall ief l  (LRL) IJP 
SRICMAN 70 PL 31B 152 ÷FerfoLuzzl Perreau÷ (CERN CAEN SACL) 
COOL 70 PR DI 1887 *Glacomel l l  KyClO Leontlc LI÷ (BNL) I 

AlSO 66 PRI. 16 1228 Cool G)acomell l  KyClO Leontlc LundlDv÷(BNL) I 
LU 70 PR D2 1846 +Greenberg Hughes Mlnehart Marl+ (YALE) 
BARNES 69 PR'L 22 479 *Flomlnlo Montonet Samlos÷ (BNL SYRA) 
SUGG b8 PR 168 1466 ÷Gilmore Knlghl÷ (RHEL BIRfvl CAVE) I 
BLANPIED 65 PR1. 14 741 +Gteenbefg Hughes Kilchlng LU* (YALE CEA) 
BaCK 6.$ PL IT Ib6 *Cooper FrenCh Klnson÷ (CERN SACL) 
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Baryon Full Listings 
 (2455), 2 (2620), 2;(3000),  (3170) 

1 ~;(2455) BUMPS ! , ( J 5  = 1 ( o ' )  Status * * 

OMITTED FROM SUMMARY TABLE 

There is also some shght e v i d e n c e  for Y~ states in this 
moss reg ion  from the reac t i on  "~p - -  K + X see 
GREENBERG 68 

Z ( 2 4 5 5 )  MASS 

VALUE (MeV) DOCUMENT 10 TECN COMMENt 
2455±10 ABRAMS -7[]  CNTR K - p ,  K - d t 0 t a l  
2455 _ 7 BUGG 68 CNTR K-  p. K -  d total 

~: ; (2455) WIDTH 

VALUE (MeV) DOCUMENr 10 rECN COMMENr 
140 ABRAMS 70 CNTR K-  p, K- d total 
t00 ± 20 BUGG 68 CNTR 

2 ; ( 2 6 2 0 )  B R A N C H I N G  RATIOS 

(J+~)  X [ ' ( N / ~ / l ' t o t o  I 
VALUE DOCUMENT 10 TECN COMMENt 
0 32 ABRAMS 70 CNTR K - p .  K - d t o t a l  
0 36 ± 0 12 BRICMAN 70 CNTR Total charge 

exchange 

~BIANCA 7.5 NP B98 137 
ABRAMS 70 PR D'1 19'17 

AlSO b7t PRL 19 678 
BRICMAN 70 PL 31B '152 

I''1/1" 

l ~;(3000) BUMPS I '(/) = 1('?) Status e 

OMITTED FROM SUMMARY TABLE 

,Y,,(2455) D E C A Y  MODES 

I''1 ~ ( 2 4 5 5 )  ~ N K  

2 ; ( 2 4 5 5 )  B R A N C H I N G  RATIOS 

(J+12) × l'(N~/l'tota I 
VALUE DOCUMENT 10 TECN COMMENT 
0 39 ABRAMS 7"0 CNTR K - p ,  K - d t o t o l  
0 05 ± 0.05 '1 BRICMAN 70 CNTR Total charge 

exchange 
0.3 8UGG 68 CNTR 

~ ( 2 4 5 5 )  FOOTNOTES 
'1Fit of total crass section given by BRICMAN 70 Is poor In thls reglon 

Z ( 2 4 5 5 )  REFERENCES 

Seen as an e n h a n c e m e n t  in Ar t  a n d  K N  Invor ian t  
moss spec t ra  a n d  in the m~ssmg moss of neutrals 
recodmg aga ins t  a /~ 

I''1/1" 

2 ; (3000 )  MASS 

VALUE (MeV) DOCUMENT ID TECN CHG COMMENT 
3000 EHRLICH 6b HBC 0 ~ ' -D 7 91 

GeV/c  

2 ; ( 3000 )  DECAY MODES 

I" I ~ ( 3 0 0 0 )  --, NK" 

l" 2 " : ( 3 0 0 0 )  --,, '~ Tr 

Z ( 3 0 0 0 )  REFERENCES 

EHRLICH 66 PR 1.52 'I'194 ~Solove Yuto (PENN) I 

ABRAMS 70 PR O1 1917 
Alia bTE PRL 19 678 

BR[CMAN 70 PL 31B 152 
BUGG 68 PR '168 '1466 
GREENBERG 68 PRL 20 221 

+Cool Glocomelll Kycla Leonilc Lie (BNL) I 
Abrams Cool Gbocomelll Kyclo LeonIIc+(BNL) 

+Eerro LUZZI Perreau+ (CERN CAEN SACL) 
+Gilmore Knight+ (RHEL BIRM CAVE) I 
+Hughes LU Mlnehort+ (YALE) 

l ( J  p) = ' I(~ ~) Status e * 

OMITTED FROM SUMMARY TABLE 

.~,(2620) MASS 

VALUE (MeV) DOCUMENT ID TECN COMMENT 
2542 ± 22 DIBIANCA 75 DBC K-  N - -  ~ K~r 
2620 ± 15 ABRAMS 70 CNTR K-  p. K -  d total 

2~(2620)  WIDTH 

VALUE (MeV) DOCUMENT 10 TECN COMMENT 
221 ± 8~ DIBIANCA 75 DBC K-  N ~ _--K~r 
175 ABRAMS 70 CNTR K - p .  K - d t o t a l  

2 ; ( 2 6 2 0 )  DECAY MODES 

1" t ~ ( 2 6 2 0 )  .-*. NK" 

l Z(3t70) BUMPS I i( /)= i(,') Status * 

OMITTED FROM SUMMARY TABLE 

Seen by  AMIRZADEH 79 as a narrow 6 5-s tandard-  
d e v l a t l o n  e n h a n c e m e n t  in the reac t i on  K -  p 
Y~+TT-  using d a t a  from i n d e p e n d e n t  h igh statistics 
b u b b l e  c h a m b e r  exper imen ts  at 8 25 a n d  6 5 G e V / c  
The dom inan t  d e c a y  modes  are  mu l t lbody ,  multls- 
t r ange  f inal states a n d  the p roduc t i on  is v ia  Isospln- 
3 /2  b a r y o n  e x c h a n g e  Isospin I is f a v o r e d  

Not seen in a K - p  e x p e r i m e n t  m LASS at 11 G e V / c  
(ASTON 85B) 

.VALqE_ (MeV; 
3170 ::t: 5 

2 ; (3170 )  MASS 
( P R O D U C T I O N  EXPERIMENTS) 

EVTS DOCUMENT IO TECN COMMENt 
35 AMIRZADEH 79 HBC K - p  ~ y ~ + T r -  

yA£U.E (MeW 
<20 

2 ; (3170 )  WIDTH 
( P R O D U C T I O N  EXPERIMENTS) 

EVTS DOCUMENT ID TECN COMMENt 
35 t AMIRZADEH 79 HBC K - p  ~ Y ~ + ~ -  

2 ; ( 2620 )  REFERENCES 

*Enaorf (CMU) 
+COOl Giacomelll Kycla Leonflc LI+ (BNL) I 
Abrams Cool Glacomelll Kyclo LeonlIc+(BNL) 

÷Ferro LUZEI Perreau+ (CERN CAEN SACL) 



See  key  on page 129 
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Baryon Full Listings 
2;(3170), E °, E- ,  E(1530) 

7_.(3170) DECAY MODES 
(PRODUCTION EXPERIMENTS) 

I'~ Z(3170) + ,%K~'~r's 
F 2 Z(3170) --,- ZKK~'s 
r3 v(347o) -~ --'K~r's 

,T_.,(3170) BRANCHING RATIOS 
(PRODUCTION EXPERIMENTS) 

r (A  Kl(Tr's)/l'toto I l'~/I" 
VALUE DOCUMENt ID PECN COMMENt 
SEEN . . . .  AMIRZADEH 7~) H0C K---D ~ Y~+~ ' -  

I'( "" K l ( w ' s ) / l ' t o t a l  I"2/I" 
VALUE DOCUMENt ID tECN COMMENt 
SEEN AMIRZADEH "~-9 HBC" K~-p ~ Y * ÷ ~ ' -  

t'('-- K ~ ' S ) / r t o t a  I I"3/1" 
VALUE DOCUMENt tO TECN COMMENt 
SEEN AMIRZADEH 79 HBC K - D  ~ Y * + ~ ' -  

)':-(3'170) r-OOTNOIES 
(PRODUCI ION EXPERIMENTS) 

IObservecl width consistent wlth experlmental resolution 

Z(3170) REFERENCES 
(PRODUCTION EXPERIMENTS) 

ASIAN 85~ PR D32 2270 +Comegle+ (SLAC CARL CNRC CINC) 
AMIRZADEH 79 PL 89B 125 + (BIRM CERN GLAS MSU LPNP CAMB4) I 

AlSO 80 Toronto Cant 263 Kln$on* (BJRM CERN GLAS MSU LPNP) I 

N O T E  O N  --- R E S O N A N C E S  

The  a c c o m p a n y i n g  table g tves  our  e , , a luaUon o f  the  

present  s t a tus  o f  the _-- r e sonances  Not  m u c h  ~s knov,n  

about  E r e sonances  T h i s  ts because  (I) the} can onl} be 

p roduced  as a part  e t a  final state,  and  so the  ana lyms  Js 

more  c o m p h c a t e d  than  f fd t rcc l  fo rma t ton  were posstble.  

(2) the} are p roduced  wtth smal l  c ross  scc t tons  (t~ptcally a 

l;cw ,ub). and  (3) the  final s ta tes  are topologtcal ly c o m p h -  

cared and  difficult  to s lud} ~s ith e lec t romc t e c h m q u e s  

T h u s  our  earl~ m f o r m a h o n  abou t  -- r e sonances  c a m e  

enl]rcl~ f iom bubble  c h a m b e r  expe r tmen l s ,  where  the 

n u m b e r s  o f  ex cnts  are smal l ,  a n d  only  m recent  years  ha', e 

electronic experiments made S l g m f i c a n t  c o n t r l b u U o n s  

Since our  1986 e d m o n ,  the C E R N - S P S  E b e a m  expert-  

m e n t  at 116 ( ;cV (BI--XGI 87 and  BI-XGI 87Cl has  pub-  

l ished new r e fo rma t ion  on several _-- r e sonances  In parUc- 

ular, there  ts a d d m o n a l  ev idence  for the  - ( 1 6 9 0 t  and  

_--(1950). and  we have  a d v a n c e d  these  s ta tes  to 3-star  s ta tus  

and  the  mare  Bar~on Table  ktttle,  however ,  can be stud 

abou t  the  wqdths, b r a n c h m g  fracl tons,  or  q u a n t u m  n u m b e r s  

o f  these  states,  and  there  m a y  well be more  than  one  _ near  

1950 McV 

For  a deta i led  ea rhe r  review, see M e a d o w s  1 

References 

I B T Meadows ,  m ProceedmgY ()/'the II .th lntepna- 
(I()tZ(3l ('Ol~f(q ()tiC'{' ()tl ]](ll']'Ott Rl~'~'OItal1(Y,'~ (Toron to .  
1980), ed N Isgur, p 283 

Table I The status of  the - resonances Onl', those ~]th an o;eral l  
status o f  *** or **** arc included m the Bar :on  Summar} Table 

Status as seen In -- 

Overal l  
Pan , t i e  L21 2J status --'a- %K " K  -(1530J,'r ( ) the rchanne l s  

*** *** 
*** ** *** 
*** ** ** 
*** ** 

E(1318) P l l  
~( tS30)  P l 3  
E(1620) 
E(1690) 
E(1820) D I3 
E(1950) 
E(2030) ] 
~(21201 
~(2250) 
~(2370) ] 
~(2500) 

l)cca~ s ~eakl}  

3-body deca}s 
3-bad} deca}s 

, * * 3-bod.~ decal s 

Good clear, and unmistakable 
Good.  but m need of  clarification or not absolute].,. ,..'errata 
Not estabhshed, needs conf i rmanon 
Evidence weak, could d~sappear 

BARYONS j l #  

(S : - 2 ,  I =  1/2) 

SEE STABLE PARTICLES 

I 1 -  41. ~ . . l e  ,ll. 
l ( J  P) : 2 (  2 ) Status 

E l(jP) = I (1+)  2"~' " Status e e a, ~. 

SEE STABLE PARTICLES 

I I ~ (3+ ~(1530) Pi3 t ( / )  =2"2 ) status 

This iS the on ly  .~ resonance  whose propert ies are 011 
reasonab ly  well known Spm-pardy 3 /2  + is favored by 
the da ta  

We use only  those dete i 'mlnohons of the moss and 
width that ore o c c o m p o n l e d  DY some discussion of 
systematlcs and resolut ion 
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Baryon Full Listings 
 (1530) 

" ( 1 5 3 0 )  M A S S E S  

- - ( 1 5 3 0 )  0 M A S S  
VALUE (MeV~ . . . .  EVTS DOCUMENT ID TECN COMMENT 

1531.80 = 0.32 OUR FIT Error Inc ludes  sca le  fac tor  of 1 3 
1531.78 = 0.34 OUR AVERAGE Error inc ludes  sca le  factor  of 1 4 See the  

i d e o g r a m  b e l o w  
1532 2 +_ 0 7 DEBELLEFON 758 HBC K - p  ~ "-*-~"n" 
1533 ± 1 ROSS 73B HBC K - p  ~ ~.-KTr(}T) 
1531 4 ± 0 8 59 BADIER 72 HBC K - p  3 95 GeV, ' c  
1532 0 ± 0  4 1262 BALIAY 72 HBC K - p  1 75 GeV, ,c  
1531 3:1:0 6 324 BORENSTEIN 72 HBC K - p  2 2 G e V / c  
1532 3 ± 0 7 286 KIRSCH 72 HBC K -  p 2 87 G e V / c  
1528 7_+I  1 76 LONDON 66 HBC K - p 2 2 4 G e V / c  
• • • We d o  not  use the  fo l i ow lng  d a t a  for ove rages  flts llmlJs e tc  • * • 
1532 1 ± 0  4 1244 ASTON 858 LASS K - p  11 GeV/ ' c  
1532 I ± 0 6  2700 4BAUBILLIER 818 HBC K - p 8 2 5 G e V / c  
1530 ± t 450 BIAGI 8 t  SPEC SPS layperon b e a m  
1527 ± 6 80 SIXEL 79 HBC K -  p t0  GeV, ,c  
1535 ± 4  100 SIXEL 79 HBC K - p  16 GeV/ ' c  
1533.6 ± 1 4 97 BERTHON 74 HBC Quasi 2 -body  n 

WEIGHTED AVERAGE 
153178 ± 0 34  (FJror BcJ, led by  14) 

• - - - . . . . ~  ..~. 

/" 
1526 1528 1530 1532 1534 1536 1538 

--( t530)o mOSS (MeV)  

- - ( 1 5 3 0 ) -  M A S S  
VALUE (Me.V). EVTS DOCUMEhITI_D TEC_N COM_M.E_NT .... 

1535.0 ± 0.6 OUR FIT 
1535.2 :i: 0 .8  OUR AVERAGE 
1 5 3 4 , 5 ± 1  2 DEBELLEFON 758 HBC K - p  ~ ~.-T(Tr 
1535 3 ± 2 0 ROSS 738 HBC K - D  ~ ---KT,(~) 
1536 2 ¢ 1.6 185 KIRSCH 72 HBC K -  p 2 87 G e V / c  
1535 7 ± 3 2 38 LONDON 66 HBC K -  p 2 24 G e V / c  
• • • We do  not  use the  f o l l ow ing  d a t a  for ave rages  fits, l imits e tc  • • • 
t540 ± 3 48 BERTHON 74 HBC Quas i -2-boay o, 
1534 7 ± 1 1 334 BALTAY 72 HBC K - p  1 75 GeV, ' c  

M I X E D  C H A R G E S  ( -  a n d  0 )  
VALUE (MeV) EVTS OOCUMENI ID rECN COMMENT .-- 

• • • We d o  not  use the fo l l ow ing  d a t a  for overages  fits. l imits e tc  • • • 
1532 ± 2 BADIER b4 HBC K - p  3 G e V / c  
1535 20 BERTANZA 62 HBC K - D  2 3 GeV./c 
1529 ± 5 55 PJERROU b2 HBC K -  p 1 8 G e V / c  

Values above of weighted average e l io t  
and scale factor are based upon the data in 
this ideogram only They are n0t neces o 
sardy the same as our "best"  values, 
obtained from a least-squares constrained h l  
uhhzmg measurements of other (related) 
(luantdles 8s 8ddltlOrlBI informattor 

2 
X 

DEBELLEFON 75B HBC 0 4 
,~ ROSS 73B HBC 1 5 

BADIER 72 HBC 0 2 
BALTAY 72 HBC 0 3 
BORENSTEIN 72 HBC 08 
KIRSCH 72 HBC 06 

LONDON 66 HBC 1147 8 

, (Conhdonce  Level = 0 077) 

- - ( 1 5 3 0 ) -  - - - ( 1 5 3 0 )  0 M A S S  DIFFERENCE 

DOCUMENT ID TECN COMMENT VALUE (MeV) . . . . .  .__ 
3.2 ± 0 .6  OUR FIT 
2 .9  :L 0 ,9  OUR AVERAGE 
2 7 ¢ 1 0 BALTAY 72 HBC K - p  1 75 G e V / c  
2 . 0 _ . 3  2 MERRILL 66 HBC K - p  1 7 - 2 7  G e V / c  
5 7 ± 3 0 PJERROU 658 HBC K - p  1 8 - t  95 G e V / c  
• • • w e  d o  no l  use the  fo l l ow ing  d a t a  for averages ,  fits l imits e tc  • • • 
3 9 ± t  8 2KIRSCH 72 HBC K - p  2 8 7  G e V / c  
7 ± 4 2 LONDON 66 HBC K -  p 2 24 G e V / c  

--0530) W ) D T H S  

E ( 1 5 3 0 )  o WIDTH 
~/ALUE.___(MeV~ EVT5 . . . . .  DOCUMENT ID TECN COMMENT__ 

9 .1  ±0 .5  OUR A~ /ERAGE 
9 5 ± i 2 DEBELLEFON 750 HBC K- p ~ - -  KTr 
9 1 ± 2 4 ROSS 73B HBC K - D  ~ -F( '~, (~)  

11 ± 2 BADIER 72 HBC 
9 . 0 ± 0  7 BALTAY 72 HBC 
8 4 :I: 1 4 BORENSTEIN 72 HBC 

11 0 ± 1 8 KIRSCH 72 NBC 
7 ± 7 BERGE b6 HBC 
B 5 +_. 3 .5  LONDON 66 HBC 
7 ± 2 SCHLEIN b3B HBC 

• • * We d o  not  use the fo l l ow ing  d a t a  for averages ,  fits 
1 2 8  ± I 0 2700 t BAUBILLIER 818 HBC 
t9  ± 6 80 3 SIXEL 79 HBC 
14 _+ 5 100 3 SIXEL 79 HBC 

- - ( 1 5 3 0 ) -  WIDTH 
VALUT (M_e_V)_ . DOCUMENT (O TECN 

+ 4.7 OUR AVERAGE 9 .9  _ t . 9  

9 6 ± 2 8 DEBELLEFON 75B HBC 
8 3 ± 3 . 6  ROSS 738 HBC 

7 8  + 73 5 BALTAY 72 HBC 

16 2 ± 4 6 KIRSCH 72 HBC 

K - p  3 9 5  G e V / c  
K - p  1 75 G e V / c  
_-z - ..r ~ 
- - T r +  
K - p  1 5-1 7 GeV, ,c  
K -  p 2 24 G e V / c  
K - p 1 8  1 95 GeV/ 'c  
11mlts e t c  • * .  
K -  P 8 25 G e V / c  
K - p  10 G e V / c  
K - p  16 GeV, ,c  

COMMENT 

K - p  ~ " Z - K ~  
K -  p ~ ": K~T(T, ) 

K - p  1 75 GeV.,'c 
- -  TrC ~0~r -  

= ' ( 1 5 3 0 )  POLE P O S I T I O N S  

- - ( 1 5 3 0 )  o REAL PART 
VALUE DOCUMENT lO COMME_N.T__ 
1531-6~-0  4 LICHTENBERG74 Using HABIBI 73 

- - ( 1 5 3 0 )  c i M A G ) N A R Y  PART 
VALUE DOCUMENT ID 

4 45 +_ 0 35 - i.ICHTENBTRG7Zl 

_ - ( 1 5 3 0 ) -  REAL PART 
VALUE DOCUMENT ID 
1534 4 ± 1 1 LICHTENBERG74 

" - - ( 1 5 3 0 ) -  I M A G I N A R Y  PART 
VALUE DOCUM_E_NT tD 

3 9 : ~ 75 UCHTENBERG 74 

COMMENT 
Using H A BIBFT-:} 

COMMENT 
Using HABIBI 73 

COMMENT 

Using HABIBI 73 

~ ( 1 5 3 0 )  D E C A Y  M O D E S  

] ' t  - - ( 1 5 3 0 )  --~ - -Tr  

r 2 - - ( 1 5 3 0 )  ~ -- ' I "  

- - ( 1 5 3 0 )  B R A N C H I N G  R A T I O S  

| ' ( - -  "( ) / l ' t o t a l  r2 /1  
VALUE CL % DOCUMENT ID TECN COMMENT 
< 0 . 0 d  90 K-A-L-BFLEISCH "I5 HBC K - p  2 t8 GeV, 'C 

----(1530) F O O T N O T E S  
tBAUBILLIER 818 iS a fit to the  inc lus ive spec t rum The resolut lon (5 MeV) is 

not  u n f o l d e d  
2Redundan t  w~th d a t a  ~n the moss Listings 
3SIXEL 79 doesn  l un fo ld  the e x p e r l m e n l a l  resolut ion of 15 MeV 

ASTON 85S 
8AUBILLIER 81B 
BIAGI 81 
$1XEL 79 
DEBELLFFON 758 
KALBFLEISCH 75 
BERTHON 74 
LICHTTNBERG 74 

AISO 74B 
HABIBI 73 
ROSS 738 
BADIER 72 
BALTAY 72 
BORTNSTTIN 72 
KIRSCH 72 
BERGE 66 
LONDON 66 
MERRILL 66 
PJERROU 6aS 
BADITR 64 
5CHLIFiN 63g 
BERTANZA 62 
PJERROU 62 

- - ( 1 5 3 0 )  REFERENCES 

PR D32 2270 .Carnegie* (SLAC CARL CNRC CINC) 
NP 8192 I + (BIRIVI CERN aLAS MSU LPNP) 
ZPHY C9 305 + (8RIS CAMB G[VA HEID LAUS LOaM RHEL) 
NP 8t59 ' 1 2 5  *BOllChere (AACH ~.ERL CERN LOIC VtEN) 
NC 28A 289 De 8ellefon Berthon BIIIolr÷ (CDEF 5ACL) 
PR D11 987 +Strana Chapman (BNL MJCH) 
NC 21A 146 +Trlstrom÷ (CDEF RHEL 5ACL 5TRB) 
PR DI0 3865 ( IND)  
Private Carom L~chlenbelg (IND') 
Nevls 199 Thesis (COLU) 
Purdue Cant 355 +Lloyd RoOOJlCiC (OXF) 
NP 837 420 #Barrelel cnarlton vlaeau (EPOL) 

.BrlI:Jgewaler Cooper GershwJn* (COLU SING) 
+Donbutg Kolbfle~sch÷ (BNL ~(CH) I 
+Schmidt Chang+ (BRAN UMD SYRA TUFT) I 
+Eberhard Hubbard Merrill+ (LRL) I 
+Rou Goldberg Llchtmane (BNL SYRA)U 

(LRL) JP 
+Sch~eff~ ~o1~i SmUh 510(k TIcho {UCLA) 
+Demoulin Barloutoud+ (EPOL 5ACL ZEEM) I 
+Carmony PJerrou Sloler Stork Tlcho (UCLA) IJP 
+Brlsson Connollv Hart+ (BNL 5YRA) IJ 
+Prowse Schieln 51oter Stork 11cho  (UCLA) I 

PL 428 129 
PR D5 T559 
NP 840 349 
PR t47 945 
PR 143 t034 
UCRL 1645,5 Thes)s 
PRL ~4 275 
Oubna Cant 1 593 
PRL 11 167 
PRL 9 180 
PRL 9 114 



See key on page 129 

- - -  OTHER RELATED PAPERS ---- 

MAZZUCATO 81 NP 8178 1 +Rent~Ino+ (AMST C[RN NIJM aXE) 
SRIEFEL 77 PR Dt6 2706 +Gourevllch Change (BRAN UMD SYRA TUFT) 
BRfEFEL 75 PR D12 1859 *GourevU, ctl+ (BRAN UMO SYRA TUFT) 
HUNGFRBU 74 PR P10 2051 Hungerbuhler MaJka+ (YALE FNAL BNL PITT) 
BUTTON 66 PR 142 883 Button Sharer LlnClsey Murray Smith (LRL) JP 

JE(1620) ] , ( J5  : I~W) s,o,us * 

OMITTED FROM S U M M A R Y  TABLE 

What  h l f le  e w d e n c e  l he re  ~s consists  of  w e a k  s ignals ~n 
the  ~,"r c h a n n e l  A n u m b e r  of o the r  e x p e n m e n t s  
( e g .  BORENSTEIN 72 a n d  HASSALL 81) h a v e  l o o k e d  for 
but  not  s e e n  a n y  e f fec t  

E(1620) M A S S  

yALUE (_MeV) _. E V r S  DOC_U.MENT I_D_ T_E_CN COMMENT 
1624 t 3 31 BRIEFEL 77 HBC K - p  2 87-GeV.,'c - 
1633___12 34 DEBELLEFON 758 HBC K - p ~  = - K ~ "  
1606 ~ 6 29 ROSS 72 HBC K - p  3 1-3 7 GeV,,'c 

~ ( 1 6 2 0 )  WIDTH 

VALUE (MeV_)_ EVTS DOCUMENT ID TECN COMMENT 
22 5 31 F BRIEFEL - 77 HBC K - p 2 8 7  Ge~,,'c 
40 ± 15 34 DEBELLEFON 758 HBC K-,O ~ - - -  K~ 
21 :I: 7 29 ROSS 72 HBC K - p  

- _  ~ + K~0(892 ) 

E ( 1 6 2 0 )  D E C A Y  M O D E S  

l" 1 . ~ ( 1 6 2 0 )  --*. E ' / r  

E ( 1 6 2 0 )  F O O I N O T E S  
'rThe fit IS Insensllive to values between 15 and 30 MeV 

E ( t 6 2 0 )  REFERENCES 

HASSALL 81 NP 8189 397 +Ansorge Carter Neale+ (CAMB MSU) 
BRIEFEL 77 PR D16 2706 *Goutevltch Chang* (BRAN UMD SYRA TUFT) 

AIso 70 Duke Conf 317 Brlefel* (BRAN UMD SYRA TUFT) 
Also 75 PR D12 1859 Srlefel Gourevllche (BRAN UMD SYRA rUFf) 

DEBELLEFON 75s NC 28A 289 De 8ellefon Berlhon BlllOff+ (CDEF SACL) 
BORIENSTEIN 72 PR D5 1559 +Danburg Kolbflel$ch+ (BNL MICH) 
I~SS 72 PL 388 177 ~Bufon Lloyd Mulvey ROOOJlC)C (aXE) 

- - .  - OTHER RELATED PAPERS - - . - -  

HUNGERBU 74 PR O10 2051 Hungerbuhler Majko+ (YALE FNAL BNL PITr) 
SCHMIDT 73 PurDue Cant 363 (BRAN) 
KALBFLEISCH 70 DUke Cant 331 (BNL) 
APS~LL 69 PRL 23 884 (BRAN UMD SYRA TUFT) 
BARTSCH 69 PL 288 439 • (AACH BERL CERf~ LOIC VIEN) 

J'=( I 1 t 6 9 0 )  I(J P) = ~ ( '>~ )  S I a l u s  e e e 

DIONISl 78 sees a th resho ld  e n h a n c e m e n t  m bo th  lhe 
neu t ra l  a n d  n e g a t i v e l y  c h a r g e d  ~ K  mass s p e c t r a  ~n 
K - , o  ~ ( ';" K) K ,';T a t  4 2 G e V / c  The d a t a  f rom the ~ K  
c h a n n e l s  a l o n e  c a n n o t  d ishnguish b e t w e e n  a reso- 
n a n c e  a n d  a l a rge  s c a t t e r i n g  l eng th  W e a k e r  ew-  
d e n c e  at  the  s a m e  mass is seen  m the  c o r r e s p o n d i n g  
A/<" channe l s ,  a n d  (3 c o u p l e d - c h a n n e l  anolys~s y ie lds  
results cons is ten t  wi th a n e w  -- 

BIAGI 81 sees an  e n h a n c e m e n t  (3t 1700 M e V  in the  
d l f f r a c h v e l y  p r o d u c e d  A K -  sys tem A p e a k  is a lso  
o b s e r v e d  m the A K  0 mass  s p e c t r u m  at  1660 M e V  that  
is cons is ten t  w~th o 1720 M e V  r e s o n a n c e  d e c a y i n g  to 
Zo~ °, w~fh the  ~f f rom the  ~0 d e c a y  not  d e f e c t e d  

4 6 5  

Baryon Full Listings 
E(1530), E(1620), E(1690) 

BIAGI 87 p r o v i d e s  further c o n h r m a t l o n  of this s ta te  in 
d i f f r ac t i ve  d i s s o c l a h o n  of - - -  in to A K -  The signif i- 
c a n c e  c l a i m e d  is 6 7 s t a n d a r d  d e w a l i o n s  

E ( 1 6 9 0 )  MASSES 

E(1690) ° MASS 
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
1699 _+ 5 - -  175 1 [31ONISI- 78 HBC K-  D 4 2 GeV,' c 
1684 ~ 5  183 2 DIONISI 78 HBC K - p 4 2 G e V .  c 

E ( 1 6 9 0 ) -  MASS 
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT 
1691 1 ± 1 9"~2 0 1--04 BIAGI - 87 SPEC -':'-Be-116 GeV 
1700 __ 10 t50 3BIAGI 8t SPEC E - H  100 135 Gev  
1694 = 6 45 4DIONISI 78 HBC K - p  4 2 GeV.:c 

E ( 1 6 9 0 )  WIDTHS 

E ( 1 6 9 0 )  ° WIDTH 
VALUE (MoV) FVTS DOCUMENT ID TECN .C_C)MMENT 
4 4 ± 2 3  175 1DIONISI 78 HBC K - p  4 2  G e V ' c  
20+_. 4 183 2 DIONISI 78 HBC K - p 4 2 G e V : ' c  

~ ' ( 1 6 9 0 ) -  WIDTH 
V_ALUF (Me_v) CL% E_ VTS DOCUMENT ID TECN COMMENT 
< 8 90 104 BIAGI 87 sPEC - - - B e - i 1 6  Ge~' 

47_.14 150 3 BIAGI 81 SPEC = - H  100 135 GeV 
26=  6 45 4 DIONISI 78 HBC K - p 4 2 G e V , . c  

~ ( 1 6 9 0 )  D E C A Y  M O D E S  

I'F ~ ( 1 6 9 0 )  ~ A K 

l" 2 ~ ( 1 6 9 0 )  ~ ~ K  

I" 3 E ( 1 6 9 0 )  ~ ~ 

l'4 ~ ( 1 6 9 0 )  ~ E- ~ ~o 

| '5 E ( 1 6 9 0 )  --~ E - ~ +  ~ -  

I 6 ~ ( 1 6 9 0 )  ~ E ( 1 5 3 0 ) ~  

~ ( 1 6 9 0 )  B R A N C H I N G  RATIOS 

r( ~ ~ r, 
VALUE EVIS DOCUMENT IO TECN CHG COMMENT 
SEEN- "- 104 B IA G-I" 87 SPEC ~- Be~16 Ge-V 

i'('_;~/r( ~ r2/r, 
VALUE DOCUMENT IO TECN CHG COMMENT 
2 7 +- 0 9 DIONISI 78 HBC 0 K- p 4-2 GeV.C 
3 I ± I  4 DIONISI 78 HBC K-p 42 Gev, c 

r ( = T r ) / r ( ' ~  r J r2  
VALUE DOCUMENT ID TECN CHG COMMENT 
<0  09 DIONISf 78 HBC 0 K - p  4 2 GeV c 

I'(-'-- ~'" 7r°)ll'(~k"~ I '4 / I "  2 
VALUE DOCUMENT ID TECN CHG COMMENT 
< 0  04 DIONISI 78 HBC 0 K-  p 4 2 GeV.'C 

r(--- 7r + IT-) I'~ 
VALUE EVT$ DOCUMENT ID TECN CHG COMMENT 
POSS~LY SEEN 4 BIAGI 87 SPEC E -  Be 116 GeV 

r(--- =- =-)/]'(:; ~ rs/r 2 
VALUE DOCUMENT ID TECN CHG COMMENT 
< 0  03- DIONISl 78 HBC K - p  4 2 GeV c 

| ' ( Z O S 3 0 ) ~ r ) l l ' ( S ~  | 6/ ' | '2 
VALUE .._ DOCUMENT ID TECN CHG COMMENT 
<0  06 DIONfSI 78 HBC K -D 4 2 GeV c 

~ ( 1 6 9 0 )  FOOTNOTES 
IFrom o fll |o the ~+K- spectrum 
2From a coupled channel analysis of the " + K-  and '~ K ~ spectra 
3A fit tO the inclusive spectrum from ~ " N  ~ ~,K- X 
4From a coupled channel analysts of the ~OK- and ~K- spect;a 



4 6 6  

Baryon Full Listings 
8 0) 

--(1690) REFERENCES 

filAGI S7 ZPHY C34 15 ~ (BRIS CERN GEVA NEID LAUS LOQM RAL) I 
BIAGI 81 ZPHY C9 305 (S~IS CAMS GEVA HEIE) LAUS LOQM RHEL) 
OlONISI 78 PL 808 145 +bIDE Atmenleto$+ (CER'N AMST NIJM OXF) I 

I 
J t 3 -  ,II. ~* .K. E ( t 8 2 0 )  ~(J") = 2 ( 2  ) S t a t u s  

The c leares t  e v i d e n c e  ~s on  8 - s t a n d o r d - c l e w a t i o n  p e a k  
~n A K -  seen by  GAY 76 TEODORO 78 favors J = 3 / 2  
b u t  c a n n o t  m a k e  a pa r0y  Oiscr~mlnahon BIAGI 87C ~s 
cons is ten t  wffh J = 3 / 2  a n d  favors n e g o h v e  par f fy  for 

th~s J - v a l u e  

- - ( 1 8 2 0 )  MASS 

We only average Ihe measurements that appear  to 
most significant and best determined 

VALUE (MeV) EVT5 DOCUMENT IO TEC__N 
~e2%~ ± ~.,= ou~ V̂~R ~̂E 
1819 4 ±  3 I ± 2 . 0  280 IBIAGI 87 SPEC 

1826 ± 3 ~ 1 54 81AGI 87C SPEC 

1822 ":- 6 JENKINS 83 MPS 

1830 :~ 6 300 81AGI 81 SPEC 

"~823 • 2 130 GAY 76C HBC 
• • • We do not use the fol lowing data for averages fits 
1797 ± 19 74 BRIEFEL 77 HBC 

1829 -+ 9 68 BRIEFEL 77 HBC 
1860 _ 14 39 BRIEFEL 77 HBC 
1870 ± 9 44 BRIEFEL 77 HBC 
1813 ± 4 57 8RIEFEL 77 HBC 
1807 _+ 27 DIBIANCA 75 DBC 
1762 - 8 28 2 BADIER 72 HBC 
1838 ± 5 38 2 BADIER 72 HBC 
1830 :t: 10 25 3 CRf.NNELL 70s DBC 
1826 ± 12 4 CRENNELL 708 DBC 
1830 ± 10 40 ALITTI 69 HBC 
1814 ± 4 30 BADIE~ 65 HBC 
1817 :t: 7 29 SMITH 65C HBC 
1770 HALSTEINSLID 63 FBC 

us to be 

CHG COMMENT 

0 ---Be ~ (~.K-) I 
X 

0 - - - B e  ~ (~.KO) I 
X 

K - p ~  K + 
(MM) 

SPS hyperon 
beam 

- K- p 4 2 GeV:'c 
limits etc * * .  
0 K - p  287 

GeV/c  
- 0  E(15_30) ~" 
_ , , - / ~  
0 ,~,o 

'~K- 
- 0  -~r~, ~*,-'r 

- 0  ~_~r ":~rlr YK 
- 0  3 6. 3 9 GeV,'c 
- 0  36  3 9 G e V / c  
- ~. "~k 
0 ~K o 
- 0  ~.K ~, ' tK-  
- 0 K- treon 3 5 

GeV/c  

- - ( 1 8 2 0 )  WIDTH 

VALLIE (MoVe_ Evrs DOCUMENT tO TECN CHG COMMENT ... 
24 ± 6 OUR AVERAGE Error Includes scale factor of 1 5 See the 

ideogram below 
24 6 ¢  5 3 280 I 81AGI 87 SPEC 0 =--8e ~ (~.K-)  I 

X 
12 z~4  ± l  7 54 BIAGI 87C $PEC 0 - - B e  ~ (~.K °) I 

X 
72 ± 20 300 81AGI 81 SPEC - SPS hyperon 

beam 
2'I ~ 7 130 GAY 76C HBC - K - D  4 2 GeV,,'c 

• * • We do nor use lhe fol lowing data for averages, tlts llmlJs, e lc  • * • 
99 Z 57 74 BRIEFEL 77 HBC 0 K- p 2 87 

GeV;c  
52 :t 34 68 BRIEFEL 77 HBC - 0 --(1530) ~r 
72 ~: 17 39 BRIEFEL 77 HBC - " -  T( 0 
44 :¢ 11 44 8RIEFEL 77 HBC 0 ~. ~(.0 
26 ¢.~I ,57 BRIEFEL 77 HBC ' tK-  
85 ± 58 DIBIANCA 75 DBC - 0  --'fl'ir _--d¢~i- 
51 ± 13 2 BADIER 72 HBC - 0  Lower mass 
58 ± 13 2 BADIER 72 HBC - 0  Higher mass 

4- 38 3 CRENNELL 70S DBC - 0  3 6 3 9 GeV/c  103 - 2 4  

+36  4CRENNELL 708 DBC - 0  36, 39  GeV/'c 48 -- t9 

+40 ALITTI 69 HBC ~, "~K 55 - 20 
12 ± 4 8ADIER 65 HBC 0 '~T( ° 
30 ± 7 SMITH 65B HBC - 0  ~tK 

< 80 HALSTEINSLID 63 FBC - 0  K -  f reon  3 5 
GeVIc  

WEIGHTED AVERAGE 
24 ± 6 (Error scaled b y 1 5 )  

.q 

H -  

i 
O 50 100 

E('~820) w=dth (MeV) 

2 
X 

BIAGi 87 SPEC 0 0 
BIAGI 87C SPEC 0 8 
BIAGI 81 SPEC 57 
GAY 76C HBC 0 2 

67  
(Conhdence Level = O 083) 

I I 

150 2 0 0  

- - ( 1 8 2 0 )  D E C A Y  MODES 

F r a c h o n  ~ l ' j ! ' )  S c a l e  

1"i - - ( 1 8 2 0 )  ~ ~.K" ( 5 3 ± 7 ) , i 0  -2  12 

I" 2 - - ( 1 8 2 0 )  ~ --~" (18±S) ,~ I0  -2  ~ I  

I" 3 - - ( t 8 2 0 )  ~ ~K" (16 _+ ~) , '10 - 2  I S  

l',s - ( 1 8 2 0 )  ~ - - ~  ( n o t  - - ( 1 5 3 0 ) ~  ) 

I' s --(1820) ~ --(1530)~ (14~-~}'~I0 -2 11 

CONSTRAINED FIT INFORMATION 

An ove ra l l  ht to 8 b r a n c h i n g  tohos uses 8 m e a s u r e  
men ts  a n d  o n e  cons t ra in t  to d e t e r m i n e  4 p a r a m e -  
ters The ove ra l l  ht has a X 2 = b 0  for 5 Degrees  of 
f r e e d o m  

The t a l l o w i n g  o f f - d l a g o n a l  array e l e m e n t s  are the  c o r r e l a h o n  coeff l -  
c len ts  ~hx r 8xj.,/(~)xl ~x/) in p e r c e n t ,  f rom the  fit to the  b r a n c h l n g  
t ract ions,  xi = | ' i~| ' totol The fit const ra ins  the  xf whose  labe ls  
a p p e a r  ~n th~s ar ray  to sum to o n e  

x 2 - 54 
x 3 40 - 41 
x S 48 44 41 

xt x 2 x 3 

- - ( 1 8 2 0 )  B R A N C H I N G  RATIOS 

The domlnant  modes seem to be 't K and (perhaps) 
--(1530)~r but the branching tractions ore very poorly defer 
mlned 

| ' ( A  ~ ' ) / | ' to ta l  | '~ /V 
VALUE DOCUMENt ID TECN CHG COMME_Nr 
0 . 5 3  ± 0 . 0 7  OUR--FIT Error includes scale factor of 1 2 
0.30 :t: 0.48 ALITTI 69 HBC - K-  p 3 9-5 

GeV/c  

l,(--.Tr ) / I ' f o f a  ~ I '2/I" 
VALUf OOCUMENr I£_ T~CN C~G COMMENt_ 
0.~8 ± 0.O,5 OUR-FIT Error Includes scale factor of 1 1 
0.10 ~ 0 10 ALITTI 69 HfiC - K - p  3 9-5 

GeV/c  

r(-- =)Ir(A TO r2/f'~ 
VALUE CL % OOCUMENr IO [ECN CHG COMMENT 

0 . 3 3 ~ : O . t 2  OUR FIT 
0.20 ~: 0.20 8ADIER 65 HBC 0 K - p  3 GeV/'c 

• • • We do nor use the fol lowing data for overages fits llmlts etc * • * 
• <0 36 9.5 GAY 76C HfiC - K - p 4 2 G e V / c  



See key on page 129 

4 6 7  

Baryon Full Listings 
E(1820), E(1950) 

[ ' ( E  ~ r ) / l ' ( = - ( 1 5 3 0 )  ~r)  r J r 5  
VALUE DOCUMENT IO TECN CHG COMMENT 

+ 0 . 6  1.3 - 0 .4  OUR FIT Error Inc ludes  sca le  fac tor  of 1 1 

+ 0 . 6  1.5 - 0 .4 APSELL 70 HBC 0 K -  p 2 87 
G e V / c  

r ( ~ O / l ' l o l a  I l ' 3 / r  
VALUE DOCUMENT ID TECN CHG COMMENr 

0.16 -t 0.07 OUR FIT Error inc ludes  sca le  factor  of 1 5 
0.30 ± 0.15 ALITTI 69 HBC - K -  p 3 9 - 5  

GeV, ' c  
• • • We do  not  use the  fo l l ow ing  d a t a  for overages,  fits l imits e t c  • • • 
< 0  02 TRIPP 67 RVUE Use SMITH 65c 

F ( E T 0 / I ' ( 3 .  / 0 r s / I "  ' 
VALUE DOCUMENT ID TECN CHG COMMENT 

0.30 ± 0.15 OUR FIT Erior I n c l u d e ~  scoJe f~CtOT 0 f~ -6  -- - -  
0 .24-+0.10 GAY 76C HBC - K - p 4 2  G e V / c  

r ( E ( 1 5 3 0 )  1 T ) / l ' l o t a  I 1"~/1" 
VALUE DOCUMENT ID 7ECN CHG COMMENT 

+ 0.04 0.14 - 0 . 0 5  OUR FIT Error Inc ludes  scale factor of 1 1 

0.30 -+ 0.15 ALITTI 69 HBC - K -  p 3 9 - 5  
GeV.,'C 

• • • w e  dO ha l  use the fo l l ow ing  d a t a  for overages  f i ts l im i ts  e tc  • • • 
SEEN ASTON 858 LASS K - r )  11 G e V / c  
NOT SEEN 5 HASSALL 81 HBC K - p  6 5 G e V / c  
.<0 25 6 DAUBER 69 HBC K - D  2 7 G e V / c  

r(.~( t530 ) =)lr(.~ TO ['~/rl 
VALUE DOCUMENT Ip rECN CHG COMMENT 

n ~,~ + 0.09 
~ " ~ - 0 . t 0  OUR FIT 

0 . 2 6 ± 0 . 1 3  SMITH 65C HBC - 0  K - p  2 45 -2  7 
GeV/C  

• • • We d o  not  use the  fo l l ow lng  d a t a  tar ave rages  f i ts l imits e t c  • • • 
1 0 ± 0  3 GAY 76c HBC - K - p 4 2  G e V / c  

T'(--~r'x (not E ( 1 5 3 0 1 ~ "  ))/T'(A~ r4/rl 
VALUE DOCUMENT ID TECN CHG COMMENT 

0.30 ± 0 . 2 0  BIAGI 87 SPEC - : ' -  Be 116 GeV 
• • • We d o  not  use the fo l l ow ing  d a t a  far ave rages  fits l imits e tc  • • • 
< 0  14 7 BADIER 65 HBC 0 1 st d e v  I lml l  
> 0  I SMITH 65C HBC - 0  K - p  2 4 5 - 2 7  

G e V / c  

l ' (_. - -~r~ ( n o t  - - ( 1 5 3 0 )  ~r ) ) I r ( E ( 1 5 3 0 )  = )  i ' 4 / l "  5 
VALUE DOCUMENT ID 7ECN CHG COMMENT 

CONSISTENT WITH ZERO GAY 76C HBC - K - D  4 2 G e V / c  
• • * We d o  not  use the  fo l l ow lng  clata tar averages ,  fits l lmlts e t c  • • • 
0 . 3 - + 0  5 8 APSELL 70 HBC 0 K - p  2 8 7  

G e V , c  

~ ( 1 8 2 0 )  F O O T N O T E S  
IBIAGI 87 also sees w e a k  signals in the  In the - - ' - ~ ' + ~ -  c h a n n e l  at 

1782 6 ± 1  4 MeV ( r  = 6 0-+ 1 5 MeV) a n d  1831 9 -+2 8 MeV (t '  = I 9 . 6  ± 9 9 MeV) 
2BADIER 72 adds  a l l  channe ls  a n d  d iv ides the p e a k  into lower  a n d  h lghe r  

moss regions The d a t a  can  also be  f i t ted wl fh a s ingle Brelt-Wigner of 
mass 1800 MeV ancl w id th  150 MeV 

3From a fit to Inc lus ive ,=~ _-~'x a n d  ~.K- spec t ra  
4From a fit to inc lus ive ,~:¢ a n d  ~ r ; ¢  spect ra  on ly  
51ncludlng ~ / r ~  
6DAUBER 69 uses in par t  the  same d a t a  as SMITH 65C 
7For the  d e c a y  m o d e  ~ - ~  + ~r0 on ly  Thls l lm l t  i nc ludes  --(1530) 
8Or less Upper  l imi t  for the 3-bocly d e c a y  

B~AGI 
BIAGI 
ASTON 
JENKINS 
BtAGI 
HASSALL 
TEOOORO 
8R~FEL 

AlSO 
GAY 
G.AY 
DIBIANCA 
BADIER 
APSELL 
CRSNNELL 
ALIIXI 
DAUBER 
TR1PP 

= ' ( 1 8 2 0 )  REFERENCES 

87 ZPHY C34 15 
B7c ZPHY C34 175 
858 PR D32 2270 
83 PRL 51 951 
81 ZPHY C9 305 
81 NP 8189 397 
78 PL 778 451 
77 PR D16 2706 
6 9  PRL 23 884 
76 NC 31A 593 
76C PL 628 477 
75 NP 898 137 
72 NP B37 429 
70 PRL 24 777 
70S PR D1 847 
69 PRL 22 79 
6 9  PR 179 1262 
67 NP 83 10 

+ (BRIS CERN GEVA HEID LAUS LOQM RAL) 
(8RIS CERN GEVA HEID LAUS LOQM RAL) JP 

+Carnegie* (SLAC CARL CNRC CINC) 
÷Albrlght Olamona+{FSU BRAN LBL CINC SMAS) 
+ (BRIS CAM8 GEVA HEID LAUS LOQM R'HEL) 

+An4ofge Carter Heal÷÷ (CAMS MSU) 
÷DIOZ Oloni$1 81okzql÷ (AMST CERN NIJM OXF)JP 
+Goutevltcf~ Chang+ (BRAN UMD SYRA TUFT) 
Apsell÷ (BRAN UMD SYRA TUFT) 

÷Jeannerel 8ogaanskl+ (NEUC LAUS LIVP LPNP) 
+Armentero$ Berg÷+ (AMST CERN NIJM) IJ 
+Endorf (CMU) 
÷Barrelet Cnarllon Vlaeau (EPOL) 
+ (BRAN UMD SYRA TUFT) I 

÷Korshon LOI O NeOll Scarf Schumann (BNL) 
+Bottles Flamlnlo Merzger+ (BNL SYRA) I 
÷Berg÷ t.~Jbbora Mort01 Mlffer (LRL) 
eL÷lib+ (LRL SLAC CERN HEID SACL) 

8ADIER 65 PL t6 171 +Demouhn Golaberg+ (EPOL SACL AMST) I 
SMITH 65s Alhens Cant 251 +LinClsey (LRL) 
SMITH 65C PRL 14 25 +Lln:Jsey Bullon Sharer Murray (LRL) IJP 
HALSTEINSLID 63 Siena Cant 1 73 (BERG CERN EPOL RHEL LOUC) I 

- -  - -  OTHER RELATED PAPERS - -  - -  

TEODORC. 78 PL 77B 451 *DIOZ Dlonl$1 Blokzijl+ (AMST CERN NIJM aXE)JP 
BRIEFEL 75 PR D12 1859 +Gourevllch* (BRAN UMD SVRA TUFT) 
SCHMIDT 73 Purdue Cant 363 (BRAN) 
MERRILL 68 PR 167 1202 +Sharer (LRL) 
SMIIH 64 PRL 13 61 +DnOsey Murray ButtonSrlofer+ (LRL) tJP 

J 1 1 9 5 0 )  l(J R) : 2 ( 9  ~ )  S t a t u s  i .  e ,I(. 

We list h e r e  e v e r y t h i n g  r e p o r t e d  b e t w e e n  1875 a n d  
2 0 0 0  M e V  The a c c u m u l a t e d  e w c l e n c e  for o -- n e a r  
1950 M e V  s e e m s  s t r o n g  e n o u g h  to  i n c l u d e  a ~ ( 1 9 5 0 )  
In t h e  m a i n  B a r y o n  T a b l e ,  b u t  n o t  m u c h  c o n  b e  s a i d  
a b o u t  ds p r o p e r h e s  in f a c t  t h e r e  m a y  b e  m o r e  t h a n  
o n e  -- n e a r  th~s m a s s  

VALUE (MeV) 

1944 -+ 9 

1963 ± 5 • 2 
1937 -+ 7 
1961 -+ 18 

1936 ± 22 
1964 ± 10 
1900 -+ 12 
1952 ± 1t 
1956 ± 6 
1955 _ 14 
1894 -+ 18 
1930 -+ 20 
1933 -+ 16 

~(1950) M A S S  

EVTS DOCUMENT I0 rECN COMMENT 

129 BIAGI 87 SPEC --'-8e-i--=+),~- J 
X 

63 BIAGI 87C SPEC =-Be ~ (~o) X I 
150 BIAGI 81 SPEC SPS hype ron  b e a m  
139 BRIEFEL 77 HBC 2 87 K - p  ~ ~--7r + 

X 
44 BRIEFEL 77 HBC 2 87 K - p  ~ - o ~ . -  X 
56 BRIEFEL 77 HBC - (1530)  ~" 

DIBIANCA 75 DBC -Tr 
25 ROSS 73c (--~r)- 
29 BADIER 72 HBC -T ,  ":~,~ YK 
21 GOLDWASSEI;~ 0 HBC --'~ 
66 DAUBER 69 HBC --Tr 
27 ALITTI 68 HBC ---- ~,+ 
35 BADIER 65 HBC --- - T, 

E ( 1 9 5 0 )  WIDTH 

_VALUE (MeV) __ EVTS DOCUMENT IO TECN COMMENT 

1 0 0 = 3 t  1-29 BtAGI 87 SPEC - -  fie ~ (---- = + )  ; ± 
X 

2 5 ± 1 5 ~ 1  2 63 BIAGI 87C SPEC - - B e ~ ( ~ . K ° ) X  
60 ± 8 150 BIAGI 81 SPEC SPS h y p e r o n  b e a m  

1 5 9 ± 5 7  139 BRIEFEL 77 HBC 2 8 7  K - D ~  - - ~ ' +  
X 

8 7 ± 2 6  44 BRIEFEL 77 HBC 287  K - D  -o - ° ; ' r -  X 
60 ± 39 56 BRIEFEL 77 HBC ---(1530) ,'r 
63 z 78 DIBIANCA 75 DBC --:r 
38 --. 10 ROSS 73C (--, 'r)- 
35-+11 29 BADIER ?2 HBC :_~ --,'r~ YK 
56 -+ 26 2t  GOLDWASS[R70 HBC ~,-r 
98 ± 23 66 DAUBER 69 HBC -,'r 
80 ± 40 27 AUTTI 68 HBC ~- T; ~ 

140 :I: 35 35 8ADIER 65 HBC ---- 7; 

- - ( 1 9 5 0 )  D E C A Y  M O D E S  

r i  _ - - (1950)  ~ ~ ,k  

r 2 _--:(1950) ~ ~-'~" 

r 3 - ' - ( 1 9 5 0 )  --P ~ 7 r  

I '4 -= ' ( 1950 )  --,, ~ ( 1 5 3 0 ) ~ -  

1" 5 ~(1950) ~ - - r r ~ -  ( n o t  _- - ( t530)71-)  

~ ( 1 9 5 0 )  B R A N C H I N G  RAT IOS 

r ( ~ i r ( A T q  r2/,1 
VALUE CL % EVTS DOCUMENT ID TECN COMMENT 

< 2 - ~ -  . . . .  9 0  - o  BIAG, . . . . .  87c SPE--C ----Be 1 t6  6-ev 

r ( " / 0 / I ' t o t a  ~ r 2 / 1 '  
VALUE EVTS DOCUMENT ID TECN COMMENT 

poss,~Ly SEE-N-- ~ 7  ~ASSALL - -  81 h-~ X- p 6 5 G4q. C 
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Baryon Full Listings 
E ( 1 9 5 0 ) ,  E ( 2 0 3 0 )  

r(-- =)1r(--(t530) =) r j r ,  
VALUE DOCUMENT ID TECN 

2.8 *0 ,o .8c 

[ ' ( Z  ~r l r  ( n o t  E ( 1 5 3 0 1  l r l ) / r ( E ( 1 5 3 0 1 7 r )  r 6 / r 4  
VAL UE DOCUMENT IO TECN 

0 0 ± 0 . 3  APSELL 70 HBC 

- - ( 1 9 5 0 )  REFERENCES 

- - ( 2 0 3 0 )  WIDTH 

E V T S  DOCUMENT ID TECN CHG COMMENT yA~..UE (MeV) _ _  . 
21 ± 6 OUR AVERAGE Error includes scale factor of 1 3 See the Ideogram 

below 
16 ± 5 200 HEMINGWAY 77 HBC K- ~o 4 2 GeV/c  
60 ¢ 24 DIBIANCA 75 DBC --0 --'trx- _--~'r 
33 ± t7 t5 ROSS 73C HBC - 0  "vk 

. + 4 0  ALITTI 69 HBC K - p  3 9-5 
o - 20 GeV/c  

57 ±30 8ARTSCH 69 HBC - 0  K - p  10 GeV/c  

BIAGI 87 ZPHY C34 15 * (BRIS CERN G~VA HEID LAUS LOQM RAL) 
BIAGI 87C ZPHY C34 175 ~. (BRIS CERN GEVA HEID LAUS LOQM RAL) 
BIAGI 81 ZPHY C9 305 ÷ (SRIS CAMS GEVA HEID LAUS t.OQM RHI~L) 
HASSALL 81 NP S189 397 +Ansorge Carter Neale÷ (CAMS M$U) 
BRLEFEL 77 PR D16 270b +Gourevllch Chang+ (BRAN UMD SYRA IUFT) 

Also 70. Duke Cant 317 Brlefel÷ (BRAN UMD SYRA TUFT) 
DIBIANCA 75 NP 898 137 +[ndorf (CMU) 
ROSS 73c Purclue Conf 345 +Lloyd RoOoJlclc (OXF) 
BADIER 72 NP 837 429 ÷Sotlelel Chadian VldeOu (EPOL) 
APSELL 70 PRL 24 777 + (SRAN UMD SYRA TUFT) I 
GOLDWASS4ER70 PR DI 1960 +Scrlulrz (ILL) 
DAUBER 69 PR ~79 1262 +Serge HuDDQI(:I Metrlll Miller (LRL) I 
ALITTI 68 PR1. 21 1119 +FIom~nlo Metzger ROClOJlClC+ (BNL SYRA) I 
BADIER 65 PL 16 171 +Demoulln GOlCIDetg+ ([POL SACL AMST) I 

I I I ( > 5 ? ) S t a t u  s e ,I. ,I. ~ ( 2 0 3 0 )  I ( / )  = 

The e v i d e n c e  for this state has b e e n  much  i m p r o v e d  
by  HEMINGWAY 77. who see an  e lght  s tanda rd  dev la -  
l lon e n h a n c e m e n t  In ZK" a n d  a weake r  coup l i ng  to 
3.K ALII"TI 68 a n d  NEMINGWAY 77 obse rve  no signals in 
the  --'TrTT (or ~(1530) ' f l ' )  channe l ,  in cont ras t  to DIBI- 
ANCA 75 The d e c a y  ( A / ~ ) K ~ "  r e p o r t e d  by  
BARTSCH 69 is a lso not  con f i rmed  by  HEMINGWAY 77 

A momen ls  analysis of the  HEMINGWAY 77 d a t a  Indl- 
ca tes  at a leve l  of th ree  s tanda rd  dev lo t l ons  tha l  J _> 
5 /2  

" - - (2030)  MASS 

VALUE ~MeV) . . . .  EVTS DOCUMENT ID TECN CHG COMMENT __ 

2028.1 ± 2.4 OUR AVERAGE Error Includes scale factor of 'i 3 See the 
ideogram below 

2022 ± 7 JENKINS 83 MPS K - p  ~ K + MM 
2024 ± 2 200 HEMINGWAY 77 HBC K-  p 4 2 GeV/c  
2044 ± 8 DIBIANCA 75 DBC - 0  E ~ r  .~ :¢  
2019 ± 7 15 ROSS 73C HBC --0 EK 
2030 ¢ 10 42 ALITTI 69 HBC -- K-- O 3 9--5 

GeV/c  
2058 ± 17 40 BARTSCH 69 HBC - 0  K - p  10 GeV/c  

WEIGHTED AVERAGE 
2025 1 ± 2 4 (Error sc-,led by 1 3) 

- I -  

~ ,  [ ALITTI 
v 

2 0 0 0  2020 2040  2060 

--(2030) moss (MeV) 

2 
X 

JENKINS 83 MPS 0 2 
HEMINGWAY 77 HBC 0 3 
DIBIANCA 75 DBC 5 8 
ROSS 73C HBC 0 8 

69 HBC 0 2 
BARTSCH 69 HBC 3 8 

108 
(Confidence Level -- 0 055) 

i i 

2080 2100 

WEIGHTED AVERAGE 
21 + 8 (Error scaled b y 1 3 )  

41 

..4.. 

I 

O 50 100 

2(2030) width (MeV) 

2 
X 

HEMINGWAY 77 HBC 11 
DI81ANCA 75 DBC 2 8 
ROSS 73C HBC 0 5 
ALITTI 69 HBC 14 
8ARTSCH 69 HBC 14 

7 0  
(Confidence Level = 0 135) 

I I 

150 200 

- - ( 2 0 3 0 )  DECAY MODES 

I ' i  " - ( 2 0 3 0 )  --* --Tr 

I" 2 ~ ( 2 0 3 0 )  --* 3.~" 

[ '3  = : (2030 )  -,. ZK" 
r ,  E ( 2 0 3 0 )  --,- - - ( 1 5 3 0 ) 7 r  

I" 6 E ( 2 0 3 0 )  ~ - -Try-  ( n o t  _--(4530) ~-) 

r 6 - - ( 2 0 3 0 )  ~ AK'7: 

I" T ~ ( 2 0 3 0 )  ~ Z K ' ~  

" ( 2 0 3 0 )  B R A N C H I N G  RATIOS 

r ( - -  ~ ) / [ r ( - , O  * r ( A T O  + r ( = T O  + r ( - 0 5 3 0 1 , 0 ]  
r l / ( l ' 1 + r 2 + l ' 3 + r 4 )  

VA!U_E . . . . . . .  DOCUMENT ID TECN CHG. COMMENT . _ .  

• • • We do not use the following data for overages, fits limits, etc • * • 
<0.30 ALITTI 69 HBC - I standard 

dev llmlt 

r(==)/r(-=p) r l /r3 
VALUE CL % DOCUMENT IO _ TEC_.N CHG COMMENT 

• < ~  19 - 95 HEMINGWAY 77 HBC - K - p  4 2 GeV/c  

r(.~ rO/ [r( -" ,O + r(.~TO, r(xT, O + r(--053o1,0] 
| ' 2 / ( r 1 + r 2 + l ' s + r 4 )  

VALUE D~C_UM_ENF K? ._ T_ECN CHG COMMENT 

0 2 8 ± 0  15 ALII"(I 69 HBC K - p 3 9 - 5  
GeV/c  

r ( : . .  ~ / r  ('..: ~ n'2/r3 
VALUE DOCUMENT ID TECN Cl~_ COMMENT 

0.22:1:0 09 H~NGWAY 7:} HBC K - p  42  GeV/c  

r(zTO/[r(z~') + r(ATO + r('cTO + r(---¢1530)~'11 
F3/ (F I+ I ' 2+F3+I '4 )  

VALUE DOCUMENT IO TECN CHG COMMENT _ _  

0 7 5 ± 0  20 ALITTI 69 HBC - K - D  3 9 - 5  
GeV/c  



See key on page 129 

r ( - ( 1 5 3 0 ) ~ ' ) / [ r ( E ; , r )  + z ' ( . ~ .~  + r ( % ~  + F ( _ - - ( ' 1 5 3 0 ) ~ ) ]  

1"4/(F1+I'2+I'3+I'4) 
VAL{JE DOCUMENT ID IECN CHG COMMENT 

• • * We do not use Ihe following data  for overages fits limits e f t  • • • 
<0  'f5 ALITTI 69 HBC - 4 standard 

dev  limit 

I r ( E ( 1 5 3 0 ) ~ r )  + ] ' (ET rT r  ( n o t  - - ( 1 5 3 0 ) : , r ) ) , ~ ' ] ' ( % T  0 ( l ' ,~+Ys)/ ] '~ 
VALUE CL % DOCUMENT IO TECN CNG COMMENT 
<0  ~ "- 95 I HEMiN--GWAY 77 HBC - K - p  4 :2GeV, ,c  

r ( A  K ' ~ ) / l ' t o t a  I 1.6i. [. 
VALUE --. DOCUMENT IO rECN COMMENT 

• * * We do not use the fol lowing doto  for averages fits llmll5 etc * • • 
SEEN BARTSCH 69 HBC K- .o  10 GeV 

r(>,~'~-)/r(z~ r~,/i'B 
VALUE CL % DOCUMENT ID TECN CHG COMMENT 

< 0  32 95 NEMINGWAY 77 HBC K - p  4 2 GeV,,c 

l ' ( "~ (~r ) / l ' t o fa  I [ ' 7 / r  
VALUE DOCUMENT/D TECN COMMENT 

• • • We do not use the fol lowing data  for overages fits limits etc * 
SEEN BARISCH 69 HBC K - p  10 GeV 

r(z~=)l)'(zK) rT.n's 
VALUE CL % DOCUMENT 10 TECN CHG COMMENT 
<0  04 95 2 HEMINGWAY 77 HBC - K -  p 4 2 GeV,, c 

. ~ ( 2 0 3 0 )  FOOTNOTES 
tFor the decoy  mode = - ~ r + ~ r -  only 
2For the decoy  mocle "~ ± K -  ~'T" onW 

- - ( 2 0 3 0 )  REFERENCES 

JENKINS 83 PRL 5t 951 +Albtlghl Dlamond÷KFSu BRAN LBL CINC SMAS) 
HEMINGWAY 77 Pl 688 197 *Armenteros+ (AMST CERN NIJM axF) IJ 

Also 76C PL 626 477 Gay Atmenteros Barge+ (AMSr CERN NIJM) 
DIBIANCA 75 NP BOB 137 *Endort (CMU) 
ROSS 73C Purdue Cant 345 *Lloyd Rodorlclc (OXF) 
ALITll 69 PRL 22 79 +Barnes Flamlnlo Melzget+ (BNL SYRA) 
8ARTSCH 69 Pl 28B 439 + (AACH BERL CERN LOlC VIEN) 
ALffTI b8 PIlL 2~ 1119 4FlamlnlO Metzgel RodoilclC+ (BNL SYRA) 

lE(2120) [ z(.,'") = ;(';") status * 

OMITTED F R O M  S U M M A R Y  TABLE 

E ( 2 1 2 0 )  M A S S  

VALUE_(MeV) EVTS DOCUMENT IO [ECN COMMENT 
2t37 ± 4 --18 f CHLIAPf~II< 79 FIBC K+D 3 2 - G e V / c -  
2 t 2 3 ± 7  2GAY 76C HBC K - p 4 2 G e V / ' c  

E ( 2 1 2 0 )  WIDTH 

_VALUE (MeV) _ _  EVf5 DOCUMENT/D TECN COMMENT 

<20 - 48 I CHLIAPINiK 79 HBC K + p  3 2 - G o V , ' c -  
2 5 ± t 2  2GAY 76C HBC K - D 4 2 G e V / c  

~ ( 2 4 2 0 )  D E C A Y  M O D E S  
[ ' i  - - ( 2 4 2 0 )  ~ A~"  

" - ( 2 ' 1 2 0 )  B R A N C H I N G  RATIOS 

I ' ( A  ~ ' ) / l ' f o t a  I r l  / [, 
VALUE _--  DOCUMENT ID TECN COMMENT 
SEEN I CHLIAPNIK 79 HBC i (+p"~"  (~K~)) X 
SEEN 2 GAY 76C HDC K -  p 4 2 GoV/ 'c 

4 6 9  

Baryon Full Listings 
E(2030), E(2120), E(2250),  (2370) 

~ ( 2 1 2 0 )  FOOTNOTES 
ICHLIAPNIKOV 79 does not unlquely Idenhfy the K + in lhe (~K +) X final 
slate It also ~eports Dumps witrl fewer evenls at 2240 2540 and 2830 
MeV 

2GAY 76C sees a 4 standard deviat ion sqgnal However HEMINGWAY 77 
wllr~ more events from the some exper iment points out thai the slgr~oI is 
great ly reduced If o CUt IS made on the 4 momenlum u This suggests on 
orlomolous Production mechanism If the - (2120)  is real 

~ ( 2 4 2 0 )  REFERENCES 

CHLIAPNIK 79 NP 8158 253 C~HOpnl~(Ov Gerdyukov* (CERN BELG MONS) 
HEMiNGWAY 77 PL bBB 197 +A1menteros. (AMST C~RN NIJM aXE) 
GAY 7PC Pt 628 477 +Afmenteros Barge* (AMST CERN NiJM) 

JE,(2250) I ,(J5 = 42( ' )~ )  S t a t u s  * * 

OMITTED FROM S U M M A R Y  TABLE 

The e w d e n c e  for tins s la te  is m l x e d  BARTSCH 69 sees 
a b u m p  of not  m u c h  Stat is t ical  s l gn l f l cance  m ' LK~.  

~K,-r, a n d  _~,'rr,-r mass s p e c t r a  GOLDWASSER 70 sees a 
n a r r o w e r  b u m p  in ~Tr,T at  a h l g h e r  m a s s  Not  s e e n  

by  HASSALL 81 wl th 45  e v e n t s , # b  at  6 5  G e V / c  Seen 
by  JENKINS 83 Perhaps  seen  by  81AGI 87 

" - ( 2 2 5 0 )  M A S S  

.VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT 
2189 ± 7 66 BIAGI 87 SPEC - ---8-e 

( E -  ~+ r, - )  X 
2244 :t 5 JENKINS 83 MPS - K - p  ~ K ÷ MM 
2295 - 15 48 GOLDWASSER10 HBC - K - p  5 5 GeV.'c 
2244 -* 52 35 8ARTSCH 69 HBC K - p  fO G e V  ;c  

~ ( 2 2 5 0 )  WIDTH 

VALUE_(M_eV) EVTS DOCUMENT/O TECN CHG COMMENT 
4 6 ~ 2 7  66 BIAGI 87 SPEC - , - f i e  

( Z -  ,r+ = - )  x 
< 30 GOLDWASSERT0 HBC - K - D  5 5 G e V : c  

430 ~ 80 BARTSCH 69 HBC 

~ ( 2 2 5 0 )  D E C A Y  M O D E S  

r t . .~ (2250)  ~ _--~~- 

I 2 E ( 2 2 5 0 )  ~ .%KTr 

I" 3 - - ( 2 2 5 0 )  ~ EKTr  

B~AGI 87 
JENKINS 83 
HASSALL 81 
GOLDWASSER70 
BARTSCH 09 

_ ' - (2250)  REFERENCES 

ZPHY C34 15 + (BRIS CERN GEVA HEID LAUS LOaM RAL) 
PRL 51 951 *Albrlght Dtamond+(FSU BRAN LBL CINC SMAS) 
NP 8189 397 *Ansorge Carter Neale+ (CAMB MSU) 
PR Ol 1960 +Scr.ultz (ILL) 
PL 288 430 (AACH BER~. CERN LOIC VIEN) 

J , ~ ( 2 3 7 0 )  J I(/') = ~2('/') status * * 

OMITTED F R O M  S U M M A R Y  TABLE 

~ ( 2 3 7 0 )  M A S S  

.VALUE (MeV) EVT$  DOCUMENT ID TECN CHG COMMENT 
2356 ± 10 JENKINS 83 MPS - K" p ~ K + MM 
2370 50 HASSALL 81 HBC - 0  K-  p 6 5 GeV C 
2373 ± 8 94 AMIRZADEH 80 HBC - 0  K - p  8 25 

GeV c 
2392  ± 27 DIBIANCA 75 DBC - 2 ~  



4 7 0  

Baryon Full Listings 
E(2370), E(2500), ~ -  

2 (2370 )  WIDTH 

_VALUE (MeV) EVTS DOCUMENT/D 
80 50 HASSALL ~ q  
80 ± 25 94 AMIRZADEH 80 

75 z 69 DIBIANCA 75 

TECN CHG COMMENT 
HBC - 0 K -  p 6 5 G e V / c  
HBC - 0  K - p  8 2 5  

G e V / c  
DBC -2~r  

2 ( 2 3 7 0 )  DECAY MODES 
I'~ - - (2370)  -,, AKTr 

I n c l u d e s  I '4  + I '6 

"2 2 ( 2 3 7 0 )  ~ ~K~r 
Inc ludes 1" s + I'6 

1" 3 2 ( 2 3 7 0 )  ~ ~.Z- K 
I" 4 - - (2370)  ~ A K * ( 8 9 2 )  
I" 5 - - (2370)  ~ ~ I = ( 8 9 2 )  
,'6 = ( 2 3 7 0 )  ~ ~.(1385)K" 

r (A)( ' lT) / l ' tota I 
VALUE 

SEEN 

" ( ~  K~)/"lota, 
VAtUE 

SEEN 

2 ( 2 3 7 0 )  BRANCHING RATIOS 

, ' t / I" 
DOCUMENT ID TECN CHG COMMENT 
AMIRZADEH 80 HBC - 0 K -  p 8 25 

GeV,, C 

"2/" 
DOCUMENT ID TECN CHG COMMENT 

AMIRZADEH -8-0 HBC - 0  K - p  8 25 
G e V / c  

(ri+I'2)/, 
DOCUMENT ID TECN CHG COMMENT 

HASSALL 8'I HBC - 0  K - p  6 5 G e V : c  

l ' j r  
DOCUMENT ID TECN CHG COMMENT 

-~-0 Hsc- -- K---~ 8 2s 
GeV,, c 

(1"4+I"5)/," 
fECN CHG COMMENT 
HBC - K - D  8 25  

Gev.,' c 

, 6 / r  
TECN CHG COMMENT 

HBC - K- ,O 8 25 
GeV,'c 

[r(.,, K~-) + r(~ R~r)~'r,o,o, 
VA I. UE E V TS 

SEEN 50 

1"({l- K)/ l" toia I 
VALUE 
0 09 :I: 0 .04  I KINSON 

[,'(A~'*(892)) * r("'-~"*(892))]/"totaJ 
VALUE DOCUMENT /D 
0 22 ¢--0 13 - I KINS~N -8"0 

,'(Z(1385) K)/r tota I 
VALUE DOCUMENT ID 

0 . 1 2 ± 0  08 I KINSON 80 

~ ( 2 3 7 0 )  FOOTNOTES 
IKINSON 80 is a reanolys ls  of AMIRZADEH 80 wi th  50% mo,'e events 

~ ( 2 3 7 0 )  REFERENCES 

JENKINS 83 pRt 51 951 +All)right DIOmOnd*,(FSU BRAN LBL CINC SMAS) 
HASSALL 81 NP 8189 397 +Ansorge Carter Neole+ (CAMB MSU) 
AMIRZADEH 80 PL 908 324 + (BIRM CERN GLAS MSU LPNP) I 
KiNSON 80 TorOnto Cant 263 * (81RM CERN GLAS MSU LPNP) I 
DIBIANCA 75 NP B98 137 +lndorf (CMU) 

J~(2500) J ,(.J") : ~ ( ' ~ )  Status * 

OMITTED FROM SUMMARY TABLE 

The ALITTI 69 peak might be InsteoO the =(2370)  or 
might be nellher the =(2370)  nor the --(,2500) 

2 ( 2 5 0 0 )  MASS 

VALUE (MeV) EVrS DOCUMENt ID TECN_ CHG _COMMENT 
2505 :t 10 JENKINS 83 MPS K - D  ~ K + MM 
2430  ± 20  30 ALITTI 69 HBC - K - D  4 6 - 5  

GeV/C 
2500 _+ 10 45 BARTSCH 69 HBC - 0  K - D  40 GeV,/c  

2 ( 2 5 0 0 )  WIDTH 

VALUE (Met/) .D__OCUMENT ID _ rECN CHG 

+ 6 0  ~50 - 40 At.l~ll 69 HBC 
59 ± 27 BARTSCH 69 NBC - 0 

2 ( 2 5 0 0 )  DECAY MODES 
I"~ _- (2500)  ~ --'~" 
1 2 - - (2500)  ~ A 
I'3 - - (2500)  ~ ~Lk" 
i'4 E(2500) ~ --TrTr 
"s --(2500) ~ --(IS30)7r 
I' 6 -(2500) ~ A~'~ + ~LK~ 

2(2500) BRANCHING RATIOS 

r(--~r)/{,'(-~). ,'(.',T,O + r('-:~, r(-(ts30)~')} 
i'I/(i"i+,2+r3+I"s) 

VALUE DOCUMENT ID TECN COMMENT 
< 0  5 A, LIT]-I-" 69 HBC I sl-ondard d e v  l im l l  

I ' ( A ~ ' ) / 1 1 " ( - - r )  + , ' ( A K )  + I ' ( Z ~ )  + 1 ( - - ( 1 5 3 0 )  = ) '  I 

, ' 21 ( r1+ I "2+ , ' 3+15)  
VALUE p_O. CUME_NT JD _ [fCN CHG 
0 5 - 0 2 ALITTI 69 HBC - 

r( '_;k")/ l l ' ( --=) + l ( .~r0 + r ( ' - ;~  + r ( - (1530 )= ) }  
i '3/(rt+i"2+,3+1"s) 

VALUE DOCUMENT ID rECN.. CHG 

0 5 ± 0 2 h, LITTI-" 6g HBC 

,'(-(Is3o)=)l[r(-Tr) + rC.t~) + i'(~E) + ,'(=(153o)7r)i 
I "s,1(I ' i+1"2+l '3÷I"~) 

VALUE 

-~o 2- 

1'( -- 7r / r ) / r tota I 
VALUE 
SEEN 

l ' ( . t K ' ~ )  * ] ' ( ' / ( ' ~ T ) / I ' t o t a L  
VALUE 

SEEN 

DOCUMENT /0 TECN COMMENT 
~ u m -  - 69 HBC t s3anda--rd dev limit 

D.OCUM.ENT ID TECN CHG 

BARTSCH 69 HBC - 0  

DOCUMENT ID TECN CHG 

BARTSCH 69 HBC - 0 

r4/r 

r6/ l"  

JENKINS 83 PRL 51 951 
ALITTI 69 PR1. 22 79 
8ARTSCH 69 PL 288 439 

2 ( 2 5 0 0 )  REFERENCES 
+Aibnght DIamoncI~-(FSU BRAN LSL CINC SMAS) 
#Barnes Flomlnto MetZger÷ (BNL SYRA) I 
+ (AACH 8ERL C[RN LOIC VIEN) 

9 B A R Y O N S  
( S =  - 3 ,  I = 0 )  

rq 
SEE STABLE PARTICLES 

l(J P) = 0(32+ ) Status ,K, , I  il. , I  
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Baryon Full Listings 
a(22501-, a(23801-, Ac + Zc(24551 

J ~(2250)- J Status e ~ ~ 

~ ( 2 2 5 0 ) -  MASS 

VALUE (MeV) EVTS DOCUMENI ID TECN COMMENt 

2 2 5 2  ± 9 OUR AVERAGE 
2253 :t 13 44 ASTON 87B LASS K-tO 11 G e V / c  
2251 ± 9 ± 8 78 BIAGI 868 SPEC SPS _--- b e a m  

~ I (2250 ) -  WIDTH 

VALUE (MeV) EVTS DOCUMENT IO rECN 

55 ± 18 OUR AVERAGE 
81 :t 38 44 ASTON 878 LASS 
48 ± 20 78 BIAGI 868 SPEC 

COMMENT 

K - p  11 GeV/c 
SPS E -  b e a m  

f f ( 2 2 5 0 ) -  DECAY MODES 
I"~ ~).(2250)- ~ " : - I T + K  - 
I" 2 L~(2250) - -,. E( , IS30)0K-  

f f ( 2 2 5 0 ) -  BRANCHING RATIOS 

r ( - ( 1 5 3 o ) o  K- ) I I ' (E -  ~+ K- ) I '2/ I ' i  
VALUE EVT$  DOCUMENT ~D ~ECN COMMENT 
~ I  0 44 ASTON 878 LASS K - p  11 G e V / c  

0 . 7 0 ± 0  20 49 BIAGI 868 SPEC ----Be I16 GeV/ ' c  

(~ (2250) -  REFERENCES 

ASIAN 878 PL Bf94 570 +Awa)i Blent Bird+ (SLAC NAGO CINC TOKY) 
BIAGI 868 ZPHY C31 33 ÷ (LOAM GEVA RAL HEJD LAUS BR'IS CERN) 

J ~(2380)- I 
OMITTED FROM SUMMARY TABLE 

Status e e 

~ ( 2 3 8 0 ) -  MASS 

VALUE (MeV) EVT~  OOCUM~tVT ID TECN COMMEN ~ 
2384 ± q ± 8 45 8tAGI 868 SPEC SPS E -  b e a m  

~ ( 2 3 8 0 ) -  WIDTH 

yALUE (MeV) ___  EVTS DOCUMEN~.ID rECN COMMEN~ 
26 :t 23 45 BIAGI 86B SPEC SPS E -  b e a m  

~ ( 2 3 8 0 ) -  DECAY MODES 
I'~ ~ ( 2 3 8 0 ) -  ~ E -  ~'* K-  
I" 2 $~(2380)-  ~ - - (1530)OK - 
F 3 ( t ( 2 3 8 0 ) -  -,, , ~ - ~ ( 8 9 2 )  0 

~ ( 2 3 8 0 ) -  BRANCHING RATIOS 

1"(E(1530) ° K - ) / r ( E -  7r* K - )  I'2/1'i 
VALUE CL% E V T $  DOCUMENt ID TECN COMMENT 
< 0  44 90 9 BIAGI 868 SPEC _---Be 1'16 G e V / c  

I'(_--- k"*(892)o)/I'(- --- 71" + K-) I'3/I'~ 
VALUE E V T $  DOCUMENT IO rECN COMMENT 
0 5- - .0 .3  21 BIAGI 868 SPEC - - - B e  116 G e V / c  

P. (2380) -  REFERENCES 

BIAGI 8bS ZPHY C31 33 (LOQM GEVA RAL HEID LAUS BRiS CERN) 

CHARMED BARYONS 
( c  = + I )  

SEE STABLE PARTICLES 

I(J P) = 0(12 +) Slatus * * * e 

I~c(2455) 1 I ( Y ' )  = ,1(~ ~) Status ~" '~ * 

Yc(2455)  MASSES 

The mass measurements  here ore rec lundonf  with the moss 
d i f fe rence measurements  that fol low We get  the mosses by 
a d d i n g  the ~c(2455)-~ci" mass d i f ferences to the ~.~ moss 

"c(2455)  + + MASS 
~/ALUE (~eV)  EVT5 DOCUMEN_T ID TECN C_H.G COMM.ENT _ 

2452.2 :t 1 .7 OUR FIT Error inc ludes scale factor of 1 4 

• • • We clo not use the fo l lowing da ta  for Overages flfs l imils etc  • • • 

2449 - 3 2 JONES 87 HBC + + ~,p in 8E8C I 
2480 I ADAMOVICH84 EMUL + + "},A (OMEGA) 
2454 __. 5 I BOSETII 82 HBC + + See JONES 87 
2425 ± 10 6 8ALTAY 79 HLBC + + i, Ne-H in tS-ft 

>2439  I BARISH 77B DBC + +  u d l n  12ff  
2426 *- 12 1 CAZZOLI 75 HBC + + I 'p  ~n BNL 7-(~ 

"~c(2455) + MASS 
.VALUE_~MeV) _ Err5 DOCUMENT ID TECN C_.HG COIVfMENT . _ 
2452,9 ¢ 3.4 OUR FI1 Error inc ludes scale factor  of ¶ 1 

• • • We do  not use the fo l low ing d a t a  for averages  tits hmils e tc  • • • 

2457 +_ 4 'I CALICCHIO 80 HBC + z,p in BEBC TST 

~c(2455) ° MASS 
See the note  in the ~ + " ~  MASS DIFFERENCE sechon b e l o w  

yA_LUE (Me~/) EVT5 DOCUMENT ID 7ECN CHG COMMEN_T_ 

• • • We O0 not use the loIlow~ng d a t a  lot  overages fits, limits, e tc  • * • 

2462 _+ 26 I AMMAR 86 EMUL 0 r A  J 
~ 2 4 6 0  9 KNAPP 76 SPEC 0 5 Be I 

Zc(2455 ) - A + MASS DIFFERENCES 

~ +  - Ac + MASS DIFFERENCE 
VALUE.(MeV) EVT$ DOCUMENT ID TECN CHG COMMENT 
167.4 ± 0.8 OUR FIT 

I 

J 167.4 :t 0.8 OUR AVERAGE 

168 2 ± 0 5 +_ I 6 92 ALBRECHT 880 ARC + ~ e "  e-  ~ '10 
GeV I 

167 4 ± 0 5 _+ 2 0 46 DIESBURG 87 SPEC + + nA ~600  GeV I 
167 :t I 2 JONES 87 HBC + + i 'D rn BEBC I 168 ± 3 6 8ALTAY 79 HLBC + + l '  Ne H in 15 ff 
• • • We d o  ha l  use the fo l lowing da ta  for overages  fltS limits e l c  • • • 

166 _+ I I BOSETTI 82 HBC + + See JONES 87 
166 ± 15 I CAZZOLI 75 HBC + + i ' p  In BNL 7 ff 

%-+ _ - c  'Lc + MASS DIFFERENCE 
VA_L_UE (MeV_) EVTS DOCUMENT ID TECN CHG COMMENT 
168.0 :t: 3.0 OUR FIT 
16~ _. 3 1 CALICCHIO 80 HBC + {,p Ln BEBC TSI 

I z°c - .%~ MASS DIFFERENCE 
See the no te  in the ~c-l + - "S  MASS DIFFERENCE sechon be low  

VALUE (Mev) EVI5 DOCUMENT tD TECN CHG COMMENT 

• • • We d o  not use the fo l low lng  d a t a  for averages  fits limits e l c  • * • I 
l 167 0 ~: 0 5 :t I 6 70 ALBRECHT 88D ARG 0 e ~ e -  ~ 10 

GeV 
178 2 ± 0 4 :t 2 g 85 DIESBURG 87 SPEC 0 nA --000 GeV 
163 :i: 2 i AMMAR 86 EMUL 0 I,A 
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Baryon Full Listings 
Ec(2455), ~c,=+ 9c,° A o, DIBARYONS 

Ec(2455 ) MASS DIFFERENCES 

EZ" - -c'° MASS DIFFERENCE 
The two  resul ts a r e  c o m p l e t e l y  I n c o m p a t l b l e  w h i c h  is a l l  t he  m o r e  
surpr is ing  s ince  t he  two  e x p e r i m e n t s  a g r e e  a b o u t  t he  ~ c ( 2 4 5 5 )  + + -  'tel 
moss dL f fe rence  At leas t  o n e  of t he  e x p e r i m e n t s  is w r o n g  he re ,  a n d  
t h e r e  Is no  po in t  in a v e r a g i n g  t h e m  

yAI,UE (Me_v) DOCUMENT /O TECN COMME_N~ _ . 

• * • We do  not  use the  f o l l o w i n g  Oata  for a v e r a g e s  tits l imits e t c  • • • 

I 2 z 0 7 .+-0 3 ALBRECHT 88D ARG e + e -  ~ 10 G e V  
- 10 8 _+ 2 9 DIESBURG 87 SPEC n A  ~ 6 0 0  G e V  

Zc(2455 ) DECAY MODES 
1" t vc(2455 ) ~ ~.c+,r 

Ec(2455 ) REFERENCES 
ALBR[CHT 88D PL 8 (accep ted )  +8oeCkmann Glaeser+ (ARGUS Col lop ) 
DIESBURG 87 PRL 59 271t +Loabury+ (COLa ILL FNAL 8GNA MILA INFN) 
JONES 87 ZPHY C36 593 +Jones+ (81RM C[RN LOIC MPIM aXE LOUC) 
AMMAR 86 JETPL 43 5t5 +Ammosov 8aklc 8oranov 8umett+ ( l lrP) 

lron$1oted hom ZETFP 43 40t 
ADAMOVICH 84 PL t408 119 +Alexohdrov 8alto 8iavo* (WASB Collop ) 
BOSETIl 82 PL 1098 234 +Gtoessler÷ (AACH BONN CERN MPIM OXF) 
CALICCHIO 80 PL 938 521 * (BARi 81RM BRUX CERN EPOk RHEL+) 
BALTAY 79 PRL 42 1721 *Coroumbatls French HlbbS+ (COLU BNL) I 
8AR[SH 778 PR D15 I ÷Oefflck Dombeck Musgrave+ (ANL PURD) 
KNAPP 76 PRL 37 882 +Lee Leung Smith+ (COLU HAWA ILL FNAL) 
CAZZOLI 7,5 PRL 34 1125 *CHOPS Connolly Loufllt Murt(:]gh* (8NI) 

I "+ J '-'c A+ was 

SEE STABLE PARTICLES 

l(J p) = 9(9") Status e e. 

I I w a s  T O I(JP) = 9(~ ' )  Status 

SEE STABLE PARTICLES 
OMITTED FROM SUMMARY TABLE 

BOTTOM (BEAUTY) BARYON 

~ 1  t(Jp) = 9(.~,) status e 

SEE STABLE PARTICLES 
OMITTED FROM SUMMARY TABLE 

NO'I'E ON DIBARYON RESONANCES 

D,baryons were reviewed in our last edwon  I and have 

bccn rc~ tcwcd more extcnslvcl,, by kocher, Saturn, and 

Svarc 2 The most ,mportant recent result Ls from Shyp~t et 

al 3 w.ho clmm to have conclusively ruled out broad 

dlbaryon resonances in the N3.' 1D 2 3/- 3, and 3P 2 waves 

with masses between about 2100 and 2250 MeV The 

experiment measured spin correlation parameters for the 

reaction p p  - - ,  nl)Tr + at six beam encrgms from 492 to 796 

MeV and made an isobar analysts to find the amphtudes 

and phases of the IJP -+ V ' ,  amphtudes Broad resonant- 

hke beha', ior of the dominant  amphtudes v, as ruled out 

D]bar}ons in this range would ha',e to deca} largel} into 

the .\ ~ channel, as the ;V\ and rrd branching fractions or 

possible resonances arc rather small 

References 

1 Particle Data Group, Ph}s I.ett 170B. 337 (1986) 

2 M P l,ochcr N1 E Samto, and-k S~arc, Ad~ Nucl 
Ph.~s 17.47(1986) 

3 R L  S h , , p n e l a I . P h } s  Rex kett 611. 901 (1988) 

S = 0 DIBARYONS 

I N N ( 2 t 7 0 )  I D  2 I aa") = ~(2 +) status * 

OMITTED FROM SUMMARY TABLE 

NN(2170) MASS 

These a re  Bre l l -Wlgner  mosses in l h e  N N  I D  2 w a v e  

vAtuJ (MEW_ DOCUMENT tO CO_MMEm 
2176 I HIROSHIGE 85 ~ d  ~ r, cl i uses Lyon 

o m p l  ) 
2176 _+ 6 STRAKOVSKII 84 r + <:I ~ p p  PWA 
2200 2 LOCHER 83 r d ~  .':r a PWA 
2140 to 2160 DAKHNO 82 p n  ~ p p T r -  cross sec 
2170 HOETIEZE 81 T,d ~ pn',,r a m p l  ona lys l s  
2140 3KANAI  81 ~ d ~  ~ d P W A  (sol B & C )  
2'180 ARVIEUX 80 ~ ( f  ~ ~rd PWA 
2185 4 K A M O  80 p p  ~ : ¢ + d  PWA 
2170 HOSHIZAKI 79 N N  ~ N N  PWA 
• • • We dO not  use the  t o l l ow ,ng  d a t a  tar a v e r a g e s  fds l imits e t c  * * * 
2263 to 2340 5 BAKKER 84 N N  ~ N N  P-matr lx  ana lys i s  
2116 6UEDA 82 N N ~  NN PWA, F a d d e e v  flt 

NN(2170) WIDTH 

VALUE (M_eV) DOC_U.MENT tO COMMENT 

124 I HIROSHIGE 85 Trd ~ ~ d  (uSes Lyon 
o m p l  ) 

107 z 23 STRAKOVSKII 84 ~r + @ ~ p . o  PWA 
85 I LOCHER 83 7rd ~ r . d  PWA 
50 to 100 DAKHNO 82 p n  ~ D O ' E -  cross sec  
75 HOFTIEZE 81 x -d  ~ o n ~  o m p l  ona lys l s  
56 or 54 3KANAI 81 ' ~ ' d ~  ? r d P W A  (sol B & C )  

134 4 K A M O  80 p p  ~ 7 r + d  PWA 
100 to 150 HOSHIZAKI 79 N N  ~ N N  PWA 
• • • We do  not  use t he  f o l l o w i n g  cialQ tot a v e r a g e s  tits l lmits, e t c  • • • 
100 l a  200 GRACH 848 N N  ~ N N  P mat r i x  ana lys is  

,50 7 FERREIRA 83 ~r d f o rwa rd  o m p i l l u d e  
61 6 UEDA 82 N N  ~ N N  PWA, F o a d e e v  fit 

NN(2170) ELASTICITY 

VAI'UE DOCUMENT ID COMMENT 

0 I HOSHIZAKI 79 N N  ~ N N  PWA 
• • • We clo not  use the  f o l l o w i n g  d a t a  tar a v e r a g e s  fits l imits e t c  • • • 
0 3 to 0 5 GRACH 84B N N  ~ N N  PWA 
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Baryon Full Listings 
DIBARYONS 

NN(2170) x ' - d  INELASTICITY 

VALUE DOCUMENT iO COMMENT 

0 49  'I HIROSHIGE 85 ~ ' d  ~ ~ rd  (uses Lyon 
a m D l  ) 

0 . 2 9  8 SMITH 84 ~rd ~ I"O' PWA 
0 29 2LECHER 83 I t d ~  I r d  PWA 
0 . 2 6  KANAI 81 ~ d  ~ :¢d PWA 
• . . We d o  not  use t he  f o l l o w i n g  c lara  for a v e r a g e s  flts. l imits, e t c  • • • 
0 . 0 9  7 FERREIRA 83 ~ d  f o rwa rd  a m p l i t u d e  

N N ( 2 1 7 0 )  POLE P O S I T I O N  

REAL PART 
A p p r o x i m a t e l y  e q u a l s  t he  Brelt-Wbgner moss 

VALUE (MeV) DOCUMENT ID COMMENT 

2148 A ~ D T  -8-7 N N  ~ N N  s c a t t e r l n g  J 
ana lys i s  

2120 to 2150 9 BHANDARI 83 N N  ~ N N  M-mat r l x  fit 
2150 EDWARDS 81 N N  ~ N N  K mat r i x  tlt 
• • • We  d o  not  use  t he  f o l l o w i n g  d a t a  tar a v e r a g e s ,  fits, l imits e f c  • • • 
2150 to 2170 GRACH 848 Flts N N  ~ N N  PWA 
2149 to 2150 '10 KLOET 838 N N  ~ N N  c o u p ( e d  c h a n n e l  

flt 
21'10 '10 UEDA 82 N N  ~ N N  PWA, F o a d e e v  flt 
2045 BHANDARI 81 N N  ~ N N  K-ma l r l x  fit 
2135 BHANDARI 81 N N  ~ N N  M-mat r l x  flJ 
2153 '1'1 KLOET 818 N N  ~ N N  p o t e n t i a l  m o d e l  

fit 

IMAGINARY PART 
A p p r o x i m a t e l y  e q u a l s  o n e - h a l f  t he  Bre i t -Wigner  w id th  

VALUE (MeV) . . . .  DOCUMENT ID COMMENT 

63 ARNDT 87 N N  ~ N N  s c a t t e r i n g  
ana lys is  

80 to 100 9 8HANDARI 83 N N  ~ N N  M mat r i x  fit 
56 EDWARDS 81 N N  ~ N N  K mat r i x  fit 

• • • We d o  no t  use the  f o l l ow ing  c la ta  tar a v e r a g e s ,  fits l lml ts  e t c  • • • 

39 to 45  '10 KLOET 838 N N  ~ N N  c o u p l e d  c h a n n e l  
fit 

54 '10 UEDA 82 N N  ~ N N  PWA. F a d d e e v  fit 
110 BHANDARI 8 t  N N  ~ N N  K mat r l x  flt 
90  8HANDARI 8 t  N N  ~ N N  M mat r i x  fit 
46  t l  KLOET 818 N N  ~ N N  p o t e n t i a l  m o d e l  

tit 

NN(2170) IRESIDUEI/Im(POLE POSITION) 

J r e s i d u e J / I m ( p o l e  posHion)  opp rox }ma tePy  e q u a l s  Bre~1-Wigner 
e l o s t l c i l y  

VALUE DOCUMENT ID COMMENT 

0 16 ARN~DT 8-7 N N  ~ N N  s c a t t e r l n g  
ana lys i s  

0.  I to 0 3 9 BHANDARI 83 N N  ~ N N  M-mat r l x  tit 
0 29 EDWARDS 81 N N  ~ N N  K-matr lx  fit 
• • • We  d o  not  use  t he  f o l l o w l n g  Ooto  for a v e r a g e s  fits. l lml ts  e t c  • • • 
0 175 8HANDARI 81 N N  ~ N N  K mat r l x  fit 
0 2 BHANDARI 81 N N  ~ N N  M maf r l x  tit 

NN(2'170) FOOTNOTES 
`1The HIROSHIGE 85 e f fec t  Is in t he  3P 2 w o v e  of t he  d ~  sys tem 
2LECHER 83 is a r e s o n a n c e  fit to t he  v e c t o r  p o l a r i z a t i o n  
3The KANAI 81 fit w l th  no  r e s o n a n c e s  was  ve ry  Door  a n d  o the r  fffs w i th  

f e w e r  JhQn four r e s o n a n c e s  w e r e  not  t r ied  
4KAMO 80 d i d  no t  fry fits w i th  f e w e r  t h a n  six r e s o n a n c e s  
5BAKKER 84 a c t u a l l y  g l ves  the  P-matr lx  p o l e  pos l t l on  
6UEDA 82 repor ts  as t he  mass. bu t  does  not  e x p l a l n  h o w  it WaS c a l c u l a t e d  

f rom the  Do le  pasS,on 
7FERREIRA 83 f i xed  t he  r e s o n a n c e  mass 
8SMITH 84 Is a F a d d e e v  + r e s o n a n c e  fit to  the  v e c t o r  a n a l y z i n g  p o w e r  var  

Ins  on l y  t he  e l as t i c l f y  The moss a n d  w l d t h  w e r e  f i xed  a t  LECHER 83 
v a l u e s  

9BHANDARI 83 c l a l m s  t he  102 is a n  NA b o u n d  s ta te  
10NoJ a g o o d  fit to t he  p a r l i a l - w a v e  a m p l l f u d e s  
tIKLOET 818 cloes no t  show the  g o o d n e s s  of fit to Ii32 

NN(2170) REFERENCES 
AR'NDT 87 PR D3,~ `128 ÷Hy$1oD Rol)er (VPI) 
HIROSHIGE 85 PL 1508 4`1 +Wotorl rakobayashl*, (OSKC HIRe) 
8AKK|R 84 NP A424 563 *Gfoch, Narodelskll (VRIJ ITEP) 
GRACH 840 SJNP 39 56 +Narocletskll Shmallkov (ITEP) 

Tronslafe~ nora YAF 39 9`1 
AtSO 84 ZPHY C21 229 Groch Norodetlk l l  ShmOtlkov (ITEP) 

SMITH 84 PR C29 2206 +Marble Boschltz Oltermann+ (KARL SIN+) 
STRAKOVSKIf 84 SJNP 40 273 +Kravtsov RyskJn (LENI) 

Transloled from YAF 40 42Q 
Al ia  84 JP G9 L`187 Kravtsov Tyskln Strokovskfi (LENI) 

BHANDARI 83 PR D27 296 (VPI) 
A~SO 838 LNC 38 25`1 Bhandofl (NMSU) 

FERREIRA 83 
KLC~T 83S 
LECHER 83 
DAKHNO 82 

AlSO 82B 

UEDA 82 
8HANDARI 81 
EDWARDS 81 
HOFTIEZ[ 8t  
KANAI 8'1 
KLOET 8'18 
ARVIEUX 80 
KAMO 80 

AlSO 80S 
HOSHIZAKI 79 

JP G9 169 ~.Mungu~a (PUCB) 
PR C27 430 +TJon (ITPU) 
p~L `1218 227 +Salno (SIN) 

'1148 409 +Kravlsov Lobachev Makarov Meaveaew(LENl) 
SJNP 36 83 OOkhno Kravtsov Lobochev Makarov+ (LENI) 
Tronsiotecl from YAF 36 '143 
PL I`1QB 28`1 (OSAK) 
PRL46 '11'/'I *Arn(:Jl Roper Verwest (VPI TAMU) 
PR D2S 1978 (ANL) 
PR C23 407 eBaker Clement Dtagoset+ (RICE HOUS BONN) 
PIP 65 266 +Mlnako Nakamura.  (TMU KAGO TWAS SAGA) 
PL 1068 24 +Tlon (RUTG UTRE) 
NP A350 205 +Rlnal (GREN REHO SACL) 
LNC 29 289 *Watarl (OSAK) 
PTP 64 2'144 Kamo wotarl  Yonezowo (OSAK HIRe) 
PTP 61 '129 (KYOT) 

- -  OTHER RELATED PAPERS 

SVARC 85 NP A434 329C (SIN) 
8YSTRICKI 84 NC 82 385 +Deregel Lehat+ (SACL GEVA TRST MONT) 
CONIBES 84 NIP A431 703 +8ednel+ (IPN SACL STR'8 FRAS CAEN) 
KATAYAMA 84 NP A423 4'10 +KaJlta KOlSO Kubola Sol Sokomoto, (TOKY) 
ABL[EV 83 NP A393 491 +Abdushukurov Avramenko Dlmltrov+ (JINR) 
ARNDT 83 PR D28 97 cRoper Swan Clark Verwest÷ (VPl TAMU MSU) 
KLOET 83 NP A392 27`1 *Tjon (fTPU) 
LISOWSKI 82 PRL 49 2.55 ~.Srlamu Auct~ampaugh Klng Moore+ (LASL) 
ARGAN 81 PRL 46 96 +Aualt Debotton Faure Martin (SACL) 
ARVIEUX 81 PL `1038 99 (GREN SACL) 
BOLGER 81 PRL 46 167 +8oschilz Probstle Smlth (KARL SIN [RLA*) 
GRLIN 81 JP G7 `1355 +Lecher (SIN) 
HOLT 81 PRL 47 472 +Special Stept~enson Zelclman+ (ANL LASL+) 
KLOEI 81 NP A364 346 +Silbor (RUTG LASL) 
MINEHART 81 PRL 46 1185 +Boswell Davis Day McCarthy* (VIRG LASL) 
MIZUTANI 8'I Pt I078 177 +Fayord Lamol Nahabel lan (LYON I~GE) 
RINAT 8¶ PL `1048 182 *Arvleux (GREN REHO SACL) 
TAMAS 8'I NP A358 347 (SACL) 
FRASCARIA 80 PL 9'18 34.5 *Brlssoucl Dldelez Peffln+ (IPN GREN NEUC) 
KUBODERA 80 JP G6 '17'1 +Lecher MyrIier Thomas (SiN NaRD TRIU) 
HIDAKA 77 PL 708 479 ÷8erelvas Nielcl Splnko÷ (ANL) 

i N N ( 2 2 5 0 )  3F 3 J i(.J") = 1(3-) status * 

OMITTED FROM SUMMARY TABLE 

NN(2250) MASS 

These a re  Brelt W i s h e r  masses in t he  NN 3F 3 w a v e  

VALUE (MeV) DOCUMENT IO COMMENT 

2240 Z 5 r TATISCHEFF 85 3-Hep ~ d X 
2236 JAUCH 84 N N  ~ N N r .  D e c k  ÷ reso- 

n a n c e  
I 2170 ± 5 STI;'AKOVSKII 84 ;'r + d ~ p p  PWA 

2251 to 2266 BHANDARI 82 N N  ~ N N  PWA 
2220  to 2260 DAKHNO 82 p n  ~ p p ; T -  ~r (or  3D3/3G3)  
2200 _ '10 2 SHAMU 82 n p  t o l a l  cross sec t i on  fit 
2260 3KANAt  81 ? r d ~  ~ r d P W A  (sot B & C )  
2296 -+11  IKEDA 80 " ~ d ~ p n P W A ( s o l  A )  
2307 _+ 12 IKEDA 80 "~ ( I  ~ p n  PWA (sol B ) 
2185 4 K A M O  80 D D ~  ~ + d  PWA 
2220 HOSHIZAKI 78 N N  ~ N N  PWA 
• • • We d o  not  use fne  fo l l ow ing  c lara  for a v e r a g e s  fits l imlfs e t c  • • . 

2310 5 GREIN 82 FIts N N  t o w a r d  a m p l i t u d e s  
2155 6 UEDA 82 N N  ~ N N  PWA F o d d e e v  flf 
2260 ( f i xed)  7 IKEDA 80 ~ d ~ p n  PWA (sol  A)  
2390 5 GREIN 78 Fits N N  f o rwa rd  a m p l H u d e s  

NN(2250) WIDTH 

VA_LUE (MeV) DOCUMENT ID COMMENT 

16 ± 3 t TATISCHEFF 8,5 3 H e p  ~ d ) (  
120 JAUCH 84 N N  ~ N N r ,  D e c k  ÷ reso- 

n a n c e  
142:1: 9 STRAKOVSKiI84 ~ T + d ~  p D P W A  

70 to 100 BHANDARI 82 N N  ~ N N  PWA 
100 to 200 DAKHNO 82 D n  ~ p p r , -  a (or  303.,3G3) 
134 = 9 2 SHAMU 82 n p  t o ta l  cross sec t i on  tit 
181 o r 1 7 1  3KANAI 81 . ' r d ~  ~ d P W A  (sol 8 & C )  
177 -+32  IKEDA 80 " ~ d ~ p n P W A ( s o l  A )  
213 ± 54 IKEDA 80 "l d ~ p n  PWA (sol B ) 

81 4 K A M O  80 D D ~  ~'+ d PWA 
50 to 100 HOSHIZAKI 78 N N  ~ N N  PWA 

• • • We do  not  use t he  f o l l ow ing  d a t a  for a v e r a g e s  fits l imits e t c  • • • 
75 8 FERREIRA 83 ,-r d fo rward  a m p l i t u d e  
60 6 UEDA 82 N N  ~ N N  PWA F a d d e e v  fit 

200 ( f i xed)  7 IKEDA 80 ~ d  ~ p n  PWA (sol A)  
290 5 GREIN 78 Fits N N  f o rwa rd  a m D h t u d e s  
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NN(2250) ELASTICITY 

VALUE OOCUMENT lO COMMENT 

0,21 JAUCH 84 N N  ~ N N I r  Deck + reso- 
n a n c e  

0 11 to 0 .13  9 BHANDARI 82 N N  ~ N N  PWA 
0 096 ± 0 012 10 SHAMU 82 n p  to ta l  cross sec t ion  fit 
0 . 2  HOSHIZAKI 78 N N  ~ N N  PWA 
• • • We d o  not  use the  fo t low lng  d a t a  for averages ,  fits, l imits e t c  • • • 
0 05 8 FERREIRA 83 ~rd tat 'ward o m p l i l u d e  

NN(2250) POLE POSITION 

REAL PART 
A p p r o x l m a t e l y  equa l s  the  Breit Wlgner  r~ass 

VAL~IE (MeV)  DOCUMENT IO COMMENT 

2183 ARNDT 87 N N  ~ N N  scat ter ing 
analys ls  

2210 to 2220 11 BHANDARI 83 N N  ~ N N  M-matr lx  fit 
2218 to 2200 BHANOARI 82 N N  ~ N N  Brelt-Wigner fit 
2185 EDWARDS 81 N N  ~ N N  K-matr ix fit 
2175 KLOET 81 N N  ~ N N  p o t e n t i a l  m o d e l  

flt 
• • • We clo no t  use the  f o l l ow ing  d a t a  for ave rages  tits, l lmlts, e fc  • • • 
2148 to 2149 12 KLOET 83 N N  ~ N N  c o u p l e d  c h a n n e l  

flt 
2162 to 2173 13 KLOET 83 N N  ~ N N  c o u p l e d  c h a n n e l  

fit 
2134 r2 UEDA 82 N N  ~ N N  PWA, F a d d e e v  flt 
2211 12 VERWEST 82 N N  ~ N N  p o t e n t i a l  m o d e l  

fit 
2190 BHANDARI 81 N N  ~ N N  K matr lx  flt 
2215 BHANDARI 81 N N  ~ N N  M-matr lx  fit 

IMAGINARY PART 
A p p r o x i m a t e l y  equa ls  one  haft the  8reit-Wlgner w id th  

VALUE (MeV)  DOCUMENT I0  COMMENT 

79 ARND1, 87 N N  ~ N N  sca t te r lng  
analys ls  

60 to 80 11 BHANDARI 83 N N  ~ N N  M-matr lx  fit 
45 to 60 BHANDARI 82 N N  ~ N N  Brelt Wlgner  fit 
70 EDWARDS 81 N N  ~ N N  K-matr lx fit 
43 KLOET 81 N N  ~ N N  p o t e n t i a l  m o d e l  

fit 
• • • We clo no t  use the  fo l l ow ing  d a t a  for averages ,  flfs l lmlts, e t c  • • • 
33 to 38 12 KLOET 83 N N  ~ N N  c o u p i e d  c h a n n e l  

fit 
43 to 48 13 KLOE1, 83 N N  ~ N N  c o u p l e d  c h a n n e l  

tlt 
52 12 UEDA 82 N N  ~ N N  PWA F a d d e e v  flt 
35 t2 VERWEST 82 N N  ~ N N  p o t e n t i a l  m o d e l  

f l l  
65 BHANDARI 81 N N  ~ N N  K-matr lx fit 
70 BHANDARI 81 N N  ~ N N  M-matr lx  fit 

NAK2250) IRESlDUEI/Im(POLE POSITION) 

VALUE DOCUMENT I0  COMMENT 

0 18 ARNDT 87 N N  ~ N N  scat ter ing 
analys ls  

0 1 to 0 2 I~ BHANDARI 83 N N  ~ N N  M-matr ix flt 
0 08 to 0 .13 BHANDARI 82 N N  ~ N N  Breit-Wlgner fit 
0 30 EDWARDS 81 N N  ~ N N  K-matr lx fit 
• • • We d o  no t  use the  t o l l o w l n g  d a t a  for ave rages  fits, l lmlts, e t c  • • • 
0 15 BHANDARI 81 N N  ~ N N  K-matr ix fit 
0 15 BHANDARI 81 N N  ~ N N  M-maJrlx fit 

NN(2250) FOOTNOTES 
IThe TA1,1SCNEFF 85 state ass ignment  is not  ce r ta ln  
2SHAMU 82 is an  n p  resonance  
3The KANAI 81 flt w l fh  no  resonances was very  poor ,  a n d  o ther  fits w l th  

fewer  than  four resonances  were  no t  f r ied 
4KAMO 80 cl ld no t  try fits w i th  fewer  than  slx resonances 
5GREIN 78 a n d  GREIN 82 see no ID  2 resonance  
6UEDA 82 reports as the  mass, bu t  does no t  e x p l a i n  h o w  it was c a l c u l a t e d  

f rom the  p o l e  pos l t l on  
71KEDA 80 g lves two  o ther  solut ions w l l h  poore r  fits to the  d a t a  
8FERREIRA 83 f ixed the  resonance  mass 
9BHANDARI 82 reports the  d ~  b r a n c h l n g  rat io to b e  0 2 to 0 3 a n d  the  N..I 

b r a n c h l n g  rat io to b e  0 6 to 0 7 
10This SHAMU 82 n p  v a l u e  is e q u i v a l e n t  to 0 19 ± 0 . 0 2  for p p  
118HANDARI 83 c la lms  the  3F 3 Is no t  an  N. I  b o u n d  state 
12Not a g o o d  fit to t he  pa r t i a l -wave  a m p l i t u d e s  
t3KLOET 83 found  t w o  n e a r b y  3F 3 po les  

ARNDT 
TATI~)C HE FF 

AI:~O 
JAIJCH 
SIRAKOVSKII 

AttO 
BHANDARi 

Also 
FERRIEiRA 
KLOET 
BHANDARI 
DAKHNO 

ALSO 

GR~IN 
SHAMU 
UEDA 
VERWESI 
BHANDARI 
EDWARDS 
KANAI 
KLOET 
IKEDA 
KAMO 

Also 
GREIN 
HOSHIZAKI 

NN(2250) REFERENCES 
87 PR D35 '128 +Hv|;OID Roper (VPI) 
85 PL 1548 t07 (IPN) 
84 PRI. 52 2022 /atlsCtleff Berthet Combes Dlde;ez÷ (IPN+) 
84 PI. 1438 509 +Konig Kroli (WUPP) 
84 SJhlP 40 273 .Kravtsov Ryskln (LENI) 

Translated from YAF 40 429 
84 JP G9 L187 Kravtsov Tyskln Strakovskll (LENI) 
83 PR 027 296 (VPI) 
838 LNC 38 251 Bt'~clna(sri (NMSU) 
83 JP G9 169 ÷Mungu~ (PUCB) 
83 NP A392 27'1 +lion (ITPU) 
82 LNC 34 65 (VPI) 
82 PL 1148 409 +Kravtsov LoDachev MQkatov Me(ive(iew(LENl) 
82s SJNP 36 83 Dokhno Kcavt$ov LObachev Mokarow. (LEN~) 

Tran$1ote(i from YAF 36 143 
82 NP A377 505 +Kroll (SIN WUPP) 
82 PR D25 2008 +Saga ShlltS LlsoWlkl (WMIU LASJ.) 
82 PL 1198 281 (OSAK) 
82 P~ C25 482 (TAMU) 
81 PRL 46 1111 +Am(If Ro~oef Verwest (VPI TAMU) 
81 PR D23 1978 (ANL) 
81 PTP 65 266 ÷MInako NOkomuro+ (TMU KAGO TWAS SAGA) 
81 NP A364 346 +Sillo~r (RU1,G LASL) 
80 NP 8172 509 +Arol, FuJll FUIII IWOSQKI+ ,TOKY KEK INUS) 
80 LNC 29 289 +Wotorl (OSAK) 
SOS PTP 64 2144 Korea Wotorl Yonezawo (OSAK HIRO) 
78 NP B137 173 ÷Kroll (KARL, WUPP) 
78 PIP 60 1796 (KYOT) 

laTHER NNI Status * 
OMITTED FROM SUMMARY TABLE 

This Is O c o l l e c t i o n  o f  m i s c e l l a n e o u s  p o s s i b l e  o b s e r v a -  
t i ons  o f  N N  d l b o r y o n s  S e e  TATISCHEFF 87 for  a r e v i e w  

OTHER NN MASS 

These are Breit-Wigner masses 

V_.ALUE ~MeV) . _ _  DOCUMENT IO COMMENT .__  . _  

2121 ± 3 TATISCHEFF 87 .o3He, 3Hep ~ d X 
2192 ± 3 I'ATISCHEFF 87 jo3He ~ d X 
2240 ± 5 TATISCHEFF 87 p3He ~ d X 
2014 = 2 BaCK 86 "yd  ~ ( p p ) ' K -  
1922 0 ± 1.3 AZIMOV 85 ~rC or ~'Ne ~ ( p p )  X 
1940.0 ± 0 4 AZIMOV 85 ITC or x 'Ne ~ ( p p )  X 
2017 0 ± 1 3 AZIMOV 85 ~C or : rNe ~ ( p p )  X 
2016 ± 3 BAIRAMOV 84 7rC ~ ( p p )  X 
2014 ± 10 GLAGOLEV 848 d p  ~ ( p p ) n  
2162 ± 10 GLAGOLEV 84s d p  ~ ( p p ~ n  
2030 ~: 20 SIEMIARCZUK 84 d p  ~ p ~ ' ~  (miss lng mass) 
2143 = 2 0  SIEMIARCZUK84 d p  ~ p~r + (missing mass) 
2020 ± 10 SIEMIARCZUK84 d p  ~ p ( p n )  
2130 ~ 10 SIEMIARCZUK84 d p  ~ p ( p n )  
2384 ± 20 SIEMIARCZUK84 d p  ~ p ~ ' +  (missing mass) 
2179 ± I STRAKOVSKIt 84 ~ ' + d  ~ PD PWA 3P I 
2035 :I: 15 ZtELINSKI 848 (Yp  ~ d n ( p p )  
2137 ± 15 ZIELINSKI 848 (~p  ~ d n ( p p )  
1936 +_ 2 8ESLIU 83 
1962 ± 2 BESLIU 83 
2480 I LOCHER 83 ~ d  ~ ~rd PWA, I G  4 
2036 = 15 ZELINSKI 83 ~ p  ~ ( p p ) p n n  
2126 ± 15 ZELINSKI 83 ~ p  ~ ( p p ) p n n  

• • • We ao  not  use the  f o l l ow lng  d a t a  fat' averages  fits, l lmlts, e t c  • • • 
1820 LAFRANC[ 87 N N -  N N  PWA, 3SI-3D I 
2000 LAFRANCE 87 N N  ~ N N  PWA, 3S 0 
2122 :t: I TATISCHEFF 87B See TATISCHEFF 87 
2198 :I: I TATISCHEFF 878 See TA1,1SCHEFF 87 
2233 ± 1 6 TAT~SCHEFF 87B See TATISCHEFF 87 
1930 ERMAKOV 86 p A r  ~ (DD) X 
1960 ERMAKOV 86 ,oAr ~ ( p p )  X 
2192 ± 3 1,ATISCHEFF 85 See TATISCHEFF 87 
2124 ± 3 TATISCHEFF 8 5  S e e  1,ATISCHEFF 87  
2240 ± 5 1,ATiSCHEFF 85 See TATISCHEFF 87 
1961 ± 2 28AIRAMOV 84 'wC ~ ( p p )  X 
2179 to 2190 3 BAKKER 84 N N  ~ N N  P-matrix IS 0 
2021 to 2236 3 8AKKER 84 N N  ~ N N  P-matr lx 3S I 
2268 to 2272 3 BAKKER 8 4  N N  ~ N N  P-matrix, IP I 
2324 to 2329 3 BAKKER 84 N N  ~ N N  P-matrix, 3P I 
2160 to 2170 3 VESELOV 84 N N  ~ N N  P-motrlx, 3S I 
2362 AKEMOTO 83 ~ ' -  d ~ : r -  d d o / ~ .  ) 
2429 AKEMOTO 83 T -  d ~ ~ ' -  d d ~ / a ~  
2722 AKEMOTO 83 T -  d ~ x ' -  d ab'/a(Z 
2060 FERREIRA 83 : r d  forward a m p l l t u d e ,  3P I 
2250 GREIN 82 Forward N N  351 or 3D 3 
2230 ARGAN 81 " f d  ~ p X cross sect ions 
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2290 
2300 
2510 
2530 
2250 
2190 

2352 ± 69 
2380 ( f ixed) 
2290 ± 14 
2380 ( f ixed) 
2377 ± 17 
2100 
2t17 
2148 
2 t59  
2170 ± 10 

4KANAI 81 : ¢ d ~  ~rdPWA (sol B) 3p9 
4KANAI  81 ; ¢ d ~  ~rdPWA (sol C) 3~ 
4KANAI  81 ~ ' d ~  7rdPWA (sol B) IG42 
4KANAI  81 ~ ' d ~  ~ ' d P W A  (sol C) rS 0 

GREIN 80 Forward N N  3S 1 or 3D-~ 
HASHIMOTO 80 N N  ~ N N  IF 3 assume~d 

bi(gcl 
IKEDA 80 " y d  ~ p n  PWA (sol A) 351 
tKEDA 80 ~ 'd  ~ p n  PWA (sol A ) 3 S I  
IKEDA 80 "~ d ~ p n  PWA (sol C) 3P 2 
IKEDA 80 "i d ~ p n  PWA (sol C) 3S~ 
IKEDA 80 ") d ~ p n  PWA (sol B ) 3D 3 

5KAMO 80 p p  ~ T + d  PWA. IS 0 
5KAMO 80 p p ~  ~ r + d P W A  3P 2 
5KAMO 80 D D ~  ~ ' + d  PWA, 3F 2 
5KAMO 80 p p ~  ~ r + d P W A  3p 1 

ALADASHVILI 76 d p  ~ ( p p ) n  

OTHER N N  WIDTH 

OTHER N N  I R E S I D U E I / I m ( P O L E  P O S I T I O N )  

VALUE (MeV)  . __  DOCUMENT ID COMMENT 

0 10 ARNDT 87 N N  ~ N N  O~OlySiS 3P 2 I 
0 0037 ARNDT 87 N N  ~ N N  analysis 3F 2 
0 .023 ARNDT 87 N N  ~ N N  onalysls 3F 4 
0 00051 ARNDT 87 N N  ~ N N  analysis 3H 4 

OTHER N N  F O O T N O T E S  
1LOCHER 83 IS a resonance fit to the vec tor  po la r iza t ion  
2Thls BAIRAMOV 84 effect d~sappeors tar PlCIb • 300 MeV'c 
3These are actually the P-matnx pole posdlons 
4The KANAI 81 I l l  w i lh  no resonances was very poo r  a n d  other  fits wi th 

fewer than four resonances were  not  f i l ed  
5KAMO 80 d id  not  try fits wi th fewer than six resonances 
0SMITH 84 IS a Foddeev  + resonance  fit Io the vec tor  ana lyz ing  p o w e r  

vary ing  on ly  the  e las l ic i fy  the mass a n d  w id th  were f ixed at the  
LOCHER 83 values 

VA~UE (_M, eV )  

25 - 2 
25 ± 6 
16 ± 3 
4 . 5 ±  2 0  

11 0 :l: 3 6  
t 0 0 ±  4 5  

5 ± 2 
30 ± 14 
63 - 28 
18 ± 26 
64 - 20 
62 ± 20 
45 -+ 20 
20 _+ 10 
80 ± 20 
86 -+ 2 
30 ± 23 
59 - 20 

6 . 0 ±  1 4 
9 -+ 2 

150 
27 ± 25 
4 t  ± 38 

• • .  We do  
25 ± 2 
25 ± 0 
16 ± 3 
11 ± 4 

317 
103 
223 

50 
40 

139 
150 
122 

66 
100 

50 

342 ± 69 
200 ( f ixed)  
263 ± 55 
200 ( f ixed) 
2 t 4  z 52 
315 

58 
5 

51 
50 

DOCUMENT ID COMMENT 

TATISCHEFF 87 p3He.  3 H ~  ~ d X 
TATISCHEFF 87 p3He ~ d X 
TATISCHEFF 87 p3He ~ d X 
BaCK 86 " f d  ~ (PD)~. - 
AZIMOV 85 ?rC or ~ N e  ~ ( P D )  X 
AZIMOV 85 ~ C  or ~'Ne ~ (PD) X 
AZIMOV 85 ~'C or x N e  ~ ( p p )  X 
BAIRAMOV 84 ~'C ~ ( p p )  X 
GLAGOLEV 848 d p  ~ ( p p ) n  
GLAGOLEV 848 d p  ~ ( p p ) n  
SIEMIARCZUK84 d p  p ~ +  (missing moss) 
SIEMIARCZUK84 d p  ~ p~r + (missing mass) 
SIEMIARCZUK84 d p  ~ p ( p n )  
SIEMIARCZUK84 d p  ~ p ( p n )  
SIEMIARCZUK84 d p  ~ p~r + (mlss lng moss) 
STRAKOVSKII 84 ;'r + (3 ~ P P  PWA 3P 1 
ZIELINSKI 848 ~rp  ~ d n ( p p )  
ZIELINSKI 848 {~p  ~ d n ( p p )  
BESLIU 83 
BESLIU 83 

1LOCHER 83 .-'rd ~ ~ d P W A .  1G 4 
ZELINSKI 83 ~ P  ~ ( p p ) p n n  
ZELINSKI 83 r~p  ~ ( p p ) p n n  

not  use the  fo l l ow ing  d a t a  for averages  fits l lmlts e tc  • • • 
TATISCHEFF 85 See TATISCHEFF 87 
TATISCHEFF 85 See TATJSCHEFF 87 
TATISCHEFF 85 See TATISCHEFF 87 

2 BAIRAMOV 84 ~C ~ ( p p )  X 
AKEMOTO 83 ~ - d ~  = -  d dn. , '~ t  
AKEMOTO 83 ? r -  d ~ ~ -  d d ~ . . ' ~ t  
AKEMOTO 83 7r- d ~ ~ -  d a~',, 'd. ) 
FERREIRA 83 ~r d forward a m p l i t u d e ,  3P 1 
ARGAN 81 "~d ~ p X cross SeCtions 

4KANAI 81 ; ' r d ~  /r, d P W A  (sol 8) 3p 2 
4KANAI 81 . " T d ~  ~rdPWA (sol C) 3P2 
4KANAI 81 ~rd ~ :¢d PWA (sol B) IG  4 
4KANAI 81 ~ d ~  =',dPWA (sol C) 1Sn 

GREIN 80 Forward NN, 3S I or 3D 3 - -  
HASHIMOTO 80 N N  ~ N N  1F 3 assumed 

b k g d  
IKEDA 80 "~ d ~ p n  PWA (sol A) 351 
IKEDA 80 '~d  ~ p n  PWA (sol A ) 3 S 1  
IKEDA 80 "~ (3 ~ p n  PWA (sol C) 3P 2 
IKEDA 80 " r d  ~ p n  PWA (sol C) 3S 1 
IKEDA 80 " y d  ~ D n  PWA (sol B ) 3D-~ 

5KAMO 80 D P  r, + d PWA ISn 
5KAMO 80 P D  Tr + d PWA 3p~ 
5KAMO 80 p p  Tr + d PWA 3F 2 
5KAMO 80 p p  ~ + d  PWA 3P 1 

ALADASHVILI 76 d D  ~ ( p p ) n  

OTHER N N  ELASTICITY 

VALUE OOCUMENT ID COMMENT 

0 06 6 SMITH- 84 ~rd - ~ d  PWA~--]G4 - -  
0 13 1 LOCHER 83 ~ 'd r , d  PWA IG  4 
• • • We d o  not  use the  f o l l ow lng  d a t a  for ove rages  fits limits e t c  • • • 
0 .12  HASHIMOTO 80 N N  ~ N N  IF 3 assumed 

b k g d  

OTHER N N  POLE P O S I T I O N  

REAL PART 

VALUE ( M e v )  ._.  DOCUMENT ID COMMENT 

2163 ARND'[ 8-7 N N  ~ N N  ana l~Js  3 p  3-F 2 2 
2210 ARNDT 87 N N  ~ N N  analys ls  3F 4 3H 4 

I M A G I N A R Y  PART 

VALUE (MeV)  _ _  DOCUMENT ID COMMENT 

75 ARND! 87 N N  N N  on-olysls 3p--3F 2" 2 
78 ARNDT 87 N N  N N  onalys ls  3F4-3H 4 

OTHER N N  REFERENCES 

ARNDT 87 PR D35 128 ~HysloD Roper (VPI) 
LAFRANCE 87 PR D34 t341  ÷Lomon (MIT) 
TATISCHEFF 87 PR C36 1995 ÷Berfhet Combos comets DlClelez÷ (IPN SACL) 
TATISCHEFF 67s EPL 4 671 ÷Camels Le Bomec WilliS÷ (IPN SACL STRS) 
SOCK 86 NP A459 573 ~Ruhm Althoff Anton Ferber÷ (PUIB) 
ERMAKOV 86 SJNP 44 90 *Slabnlkov lverskol ShObelskll (LINP) 
AZlMOV 85 SJNP 42 579 ÷Alloberdln Eclgo(ov Inogomov+ (UZBEK) 

Translated from YF 42 913 
TATISCHEFF 85 Pt 1548 107 (IPN) 

AlSO 84 PRL 52 2022 Tallscheff Berthet Combos DIOelez÷ (IPN+) 
BAIRAMOV 84 SJNP 39 26 .Budagov Dvomlk Lomakln Mllov. (JINR) 

rranslatecl from YAF 39 44 
BAKKER 84 NP A424 563 ÷Grach Narodefskli (VRIJ ITEP) 
GLAGOLEV 84s JINR N5 84 (JINR) 

AS repaired in IAIISCHEFF 858 (SJNP A446 353C) 
SIEMIARCZUK 84 PL 1378 434 ÷Zlellnskl (WINR WARS) 

Also 83 PL 1288 307 Slemla~CZuk SteDanyclk Zlellnskl (WINR) 
SMIIH 84 PR C29 2206 ÷Marble BOSChIIZ Onermann÷ (KARL SIN÷) 
STRAKOVSKII 84 SJNP 40 273 *Krovtsov Ryskln (LENt) 

lrclnslatecl from YAE 40 429 
Also 84 JP G9 L187 Krovtsov Tyskln Strakovskll (LENI) 

VESELOV 84 SJNP 39 456 +GIQCh NafocIelsKII (ITEP) 
Tronslatecl from YAF 39 719 

ZIELINSKI 848 SJNP 40 306 ~Sobchok SteDanvak+ (WINR,) 
Translated from YAF 40 482 

AlSO 84 ZPHY A317 335 Glagolev Lebedev Shuravleva+ (JINR+) 
AKEMOTO 83 PRL 50 400 +Babe Endo Hlmenlyo InDue+ (HIRO UOEH) 
BESLIU 83 JINR D1 83 815 +Alloberchn E@gorov Inogamov+ (JINR) 

AS reported In TATISCHEFF 85S (SJNP A446 353C) 
F/RIPIEIRA 83 JP G9 169 +Munguto (PUCB) 
LOCHER 83 PL r21s 227 +Salno (SIN) 
ZELINSKI 83 JINR I 83 566 ÷ (JINR) 

AS teporlecl In TATISCHEFF 85B (SJNP A446 353C) 
GI~EIN 82 NP A377 505 +KroII (SIN WUPP) 
ARGAN 81 PRL 40 96 +Aualt Debotton Foure Martin (SACL) 
KANAI 81 PTP 65 266 +Mlnaka NakomurQ* (TMU KAGO TWAS SAGA) 
GREIN 80 PL 968 176 +Kronlg KrOll (SIN WUPP) 
HASHIMOTO 80 PTP 64 1693 +HOSrdZC]kl (KYOT) 
IKEDA 80 NP 8172 ,$09 .ArQI ~:ujli FUIII lwasak)* (rOKY KEK INUS) 
KAMO 80 LNC 29 289 ÷Warari (OSAK) 

AlSO 808 PTP 64 2144 Kamo Wolati Yonezawo (OSAK HIR'O) 
ALADASHVILI 76 NP A274 486 +Glogolev, (JINR WARS WtNR) 

S = - 1 D I B A R Y O N  

J AN(2130) 3S 1 J I(Jp) = t2(1+) Status * * 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

We list h e r e  b u m p s  s e e n  m A N  or  ~ N  m a s s  s p e c t r a  II 
is n o t  a l w a y s  c l a i m e d  t h a t  t h e  b u m p  is a r e s o n a n c e  
In p a r h c u l a r ,  t h e  b u m p  n e a r  2130  M e V  ~s s o m e h m e s  
e x p l a i n e d  ~n t e rms  of l h e  ~ N  t h r e s h o l d  

A N ( 2 1 3 0 )  M A S S  

_VALUE (M@V) . _ _ DOCUMENT ID COMMENT 

i .,, 

2130 PtEKARZ 87 K d ~ ~ -  X 
2129 8 - 2  0 PIGOT 85 K ' d  ~ ~r'- X ~ : + d - .  K + 

X 
2320 GOYAL 808 K - d  . .  ( ~ - p ) ~ + : ' r -  
2130 GOYAL 78 K - d - ,  ('~p),'T + ~'-- ;'r - 
2129 0 ± 0  4 BRAUN 77 K - d ~  ( ' ~ p ) , ' r -  

J 2125 2 ± 2  5 SHAHBAZtAN 73 nC - -  (~.~) X 
2129 EASTWOOD 71 K (:/ ~ (%.p),-r- 
2127 ± 1 SIMS 71 K - d  ~ ( ~ . p ) ~  (%N~rr ,  



4 7 6  

Baryon Full Listings 
DIBARYONS 

2130 ALEXANDER 69 K -  af ~ ( ~ . N ) ~ -  
2128 7 _+0 2 TAN 69 K - d  ~ (*~p)~r-  
2126 CLINE 68 K - d  ~ ( ' t p ) t r -  
2098 :t:b COHN 64 V - 4 H e  ~ (~.n)3H 
• • • We d o  not  use the  fo l l ow ing  d a t a  for ave rages  tits l imits e l c  • • • 
2257 4 z 2 3 2 SHAHBAZIAN 82 nC ~ (~.p) X (flJ I )  
2350 .8  _+ 2 4 2 SHAHBAZIAN 82 nC ~ ( ' , p )  X (fit I )  
2495 2 ± 8 7 SHAHBAZIAN 82 nC ~ (~.p t r  ± ) X 
2 t15  SODHI 75 K -  d ~ ( ~p )~ ' - , 1  "0 
2251 4 ± 3 9 SHAHBAZIAN 73 nC ~ (%p)  X 
2110 3 JAiN 69 K -  emulsiOn ~ ( ' t p )  X 
2 t38  8_+0 7 "(AN 69 K - d ~ ( ~ , p ) r c  - 

SOOHI 75 
SHAHBAZIAN 73 
E ASTWOOD 71 
GOYAL 71 
SIMS 71 
ALEXANDER 69 
JAiN 69 
TAN 69 
CLINE 68 
COHN 64 

AERTS 85 
D AGOSTINI 81 
KIMURA 81 
IOKER 6'~ 
MIZUNO 79 
ROOSEN 79 
DOSCH 78 
KAOYK 7 '[ 
BUNNELL 70 
ALEXANDER 68 
PIROUE 64 

AN( ,2  t 3 0 )  WIDTH 

VALUE (MeV) DOCUMEN~ ID COMMEN~ 
t 6 7 _ +  2 8 "  P-I'G OT 8~ K - d ~ I r - X ~ T + d ~ K  + 

X 
B 9_+ I 6" BRAUN 77 K - d ~  ( ~ p ) ~ r -  

206_..+. 5 2  SHAHBAZIAN 73 nC ~ ( ' t p )  X 
10 EASTWOOD 71 K - d  ~ (~.p)~-,- 

8 _+ 1 SIMS 71 K - d ~ ( * ~ p ) ~ ' -  ( ' tN)~r~r 
7 0 ~ 0 6 TAN 69 K -  d ~ ( \ D) ~ -  

20 + 1 5  COHN 64 " - 4 H e  ~ ( '~n)3H 
- 5 

• • • We d a  not  use the  fo l l ow ing  d a t a  for ave rages  fits, 11mlts e tc  • • • 
t8 I_+ I '1 2SHAHBAZIAN82 n C ~ ( ' t p )  X ( f l t  I )  
44 2 ± 2 .2  2 SHAHBAZIAN 82 nC ~ ( '~p)  X (fit I )  

2047_+  5 6  SHAHBAZIAN B2 nC ~ (~.PTr: t )  X 
25 GOYAL 80B K - d  ~ ( ~ - p ) r . + r ,  - 

150 SODHI 75 K - d ~  ( 't p ) ~ -  ~ 0 
21 I _+ B 4 SHAHBAZIAN 73 nC ~ (~.p) X 
20 3JAIN 69 K -  emuls ion  ~ (~-p) x 

9 I_+ 2 . 4  TAN 69 K - O ~  ( % p ) ~ -  
< 10 CLINE 68 K - ~  ~ (%p)Tr -  

A N ( 2 1 3 0 )  POLE P O S I T I O N  

REAL PART 
VALUE (Me~) .... DOCUMENT IP COMMENT 

2129 DOSCH 8 (3  K - a ~ - ( \ ~ ) ~ ' -  3--S~ w a v e  
2128 4 TAKAHASHI 80 YN ~ YN $I w a v e  
2132 S NAGELS 79 YN ~ YN 3D 1 w a v e  ( Q = t )  
2 t37  5 NAGELS 79 YN ~ YN 3D 1 (Q=-O) 
• • • We do  not  use the  to l tow ing  dO10 tar ave rages  fits 11mitE. e tc  • • • 
2148 4 TAKAHASHI 80 YN ~ YN IP I w a v e  

I M A G I N A R Y  PART 
A p p r o x i m a t e l y  equa ls  one  half Brelt Wigner  w id th  

VALUE (MeV) DOCUMENT ID COMMENT 
~, . . . .  Dos~L~ - 8o k- a ~ T ~ ) = -  TSl wove-  
4 2 4 IAKAHASHI 80 YN ~ YN S I w a v e  
2 4 5 NAGELS 79 YN ~ YN 3D I w a v e  ( Q = I )  
2 6 5 NAGELS 79 YN ~ YN 3D I w a v e  (Q=0) 
• • • We d o  not  use the fol lowff~g d a t a  far ave rages  fits l imits e tc  • • • 
8 4 TAKAHASHI 80 YN ~ YN rP I w a v e  

A N ( 2 t 3 0 )  F O O T N O T E S  
IGOYAL 78 sees ano ther  unce r ta ln  p e a k  at 2195-2210 MeV 
2A s imu l taneous tit to O'~ Invo l ton t  moss a n d  elost tc scottet~ng effective 

cross sect ions 
3GOYAL 7t  raises doub ts  oDout  the  e x p e r i m e n t a l  p r o c e d u r e  used in 

JAIN 69 
4TAKAHASHI 80 g ives fits wi th  a n d  w i thout  a 35 r resonance  
5NAGELS 79 reports p o l e  posl t lons for two  di f ferent  3D I c h a r g e  states 

A N ( 2 t 3 0 )  REFERENCES 

PIEKARZ 87 NP A463 20SC (BRAN) 
PIGOT 85 NP B240 172 .DeSrion Coillel Cheze÷ (ROMA SACL VAND) 
SHAHBA~JAN 82 NP A374 73C .Temnlkov Timonino (JINR) 
DOSCH 80 ZPHY C3 249 +Stamotescu (HEID) 
GOYAL 80B PTP 64 700 +Mlsro (DELH) 
TAKAHASHI 80 NP A336 347 +lwamura Klrnuro Kume (IOKY) 
NAGELS 79 PR D20 1633 ÷RlJken Deswart (HUM) 
GOYAL 78 PR O18 948 eSoahl (DELH) 
BRAUN 77 NP B124 45 ÷Grlf~m HepD StrOebele ThOel÷ (HEID MPIM) 

NP B97 403 .Gay(It (DELH) 
NP B53 19 ÷Tlmonlna (JINR) 
PR D3 2603 +Fry Heotl~cole Islam÷ (BIRM EDIN GLAS LOIC) 
PR D3 1259 (DELH) 
PR 03 I'162 +ONeal Albrtght Srucwer Lonnufl~ (FSU) 
PRJ. 22 483 .Half Jew Kalmus Kernan (LBL UCR) 
PR 187 1816 (BUFF) 
PRL 23 395 (S~AC) 
PRL 20 1452 +Loumann MOpD (WISC) 
PRL 13 668 +ShQtt 8ugg (ORNL TFNN) 

- -  - -  OTHER RELATED PAPERS - -  

NP B253 116 +Dover 
PL I04B 330 
PTP 65 649 
NP A362 405 
PTP 62 t691 
NC B49 217 
PR D18 4071 
NP S27 ~3 
PR D2 98 
PR 173 1452 
P t  t i  t64 

(CERN I P N )  

(ROMA SACL VAND) 
+lwQmuro TOkQhOShl (TOKY) 
÷Gol Elsenbel9 (HEBR I~LA) 

(TOKY) 
÷VanderVelOeWlIQuel Wtckens÷ (LOUD BRUX) 
+HQDD (HELD) 
*AiexonOec Chon GQDO$Chktr~ llUttng (LBL) 
+Derrick Flelcls Hyrnon Keyes (NWES ANL) 
~Korsf'~on ShoDlrO+ (REHO HELD) 

(PRIN) 

S = - 2 D I B A R Y O N  

I S =  - 2  DIBARYON J 

O M I T T E D  F R O M  S U M M A R Y  TABLE 

We l lst h e r e  l oumDs s e e n  m a n  S = - 2  t w o - b a r y o n  

m o s s  s p e c t r a  

S = - - 2  D I ~ , A R Y O N  M A S S  

VALUE (MeV) -- ~?_OCUMENU2 

2480 I GOYAL 80 
2365 3 Z 9 6 SHAHBAZIAN 73 
2367 - 4 2 BEtLLIERE 72 

COMMENT 

-K- ~ ~-( - -  o)~ 
nC 7 r - C  ~ (%*t) X 
K - A  ~ (.'t 't) X 

S = - 2 D I B A R Y O N  WIDTH 

VALUE (_MeV) . . . . .  ~_CUMENLI~ COMMENT .._ 

47.0 ~ 15.7 SHAHBAZIAN 73 nC ~'--C ~ ( ~ A )  X 

~ = - - 2  D I B A R Y O N  F O O T N O T E S  

IGOYAL 80 also sees a shou lder  Of 2360 MeV 
2WtLQUEI 75 w l th  m o l e  events  f lora the  some expe r imen t ,  no  ranger sow 

the  b u m p  

S = - 2  D I B A R Y O N  REFERENCES 

GOYAL B0 PR D21 607 .Misro Soahl (~ELH) 
WILQUEI 7~ PL 57S 97 ÷K~Igh1+ (~.RUX CERN RAL ~UE! LOUC) 
SHAHBAZIAN 73 NP B53 19 +Tlrnonina (J~NR) 
BEILLtERE 72 PL 39S 671 +Mayeur÷ (BR'UX CERN IUFT LOUC) 

- -  - -  OTHER RELATED PAPERS . . . .  

AERTS 85 NP B253 116 ÷Dover (CERN iPN) 
WALCHER 85 NP A434 343C (MPIH) 
D AGOSIINI B2 NP B209 I (INFN SACL VAND CERN) 
CARROLL 78 PRL 41 777 +Chlang Johnson Kyclo KI+ (BNL PRIN) 
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ACCESSING AND USING PARTICLE PHYSICS DATABASES 

4 n u m b e r  ol pubhcl.x access ib le  c o n l p u t c r  d a t a b a s e s  
c o n t a i n i n g  l )a r t i c l c  phys i cs  in l 'o rn la t l t ) l l  ilO\X e \ lS t  at Xal i t )us 

IllStltUtIOnS S o n l c  of ' these  databcises arc fol hlcraltlre 
searchHlg allox', ins the USCl 1o locale p;Ipels OF inlcresl 
~xhflc o the r s  c o n t a i n  actual  n u m e r i c a l  da ta  [ h e  t'oIIoXxHlg 
d i s c u s s i o n  Sixes s o m e  Ided o f  x~,hat is axallable and hov~ In 
get s ta r ted  aCCCSSHlg and  us ing  these  d a l a b a s c s  T h e  ttllce 
l o c a h o n s c o x c r c d  aic  S L - \ (  R u t h c r f o i d  4 p p l e l o n  l .abo[a-  
t o o  (R- \L} and  S c t p u k h o x  

The SLAC Particle Ph)slCS Databases  

T h e  databases of  intetcst at S t . . \ (  mc ( I )  I t E P  a 
hierature-scalChll~g guide fol ;ill part iclc ph)slcs journa l  dr l l -  
elcs prC'llrlnls lepor ts  thcscs  etc i n d e \ c d  by tile s t a n d a r d  
b l b h o g r a p h l c  q u a n t i t i e s  (21 D-XT 4(  i l  'I I)E ;.ill ad.lunct to 
I tEP  xxh~ch indexes  pape r s  c o n t a i n i n g  e x p e r i m e n t a l  data b', 
acce le ra to r  de tec to r  bcanl  nl t ln lent t ln l  l'eac[IOllS and  parti-  
cles s tud ied  (3) P 4 R T I ( I . [ { S  (t'olnlcrl.x RPP) .  c o n t a i n i n g  
tile Full [ . i s tmgs  f rom tills Re \  lcxx o f  Pa rnc l c  P r o p e r n e s  
i ndexed  b.~ part icle  and  pari iclc propcrt.x (4) R E 4 ( " T I O N S  
conta in ing  numerica l  data (c g cross sect ions po la r l l a l lons  

etc ) on r e a c t m n s ,  and  (5) E X P E R I M E N F S ,  a gu ide  1(/ 
cu r r en t  and past  parhcle ph.~ s~cs e \pe r ln l e i l t s ,  i n d e \ e d  s ,nl , -  
larl', to the  t t E P  and  I ) 4 T 4 ( I I ; I D E  d a t a b a s e s  

411 these  d a t a b a s e s  a te  n l anagcd  by the S P IR E S  da ta -  
base  r n a n a g e m e n t s x  s t em  x~llwh rt, ns  inter;iCllX ely u n d e r  
V M / ( M S o n  S L A ( " s  IBM 3081 compute1  T o e n t c r  
SP IRES  once  you are logged o n t o  the  c o n l p u t c r  kc.x m 
SPIRES  You  Call then obtain  u l f o r m a t m n  abotlt tile data- 
base  m ~hlch ' ,ou ;.ire in te res ted  b\  t xplllg say E X P L A I N  
Pa, R F I ( ' L E S  To  actually access  the  da t abase  en te r  for 
exan lp l c  S E L E ( T  P A R T I ( I . E S  x~ ou nlax thcn  find ()tit 
what t e r m s  are axa i l ab lc  on x".hlch .~OU nla} search b} kcx- 
m g  m S H O W  I N D I ( ' E S  T o  scc the  l'ornl o[" the  c o n t e n t s  o f  
a p a r u c u l a r  m d c \  say tile P P ( p a r n c l c  p r o p e i t } ) m d c x o f  
the  I ) - ~ R T I ( L E S  da tabase ,  kc.x m B R O \ \ ' S E  PP th is  will 
gl ' ,e  .,.ou an ~dca o f  v, hat  k , nds  o f  CXpleSs~ons a p p e a r  m tills 
index ,  and  t hus  xxfll suggest  ',',hat fo rm }ou s h o u l d  use Ill 
you r  search  T h e n  It.) do ;.111 actual search  for lnlornl;lll()ll, 

say lbr  the  R P P  Full L is t ings  on the r/ n l c son  m a s s  xou 
wouM key m a c o m m a n d  hkc  F I N [ )  PP ETA M . \ S S  fol- 
lov, cd by the  c o m n l a n d  T Y P E  th is  xxould pr in t  ou t  the 
I J s t m g s  for the  r / m a s s  41 any t i me  .~ou ma',  gel help b$ 
t}p lng  m such  c o m n l a n d s  as E X P I . . \ I N  E X P I . 4 I N  
E X P L A I N  S H O W  INDIC E S .  E X P L 4 1 N  B R O\ VS E  
E X P I . 4 I N  F I N D  EXPI_.~IN T Y P E .  ere W h e n  \or ,  are fin- 
]sllcd scarchHlg kc.x m E X I T  xxtllcll gels  }ou  out  o f  

S P I R E S  

.Anyone v,'ho has  an  accoun t  on the S L 4 (  c o m p u t i n g  
s : , s tem can  access  these  d a t a b a s e s  o n h n c  If }ou do  not  
haxe  an  a c c o u n t  and  c a n n o t  find a n } o n e  ~.xho does  (;.it ma re  
labora tor ies ,  ask at tile hbrar.x ) p lease  con tac t  SL-\("  
dlrectl$ More  m f o r n l a t m n  on how to access  and  search  the 
databases can  bc found  m the report  " '4 I s e r ' s  ( ; u , d c  to 

Particle Ph.',slcs ( ' o m p u t c r - S c a r c h a b l c  l ) a l abascs  on the 
S I , 4 ( - S P I R E S  S.~stcnl." 1.B1.-19173 axa l lab lc  lrom the  Par- 
nclc  I)ata ( ; r o u p  Bldg 50 R o o m  308 1 a~x,ence Berke- 
ley L a b o r a t o D  Bcrkclc.x ( 4  94720 I . 'S~ . \n cx t cns lxc  
',',all p o s t e r . " \  ( , u l d c l ( i V M  SPIRES." i s a x a l l a b l c  fronl 
the I J b r a D  S L 4 (  P O B e \  434t). S tanford  ( 4  94309 
!. $ 4  h ou may also con tac t  41an i n t c n b c r g  at LBL 
(( .M.~-id \ X R V X .  lcl 415-486-4723  el 451-4723 on [ : ISI  
,.)] l .outsc  . \dd ls  at S [ . 4 (  ( ( M S - i d  . \ D D I S  tel 415-926-  
2411) 

l h e  Durham-RAl.  Parllcle Ph)s ,cs  Databases 

T h e s e  da t abase s  con t a in  conlpf la t~ons  ol cu [ i cn t  and  
past  experHllcnta l  particle pll~slcs da ta  {c g ,  r c achon  c[oss  
sec t ions ,  polarwat~OllS c k  ) and  are ax a)lablc lk:'l m t c r a c n x  c 
s ea rch ing  u n d e r  V M / ( M S  on both  the R u t h c r l o l d  4pp l e ton  
l .aboratorx  (R- \L)  a n d ( ' E R N  c e n t r a l c o n l p u t c r s  T h c t o p l c s  
inc lude  ( I ) t,,x,,:'-bodx (and quasl-txxo-bod.~ ) l e , t cnons .  
(2) had ron  and  p h o t o n  one-  and  tv, o-part lc lc  m c l u s l x e  chs- 
t r lbu t lons .  (3) l e p t o n - p r o d u c e d  m c l u s l x e  da ta  (i c .  deep  mc-  
tastK sca t te r ing  s t ruc tu re  t 'unct lons  etc ) and  (4) da ta  fr(lm 
(' " (' a n m h l l a t m n s  The  databases also inc lude  a subse t  o f  
the I IEP h t e r a t u r e - s c a r c h m g  grade taken  f rom the S L 4 (  
d a t a b a s e s  f rom 1980 onv, a rds  ',xhlch are h n k c d  to the reac- 
t ion data L()nlp|latlon to int(irIll users x~,hcnex er data is 
axa l lab le  m tile d a t a b a s e s  -Mso inc luded  ,ue  the E X P E R I -  
M E N T S  and  P . \ R I I ( L E S  d a t a b a s e s  f rom the S [ _ 4 (  s \ s t c m  
(see prcx lous sccllt:'n) 

T h e  databases run  unde r  the  Berkelc.x Da t abase  
M a n a g e n l c n t  Sys t em and  a~e m c n u - d r ~ x c n  v, lth full o n - h n c  
help m f o r n l a t l o n  to t 'aclhtate eas.~ use Thc$ can bc 
accessed  b~ an . \one  ha \  lng netx'~ork access  In tile R 4 [  o[ 
( E R N  c o m p u t e r s  I:or P S S a c c c s s t o  i 4 l .  t h c r c l e x a n t  
a d d r e s s  is 23422351919169  then  2). a guest  a ccoun t  ( P D ( i  
passxXold H E P D A I 4 )  is axaf lab le  at R.kL for those  x~llo do  
not  h;.l',c their  oxxn ( M S  accoun t  . \n E X E (  file HEP-  
I) .41.4 res ident  on tile user -d isk  ( I . ' I ) ISK) g lxcs  m t c r a c n x c  
access  It:, the da t abase s  T h e  da ta  are rc tnex  cd uMng smlp lc  
ke.,,v, o rd -bascd  scarct les  and  rest, Icing da ta  l ecords  can bc 
hs t cd  on the  t e rmina l ,  sent  l e a  p r in te r  (n translL'rred to tile 
I.lS, el" S {p,X n nlachlnc a s  desired 

To insure  that  the databases arc up to date.  e \ p e r F  
m c n t a h s l s  arc urged to send  the)r da ta  It:' the  compi l e r s  as 
soon  as H ~s n ladc  pubhcl~ ax allablc 

For  m o r e  m f o r n l a t m n  or a nov, user  grade  ( 1988 cch- 
tlOll), plcasc cont;.lct .~hkc \ \ ' ha l los  ;.It l ) u r h a n l  [:mxerslt .~ 
England  I n u ~  (a ukacrl  or nlrv, (a cerll~ nl ) or  Dick Robcr t s  
at R A l . ( r g r ( h u k a c r l )  4t  ( ' E R N  uscl gtHdcs rna.~ also be 
ob t a ined  f rom 41co l ' tester o f  tile ( ' E R N  hbrar.~ 

(hesO~ ccrnx m) 

l h e  Serpukhov Particle Ph)s lc s  Databases 

Man, ,  o f  the  da t abase s  refi:rred to abox c are axaHabh." 
at Sc rpukho ' ,  m the USSR Please con tac t  V V Ezhela Ibr 

more m tb rmanon  
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I N D E X  

• I + [now calh'd = "1 23, 
I (1680) or .I 3 [ now ca/h'd r2(1670) I 30, 
-1(2100) [ no ,  called 7r2(2100) 1 
a0(980) [ ,a~ h(980)] 29, 
Ul (1260)[uas -!(1270) or -tl] 29, 

a2(1320) t was -f 2 ( 1320)] 30, 
a3(2050) , a s  -1(2050)] 
! 3 [no ,  ¢alh'd ~r,( 1670)] 30, 
a4(2040) ]was f i(~)40) 
a6(2450) wa~ fi(2450) 
Abbre',latzons used m Full [Jstmgs 
.Accelerator parameters (colhdcrs) 
Acccptance-rejecuon method m Monte Carlo 
.AcII`,'II.',, unit of  for radJoactl`. ~t.~ 
.Algorithms for Monte Carlo 
(rs. Q ( D  couphng constant 
Amu(a tom lc  mass umt) ' ,alucof 51 
Argand dmgram def in l tkm 93 
Argand diagrams for ~. and " resonances 420 
Argand dmgrams for ,'~ and .3 resonances 368 
Argon. dl-,'/"d~ resolution 62 
Astronomical umt value of 52 
Aslroph`, sJcs 52 
.Atmosphere value of 51 
Atomic and nuclear properues of materials 54 
.Atomic mass unit value of 51 
Attenuahon length for photons 70 
Attenuation photon and electron 70 
Authors and consultants fbr th~s Re; leu. 4 
Averaging data relauons for 77 
A,,eragmg of part(tic pro~'rUes data m this Re', le'.,, g 
Avogadronumber value of 51 
Axlon searches 25, ,51 
Axion searches, note on 25 I 
B (bottom meson) 20, 215. 220 
h quark hfetlme and K-M matrix 108 
B + 20, 216 
B (I B 0 20. 217 

B* 222 
h1(1235) [ ,a~ B(1235)] 29, 282 
Baryon conservation tests of(see also p mean hfe. 

n - f f  oscillauons) 48 
BaD'on deca.', parameters note on __7 
BaD'on magnetic moments m)tc on 230 
Bar'.on resonances 38+ 366 

Cascade resonances (E resonances) 43, 463 
( 'harmed bar.'.ons 471 
('ontents (1t" Baryon Full IJstlngs (status table) 38 
D~baryons ..172 
Exottc resonances (Z resonances) 417 
Hypcron resonances ( X reson:mces) 41, 417 431 
Hyperon resonances (': resonances) 42. 417. 443 
Nucleon resonances (~ resonances) 40, 366. 400 
Nucleon resonances (N resonances) 38. 366, 380 
Omega resonances ([.> resonances) 43, 470 

BaD'on resonances SU(3) classtficauon of 1 I I 
BaDomum candidates 317 
Baryon number censor',at(on 48 
Barbons m quark model I I I  
Bar~ons. definmon used m th+s Re,. ~cv, 3 
Baryons, stable 21, 222 

(seemdivldualentnes fo~ p n X .S E..q X =, ~.Z< and X h) 

245 BB mixing 
299 Beam momentum, c m energ) and momentum `.s 
312 Beauty -- see Bottom 
278 BEBC (('hma) accelerator parameters 
283 Becquerel. umt of radioacuvn) 
289 Bethe-Bloch equauon 
311 Bias definmon of  
299 Big bang cosmolog) 
310 Binomial d~strlbutlon. Monte Carlo algorithm for 
317 Bmom]al distr ibution relations for 
130 Biological damage from radmtton 
58 BI'I-NET address |br comments on this Re`,lcv, 
82 Bo, armtc Gausman 
73 Bohr magneton, value (1t 
83 Bohr radius. `.aluc of 
96 Bohzmann constant `,alue of 

108 
89 

59 
73 
64 
77 

52 
83 
74 
73 
4 

75 
51 
51 
51 

Bosons 13,25+ 134 135 251 257 
Bottom bar}on ( X h ) 245 
Bottom-changing neutral currents tests ['or 45 
Bottom mesons (B. B*) 20, 215 
Bottom mesons, note on hlghhghts 215 
Bottomomum s,.stem, le`,el dLagram 338 
Bounded ph.'.stcal region, statistical hmns m the presence o f  80 
Brelt-Wlgner probabflJt', denstt', function '76 
Bren-W~gner resonance def inmon 93 
( (charge conjugation) tests ofconser ' .atton 45 
( ablbbo and Koba,.ashl-Maska`.~.a tmxmg 107 
(ab lbbo  angle I07 
(apacnance formulas for 85 
Cascade resonances ( -  resonances) 43. 463 
('entauro searches 266 
Central hmtt theorem 75 
Ccrenko`," radtauon 6 I 
Change of random `,artables relauons for -.4 
Charge conjugahon of qq states 109 
Charge conservation 45 
Charge. electron `,alue of 51 84 
(ha rgmo searches 2@ 260 
(harm-changing neutral currents tests fbr 45 
Charmed. nonstrange baDons (X Z c ) 23, 43, 243 471 
Charmed. nonstrange mesons (D D* I) j)  18, 30, 201. 361 
Charmed. strange baryons (_--" [.~J) 23, 245 

( 'harmed. strange mesons [D, I ) *  I 19. 2]2 
( 'harmomum s.~stcm level dmgram 32] 

X 2 confidence le,.el vs X 2 tot 'qd degrees or freedom 76 

X 2 distribution, Monte Carlo algorithm fi)r 83 

X 2 distr ibut ion relations fro- "75 
Xt, O( I I') or X/,0(9860) 34+ 340 
Xb0(2P) or Xho (1(]235) 34, 343 
Xh 1 (I t ' )  or Xh i(9890) 34, 341 
Xh I (2P) or Xh i (10255) 34, 343 
Xh2(IP) or Xh2(9915) 34, 341 
Xh2(21') or Xh2(10270) 34, 343 
X, 0 ( IP)  or X~ 0 (3415) 33, 32q 
X¢ i ( [ / ) )  or X~ i (3510) 33, 330 
X~ 2 ( IP )  or ,X~ 2(3555) 33, 331 

Clebsch-Oordan coefliclents 86 
CM energ~ and momentum vs beam momentum 89 
Colhder parameters 58 
( 'ompensatmg calorimeters b2 
(ompllatJons. particle ph)stcs 477 

Greek letters are alphabetized b`, their Enghsh-language spelhng Bold page numbers slgm~ entries in Parucle t"ropertles Summar.'. Tables 
-t- (.)matted from this edlt loo, set" hsted page number in Ph`,s [.eft I I I B  (1982) 
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Compositeness, quark and lepton. searches 

Compostteness, quark and lepton searches, note on 
Compton scattering for A’ and 1 resonances 

26, 263 

263 

photoproductton and (revteu) 377 
Condtttonal probabthty denstty functton 74 
Confidence Interval. definttton of 71 79 
Confidence tntervals, normal dtstrtbutton 80 
Confidence tntervals using Student’s f 80 
Confidence level. detinttton 18 
Conservation laws 45 
Constrained tits. procedures for In thts Review 9 
Consultants for thts Review 4 

Converston probabthty for photons to c+Y 71 
Correlatton coefftctent detinmon 14 

Cosmtc ray background m counters 13 
Cosmtc ray fluxes 61 
Cosmological constant value of 52 
Cosmology 52 
Couphng constant tn QCD 96 
Couphngs for photon, Ii Z I02 
Coulomb scattering through small angles multtple 65 
Covartance detinttton 74 
CP, tests of conservatton 45 
CP vtolatton and K-M matrtx 107 
CP vtolatton in K,O - 3a decays note on I88 
CP-vtolatton parameters m K: decays note on 195 
CPT, tests of conservatton 45 
Criterta for new states 8 

Cross sections and related quantmes. plots of II5 
e+e-. UN V,V Zp yp yd r'p a'd K’p. K’n, K’d, 

pp. np. pd jFp jit7 and j?d cross secttons 

Fragmentation functtons 

Jet production 
Multtphctty dtstrtbuttons 

Nucleon structure functtons 
Pseudoraptdtty dtstrtbuttons 

Cross secttons hadromc high-energy parametrtzattons 

Cross sections relations for 

Cumulattve dtstrtbutton functton. deftrntton 

Curte, untt of radtoacttv tty 
d functions 

D’ 

D’ Do branchtng fracttons. note on 
Do. 0’ 
D,(2420)’ 
D(l285) now called I,(lZSS, 

I D(l530) WM called ~t(l530) 
D*(ZOlO)* 

I 

D*(2olo)o 
0,’ [WIT F’] 

D,’ note on 

Ds*’ [ was F* ’ ] 
Dahtz plot. relations for 
Damage btologtcal from radtatton 
Data, particle properttes, averagtng and tittmg procedures 
Data, parttcle properttes. selectton and treatment 

Databases, parttcle phystcs 
Decay amphtudes (for hyperon decays) 
Decay constants of pseudoscalar mesons note on 
Decays, kmemattcs and phase space for 

Deep tnelasttc scattermg 
Definmons for abbrevtattons used rn Full Ltstmgs 

6, K-M angle for CP vtolatton 

120 

II8 
118 

111 

II5 Ii6 
II8 

121 

91 93 
14 

13 

86 
18,201 

202 

19,206 
36, 363 

30, 281 
30, 298 

36, 361 
36, 362 
19.212 

212 

19,214 

91 
13 

8 
7 

418 
286t 

I65 
90 

93 91 
130 
107 

1 resonances (see also I% and 1 resonances) 40, 366. 400 

6(980) [ t7011 talled a&980)] 

6(2040) no\< <u//cd u&2040) 

I 6(2450) non called ~~(2450) I 
AB = 2, tests for 

AC = 2, tests for 
AI=]/2 rule for hyperon decays, test of 

AS = 2. tests for 

AS = AC, rule m K” decay. note on 
AS = Aa. tests of 

Density effect upon energy loss rate 
Denstty of materials, table 

Detector parameters 
Deuteron mass value of 

Dtbaryons 

Dtelectrtc constant of gaseous elements. table 
Dtstrtbuttons, probabthty. detimtton 
Dose, radtoacttvrty. umt of absorbed 

Drift and proporttonal chamber potcnttals 

e (natural log base) value of 
e (electron) 

e+e- anmhtlatton, cross-section formulae 

e+e- average multtplicity, plot of 
e+c~(ll00-2200) 

e’e- R functton, plot of 

c+e two-photon process, cross-sectton formula 
c~-d asymmetry 
b(l420) [wn culled f&1420)] 

Efftctency of stattsttcal esttmator detimtton 

Electrtcal resrsttvtty of elements, table 
Electromagnettc relattons 
Electromagnettc shower detectors, energy resolution 

Electromagnettc showers longttudmal dtstrtbutton 
Electron 

Electron charge magnitude 

Electron charge, value of 
Electron Compton wavelength value of 

Electron cyclotron frequency/field. value of 

Electron mass, value of 

Electron practical range 

Electron radius. classtcal, value of 
Electron volt, value of 

Electromc structure of the elements 
Electroweak mteracttons. Standard Model of 
Electroproductton of ,Z and A resonances (review) 
Electroproductton structure functions relations for 

Elements, electrontc structure of 
Elements. pertodtc table of 

EMC effect, plot of 
Energy and momentum (c m ) vs beam momentum 

29, 278 

310 
311 

45 

45 
286t 

45 

I98 
45 

64 

54 
61 

51 
412 

55 
74 

73 

63 

51 
14, 24, 151 

94 

II7 

317 
I I9 

95 

103 
30,293 

77 

55 
84 
62 

66 
14, 24, I51 

51 

51 84 
51 

51 

14. 51 
61 

51 
51 

57 
102 
379 

94 

57 
56 

II7 

89 

Energy loss (fracttonal) for electrons and positrons tn lead 72 

Energy loss and range tn hqutd hydrogen 69 

Energy loss and range m Pb, Cu. Al, and C 68 

Energy loss rates for charged particles 64, 68 69 

Energy loss rates for heavy charged proJecttIes 64, 68 69 

Energy loss rate for muons at high energtes 65 

e( I 300) noes lulled f,j I400)] 

I 

30, 292 

~(2 150) non’ culled fz(2 I50)] 313 

~(2300) [ ~7011 talled f4(2300)] 315 

co (permittivity of free space), value of 51. 84 

Equivalent photon approximation 95 

Error ellipse for multtvartate Gaussian 80 

Error estimates in least-squares fitting 78 

Error esttmates tn hkehhood fitting 19 

Error procedure for masses and wtdths of meson resonances 346 

Greek letters are alphabettzed by their Enghsh-language spelling Bold page numbers stgntfy entrtes tn Parttcle Properttes Summary Tables 

t Omitted from this edttton see listed page number tn Phys Lett 1llB (1982) 
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Error propagatmn relatmns for 
Errors, treament of, in th~s Re'.~e,a 
Estabhshed nonets for the mesons 
Esl)mator, definmon of 
)7 meson 

)7 --,- ~'y note on 
)7 decay parameters note on 

)7(1280) [.a, )7(1275)] 
q(1430) [)~as ~(1440) 
r/(1700) [now ca/led it (1700) 
)7'(958) 
)7, ( IS)  or )7~ 12980) 
)7c(2S) or )7((3590) 
Exoled lepton searches 
Expeetatton value, definmon 
Expeclatmn value, relatmns tbr 
Exouc baryons (Z* resonances) 
Exouc meson resonances 
Exponentml probabflJt.,, denslt) fun(iron 
Exposure radmactp.~t.', uml of 
I .'+- nou ca//ed Ds'- ] 
I "'*+- [nou called D * :  
t 0(975) [)~a.s S(975) or S* ] 
l 0(1240) [ u as ~(,. (1240) ] 
/0(1400) [aa~ ¢(1300)] 
/0(1525) 
t o (1590) 
t0(1750) [wa~ S(1730) 1 
I 1(1285) [was" D(1285)] 
/1(1420) was E(1420)[ 
fi(1530) was D(153011 
/.'1- /''2' I'3 structure functmns 
/2(1270) [ua.~ /(1270)] 
f~(1430) 
/2(1720) ]),a~ O( 1690)] 
I2(1810) was /(1810)] 
/-~(2150) was ((2150)] 
/-~(2010) )~as g/-(2010)] 
t2(2300) was g-;(2300)1 
!2(2340) uas ,~T(2340)1 
r2(1525) [.a, t"(~525) I 
/'4(2050) [wa~" h(2030) I 
/4(2300) ]was ((2300) I 
(6(2510) has r(2510)] 
Famflmn searches 
Ferm~ couphng constant, value of  
Fevnman's x variable 
Fmld equatmns, electromagnetic 
Free structure constant ~alue of 
F~ts to parttcle propertms data m th~s Revmv,. 
Ftltmg data, relatmns for 
Flavor-changing neutral currents, tests for 
ForNdden states m quark model 
Force. Lorenlz 
Form fitctors, 7r-..*(ey and K-.*&,~ note on 
Four-fcrmmn mteractmns 
Fourth generatmn, top and, hadron searches 
Fractmnal energy loss for electrons and positrons m lead 
Fragmentatmn functmns plot of  
Fragmentatmn fun(Irons, relatmns for 
Free quark searches 
Fnedmann equatt()n 
Full L)stmgs, descnptmn uf 
Full L~stmgs, keys to reading 

15, 24, 

82 
8 

10 
77 
70 
70 
73 

30, 287 
30, 294 

307 
28, 274 
31, 321 

333 
26, 265 

74 
74 

417 
363 

77 
73 

19. 212 
19, 214 
29, 277 

283 
30, 292 

296 
30, 298 

308 
30, 287 
30, 293 
30, 298 

94, 97 
29, 284 

295 
31,307 

309 
313 

31,310 
31,315 
31,316 
30, 296 

31, 311 
315 
317 
254 

51 
92 
84 
51 
9 

78 
45 

109 
84 

167 
I02 

25, 246 
72 

118 
95 

25. 247 
52 

3 
129 

Fundamental fermmns 102 
g(1690) [nou c ailed t'3( 1690)J 31. 301 
gs  (1240) [now ~ al/ed f0 (1240) I 283 
g'l (2010) Im,n ~alh'd f2(2010)1 31. 310 
e;;-(2300) In,n, ,a/led /,(2300)1 31. 315 
~,P]S( 2340) ,a//('d /2{2340)1 31. 316 [, . , .  

(Euler's constant), ~alue of 51 
3 (photon) 13. 134 
"tP and "td cross secttons, plots of 122 
Gamma dlstrtbutton, Monte Carlo algorithm lbr 83 
Gamma dtstnbutmn, relauons tor 77 
Gauge bosons 13, 134 

(see mdt~ldual entrms for "), II , and Z) 
Gauge couphngs 102 
Gauss-Marko~ theorem, definmon 77 
Gaussmn d~stnbutmn, Monte Carlo algortthm for 83 
Gaussmn d)stnbutmn, multivariate 75 
Gausstan d~stnbutton, relatmns for 75 
Oaussmn d~stnbuuon, upper hmns 80 
GelI-Mann/Okubo formula 109 
(Jlumo searches 26, 26 I 
Gtuomum candidates 365 
Gravaauonal acceleratmn standard value of 51 
Grav~tatmnal constant. ,,alue of 51 
Gra), umt of  absorbed dose of radmtmn 73 
h(2030) [nou calh'd /4(2050) I 31, 311 
h l (1170) [ , ,m I1(1190) I 29, 281 

_9_ /., i( 1380 ) ", -~ 
Hadromc cross-scctmns, h~gh-encrg) parametnzatmns 12 I 
Hadromc flavor conser~atmn 45 
Hadromc shower detectors 62 
Half-h,,es of commonl,, used radtoacl~ve nuchdes 73 
Heav.~ boson searches 257 
Heavy lepton searches 25, 26, 148 
Hcav) paruclc searches 207 
HEPNET address tbr comments on this Revmw 4 
HERA (DESY) accclerator parameters 60 
l-hggs searches 25, 255 
H~ggs scarchcs, note on 255 
thstor> of pamclc properues measurements, d~scussmn II 
ttubble parameter ~alucof 52 
H)peron deca,,,s, nonleptomc deca,v amphtudcs 286* 
tt ',pcron dcca)s test of Al=l /2  rule for 286+ 
Hypcron resonances (see 't and "£ resonances) 41,417 
ID paruclc codes for Monte ('arlos I 13 
Ideal rmxmg m quark model I10 
Ideograms, cntcrm for prcsentatmn 9 
lllustratp, c kc,. to the Full L~stmgs 129 
lmpedancc, rclauons for 85 
lnclusp.'e d~stnbutmns, one-particle, rclatmns for 95 
Inclusp,'e hadromc reactmns 95 
lnclusp,e reactmns, kmemaucs for 92 
Inconsistent parttcle properties data. treatment of 

m this Re'.qc'~, 9 
lndependcnce of random varmbles 74 
Inductance. rclatmns [br 85 
lnternatmnal System (SI) urals 53 
lntroductmn to th~s Rc~ kcw 3 
Iomzauon energ) loss at mtmmum, table 54 
lonuatmn )raids for hcav', charged projectiles 64 
L(1440) [mm ~alled )7(1430) I 30, 294 
Inverse lranstorm method m Monte Carlo 82 
Jet productmn m pp and pp micra(Irons, plot of 118 
J/¢(15;) [or I/¢(3097)] 32, 323 

Grcek letters are alphabeuzed b) thetr Enghsh-language spelling Bold page numbers sJgmt'y entrms m Pamcle Propertms Summary Tablcs 
"t" OmRted from thts edmon, see hstcd page number m Phys Left I IIB (1982) 
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K -.. 37r Dahtz plot paramelers note on 181 
K ~ (u"r form factors, nole on 167 
K -' 16, 24, 175 
K ' p  K ' n , a n d  K ' d  c ros s sechons  p l o t s o f  124 
K p. K - n .  and K - d  cross sectmns, plols of 125 
K o, /i~;0 17, 24, 186 

K<)deca~. note on AS" = AQ rule m 198 
K~ ) 17, 24, 189 

K~. ) decays note on ( 'P-vmla tmn parameters m 195 
K~ ) 17, 187 

K~ ~ --.. 3rr deca.~ note on (7 '  .`u)latlon )n 188 
K(1460) [)~a~ K(1400) I 355 
K(1830) 35`4 
K*(892) 35, 346 
K*(1415) [ua ,  K*(1410)] 35, 351 

wa~ K*(1790) K*(1715)[  . L 35,356 
"* . 5 _  /~0(1350) [ n o .  (a/led K011430)] 35. I "~ 
. *  

Ao(1430) [ua* K~(1350) ,,as ~(1350) l 35. 352 

K1(1270) [,'a~ Q(1280) or (_)~ 35, 34£) 
KI(1400) lua~ 0(1400) or Q2 35, 350 
K 1(1650) 356 
K2(1580) I.a, 1.(1580)] 355 
A'-,(1770) l ua s  /.(1770)[ 35, 35.7 
K-,(2250) uas  A'(2250)1 360 

.7, 
?,,11430) [was K*(1430)] 35, I "~ 
K~(1960) 359 
Afl2320) Iwa~ K(2320)] 360 

k~(~780) I .a, /,*(~780)] 3s, 358 

K4(2500) [wa~ K(2500) I 361 

K4(_075)'* ~ [was K*(2060) I 35, 359 

A:~(2380) 361 
k ¢ 3 torm factors note on 182 
Kaon (see K) 16, 24, 175 
,,(1350) [m . . . .  alh'd k'~(1430) 1 35, 352 
Key to the Full L~sIings 129 
Kinemancs  decays, and scattering 90 
Knock-on electrons energehc 64 
Koba~ash~-Maskawa mixing m a m x  107 
l.(1580) lmm ~alled K41580)]  355 
I. ( I 770) I mm called Ki(1770) I 35, 357 
[.agrangian. standard electro'aeak 102 
', 22, 229 
~.p cross sectmn plot of  122 
~. and X resonances 41, 417 

Argand dtagrams 420 
L~slmgs, ~, resonances 431 
Listmgs. Z resonances 443 
Formatmn expert ments  (re'. icy. ) 417 
Productmn experunents  (re.`)ew) 431 
Slalus of  (re.` ~ev,') 417 

~.. Q C D  parameler `46 
At, 245 
A" 23, 243 
l.east-squares fitting, bins ,adth fev, events 78 
Least-squares filling, hnear 77 
Lee-Sugav, ara relauon 287+ 
LEP (CERN) accelerator parameters 5`4 
Lethal dose from penetrating tomzmg radiation 73 
Lepton conservalmn tests of  45 
Lepton (heavy) searches 25, 148 
Lepton m m n g  neutrmos (massive) and. search for 140 
Lepton. quark compos~leness searches 26. 263 
Lepton. quark substructure searches 26. 263 

Leptons 13. 130 
(see mdl.`idual entries for % c , ,  u r r and r) 

[.eptons weak mteractmns of  quarks and 102 
Leptoproducl~on cross set'lions relatmns (i)r `41 
[.eptoprod uctlon klnematws '')3 
Leptoquark searches 25`4 
I.H(" ( ( 'ERN) accelerator parameters 60 
Light boson searches 251 
Light n e u m n o  t',pes, number  of 25. 145 
b g h t  parl~cle searches 2(~,6 
l.lght speed of  51 
Light .',car length of 52 
l.lkehhood condltmn ~'") 
Llkehhood function 7`4 
I .mnts (statistical) in the presence of  a bounded ph~,sK'al reg)<)n 8() 
Linear least-squares fi l l ing ?" 
[-Nmd mn[zanon chambers free electron drift 62 
Listings, Full. ke}s 1o reading 12`4 
Lorentz force 84 
Lorentz in.` anant  amphludes  ,4() 
[.orentz t ranstbrmatlons of  four-.` ectors ~)() 
.Magnet)c monopole searches 25, 24~') 
Magnetic moments  baryon, note on 23O 
Majoron searches 254 
Mandelstam ~ anables (4 I 
Marginal prohabfllt.x dens~l.', thrlctLon ":'4 
Mass at tenuatmn coetticlent lor pholons defined .70 
Massl,,e neutrinos and lepton m~xmg search lor 25, 14() 
Materials atomic and nuclear properlms of 54 
Maitre passage of particles through 64 
Maxmlum hkehhood 7`4 
Maxv, ell equations S4 
Mean range and energ} loss m hquid h~drogen t'~̀ 4 
Mean range and energy loss m Pb ( u  -Xl and (" t'~8 
bledlan def inmon 74 
Median, .`arlance ol 74 
Meson multlplets m quark model 11() 
Meson nonets (estabhshed) 11() 
Meson resonances 28. 26'.) 

Bottom meson resonances 36"~ 
( 'harmed.  nonslrange meson resonances 36. 361 
Exotu: meson resonances 303 
Nonstrange meson resonances 28. 26'') 
Strange meson resonances 35. 14t~ 
Table of  Contents of  Meson Full Listings 37 

Mesons def inmon used m flus Re',~e.`.` 
Mesons stable IS, le,5 

(see mdt.`ldual entries lbr ,"r rl. Ix I) 1) and H) 
Metric prelixes commonl.` used ~,3 
Minimal sublraclmn scheme m Q ( I )  '46 
Mixing angle ,.~,eak 1()2 
Mixing quark model ~deal I I0  
Mixing, smglcl-oclcl m quark model I I(I 
Modermzal)on of lh)s Re, ~ev, descr)plmn ~i 
Molar .`olume, .`alue of 51 
Momenta  measurement  of m a magneuc field 62 
M o m e n t u m  c m energy and m o m e n t u m  

.`s beam mo men tu m S`4 
Momentum transfer, m m m l u m  and nlaxlnlum tJ2 

Mollie Carlo S2 
Monte Carlo particle numbering scheme I 13 
Monopole searches 25. 24'-) 
ja 14. 24. 152 
u ~ (' con.` erslon 153 
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~u 0 (permeaNhty of flee space) '.alue of 
Muhtbody decay kinematics 
Multiple Coulomb scattering through small angles 
Muh~plcts, meson m quark model 
Multmplets, SU(n) 
Multlphc~t3 average m e " c -  mtcracuons, plot of 
Multtpheny, a'.crage m pp and l~p mteract~ons, plot of 
Muh~vanate Gaussmn 
Muon 
Muon deca) parameters note on 
Muon cnergx loss rate at h~gh cnergtes 
Muon hfetxme formula 
).1H 

.~1Z 
n (neutron) 
.V and ..X resonances 

Argand dmgrams 
L~stmgs. ,.X resonances 
Ltstmgs 3. resonances 
Electroproducuon (rev~cv.) 
Photoprodueuon and Complon scattering (re,, joy, ) 
r,~, ' --* .~,'rr channel (re', ~ew) 
Pole parameters 
Productmn experiments (re,. ~ew) 
Status of(rex ~ew) 
Two-body pamal-,.vave anabses (rev~ev,) 

.v* resonances (see V and _X resonances) 

.~-N(1100-3600) 
n-bod', d~fferentml cross sectmns 
n-body phase space 
t l  -- ~ osctllat~ons 
Names. pamele 
Neutral-current paranaeters, standard model cxpressmns for 
Neutral-current parameters `.alues for 
Neutrahno searches 
Neumno (see .) 
Neutrino bounds from astrophysics and cosmolog`. 
Neumno oscfllauon searches 
Neutrino production structure functions rclatmns for 
Neutrino. solar, experiments 
Neutrino types, number of 
Neumnoless double beta deca.~ search for 
Neutrinos (massr, e) and lepton m~xmg, search for 
Neutrinos, note on 
Neutron (see n ) 
Nomenclature for pamcles 
Nonets, meson (estabhshed) 
Non-q~/- candidates 
Normal d~smbut~on confidence mter'.als for 
Normal d~stnbuuon relauons for 
Normal equatmn m least-squares fitting 

t~ e 
b'.u 

b' r 

t,:\ and~.V cross secnons, plot of 
Nuclear eolhsmn length table 
Nuclear inelastic cross sectton, table 
Nuclear mteracuon length table 
Nuclear magneton value of 
Nuclear total cross section, table 
Nucleon resonances ( see N and A resonances) 
Nucleon structure functmns, plots of 
Nuchdes, radmaeuve, commonl.,, used 
Numbering scheme for pamcles m Monte Carlos 

51 84 Occupauonal radtauon dose. U S maximum perm~sstble 7~ 
91 Octet-stagier mixing m quark model I I0 
65 Omega resonances (.q resonances) 43, 470 

I Io :,  23.24.24 ,  
88 :z?[ , , . ,  r" I 245 

117 w(783) 28, _7_ -~ "~ 
117 o,'3(1670) Juan w(1670)] 30, 299 

75 One-pamclc mclus~ve d~smbuuons, relauons lbr 95 
14, 24, 152 Opucal theorem 92 

154 P (pant',), tests of conservauon 45 
65 p (proton) 21, 24, 222 

102 I' mean hfe, note on 222 
102 pp a`.erage mulltphcH.x, plot of II 7 
102 pp jet production 118 

21, 24, 226 pp np and pd cross scctmns, pit)Is of 126 
38, 366 fi'p jet productmn II g 

368 ~'p pseudorapldny 1 I 8 
400 fip average muhlphcn),  plot of I 17 
380 /Tp fin, and rid cross secuons, plots of 127 
37q Pant~ ofqq- states 109 
377 Parsec, length of 52 
376 Partial-wave analyses for ~ and " resonances (review) 418 
375 Pamal-wave anabses for .'~ and ._X resonances (re~le~) 367 
379 Partml-wavc dmgrams for '~ and Z resonances 420 
366 Partml-wave dmgrams for \ and .X resonances 368 
367 Parual-v,a,,e expansmn of scattering amphtude 92 

38, 366 Parucle detectors 61 
317 Pamcle ID numbers for Monte (ar los l l3 
91 Parucle nomenclature 5 
90 Passage ot pamcles through matter 64 

227 Periodic table of the elements 56 
5 F'ermeabfln) uo of free space ,. alue of 5 I. 84 

103 Permntl`.'tt', % of free space ,.alue of 51 84 
103 Phase space, Lorentz m`.anant 90 

26, 259 Phase space, relattons for 90 
13, 136 #b(1020) 29, 279 

146 4~(1680) 31, 301 
25, I J,0 Oj(1850) [toni (ailed ~.(1850) I 310 

()4 Photmo searches 26, 259 
142 Photon (see "t) 13, 134 

25. 147 Photon and electron attenuatmn 70 
144 Photon attenuation length 70 

25, 140 Photon attenuauon length (h~gh energy) 70 
136 Photon collectton efficiency scintillators 61 

21, 24, 226 Photon couphng 102 
5 Photon cross sectmn m carbon and lead conmbutmns to 72 

110 Photon pmr-productmn cross sectmn rclatmn to rad length 67 
363 Photon to c - e  con~crsmn probaNhD 71 
80 Photoproducuon and (ompton  scattering for 3. and A 
75 resonances (rev~ev,) 377 
78 Ph>s~cal constants, table of 51 

13, 138 r.. `.alue of 51 
13, 139 rr + 15, 165 
13, 140 r r ' p  and r r ' d  cross secuons, plots of 123 

120 rr p and rr d cross sections plots of 123 
54 r ° 15, 168 
54 r(1300) 30, 289 
54 rr(1770) 309 
51 rr.~(1670)[~a.s -1(16801or -13] 30, 299 
54 r, 2(2100)[~,a~ 1(2100)] 312 

38, 366 7r ~ (e') form factors, note on 167 
115, 116 rr". --.*.,Vrrr channel (re,,lew) 376 

73 Pion 15, 165 
113 Planck constam, .̀ aluc of 51 
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Planck mass, value of 52 
Polsson dtstnbutton,  Monte Carlo algorithm for 83 
Polsson distribution, relations for 75 
Potsson distribution, upper hm~ts for 81 
Po~sson processes v.,tth background, upper hmJts for 81 
Polartzed-electron deuteron scattermg 103 
Potentmls, electromagnehc 84 
Prefixes. metric, commonly  used 53 
Probabfltty and statistics 74 

X 2 X 2 confidence level vs for n d degrees of  freedom 76 
Probability density function, defimt~on 74 
Propagation of errors 82 
Properues (atomic and nuclear) of  materials 54 
Proportional and drift chamber potentmls 63 
Proporhonal chamber wwe mstabfl~t', 63 
Proton (see p) 21, 24, 222 
Proton cyclotron frequency/field ,,alue of 51 
Proton mass, value of 21, 51 
Pseudorap~dny r/ defined 92 
Pseudorapldlty distribution m pp interactions, plot of  II 8 
Pseudosealar mesons, dcca.~ constants of  note on 165 
if(IS) or ff(3()97) or ,I!~(IS) 32, 323 
ff(2S) or ¢'(3685) 33, 333 
ff(3770) 33, 336 
ff(4040) 34, 336 
~,(4160) 34, 337 
~,(4415) 34, 337 
Q(1280) or QI [ n`''`, calh'd /,'1(1270) 35, 349 
Q(1400) or Q2 [n°w calk'd KI(1400) 35, 350 
Q( 'D q6 
QCD parlon model 94 
Quahly factor for b~ologtcal damage due to rad~atton 73 
Quantum numbers  m quark model 109 
Quark and lepton compos~tencss searches 26, 266 
Quark and lepton substructure searches 26, 266 
Quark model assignments 109 
Quark model 1 (]̀ 4 
Quark model dynamical ingredients 112 
Quark parlon model 94 
Quark searches flee 25, 247 
Quarks and leptons, v.eak mteracttons of 94. 102 
Quarks current masses of 102 
Quarks properttes of  109 
R functton, e * e  scattering, plot of  119 
r(2510) [mm ca~led I"6(2510)] 317 
Rad. umt of absorbed dose of radmuon 73 
Radmuon,  blolog~cal damage from chrome exposure 73 
Radmuon Cerenkov 61 
Radtauon length of materials, table 54 
Radtat~on length, relattons for 66 
Radmuon,  lethal dose from 73 
Radmt~on, long-term risk 73 
Radtoacm.'e sources, c o m m o n b  used 73 
Rad~oaeUvn.~ and radmUon protecuon 73 
Rad~oacw.~ty natural annual background 73 
Radtoacl~,.qty umt of absorbed dose 73 
Rad~oact~,.~t,.. umt of acttv~ty 73 
Radioactivity, umt of exposure 73 
Radon. component  of  natural annual background rad~oacu~t) 73 
Range (mean) and energy loss m hqmd hydrogen 69 
Range (mean) and energy loss m Pb Cu -Xl and C 68 
Range practical, for electrons 67 
Range, scahng law for projectile mass and charge 69 
Rao-Cramer-Frechet bound 77 

RaDd~ty 92 
Refracuve index of matcrmls, table 54 
Relatl'. lstJc ktnematzcs 90 
Relatlvtsttc transformatLon of eleetromagneuc fields 84 
Rcm, roentgen equivalent tbr man 73 
Reststa','lt'., relatlnns for 85 
Reslsuvlt', Electrical. of  elements, table 55 
Resonance, Brcn-Wigner form and -krgand plot for 93 
Resonances (see Meson resonances and Bar',on resonances) 
Restricted cncrgs loss rate, charged proJectiles 65 
p parameter of eleetroweak mteract~ons 1()3 
p(770) 28, 269 
p(1450) 2q5 
p(1700) 31, 305 
p(2150) 313 
P3(1690) [ua.~ g(1690)1 31, 301 
P3(2250) [,,as .o(2250) 314 
#5(2350) ua~ p(2350) 316 
Robusmcss of staUsucal csumator,  dct inmon 77 
Roentgen, measure of x or 3' rad)atton mtens)t.'. 73 
Running couphng constant m QCI) `46 
R.~dberg encrg:,, ~ alue of 51 
5;= • I Bar.'.ons 417 
5(975) orS*  [m~u ~a/h'd t0(975) I 29,277 
S(1730) m ~  ~ alh'd 10(1750) I 308 
S(1935) trout ~al/ed ~(1935)] 31() 
S-matr ix for tv, o-bod,, scattenng 9(1 
Scalar lepton searches 26, 260 
Scalar quark searches 2@ 261 
SCALE factor, defimtton of q 
ScatteJmg, deep melasuc q3 97 
Scattering relauons lbr `43 
Scintillator parameters 6 I 
Score function m hkehhood fitting 79 
Sca-le,.el cosmic ra', tluxes 61 
Searches 25, 140 246 

Axlon searches 25, 25 I 
( 'entauro searches 266 
( 'hargmo searches 26, 260 
Composneness,  quark and lepton searches 26, 263 
Exerted lepton searches 26, 265 
Famfl~on searches 254 
Fourth generauon, top and, hadron searches 25. 246 
Free quark searches 25. 247 
Glumo searches 26. 261 
[lear,, boson searches 257 
Hea~', lepton searches 25, 26, 148 
Hea~ ~ paruclc searches 2~7 
thggs searches 25, 255 
l,epton quark composneness  searches 26. 263 
Lepton quark substructure searches 26, 263 
Leptoquark searches 25'4 
IAght boson searches 251 
L~ghl parl~cle searches 266 
Magnetic monopole searches 25, 24`4 
Majoron searches 254 
Mass~'.e neutrinos and lepton m~xmg, searches 25, 141) 
Neutrino bounds from astroph'.slcs and cosmolog'. 146 
Neutrino oscfllauon searches 25. 140 
Neutnnoless double beta deca) searches 144 
Neutrahno searches 26, 259 
Other stable part~cle searches 266 
Photmo searches 26, 25`4 
Quark searches free 25, 24"7 
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Quark and lepton composneness searches 26, 263 
Quark and lepton substructure searches 26, 263 
Scalar lepton searches 26, 260 
Scalar quark searches 26, 261 
Substructure quark and lepton, searches 26, 263 
Supersymmemc partner searches 26, 259 
Tachxon searches 266 
Techmpmn searches 25, 257 
Top and fourlh generauon hadron searches 25, 246 
Weak gauge boson searches 25, 257 

Selecnon and treatment of data m th~s Revtew 7 
Shower detector energ.~ resolunon 62 
Showers. electromagnetic longitudinal dlsmbullon of 66 
SI umts. complete set 53 
Sm,,erl, unit of radmtmn dose equp, alenl 73 

resonances (see also ~. and "£ resonances) 42, 443 
"Z* 22, 24, 233 
"20 22, 24, 235 
E- 22, 24, 235 
v -  .--.- Ae-v. note on 237 
.'-'c (2455) 43, 471 
Sd~con strip detectors 63 

9 
sin-0 H . weak mixing angle 102 
Stagier-octet mtxmg m quark model 110 
SLC (SLAC) accelerator parameters 59 
SppS (('ERN) accelerator parameters 60 
Solar lummosn.L value of 52 
Solar v experiments 142 
Solar mass, value of 52 
Solar radms, value of 52 
Sources. radtoact~xe commonb used 73 
Specific heats of elements table 55 
Spherical harmomcs 86 
SSC accelerator parameters 60 
Stable parlJcles definmon used m this Re,,mw 3 
Standard Model of electroweak m tcraclmns 102 
Standard particle numbering for Monte Carlos I 13 
Statistic, dcfinmon of 77 
Statistical procedures used m this Revtew 7 
Stat~sucs 77 
Stcfan-Bohzmann constant, xalue of 5 I 
Stopping power for heav.,, charged projectiles 64 
Strmght-hne fit relations tbr 78 
Strange bar,.ons 22, 41, "~'~ 417 
Strange mesons 16, 35, 175, 345 
Strangeness-changing neutral currents tests for 45 
Structure functtons, electroproductmn relallons for 94 
Structure functions for vV.7,..% ,u-'. and c \ plots of 115. 116 
Structure functions m quark parton model 94 
Structure functmns leploproductmn relatmns for 94 
Studenrs t  d~stnbutmn MontcCarloalgonthm for 83 
Student 'st  dlstnbutmn relatmns for 76 
St ](2)× t]( I ) 102 
SU(3) classificatmn of bar',on resonances I l l  
SU(3) isoscalar factors 87 
Sl.l(3) representation matrices 87 
SU(3) mult~plets 110 
SU(6) muhtplets III  
SU(n ) muh~plets 88 
Substructure, quark and lepton searches 26, 263 
Substructure. quark and lepton searches, note on 263 
Subtractmn schemes m QCD 96 
Summary" Tables, dcscnplmn of 3 
Supersymmetnc partner searches 26, 259 

Superweak model predJcttons for I r/(.),,"rl. _ I ,45 . . . .  
and Re ( for KtC. ) 196 

Survp, al probabihty, relauons for 90 
S.~ nchrotron radlauon 85 
S,,stemauc errors, trcament of m this Revmw 8 
1 (hme reversal), tests ofconser' .atmn 45 
l°[nou ~alled q°.~ 245 
rachyon searches 266 
r deca.~ problem, note on 157 
r lepton 14, 24. 157 
Tcchntpion searches 25, 257 
FEVATRON (Fermdab) accelerator parameters 60 
Thermal conductp, 3t'. of elements, table 55 
Thermal expansmn coefficmnts of elements table 55 
O(1690) [ n(m c a/h'd /'2 ( 1720)] 3 I, 307 
¢11~ weak m m n g  angle 102 
Thomson cross sechon, ,.alue of 51 
Three-body deca~ kmemancs 90 
Three-bod.~ phase space 91 
Top and lourth gencratmn hadron searches 25, 246 
"Iransformatmn of electromagnetic fields, relalr, lsttc 84 
TRISTAN (KEK) accelerator parameters 59 
]roplcal ~ear. length of 52 
Truth -- see Top 
Two-bod,, deca3, kmemaUcs 90 
Two-bod~ d~ffcrenttal cross sectmns 92 
Two-bod:, panml deca~ rate 90 
Two-bod.~ scattering kinematics 91 
lwo-photon processes m e " e anmhdauon 95 
Unified atomic mass umt. value of 51 
Umfmm probabiht~ dcnsit.~ funcuon 74 
Urals and con~crsmns, selected 51 
Umts, electromagnetic 84 
Umts. SI complete set 53 
Um',erse. cosmological properties of 52 
Um',crse. denstt.,, parameter of 52 
Umvcrse, crmcal dcnsn.~ of 52 
Universe, age of 52 
UNK (Serpukhov) accelerator parameters 60 
Upper hmits Gaussian dlstnbutmn 80 
Upper hm~ts, Pmsson distnbutmn 81 
T states, width determinations of note on 339 
T(IS) or T(9460) 34, 339 
T(2S) or T110023) 34, 341 
T(3S) or T(10355) 34, 344 
T(4S) or T( 105801 34, 344 
T(1086O) 35, 345 
T(11020) 35, 345 
Variance. dcfinmon 7,4 
Vartance. relauons tor 74 
Vector meson candidates 317 
VEPP-4m (No~ostNrsk) accelerator parameters 59 
VLEPI ), INP (Serpukho',) accelerator parameters 59 
I1 gauge boson 13, 134 
H gaugeboson mass valueof 13,51. 102 
tt gauge boson dJscussmn of mass v.~dth, branching 

ratms, and couphng to fi.,rmmns I(12 
Weak gauge boson searches 25, ' - "  
Weak interactions of  quarks and ]eptons 102 107 
Weak mmng angle 102 
Weak mixing angle, value of  51 
Welghted a', eragmg, relahons |or 7 .7. 
Wtdth determmatmns o f t  states note on 339 
Wren displacement law' constant ~alue of 51 
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1((1700) was )7( 1700)] 307 
V(1850) was rhj(1850)] 310 
V(19(X)-3600) 320 
.V(1935) wa~ S(1935)] 310 
~,(2220) ~a.~ ,~(2220)] 314 
_-- resonances 43. 463 
.-0 22, 24, 238 
- - -  '-?., 24, _ ' >  

--,' [,,,., I'  I .'s. 24s 

4(2220) [n,m culled ~(2220) l 314 
) * resonances (see ~ and "2 resonances) 41,417 
Young diagrams 88 
Young's modulus of sohd elements table 55 
/ gauge boson 13, 135 
Z gauge boson mass ',alue of I.t 51 102 
Z gauge boson discussion of mass ",~,ldlh branching 

ratios, and couphng to l~'rmmns I(12 
Z* resonances 1~ \ s,,stem} 41v, 
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