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This review of the properties of leptons, mesons, and baryons is an updating of Review of Particle Properties, Particle 
Data Group [Rev. Mod. Phys. 52 (1980) No. 2, Part II]. Data are evaluated, listed, averaged, and summarized in tables. 
Numerous tables, figures, and formulae of interest to particle physicists are also included. A data booklet is available. 

Table o f  Contents 

I. Introduction, credits, consultants ii 
II. Selection of data iv 

III. Nomenclature iv 
A. Quantum numbers iv 
B. Particle names vii 

IV. Conventions and parameters for strong interactions vii 
A. Partial-wave amplitudes and resonance 

parameters vii 
B. Sign conventions for resonance couplings ix 
C. Types of partial-wave analyses ix 
D. Production of resonances x 

V. Criteria for resonances x 
VI. Conventions and parameters for weak and electro- 

magnetic decays xi 
A. Muon-decay parameters xi 
B. K-decay parameters xii 
C. n-decay parameters xv 
D. Baryon decay parameters xv 

VII. Statistical Procedures xvii 
A. Unconstrained averaging xvii 
B. Constrained fits xix 

Acknowledgments xx 
References (for above sections) xx 

Tables o f  particle properties 
Stable particles 1 

Addendum 7 
Mesons 9 
Baryons 16 

Miscellaneous tables, figures and formulae 
Physical and numerical constants (rev.) 23 
Clebsch-Gordan coefficients, spherical harmonics and 

d functions 24 
SU(3) isosealar factors, SU(n) multiplicities, and proper- 

ties of quarks (rev.) 25 

Weak interactions of quarks and leptons (rev.) 26 
Relativistic kinematics 28 
Lorentz invariant phase space formulae 30 
C.M. energy and momentum versus beam momentum 31 
Probability and statistics 32 
Particle detectors, absorbers and ranges (rev.) 34 
Electromagnetic relations 43 
Radioactivity and radiation protection 43 
Periodic table of the elements (rev.) 44 
Plots of cross sections and related quantities (rev.) 45 

Data card listings 
Illustrative key 51 
Stable particles 54 

Leptons 54 
Mesons 61 
Baryons 90 
Searches 102 

Mesons, S = 0 122 
S = -+1 166 
charmed mesons 175 
bottom (beauty) meson 176 

Baryons, S = 0 177 
S = +1 232 
S = -1  235 
S = - 2  275 
S = - 3  281 
charmed baryons 282 
bottom (beauty) baryon 282 
dibaryons 282 

Appendix I. Test of ~ I  = 1/2 rule for hyperon decays 286 
Appendix II. SU(3) classification of resonances 288 
Appendix III. Growth of information 291 

I. Introduction, credits, consultants 

This  review is an  u p d a t i n g  t h r o u g h  D e c e m b e r  1981 

o f  our  p rev ious  review o f  par t ic le  p roper t i e s  [Part icle  

Data  G r o u p  ( 1 9 8 0 ) ] .  As in previous  ed i t ions  we have  

a t t e m p t e d  to  make  the  t ex t  as c o m p l e t e  and  self-con- 

t a ined  as possible .  

As usual ,  the  resul ts  o f  our  c o m p i l a t i o n  are pre- 

sen ted  in two  sect ions ,  the  Tables  o f  Par t ic le  Proper -  

ties and  the  Da ta  Card Listings.  The  Tables  summar ize  
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the properties of only those particles whose existence 
is in our judgment experimentally well founded and 
which have a high probability of standing the test of 
time. This is a conservative judgment, and surely some 
genuine resonances are omitted, awaiting confirmation 
(see section V below). 

The Data Card Listings give up-to-date information, 
with references, on all reported particles, whether con- 
sidered well established or not. The Listings also con- 
tain mini-reviews on questions of interest. 

A history of the Particle Data Group, with a discus- 
sion of procedures and problems, has been given by 
Rosenfeld (1975), and a short survey of the history of 
some of the constants we compile may be found in 
Appendix III. 

As in previous editions, we include a section of 
miscellaneous tables, figures, and formulae. These are 
aimed at the practicing high energy physics experimen- 
talist. We welcome all suggestions and comments re- 
garding topics for deletion or inclusion, etc. This year 
we have revised many of these items, but no new ones 
have been added. 

A pocket-sized Particle Properties Data Booklet, 
containing the Tables and a reprint of the figures and 
formulae from the first part of the review, is available 
on request. For North and South America, Australia, 
and the Far East, write to Technical Information 
Department, Lawrence Berkeley Laboratory, Berkeley, 
CA 94720, USA. For all other areas, write to CERN 
Scientific Information Service, CH-1211 Geneva 23, 
Switzerland. 

As usual, we wish to emphasize that we compile the 
experimental results of others. It is inappropriate to 
give us the credit for their countless hours of effort. 
We urge that references be given directly to the origi- 
nal data, and we provide complete references in the 
Data Card Listings for that purpose. 

The responsibilities for the various sections can be 
broken down as follows: 

(1) Stable particles: R. Frosch, T. Shimada, R.E. 
Shrock, T.G. Trippe, C.G. Wohl, and G.P. Yost. 

(2) Meson resonances: M. Aguilar-Benitez, M.J. 
Losty, L. Montanet, F.C. Porter, M. Roos, and Ch. 
Walck. 

(3) Baryon resonances: R.L. Crawford, G.P. Gopal, 
R.E. Hendrick, R.L. Kelly, M.J. Losty, L.D. Roper, 
and C.G. Wohl. 

(4) General, including text : All authors. 

Consultants : To overcome gaps in our coverage, 
both intellectual and geographical, we have solicited 
the help of consultants: 
R.A. Amdt (Virginia Polytechnic Institute and State 

University), 
S. Aronson (BNL), 
W.B. Atwood (SLAC), 
C. Baltay (Columbia University), 
A. Barbaro-Galtieri (LBL), 
B. Barish (California Institute of Technology), 
A.V. Barnes (LBL), 
D. Besset (Stanford University), 
C. Bricman (CERN), 
R. Cahn (LBL), 
M.S. Chanowitz (LBL), 
J.M. Dorfan (SLAC), 
J. Engler (DESY), 
G. Feldman (SLAC), 
V. Flaminio (University of Pisa), 
F. Foster (University of Lancaster), 
M.K. Gaillard (LBL), 
G. Goldhaber (LBL), 
M. Goldhaber (BNL), 
Y. Goldschmidt-Clermont (CERN), 
R. Hagstrom (Argonne National Laboratory), 
K. Hashimoto (Virginia Polytechnic Institute and 

State University), 
J.H. Hubbell (US National Bureau of Standards), 
D.A. Jensen (University of Massachusetts at Amherst), 
J. Learned (University of Hawaii), 
G.M. Lewis (University of Glasgow), 
W.G. Moorhead (CERN), 
D.R.O. Morrison (CERN), 
P. N6methy (LBL), 
P. Oddone (LBL), 
O.E. Overseth (University of Michigan), 
S.I. Parker (University of Hawaii), 
M. Perl (SLAC), 
D.N. Schramm (University of Chicago), 
M. Shaevitz (Nevis Laboratory), 
R.I. Steinberg (University of Pennsylvania), 
B.N. Taylor (US National Bureau of Standards), 
J.A. Thompson (University of Pittsburgh), 
N.A. T6rnqvist (University of Helsinki), 
G.H. Trilling (LBL), 
R.D. Tripp (LBL), 
W.P. Trower (Virginia Polytechnic Institute and State 

University), 

iii 
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The usefulness of  this compilation depends in large 
part on the interaction between the users and the au- 
thors and consultants. We appreciate comments,  crit- 
icisms, and suggestions for improvements of  all stages 
of  data retrieval, processing, evaluation, and presenta- 
tion. 

II. Selection o f  data 

All particles are considered to fall into one of  the 
three groups: 

( I )  Stable particles, defined to be those immune to 
decay via the strong interaction, including the photon,  
the leptons, the 77, the D and F charmed mesons, the 
A c charmed baryon, etc. 

(2) Meson resonances, including the 4,  the ×, and 
the T particles. 

(3) Baryon resonances. 
These groups are maintained within the two main 

parts of  the compilation: 
(1) Tables of  Particle Properties. 
(2) Data Card Listings. 
The Data Card Listings contain the original infor- 

mation (data, references, etc.), weighted averages, 
comments,  and "mini-reviews". Immediately preced- 
ing the Data Card Listings is an illustrative key there- 
to. We at tempt to give complete Data Card Listings up 
to our closing date (January 1, 1982) for all journals 
listed in the Illustrative Key. As a general rule, we do 
not include results from preprints or unpublished con- 
ference reports. Exceptions to this rule are made on a 
case-by-case basis. 

Many of  our encoded results, those set off  in paren- 
theses, are not used for averaging. The reasoning is 
then often given in a footnote below the data. If  the 
reason is not given, it is one of  the following: 

The result was presented with no error stated. 
The result comes from a preprint or conference 

report. It is our experience that such results (and par- 
ticularly the errors) often change before final publica- 
tion. Accordingly we keep these new results in paren- 
theses until they are published (or explicitly verified 
to us by the authors). 

It involves some assumptions that we do not wish 
to incorporate. 

It is of  poor quality, e.g. bad signal-to-noise ratio. 
It is inconsistent with other results, e.g. because of 

different methods employed, rendering averaging 
meaningless. 

It is not independent of  other results, e.g. it is a 
result from one of  several partial-wave analyses all us- 
ing the same data, again rendering averaging meaning- 
less. 

Upper limits are not averaged (except in rare cases 
which are re-expressible as numbers with gaussian er- 
rors). 

When the data for a particle have received special 
treatment or present special problems, this is noted in 
a mini-review in the Data Card Listings. 

As time goes by, some early results lose all their 
weight in the averages. We may then remove them from 
the Listings without further comment.  We usually do 
not remove the corresponding reference cards, however, 
so that our reference sections preserve the historical 
record. In this edition the meson section has undergone 
an extensive "house-cleaning". As a result it appears 
more readable (or so we hope). The earlier data may 
be found in the 1980 edition). 

The Tables of  Particle Properties contain "best"  
values obtained from the data in the Data Card Listings 
by various methods. The statistical procedures of  sec- 
tion VII are used to combine independent data which 
have gaussian errors. Upper limits in the Tables usually 
represent the strongest limit available from a single ex- 
periment. The extent to which these methods are tem- 
pered by critical judgment is explained in the footnotes 
to the Tables. In general, however, the footnotes are 
less complete than is the collection of  notes and mini- 
reviews in the Data Card Listings. The reader is thus 
encouraged to become familiar with the Data Card 
Listings and, ultimately, with the original references. 

III. Nomenclature 

A. Quantum numbers 
The symbols l G (JP)C n represent: 

[ = isospin, 
G = G parity, 
J = spin (also s), 
P = space parity, 
C n = charge-conjugation parity for the neutral member 

of  the isospin multiplet. 
We also use: 

B = baryon number,  

iv 
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S = strangeness, 
C = charm, 
l = orbital angular momentum. 

1. Mesons. The charge-conjugation operator C turns 
particle into antiparticle and has eigenvalues -+1 only 
for neutral states; so it is useful to define an operator 
G which has eigenvalues for charged states too. This is 
usually * 1 defined by 

G = C exp(iTrly). (1) 

A neutral nonstrange, noncharmed state is an eigen- 
state of  exp(iTrly) with eigenvalue ( - 1 )  I. Then we can 
write the eigenvalue equation for the whole multiplet 
as 

G = C n ( - l )  / , (2 )  

where C n (n for neutral) is the eigenvalue C would 
have if applied to the neutral member of  the multiplet. 
Thus, for arr 0, C has the eigenvalue + 1, and since I 
= 1, G = - 1 .  For a charged pion, there are no eigen- 
values corresponding to C and to the isospin rotation, 
but eqs. (1) and (2) still give G = - 1 .  

Consider a meson as a bound state of  fe rmion-  
antifermion, e.g. quark-antiquark C:lq , with orbital 
angular momentum 1, and with the two fermion spins 
coupling to give a spin s. Then one can show that  the 
charge-conjugation eigenvalue [defined as in eq. (2)] 
is 

C n = ( - 1 )  t+s . (3) 

Eqs. (2) and (3) combine to give 

G = ( -1 )  l+s+l . (4) 

The parity is 

e = - ( - 1 )  ~ . (5) 

Eqs. (3) and (5) combine to give 

CnP = - ( - 1 )  s , (6) 

so all singiets (1S0, 1P 1 .... ) have CnP = - 1 ,  and all 
triplets (3S 1 .... ) have CnP = +1. For proofs of  the 
above, see our 1969 text [Particle Data Group (1969)] 

,1 Most texts define it as in eq. ( I ) ;  see e.g. Gasiorowicz 
(1966); however, sometimes the rotation is taken about 
I x . The difference between the two conventions is men- 
tioned in a footnote in K~illen (1964). 

and Appendix by C. Zemach. 
If, instead of  Ctq, we consider the meson as a state 

of  boson-antiboson (e.g. A 2 ~ K.K), it turns out that 
some signs cancel, and eqs. (3) and (4) [not eq. (5)!] 
apply unchanged. Of course, the mesons are often 
spinless, S ° s is zero, but the equations are more gen- 
eral. Eqs. (3) and (4) can be considered as selection 
rules forbidding many decays. 

We now use eqs. (3) and (4) to introduce the con- 
cept of  "Abnormal-Cn" mesons, i.e. mesons that can- 
not be composed of  C:lq. For this, it is sufficient to con- 
sider the SU(3) subgroup of  the full unitary group of  
flavors, containing the u, d, and s quarks in a {3} re- 
presentation. 

This triplet o f  quarks is of  course defined to have 
isospin and hypercharge properties such that C:tq can 
combine (according to the SU(3) relations {3} ® {3} 
= (8} * {1}) so as to form only octets and singlets. 
The non-observation of  "exotic" mesons (i.e., mesons 
in larger SU(3) representations, or mesons requiring at 
least a qC:lqCq structure) is of  course a direct consequence 
of  the naive quark model. It is less obvious that even 
some octets are forbidden by the model, namely those 
with (JP)C n = (0-+) - ,  (1 - )+ ,  (2+) - ,  .... Such states 
are not observed, and this is an additional success of  
the naive quark model classification scheme. 

When the naive quark model is extended to QCD, 
one expects gg gluonium mesons also. Since the gluon 
g is a flavor singlet, all gluonium states must be flavor 
singlets which can be expected to mix with nearby C:tq 
singlets. Nu gluonium states have been definitely estab- 
lished yet. 

In what follows, do not confuse "Abnormal-Cn" 
with "Normal" or "Abnormal" JP, both o f  which are 
allowed by the quark model. The series JP = 0 +, 1- ,  
2 + .... is called Normal because P = ( - 1 )  J as for normal 
spherical harmonics, and JP = 0 - ,  1 + .... is called 
Abnormal. 

The top part of  table 1 shows all the low angular 
momentum states that can be formed from C:tq. Note 
that half of  the JP states can be formed by both a 
triplet and a singlet C:tq state, e.g. 3P1, 1P1, or 3D2, 
1D2, in spectroscopic notation [(2s+l)lj]. Eq. (3) 
shows that 3P 1 and 1P 1 have opposite Cn, so the C:tq 
model allows both. But the states 3P 0 and 3P 2 have 
no 1 p counterparts. According to eq. (6) they have 
CnP = + 1, and with the ctq model there is no way to 
form a state with a JP of  3P0, 2 (i.e. JP = Normal) and 
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Table 1 
Orbital excitations of  the qq system, and corresponding mesons. For the distinction between Abnormal JP and Abnormal Cn, see 
text following eq. (6) in section 111. Strange and charmed mesons share the same values of  JP as the I = 0 and 1 states shown, but 
are not eigenstates of  G. The second column, which gathers together (JP)N or ACn P, is a redundant intermediate step intended to 
make the table easier to read. The table repeats itself for each radial excitation. 

qq State (2s+l)£j] (jP) _Cn P 

c ZP c7 [~or~{lor 
abnormal + ! 

Exiles of gro~qd-state mesons 
IG(jP)C n Non-strange, Strange Charmed Strange, Charmed 

Non-charmed !S I =i ICI =I ISI = ICl =I 
s = c = o (i = %) (~ = %) (T = 0) 

NORMAL-C n STATES THAT CAN COME FROM qq MODEL 

! IS (0-) I 0+(0-)+ q'n"qc(2980) ? F(2030) ? .~. __0 . . . . . . . . . . . . . . .  'A_~ . . . . . . . . .  l [ ] ~ : ) ~  . . . . . . . .  : . . . . . . . . . . .  K D(1870) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

0~ 

I 
I 
>. 

1 
7 
+ 
>. 

I 

( I -)N + 10-(t-) . . . . . .  ,~ ,J/~(3100> F*(2140) ? 
3S 1~ k [ t+( l ")- :: K*(892) D*(2010) 

k 
k~1 +)A_ 0"(I+) - H 

. . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  ioCI'-- . . . . .  o + , o . .  

3P0 ( t + ' ) A + ~  ,1.(0~5+ ~ / Q1,Q 2 
'0"(I )+ D,E,x(3510) QA / 

3Pl ~ I-(1+5 + A I 

X, '0+(2+5+ f'f' 'X(3555) K* (1430) 3PZ%~ (Z+)N + 
I -( 2 +5 + A2 

ID 2 ~-1 A- )+ 
I-( 2 -k + A3 ........................................................... 

3D I ( l-)~Ni - .......... same as~3S I ~-(3770)- .... 

K I 0-(2-5 -| Regge recurrence of the 
3D2 (2-5A ~l+(2-)-I Abnormal-C n state (JP)Cn= (0-)- 

- ~10"(3- ) -  ~ (1670) K*(1780) 3D 3 (3 )N+  ~]x+ (3_) _ g 

iF  3 ( 3 +5 A-  { 0~(3+) - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l + _ ( L + k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3F z " (Z+)N + same as~3P2 

3F 3 ( 3+)A + ~ 0+(3+)+ 
I I-(3+)+ 

3F4 ( 4÷)N + f 0+(4+)+ h 
1-(4+)+ 

Abnormal C r 

states 

Have no qq 

model 

ABNORMAL-C n STATES THAT CANNOT COME FROM qq MODEL 

_ I 0-(0- ) - 

[0_5£_ ........ !:_+:0-:_ ........... All .... pt 

(I-5N_ {0+(i-) + 
I-(I')+ 

(0+SN_ { 0-10+) - 
i+(O +) - 

(Z+SN- I 0-(Z+)" i+(z+5_ 
( 3 -SN- i 0+( 3 -)+ 

I'(3-5+ 

JP=0- 

are 

JP = normal, 

CnP = -I 

vi 
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with CnP = - 1 .  As mentioned,  such octets have not 
been found. With the help of  table 1 one can also see 
that the special state 1 SO , Cn P = + 1, cannot be formed, 
so has Abnormal  C n. 

When, in addit ion to the/-exci ta t ion,  there are 
radial excitations of  the qq system, table 1 repeats it- 

self, and we need a radial quantum number n for each 
repetit ion (n = 1 for the ground state). Examples of  
first radial excitations,  n = 2, are 0 ' (1600),  ~(3685),  
and T(10020).  Examples of  further possible radial ex- 
citations can be found in the ~ and T families. 

2. General remarks. Well-established quantum num- 
bers are underlined in the Tables of  Particle Properties 
(except for stable particles, where most of  the quan- 
tum numbers are established). We have used what 
evidence is available (sometimes flimsy) to guess many 
of  the remaining ones, and we have indicated with 
"?"  ones (in the Baryon Table) for which there is al- 
most  no evidence. 

As is customary,  we define antiparticles as the re- 
sult of  operating with CPT on particles, so both  share 
the same spins, masses, and mean lives. Whenever there 
is a particularly interesting test of  CPT invariance we 
include it in the Stable Particles Table. 

B. Particle names 
If  a meson has a well-accepted colloquial name, we 

use it. I f  not,  we name it by a single symbol which 
specifies its JP-"Normal i ty" ,  its isospin I ,  its strange- 
ness S and charm C, and, for a non-strange, non- 
charmed meson, its G parity.  

The name conventions for mesons are given in the 
first part of  table 2. 

For  some pairs of  mesons with supposedly identical 
quantum numbers, we also use primes; e.g. r/, r?'; f, f ' ;  
p, p ' .  Note that primes and subscripts do not carry any 
further specific meaning. 

For  baryons no at tempt has been made to attach a 
subscript about J and P. The name conventions are 
given in the second part of  table 2. For stable bary- 
ons of  each I and S we use the symbol standing alone; 
for resonances, the mass is in parentheses [i.e. N(1680), 
A(1405),  Z(1775),  etc.] .  The J e  assignments are te- 

l 3 ~ +, etc., and ported in the Baryon Table as ~ +, ~ - ,  

also by  the symbols P11, D13, F15, which refer to the 
np or Kp partial-wave amplitude in which the resonant 
state occurs (the first subscript refers to the isospin 

Table 2 
Particle name conventions. 

Name I S C G 

Mesons, 
JP "Normal" 
co, @, ~, T a ) 0 0 0 
e 0 0 0 
6 1 0 0 
p 1 0 0 
K*, ~ 1/2 -+1 0 
D* 1/2 0 +-1 
F* 0 -+1 -+1 
Mesons, 
JP "Abnormal" 
n 0 0 0 
7r 1 0 0 
K, Q 1/2 -+1 0 
D 1/2 0 +-1 
F 0 +-1 -+1 

+ 

+ 

+ 

Baryons 
N 1/2 0 0 
A 3/2 0 0 
ZI 0, 1 +1 0 
A 0 -1 0 
x 1 -1 0 
, 1/2 - 2  0 
~2 0 -3  0 
A c 0 0 1 
Z c 1 0 1 

a) We use the symbol to for thoseI G = 0 -  mesons which are 
mainly ufi and d] quark states; ~ for those which are main- 
ly ss quark states, ¢ for mainly cc states, and T for mainly 
bb states. 

state: 2 × I for N, A, and "-, and just I for Z, A, and 
Z). When two or more baryons have identical quan- 
tum numbers we warn the reader by adding primes to 
the spectroscopic symbol as explained in footnote (a) 
of  the Baryon Table. 

IV. Conventions and parameters for strong interactions 

A. Partial-wave amplitudes and resonance parameters 
The vast majori ty of  information concerning baryon 

resonances comes in the form of  partial-wave analyses. 
In addit ion data concerning meson resonances (Tnr, 
Kzr, tort 0 are, with increasing frequency, being sub- 
jected to partial-wave analyses. We thus find it natural 
to introduce the resonance parameters which we com- 

vii 
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pile in terms of  a Breit-Wigner approximation for the 
partial-wave amplitude. 

In general the elastic amplitude for a given angular 
momentum l may be written as 

T l l  = [7 / exp (2 i6 ) -  1] /2 i ,  (1) 

where r/is the absorption parameter (0 ~< ~ < 1) and 
6 is the phase shift. The subscripts 11 on T denote 
scattering from channel 1 to channel 1 (e.g. rrrr ~ 7rrr 
or KK -+ KK). 

In fig. 1 we show an Argand plot o f  the elastic par- 
tial wave amplitude T 11. It illustrates geometrically 
how the real parameters 7/and 6 are related to the real 
and imaginary parts of  T 11" Many examples of  such 
Argand plots may be found in the Baryon Data Card 
Listings. 

Consider the so-called non-relativistic Breit-Wigner 
approximation for T 11: 

Vlt = ½ F 1 / ( M -  E -  ½iV), (2) 

where E is the c.m. energy or invariant mass, I" 1 and 
P are the elastic and total widths, and M is the reso- 
nance mass. Eq. (2) is, of  course, not the only possible 
description of  a resonant amplitude; but it suffices to 
illustrate the properties of  partial-wave amplitudes 
which we associate with resonance behavior in the ab- 
sence of  any background in the same partial wave 
(see, e.g., the rrN D15 and F15 waves in the Baryon 
Data Card Listings). Usually the widths contain bar- 
rier-penetrat~on factors which can vary rapidly with 
energy. Near threshold, F I ( E  ) should start up as q2/+l 

l inT 

! -'/~ 0 ReT '/2 (a) 

l inT 

1 

• =0 2 ~  

-'/2 0 ReT '/2 

(bl 

Fig. 1. Argand  p lo t s  for the  elast ic  par t i a l  wave a m p l i t u d e  
T11. The  o u t e r  circles  are the  u n i t a r i t y  b o u n d  (r~ = 1). The  
inner  c i rc les  c o r r e s p o n d  to  the  B r e i t - W i g n e r  a p p r o x i m a t i o n  

o f e q .  (2) for  ( a ) x  I = P l / r  = 0.75 and  ( b ) x  I = 0.4. No te :  
e = 2 ( M  - E)/P. 

(also true for the inelastic width P0)" Various E depen- 
dences are then used for P l ,  mostly of  the form 

P I ( E )  = (qR)21+l/[const + ... + (qR)  21 ] ; (3) 

see Jackson (1964), Pigtlt and Roos (1968), and 
Barbaro-Galtieri (1968). 

The BW approximation to the amplitude for an in- 
elastic process leading from channel 1 to channel 13 
(rrTr --> KK or KN --> ZTr, for example) is 

TIO = ½ ( r ' l r o ) l / 2 / ( M  - E - l i p )  

= (X1Xo)1 /21½r/ (M-  E - ½ i F ) ] ,  (4) 

where 

N 

r = ~ r ~ ,  x o=r o/r, 
1 

(s) 

and x 1 (called the elasticity) is often written x e. (Note 
that in the Data Card Listings we use the symbol P0 to 
denote x0. ) The channel cross section o10 for the reac- 
tion 1 ~t3, for spin 0 - sp in  1/2 scattering, is 

o10 = 47r~2(J + ½)lZl0l 2 , (6) 
1 where J = l --- ~. 

The important features of  eq. (4) which character- 
ize resonant behavior in the Argand diagram (Im T 1 t3 
versus Re T10 ) are: 

energy variation given by circles with diameter 
(x lXo) l /2  and maximum amplitude at E = M  of  

T ~  ax = i ( x l x o ) l / 2  ; (7) 

a maximum in the speed near resonance, given ap- 
proximately by 

"Speed" (res) = I dT1JdEIE= M = 2(XlXo)l /Z/P(E) ,  
(8) 

for slowly varying P(E). These features may be related 
to the rl, 6 representation of  T 11. Thus when E = M, 6 
is either 90 ° (x 1 > ½) or 0 ° (x 1 < ½) and 7/dips to its 
minimum value. 

These simple properties can be used to judge the 
presence or absence of  resonance behavior in an 
Argand plot, but do not necessarily constitute the 
criteria we use (see section V). It must also be kept in 
mind that eqs. (2) and (4) are only approximations to 
the " t rue"  amplitude. The simple picture given above 
can be distorted by various effects: 
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the presence of  "background" in the same partial 
wave as the resonance, 

two resonances in the same partial wave overlapping 
in energy, 

the resonant energyM being close to an inelastic 
channel threshold, in which case a K-matrix-like pa- 
rametrization is more appropriate, 

the speed of  the resonance being very slow so that 
the resonance is very broad, and the Breit-Wigner 
formula a bad approximation. 

B. Sign conventions for resonance couplings 
Consider the partial width lV~ of  a resonance decay- 

ing into the channel/3. We can always define a cou- 
pling constant such that 

I~# c~ G~ . 

In this case the inelastic amplitude in the Brei t -  
Wigner approximation, eq. (4), will go as 

T1 ~ o: G1GJ(M _ E - ½iF), 

where G 1 is the coupling constant for the elastic chan- 
nel. In the context of  exact SU(3) symmetry the rela- 
tive signs of  the product G 1G3 for different resonan- 
ces are often useful as a consistency check on SU(3) 

assignment of  baryon resonances. See Appendix I for 
further details. 

In the Data Card Listings for baryon resonances, we 
tabulate measured values for (XlX~) 1/2 c~ G1G~" When 
the sign of  the amplitude is determined, it is given; ab- 
sence of  an explicit sign indicates that it is undeter- 
mined (not that it is positive). For A and N resonances, 
the signs are chosen according to the convention advo- 
cated by Levi-Setti (1969) and used in the table of  
SU(3) Isoscalar Factors presented in this review. Thus 
the signs multiplying the Breit-Wigner amplitudes for 
KN ~ ~(1385) ~ Ym, An and F~N ~ A(1405) ~ Nrr 
"are simply the product of  the phases of  the appropri- 
ate isoscalar factors. This convention is shown in fig. 2, 
adapted from Levi-Setti (1969). 

C. Types o f  partial-wave analyses 
Partial-wave analyses (PWA) are classified into three 

categories in the Data Card Listings: energy-indepen- 
dent partial-wave analyses (IPWA), energy-dependent 
partial-wave analyses (DPWA), and model-dependent 
partial-wave analyses (MPWA), in increasing order of  
the number of  explicit supplementary hypotheses that 
are used to extract the amplitudes from experimental 
data. 

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

T~E s ~Ct (G,~y. • G ~ r , . ) / ( M  E i r/z) 

l oJ {e} lel fel I~ i ol II 
~'(138~) A (1670) A(16901 A(1820) .A.0830) I (2030)  A(ZlOO) 

P l ]  SOl 003  F05 005 FI7 GO? 
• x x x x 

• X X X 
S01 003 DI3 S II D 15 

A(1405) A(1520) 'Jl"(1670| ~ (1750) Z ( l? r f i )  
I'l I'l 1"t {6} 18( 

{n} 18t 
£ ( 1 7 5 0 )  ";'(17'/'5) 

S I I  DIS 
• x 
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PI3 OI ]  

Z(1385) I (1670) 
!,ot !8! 
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/~l i,oJ 
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/ .  \ / /  x 
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Fig. 2. Plot adapted from Levi-Setti (1969) showing the sign convention adopted here for the Z~r and An amplitudes. Once the 
signs of one I = 0 and one I = 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs 
predicted by SU(3); x marks indicate the observed phases; • indicates phase chosen according to sign convention described in text. 
The ~(1915) predictions have been changed from Levi-Setti's original figure. 
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In an IPWA, data at different energies are analyzed 
separately. Usually each partial wave included in the 
fit is allowed to vary freely (subject to unitarity con- 
straints) over some large region, and waves whose an- 
gular momenta are above some cutoff  value are as- 
sumed to be negligible. The sharp cutoff  in angular 
momentum resolves continuum ambiguities in the so- 
lution (such as the overall phase ambiguity), but there 
remains a finite number of  indistinguishable "best" 
solutions (i.e., solutions corresponding to identical 
physical observables) which have been codified by 
Barrelet (1972). In addition, there are generally some 
nearby solutions (and their associated Barrelet ambi- 
guities) which have chi-squared values close to the 
minimum one. 

At the end of  the analysis a choice is made among 
these many solutions, usually on the basis of  energy 
continuity. A popular criterion for making this choice 
is the shortest path technique in which the total 
"length" of  the preferred solution is chosen to be a 
minimum. The definition of  "length" used here is not 
universal but is usually closely related to the total 
geometrical length of  the lines representing the various 
partial-wave amplitudes in Argand plots (see the bary- 
on section of  the Data Card Listings for examples of  
Argand plots). Various other criteria which are also 
used in some analyses are, e.g., matching with known 
solutions at low energies, the presence o f  known reso- 
nances in the final results, and limited inelasticity in 
high partial waves. 

In a DPWA, data at different energies are fit simul- 
taneously by using an energy-dependent parametriza- 
tion of  the partial-wave amplitudes. The parametriza- 
tion is usually chosen to include both resonances and 
nonresonant background of  some sort and an attempt 
is made to keep it as "model independent" as possible. 
Often the data are grouped into several energy bins 
which are fit separately rather than trying to fit the 
whole energy range under consideration simultaneous- 
ly. One of  the main advantages of  DPWA over IPWA 
is that sparse data spread over many different energies 
can be analyzed, e.g., nearly all S = - 1 analyses are 
DPWA. In addition, the built-in energy continuity 
helps to resolve the ambiguities that plague IPWA and 
eases the problems associated with resonance parame- 
ter extraction. The price one pays for these advan- 
tages lies in the danger of  systematic error in the am- 
plitudes and poor fits to the data if the parametrization 

is poorly chosen or insufficiently flexible. 
An MPWA also uses an energy-dependent parametri- 

zation, but one based on explicit model-dependent 
theoretical assumptions such as Regge exchanges. This 
technique is usually applied to reactions where the 
data are incomplete. There is, of  course, no sharp dis- 
tinction between DPWA and MPWA, and a well chosen 
MPWA parametrization may actually be less biased 
than a model-independent but poorly chosen DPWA 
parametrization. 

D. Production o f  resonances 
Hereby, we mean the observation of  statistically 

significant peaks in invariant mass plots or, loosely, in 
integrated cross sections. Many meson resonances are 
of  this type. We expect most of  these peaks to be asso- 
ciated with Breit-Wigner behavior in appropriate 
Argand plots; thus the p meson peak in 7rn mass plots 
is firmly related to the ! = 1, l = 1 rrTr phase shift pas- 
sing through 90 °. The shape of  the p meson is reason- 
ably well described by the relativistic Breit-Wigner 
formula with the three parameters M, P(M), and R of  
eq. (3). 

From mass plots we can determine M, P, and the 
approximate branching ratios 

xc~/x ~ = I'~/P~ . (9) 

In the case of  total cross sections, the peak above back- 
ground gives us, using the optical theorem, the product 

1 (J  + ~)x,~. 
1 ot° t (E =M)  = 47r~2(J + g)x e . (10) 

V. Criteria for resonances 

An experimentalist who sees indications of  a reso- 
nance in some energy (or mass) region will o f  course 
want to know wha[ has been seen in that region in the 
past; hence, we strive to have the Data Card Listings 
serve as an archive for all substantial claims for reso- 
nances. (However, we do not intend to preserve a pe- 
rennial record of  claims proved to be wrong. Some 
such claims have been removed from the Meson Lis- 
tings in 1982. We refer the interested reader to our 
1980 edition for our complete archives.) 

For the Tables of  Particle Properties, on the other 
hand, we wish to be more conservative than for the 
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Listings and to include only those peaks or resonances 
which we feel have a large chance of survival. An arrow 
(~) at the left of the Tables of Particle Properties in- 
dicates that a questionable candidate has been omitted 
from the Table, but that it can be found in the corre- 
sponding part of the Data Card Listings. One's betting 
odds for survival are of course subjective; therefore no 
precise criteria can be defined. Very slow speeds (e 
and ~) make it quite difficult to decide what is a reso- 
nance and what is not. For more detailed discussions, 
see the mini-reviews in the Listings. In what follows 
we shall attempt to specify some guidelines. 

(a) When energy-independent partial-wave analyses 
are available (mostly for N*'s), approximate Breit-  
Wigner behavior of the amplitude appears to us to be 
the most satisfactory test for a resonance. We can 
check that the Argand plot follows roughly a left- 
hand circle, and that the "speed" of the amplitude 
also shows a maximum near the resonance energy; 
further, there should be data well above the resonance, 
showing that the speed again decreases. Indeed proper 
behavior of the partial-wave amplitude could accredit 
a resonance even if its elasticity is too small to make 
a noticeable peak in the cross section. 

Of course even if Argand plots are available, it may 
still be a matter of opinion as to what behavior consti- 
tutes a resonance. Such an example is the Z0(1780 ) 
state seen in KN total cross-section experiments and 
in partial-wave analysis. The partial-wave analyses of  
Giacomelli (1974) and Martin (1975) find preferred 
solutions which exhibit a resonance-like loop in the 
P01 wave near 1740 MeV. However, Giacomelli et al. 
and Martin point out that, despite the resonantlike 
appearance of the loop, the evidence for resonant 
energy dependence is inconclusive. Thus we omit the 
Z0(1780 ) from the Baryon Table. A similar quandary 
has existed for some time concerning the Z 1 (1900), 
and it too has been omitted from the Tables. 

(b) When there are insufficient data to perform en- 
ergy-independent analyses, one often resorts to ener- 
gy-dependent partial-wave analyses (mostly for Y*'s). 
In this case Breit-Wigner behavior is an input. We 
therefore require that resonance solutions be found 
by several different analyses, preferably in different 
channels (K.N ~ ~dq, 7rZ, etc.), before putting the 
claim in the table. 

(c) Partial-wave analyses of three-body final states 
(nN ~ nTrN) are now available. While these analyses 

are based on the isobar model 0rN ~ oN, 7rA, etc.) and 
are subject to theoretical objections of varying impor- 
tance, they provide increasingly reliable information 
on inelastic decay modes of otherwise established reso- 
nances. 

(d) Most mesons, -*  peaks, and high-mass N* and 
Y* peaks fall into a category for which no partial-wave 
analyses exist. In general we accept such peaks if they 
are experimentally reliable, of high statistical signifi- 
cance or observed in several different production pro- 
cesses. 

Thus, we enter into the Tables of Particle Properties 
only states for which there is experimentally convinc- 
ing evidence, and we expect that most of these will be 
confirmed as resonances. 

VI. Conventions and parameters for weak and 
electromagnetic decays 

A. Muon-decay parameters 
The #-decay parameters describe the momentum 

spectrum (p and ~), the asymmetry (~ and 8), and the 
helicity (h) of the electron in the process # -  ~ e -  
+ vu + fie- Assuming a local and lepton-conserving 
interaction, the matrix element in the charge-retention 
form may be written as 

. ~  (~lPil/a)(~ulPi(Ci + C/75)lve),  
l 

where the summation is taken over i = S, V, T, A, P. 
Using the definitions and sign conventions of Sachs 
and Sirlin (1975) and Scheck (1978) for the Lorentz- 
covariant operators, we have for the momentum pa- 
rameters: 

p = (3g2A + 3g2v + 6 g 2 ) / 0 ,  

= (g2 _ g2 + 2g2 _ 2g2)/D ; 

for the asymmetry parameters: 

- 6 g s g  P cos q~SP- 8gAgv cos ~AV + 14g2 cos ~bTT 

. . . . . . . . . . . . . . . . . .  D 

= (--6gAg v cos 4~AV + 6g 2 cos (OTT)/D ~ ; 

and for the parameter describing the helicity of the 
electron: 
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2gsg  P cos q~SP + 8gAgv c o s  ~bAV + 6g 2 cos ~bTT 
h = . . . . . . . . . . . . . . . . . . . . . . . . . .  

D 

Here 

D = g2 + g2 + 4g2  + 6g2 + 4 g 2 ,  

g2 = IGI 2 + IC~12 , 

and 

Cos~bq Re(C/CI + ' * = * ' CiCj )/gig/" 

The quantities & are defined to be  real non-negative 
numbers, and the ¢ij are phase angles between the i- 
type and ]-type interactions. Under the assumption of  

P two-component neutrinos C{/= - C  V and C A = --CA, 
the S, P, and T terms vanish, and ~baV is the phase 
angle between C A and C v in the complex plane. 

By using the above equations and the experimental 
determinations of  p, rT, ~, 8, and h, limits can be 

placed on gs /gv ,  gA/gV, gT/gV , gP/gV, and cAV. 
The results, given in the Data Card Listings, assume 
neither two-component neutrinos nor time-reversal 
invariance. If, however, two-component neutrinos are 
assumed, then sin gSAV is the amplitude o f  time-rever- 
sal violation. Note that most experiments study only 
the upper end of  the spectrum where O and r/are high- 
ly correlated, so they can only report p for 77 - 0 and 
7? for p = 3. The values for p and r/we use here were 
obtained by combining measurements of  both upper 
and lower ends of  the spectrum and turn out to be 
nearly uncorrelated. 

Note also that the radiative corrections are unam- 
biguous only when gs = gT = gP = 0. The same limits 
on gA/gV and cAV are obtained, however, as when 
gs, gT, and gp are left free. 

Current values for the asymmetry parameters as 
well as Iga/gvI and ~AV are given in the Addendum 
to the Stable Particle Table. In addition, upper limits 
on Igs/gvl,  IgT/gvl and Igp/gvl are given in the ~i 
section of  the Stable Particle Data Card Listings. 

B. K-decay parameters 
1. Dalitz plot  f o r K  -+ 37r decays. The Dalitz plot 

distribution for the r mode (K -+ ~ rr-+rr-*rr~), the r '  
mode (K +- -+ rr0rr0rr-+), and the r 0 mode (K 0 -+ rr+zr-rr 0) 
of  K decay can be parametrized by a series expansion 
such as that introduced by Weinberg (1960). We use 
the form 

s3- so ( 37 0i 2 
IMl2 ~ l + g --m--2 -- + h m2+ ] 

s2-s, ls -sl 2 
+j-m-- 2-~÷ +k \  m~+ ] + .... (1) 

m2+ has been introduced so as to make the co- where 
H 

efficients g, h, j, and k dimensionless, and 

si = (PK - Pi) 2 = (mK - mi) 2 -- 2mK Ti , i = 1, 2, 3, 

1 2 m 2 + m 2 ) .  1 " ~  si ~(mK + m 2 + s0 =3 . = 3 
l 

Here the Pi are four-vectors, m i and T i are the mass 
and kinetic energy of  the ith pion, and the index 3 is 
used for the odd pion. 

The coefficient g is a measure of  the slope in the 
variable s 3 (or T3) of  the Dalitz plot, while h and k 
measure the quadratic dependence on s 3 and (s 2 - Sl), 
respectively. The coefficient j is related to the asym- 
metry of  the plot and must be zero if CP invariance 
holds (C stands for charge conjugation throughout the 
discussion in this section). Note also that if CP is good, 
g must be the same for r + and r - ,  and similarly for h 
and k. 

Since different experiments use different forms for 
IMI 2, in order to compare the experiments we have 
converted to g, h, j, and k whatever coefficients have 
been measured. See the mini-review in the K -+ section 
of  the Stable Particle Data Card Listings for details on 
this point. The results are given in the Addendum to 
the Stable Particle Table and in the K -+ and K O sec- 
tions of  the Stable Particle Data Card Listings. 

Relations among + '+ r - ,  r -, and r 0 are predicted by 
the A1 = ~- rule. 

2. Form factors in K~3 leptonic decays. Assuming 
that only the vector current contributes to these de- 
cays, we write the matrix element as 

M oc f+(t)[(p K +p~)ufieTu(1 + 75)uv] 

+ f_(t)[m~fiQ(1 + 75)uv] , (2) 

where PK and P~r are the four-momenta of  K and 7r 
mesons; m~ is the lepton mass; f÷ and f _  are dimen- 
sionless form factors which can depend only on t 
= (PK - Prr) 2 , the square of  the four-momentum 
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transfer to the leptons, f+ and f_  are relatively real if 
time-reversal invariance holds for these decays. Ku 3 
experiments measure f+ and f_ ,  while Ke3 experi- 
ments are sensitive only to f÷ because the presence of 
the lepton mass makes the f term negligible. 

(a) Ku3 experiments. Analyses of Ku 3 data fre- 
quently assume a linear dependence of f+ and f_  on t, 
i.e. 

f+_(t) = f_+(0)[1 + X±(t/m2)] . (3) 

Most Ku3 data are adequately described by eq. (3) for 
f+ and a constant f_  (i.e. ~ = 0). There are two 
equivalent parametrizations commonly used in these 
analyses: 

(1) k+, ~(0)parametrization. Analyses of Ku 3 data 
often introduce the ratio of the two form factors 

~(t) = f _ ( t ) / f+ ( t ) .  

The Ku3 decay distribution is then described by the 
two parameters k+ and ~(0) (assuming time reversal 
invariance and k = 0). These parameters can be deter- 
mined by three different methods: 

Method A .  By studying the Dalitz plot or the pion 
spectrum of K~3 decay. The Dalitz plot density is 
[see, e.g. Chounet et al. (1972)]: 

p [E~, Eu) ¢x f+2(t)[A + B ~(t) + C~(t) 2 ] , 

where 

, 2 1 , 
A = m K ( 2 E u E  v - mKE~r ) + mu(~ETr - E v ) ,  

2 ( E  1 , B = m v - ~ETr) , 

1 .2w, C = grrtuL ~ , 

, 2 m2) /2mK ETr. E ~ = E m a x - E ~ : ( m 2  + m ~ -  

Here En, E u, and E v are, respectively, the pion, muon, 
and neutrino energies in the kaon center of mass. The 
density p is fit to the data to determine the values of 
~+, ~(0), and their correlation. 

Method B. By measuring the Ku 3/Ke3 branching 
ratio and comparing it with the theoretical ratio [see, 
e.g., Fearing et al. (1970)] as given in terms of X+ and 
~(0), assuming # - e  universality: 

P(K~3)/F(Ke3 ) = 0.6457 + 1.4115~+ + 0.1264~(0) 

+ 0.0192~(0) 2 + 0.0080X+~(0), 

P(K°3)/r'(K°3) = 0.6452 + 1.3162X+ + 0.1246~(0) 

+ 0.0186~(0) 2 + 0.0064k+~(0). 

This cannot determine ~+ and ~(0) simultaneously but 
simply fixes a relationship between them. 

Method C. By measuring the muon polarization in 
Ku3 decay. In the rest frame of the K, the g is ex- 
pected to be polarized in the direction A with P = A/  
IAI, where A is given [Cabibbo and Maksymowicz 
(1964)] by 

A -- al(~)p. 

-a2(~)[-~(mK-E~r+ ,~r " "  E 

+ m K Im ~(t)(p~ × p u ) .  

If time-reversal invariance holds, ~ is real, and thus 
there is no polarization perpendicular to the K-decay 
plane. Polarization experiments measure the weighted 
average of ~(t) over the t range of the experiment, 
where the weighting accounts for the variation with t 
of the sensitivity to ~(t). 

(2) ~+, X0 parametrization. Some of the more 
recent K u 3 analyses have parametrized in terms of the 
form factors f+ and f0 which are associated with vec- 
tor and scalar exchange, respectively, to the lepton 
pair. f0 is related to f+ and f_  by 

fo( t )  = f+(t) + [t/(m 2 - m2)] f_ ( t )  . 

Here f0(0) must equal f+(0) unless f _ ( t )  diverges at 
t = 0. The earlier assumption that f+ is linear in t and 
f is constant leads to )CO linear in t: 

fo( t )  =f0(0)[1 + ko(t/m2)] . 

With the assumption that f0(0) = f÷(0), the two pa- 
rametrizations, (k+, ~(0)) and (k+, ;~0) are equivalent 
as long as correlation information is retained. (k+, k0) 
correlations tend to be less strong than (X+, ~(0)) cor- 
relations. 

The experimental results for ~(0) and its correlation 
with ~+ are listed in the K -+ and K O sections of the 
Stable Particle Data Card Listings in section XIA, 
XIB, or XIC depending on whether method A, BI or C 
discussed above was used. The corresponding values 
of X+ are listed in subsection L + M. 

Because current experiments tend to use the (~+, 
~0) parametrization, we have added a subsection L0 
for k 0 results. Wherever possible we have converted 
~(0) results into X 0 results and vice versa. 

(b) Ke3 experiments. Analysis of Ke3 data is sim- 
pler than that of Ku3 because the second term of the 
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matrix element assuming a pure vector current [eq. 
(2) above] can be neglected. Here f+ is usually as- 
sumed to be linear in t, and the linear coefficient )t+ 
of  eq. (3) is determined. 

If  we remove the assumption of  a pure vector cur- 
rent, then the matrix element for the decay, in addi- 
tion to the terms in eq. (2), would contain 

+ 2mKfsfi~(1 + 75)uv 

+ (2fT/mK)(PK)x(P~)ufi~oXu(1 + "),5)uv , 

where f s  is the scalar form factor, and fT is the tensor 
form factor. In the case of  the Ke3 decays where the 
f _  term can be neglected, experiments have yielded 
limits on Ifs/f+l and IfT/f+l. 

The Ke3 results for X+, IfS/f+l, and IfT/f+l are 
listed in the subsections L + M, FS, and FT, respec- 
tively, of  the K +- and K O sections of  the Stable Particle 
Data Card Listings. 

See also the Note on K~3 and K°3 Form Factors in 
the K +- section of  the Stable Particle Data Card Lis- 
tings for additional discussion of  the K03 parameters, 
correlations, and conversion between parametrization 
and also for a comparison of  the experimental results. 

3. CP violation in K 0 decays. We list parameters 
for four different reactions in which CP can be tested 
[for details, see Okun and Rubbia (1967), Steinberger 
(1969),  and Wolfenstein ( 1969)]. 

(a) K S ~ n+n-n  O. The quantity measured here is 
the ratio of  amplitudes 

As (K S ~ rr+Tr-nO)/AL(KL -+ ~'+rr-~ "0) - -x  + i y .  (4) 

If  CPT invariance holds and there is no I = 3 state pres- 
ent, then x can be neglected and CP violation would 
be observed as a nonzeroy .  We give the result for eq. 
(4) in the K 0 section of  the Stable Particle Table and 
under Branching Ratio R4 in the K 0 section of  the 
Stable Particle Data Card Listings. Our procedure is to 
assume tha tx  = 0, and to list (As /AL)  2 in the form 
of  a branching ratio. 

(b) Charge asymmetry in K L ~ 37r decays. As men- 
tioned above, the presence o f  a term in (s 2 - Sl) in 
expression (1) describing the Dalitz plot distribution 
for r -+ , r 0 decays of  K mesons would be an indication 
of  CP violation. Experimenters have used several forms 
for this CP-violation term. As described in the mini- 
review in the K -+ section of  the Stable Particle Data 

Card Listings, we have converted all results to coeffi- 
cient / in eq. (1) above. The latter is listed among the 
CP-violating parameters at the back of  the K 0 section 
of  the Stable Particle Data Card Listings. Note that 
only upper limits have been reported for this quantity. 

(c ) Asymmetry  in the K L -~ 7r~+ v decays• The 
quantity measured and compiled here is 

p(K L -+ rr-£+v) _ F(K L -+ 7r+~- v) 
8 =  

F(K L -> 7r-~+v) + F(K L ~ 7r+£-v) 

This asymmetry violates CP invariance. If  CPT is good, 
for a pure K ° beam, 8 can be written as 

6 = 2 [ ( 1 -  I x 1 2 ) / ( l l - x 1 2 ) ]  Re e ,  

where x is the AS = AQ-violating parameter defined 
in section B4, and e is the parameter of  the expansion 

]K L) = [(1 + e ) l K ) -  (1 - e) l K)]/ [2(1 + ]el2)] 1/2, (5a) 

[K S) = [(1 + e)[K) + (1 - e)lK)]/[2(1 + ]e[Z)]l/2.(Sb) 

We give 8 in the Addendum to the Stable Particle 
Table. In addition, in the K O CP-violation section of  
the Stable Particle Data Card Listings, we list 8 sepa- 
rately for K0L ~ 7r/Iv and K0L -~ Trey. 

(d) K L ~ 2n decay. The relevant parameters are 

77+ _ : A(K L ~ rr+rr-)/A(Ks -+ rr+rr - )  

= 177+_ I exp( i¢+_) ,  

r/00 = A(K L - nOnO)/A(Ks -+ n01rO) 

= 1%01 exp(iq~00), 

e, defined in eqs. (5) above, and 

e' = ½ix/~exp [i(62 -- 80) 1 I m ( A 2 / A o ) .  

Here, A i and 6 i are the amplitude and phase of  7rrr 
scattering at the K mass, defined by 

( I=  0 ITIK)  = exp( i f0 )A o , 

( I =  2IT[K)  = exp(i62)A 2 . 

Wu and Yang (1964) have derived the relationships 

r / + _ = e + e ' ,  7700 = e - 2 e ' .  

We give r/+_, r/00 , ~+_, and 4~00 in the Addendum 
to the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes r/+_ and r/o0 are 
derived parameters. We use, as far as we can, the 
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directly measured quantities as input and calculate 
77+_ and r/oo from the values given by our constrained 
fits. Therefore, if one looks at the Data Card Listings, 
most of the I r~l measurements appear in the form of 
branching ratios, with appropriate comments. We then 
give the values of 7+_ and It/0012 in a separate list at 
the end of the CP-violating parameters section of the 
K O section of the Stable Particle Data Card Listings. 

4. A S  = AQ rule in K 0 decays. The relative amount 
of AS :/: AQ component present is measured by the 
parameter x, defined as 

x = A ( K  0 -> lr -~+v) /A(K 0 -> 7r-£+v). 

We list Re(x)  and Im{x)  for both Ke3 and Ku3 at the 
end of the Stable Particle Data Card Listings and give 
values in the Addendum to the Stable Particle Table. 

C. 71-decay parameters 
1. C-violation in rl decays. As a test of possible C- 

violation in electromagnetic interactions, a number of 
experiments have looked for possible charge asymme- 
tries in the decays 7/-+ lr+lr-Tr 0 and r / ~  zr+rr-3'. We 
list the following parameters: 

(a) The left-right asymmetry 

A = (N  + - N - ) / ( N  + + N - ) ,  

where N(-+) means the number of events with the 
~r (±) energy greater than the lr (~) energy in the r/rest 
frame. 

(b) The sextant asymmetry 

N I + N 3 + N  5 - N 2 - N 4 - N  6 

As =N1 + N  2 + N  3 + N  4 + N  5 + N  6 

for the decay r/-+ lr+Tr-rr 0. The numbers refer to the 
sextants of the Dalitz plot [see, for example, Layter 
(1972)]. A s is sensitive to an I = 0 C-violating asym- 
metry. 

(c) The quadrant asymmetry Aq, defined in a sim- 
ilar way as A s, but with each sector of the Dalitz plot 
now containing rr/2 rather than 7r/3 radians. Aq is sen- 
sitive to an I = 2 C-violating final state. 

(d) The d-wave contribution to the C-violating am- 
plitude in the decay r~ ~ zr+~r-3'. The upper limit for 
this contribution is measured by the parameter 3, de- 
fined by 

dN/dl cos 01 o: sin20(1 +/~ cos20), 

where 0 is the angle between the 7r + and the 3' in the 
di-pion center of mass. A term proportional to cos20 
could also be due to p- and f-wave interference. 

We list A for the decay modes r / ~  zr+rr-rr 0 and rl 
+ rr+rr-3', A s andAq for the decay 77 ~ lr+lr-Tr 0, and 
/3 for the decay 77 ~ 7r%r-3' in the 7/section of the 
Stable Particle Data Card Listings. 

2. Dalitz p lo t  f o r  rl ~ Ir+Tr-Tr O. The Dalitz plot for 
the decay 7/~ lr%r-zr 0 may be fit by the distribution 

IM(x ,y ) [  2 ~ 1 + ay  + b y  2 + cx  + d x  2 + e x y  . 

Here, 

x = X/~(T+ - T _ ) / Q ,  y = (3To/Q)  - 1 , 

T+, T_, T O are the kinetic energies of the 7r +, zr-, and zr 0 
in the r~ rest system, and Q = m n - m~r+ - m~r_ - mzr o" 
The coefficient of the term linear in x is sensitive to 
C-violation due to an I = 0 or I = 2 final state. We list 
papers presenting determinations of the parameters a, 
b, c, and d in the r/section of the Stable Particle Data 
Card Listings. However, we do not tabulate values of 
these parameters because the assumptions made by 
different authors are not compatible and do not allow 
comparison of the numerical values. 

3. Dalitz p lo t  for  rl ~ rr+lr-7. The Dalitz plot for 
the decay 77 ~ zr+zr-7 may be fit to the expression 

IMI 2 ~ 1 + 2 a z ,  

where 
3 

z = ] ~ [3(m n - 3 m ~ ) - l ( E i  - ~ m n ) l  2 = 02/02max . 
i=1 

Here E i is the energy of the ith pion in the r/rest 
frame, and 0 is the distance to the center of the Dalitz 
plot. We list the parameter a in the r/section of the 
Stable Particle Data Card Listings. 

D. Baryon-decay parameters 

1. A / V  ratio for  baryon lepton& decays. Consider 
the decay 

Bi-~ Bf + J2 + u. 

Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the q2 dependence of the form 
factors, the baryon part of the matrix element for 
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these decays may be written [Goldberger and Treiman 
(1958)] as 

(Bfl 7x(gv - gA 3'5) + (gw/mBi)°hVqv[ Bi), 

where B i and Bf represent initial and final baryons, 
gA and g v  the axial and vector coupling constants, gw 
the weak magnetism coupling constant, and qv the 
sum of the lepton momenta. Here the Pauli represen- 
tation is used for the 3' matrices. The ratio gA/gV may 
be written as 

gA/gV = IgA/gVl exp(i¢),  

where ¢ is 0 + n n if time reversal holds [see Jackson 
et a1.(1957)]. 

Experiments on the leptonic decays of baryons 
other than the neutron have generally assumed q~ to be 
either 0 or n, and have thus measured the magnitude 
and sign ofgA/g V. In studying neutron beta decay, 
however, experiments have been sensitive enough to 
measure ¢ more precisely, and we include the phase 
angle in our Listings for this case. It is consistent with 
time-reversal invariance, and by using the above defi- 
nition of the matrix element with the Pauli represen- 
tations, the value ofgA/g V in neutron beta decay is 
negative. 

Due to statistical limitations the weak magnetism 
form factor gw is usually assumed from CVC and 
SU(3), so that usually only gA and gv  are determined 
experimentally. This determination is accomplished in 
a variety of ways. 

(a) The lepton-neutrino angular correlation pro- 
vides a measure of the absolute value ofgA/g V [for 
relevant formulas, see, e.g., Albright (1959)]. 

(b) The up-down asymmetry of the lepton from 
polarized baryon decays provides a measure ofgA/g V 
with its sign [for relevant formulas, see, e.g., Albright 
(1959)]. 

(c) The lepton spectrum, given enough statistics, 
provides a measure ofgA/g V with its sign [for relevant 
formulas, see, e.g., Bender (1968)]. The lepton spec- 
trum also provides a measure ofgw/g A if the CVC- 
SU(3) assumption is relaxed. 

(d) The polarization of the decay baryon, from po- 
larized or unpolarized initial baryon, also provides 
gA/gV with its sign [for formulas, see, e.g., Willis and 
Thompson (1968)]. 

(e) The presence of a term proportional to 

~Bi" (Pe × P v )  , 

xvi 

where the initial baryon is polarized or 

¢rBf" (Pe × P~), 

where the polarization of the decay baryon is observed 
provides a measure of the deviation of ~ from 0 or n, 
and is thus a test of time-reversal invariance [see, e.g., 
Willis and Thompson (1968)]. 

We compile the ratio gn/gv with its sign, for those 
decays for which it has been measured. 

All the coupling constants and decay rates for bary- 
on leptonic decays are related by Cabibbo's theory 
[Cabibbo (1963)], extended to six quarks (and three 
mixing angles) by Kobayashi and Maskawa (1973). A 
recent fit to this theory has been done by Shrock and 
Wang (1978). 

2. Asymmetry parameters in nonleptonic hyperon 
decays. The transition matrix for the hyperon decay 
may be written as 

M = s + p ( ~ "  q ) ,  (6) 

where s and p are the parity-changing and the parity- 
conserving amplitudes, respectively; ~ is the Pauli spin 
operator, and q is a unit vector along the direction of 
the decay baryon in the hyperon rest frame. 

The asymmetry parameters are defined by the rela- 
tions 

a = 2 Re(s*p)/([sl 2 + [p[2), 

= 2 Im(s*p)/([s[ 2 + [p[2), 

7=  ([s[ 2 -  Ipl2)/(ls[ 2 + Ipl2).  

With the transition matrix (6), the angular distribu- 
tion of the decay baryon, in the hyperon rest system, 
is of the form 

I = 1 + a P y  " q ,  

where Py = <Ylal Y) is the hyperon polarization. 
In the notation of Lee and Yang (1957) the polari- 

zation PB of the decay baryons is * 2 

(a + Py "q)q +/3(Py Xq) + 7q × (Py ×q)  
PB = 1 + ~xPy • q 

+2 Note that Lee and Yang (1957) contains a misprint. The 
minus sign in the definition of 13 should be replaced by a 2. 
In addition, our unit vector q is the direction of the baryon, 
whereas their unit vector p is the direction of the pion. 
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where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from 
the hyperon rest system in which q and Py  are defined. 
Note that ct is the helicity of  the decay baryon for un- 
polarized hyperons. 

The three parameters a,/3, and 3' satisfy the relation 

0~2 +132 + 3'2 = 1 .  

It is then convenient to describe hyperon nonleptonic 
decays in terms of  the two independent parameters 
and the angle ¢ defined by 

13 = (1 - a2) 1/2 sin ~ ,  

3' = (1 - 0t2) 1/2 COS ~b, 

which has a more nearly gaussian distribution than/3 
or 3'. Evidently 

u r  for 3 ' > 0 ,  

1 +~lr~< ¢~< ~lr for 3 ' < 0 .  

In discussing time-reversal invariance, the quantity of  
interest is A, defined by 

a = 2lsllpl cos ~/(Is[ 2 + Ip l2) ,  

13 = -21sllpl  sin A/(Isl 2 + IPl 2) ; 

that is, A is the phase angle of  s relative to p. Evident- 
ly 

~rr for a >  0 ,  

1 3 +~Tr ~< A~< ~Tr f o r a < 0 .  

Under the assumption of  time-reversal invariance, the 
angle A must satisfy the relation 

A = 8 s - 6 p ,  

modulo 7r, where 8 s and 6p are the p ion-baryon  scat- 
tering phase shifts at the appropriate energy and for 
the appropriate isospin state. For A decay, assuming 
the validity of  the 141[ = ½ rule, 

A =  8 s - 6p = (7.0 + 1.0) deg +a 

In the Stable Particle Data Card Listings we give t~ and 

,3 This value for 6 s - 6p is derived from the phase-shift 
analyses by Ayed (1976). The error is our estimation of 
the uncertainty allowing for possible correlations. 

¢ for each decay since they are the most closely re- 
lated to the experiments and are essentially uncorre- 
lated. Whenever necessary we have changed the signs 
of  the reported values, so as to agree with our conven- 
tions. In the Stable Particle Table we give a, ¢, and A 
with errors; and for convenience we also give the cen- 
tral value of  3', without an error. 

VII. Statistical procedures 

We divide this discussion on obtaining averages and 
errors into two sections: 

A. The unconstrained case, or "simple averaging", 
and 

B. The constrained case. 
In what follows, the term "error" means one stan- 

dard deviation (1 o); that is, for central value 2 and 
error 82, the range 2 + 82 constitutes a 68.3% confi- 
dence interval. 

A .  Uncons t ra ined  averaging 

We are returning this year to the use of  a standard 
gaussian procedure (with "scale factor") as our only 
method of  averaging the data. The Student's distribu- 
tion procedure, introduced in 1976 as a second meth- 
od of  averaging, has been discontinued. This results 
primarily from our observation that, although the data 
are better represented by a Student's distribution, the 
standard deviation (= the 68.3% confidence limit) of  
this Student's distribution turns out to be equal to the 
gaussian standard deviation. If  one would choose to 
quote, e.g., 90% confidence limits, however, the gaus- 
sian procedure would give too small errors. 

We begin by assuming that measurements of  a given 
quantity obey a gaussian distribution, and thus we cal- 
culate a weighted average and error 

,~-1/2 

( w, x,l ( . 

w i = [1 / (6x i )  2] , (1) 

where x i and 6x  i are the value and error, respectively, 
reported by the ith experiment, and the sums run over 
N experiments. We also calculate X 2 and compare it 
with its expectation value o f N  - 1. 

I f × 2 / ( N  - 1) is less than or equal to 1, and there 
are no known problems with the data, we accept the 
above results. 
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I f  X21(N - 1) is very large, or if there is prior knowl- 
edge of  extremely large inconsistencies between exper- 
iments, we may choose not to average the data at all. 
Alternatively, we may quote the calculated average, 
but then give an educated guess as to the error; such a 
guess is generally a quite conservative estimate de- 
signed to take into account known problems with the 
data. 

Finally, if X 2 / ( N -  1) is greater than 1, but not to 
such a large extent, we still average the data, but then 
try to make up for this fact in two ways: 

(i) We plot an ideogram to guide the reader in decid- 
ing which data might be rejected before selected aver- 
ages are made. An example of  such an ideogram is 
given in fig. 3 below. Each experiment appearing in 
the plot is represented by a gaussian with central value 
xi ,  error 6xi, and area proportional to 1/Sx i. The 
choice of  area is a somewhat arbitrary one; it is based 
on the assumption that an experimenter will work to 
reduce his (or her) systematic errors until they are 
slightly smaller (but seldom much smaller) than the 
statistical errors. Thus, as a bubble chamber physicist 
gets more events, he (or she) will use them both to re- 
duce the statistical errors and to study the biases. Our 

W E I G H T E D  AVERAGE = 2 2 8 1 . 8  ::t. 2 . 7  
ERROR SCALED BY 1 7 

C H I S Q  

K I T A G A K I  B2 DBC 0 . 6  

R U S S E L L  81 SPEC 0 . 2  

GRAESSLER 81 HBC 0 3  
C R A E S S L E R  81 HBC O 4 

k [ TAGAK [ BO DBC O 5 

C A L I C C N [ O  BO HYBR 7 5  

ALLASIA 80 EMUL 
ABRAMS BO SMK2 O , 3 

I G [ B O N [  79 SPEC 39 

l CNOPS 79 DBC 5 4 
B A L T A Y  79 H L ~ C  6 1 

A N G E L I N I  79 HYBR 0 8  

K I  KNAPP 76 SPEC 4 7 

L_/ ZZOL I 75 NBC 
:-6 Te 

, ' • ~ ' ( C O N L E V  
2 2 2 5  2 2 5 0  2 2 7 5  2 3 0 0  2 3 2 5  2 3 5 0  = 0 0 0 1 )  

L A M B O A / C +  MASS 

Fig. 3. Ideogram of measurements of the A~ mass. The verti- 
cal line indicates the position of the weighted average, while 
the horizontal bar atop the line gives the error in the average 
after scaling by the SCALE factor. Only those experiments 
indicated by + error flags were precise enough to be accepted 
in the calculation of the SCALE factor; the column on the 
far right gives the ×2 contribution of each of these experi- 
ments. The less precise experiments were included in the cal- 
culation of the weighted average, but not SCALE; they have 
3. error flags. 

confidence that a significant systematic error has not 
been made in a given experiment, as compared with 
other contradictory experiments, then tends to go up 

as l / 6x  i . 
But why not assign a weight 1/6 2, as is done when 

computing a weighted average? We feel that this is 
equivalent to assuming that large systematic errors are 
as infrequent as large statistical fluctuations, and that 
this is unrealistic. 

We emphasize the difference between least-squares 
averaging (where the weighting factor is the inverse 
square of  the error) and the ideograms prepared for 
visual display. The former arithmetic is of  course best 
if one has statistically distributed input, and yields a 
narrow gaussian distribution centered at the weighted 
mean. The ideogram (often multipeaked and certainly 
not gaussian) is based on the opposite hypothesis that 
some of  the input is systematically in error. The idea 
behind least-squares averaging is that experiments 1, 2, 
3, etc., are a//valid (so we should multiply their proba- 
bilities). Our ideograms are based on the assumption 
that 1 or 2 or 3, etc., is valid, "hedged" with 1/6x i 
betting odds; we then add their probabilities. Both ap- 
proaches cannot simultaneously be right; we leave it 
to the reader to choose. A glance at the ideogram will 
show, however, that the discrepancy is often not 
severe for reasonably distributed input. 

(ii) The second way in which we try to take account 
o f x 2 / ( N  - 1) being greater than 1 is to scale up our 
quoted error 82 in eq. (1) by a factor 

SCALE = [X2/(N - 1)] 1/2 (2) 

Our reasoning is as follows. Since we do not know 
which one or more of  the experiments are wrong, we 
assume that all experimentalists underestimated their 
errors by the same scale factor (2). If  we scale up all 
input errors by this factor, X 2 returns to N -  1, and 
of  course the output error scales up by the same factor. 

If  all the experiments have errors of  about the same 
size, the above (straightforward) procedure for calcu- 
lating SCALE is carried out. If, however, we are to 
combine experiments with widely varying errors, we 
must modify the procedure slightly. This is because it 
is the more precise experiments that most influence 
not only the average value 2, but also the error 62. 
Now, on the average, the low-precision experiments 
each contribute about unity to both  the numerator 
and the denominator of  SCALE, hence the X 2 contri- 
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bution of  the sensitive experiments is diluted, i.e., re- 
duced. Therefore, we evaluate SCALE by using only 
experiments for which the errors are not much greater 
than those of  the more precise experiments. Explicit- 
ly, to calculate SCALE we use only the most sensitive 
experiments, i.e., those with errors less than 60 , where 
the ceiling 60 is (arbitrarily) chosen to be 

60 = 3N1/26~ .  

Here 6~ is the unscaled error of  the mean of  all the 
experiments. Note that if each experiment had the 
same error 6x i, then 6~ would be 6xi/N 1/2, so each 
individual experiment would be well under the ceiling 
on SCALE. 

This scaling approach has the property that if there 
are two values with comparable errors separated by 
much more than their stated errors (with or without a 
number of  other experiments of  lower accuracy), the 
error on the mean value 6~ is increased so that it is 
approximately half the interval between the two dis- 
crepant values. 

We wish to emphasize the fact that our scaling pro- 
cedures for errors in no way affect central values. In 
addition, if one wishes to recover the unscaled error 
6~, one need only divide the given error by the SCALE 
factor for that error. 

B. Constrained fits 
Except for trivial cases, all branching ratios and 

rate measurements are analyzed by the computer 
program AHR. This program makes a simultaneous 
least-squares fit to all the data, and outputs the partial- 
decay fractions Pi, width F, partial widths F i, and their 
error matrix. 

The original version of  AHR was written by J. Peter 
Berge. It is documented separately, and we wish here 
only to give the simplest nontrivial example that per- 
mits us to comment on the error matrix and the scale 
factor. 

Assume that a state has only three partial-decay 
fractions,P1,P2, andP3 (~'Pi = 1), which have been 
measured in four different ratios, R 1, "--, R4,  where, 
e.g.,R 1 =P1/P2,R2 =P1/P3, etc. ,4 Further assume 
that each ratio has been measured by N experiments 

,4 We can handle any R of the form R = ~ aiPi/~. 13iP ~, where 
a i and j3 i are constants, usually 1 or 0. The forms R = Pi "PI 
and R = (Pi" Pi )1/2 are also allowed. 

(we designate each experiment with a subscript x, e.g., 
Rlx ). Then AHR finds the best values of  P1, P2, and 
P3 by minimizing X 2, namely 

4 N Rr x _Rr(P1,P2,P3) 2 

X2 = r~--1 [ x~=l( . . . . .  -~Rrx . . . . .  ) ] .  (3) 

In addition to the fitted values.Pi, the program cal- 
culates an error matrix (SPiSP,). We tabulate the 
diagonal elements 8P i = (6P i 8Pi)1/2 [except that 
some errors are scaled according to eq. (2) as discussed 
below]. In the listings we give the complete error ma- 
trix; we also calculate the fitted value of  each ratio, 
for comparison with the input data, and list it below 
the relevant input, along with a simple unconstrained 
average of  the same input. 

Two further comments on the example above. 
(1) There was no connection between measure- 

ments of  the width and the branching ratios. But 
often we also have information on partial widths Pi 
as well as total width r'. In this case AHR must intro- 
duce F as a parameter into the fit, along with the rela- 
tions Pi = PPi, y~ Pi = F. When appropriate, we tabu- 
late the F i along with the Pi, and give error matrices 
in the listings. 

(2) Note that we do not allow for correlations 
between input data. We do try to pick those ratios 
and widths which are as independent and as close to 
the original data as possible. 

In asymmetric errors, we use a continuous function 
of  6(P) + and 6(P)-  in the fitting. When no errors are 
reported, we merely list the data for inspection. 

Hyperon~lecay parameters. The program AHR 
handles any type of  input, a, ¢, A,/3, or 3', according 
to the definitions of  section VI. If  for a particular 
hyperon decay there are data for more than two of  
the decay parameters, they are analyzed by using the 
constraint 

c~ 2+/3 2 + 7  2-- 1 . 

Inconsistent constrained data. According to our 
simple example, which led to eq. (3), the double sum 
for X 2 is summed over experiments x = 1 to N, leaving 
a single sum over ratios 

p 
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Even before fitting, some of the X 2 may be too large. 
But if we scaled them before fitting, then the scaling 
would move the central value, contrary to our policy. 
So we do not scale until after the first fit; then, know- 
ing the fitted X 2 and its expectation value (X 2} we 
form SCALE factors (just as before), i.e., 

(SCALE)2 = 2 2 X r / { X r )  , 

and if any (SCALE)r is greater than 1, a l lN  of the 
measurements of  that particular ratio are equally pe- 
nalized by having their errors increased by (SCALE)r. 
Program AHR then recycles on all the data, those 
with errors unchanged as well as those with errors 
increased. We then get new values, 8137 for the errors 
in the partial-decay modes. 

Because of  the constraint ( £  Pi = 1) some SCALE 
factors may still be greater than 1 even after this sec- 
ond pass. I f  this is so, the whole procedure (i.e., in- 
creasing errors by the new SCALE factors and recy- 
cling through AHR) is repeated until AHR has con- 
verged. 

At the end of  AHR's  final pass we have two mea- 
sures of  the errors for the/3 i. One is, of  course, the 

- - i  , 

6P i , I.e., the errors in the final fitted values t37 which 
include the effects o f  scaling the input errors. The 
other measure of  the errors is (Pi - '  - Pi) ,  i.e., the shift  
in the central values of  the ith mode between the first 
(unscaled) fit and the final (scaled) fit. In practice we 
find that on the average these two measures of  the un- 
certainty are about equal. Rather than selecting just 
one or the other, our tabulated errors are given by the 
combination 

(~/3i)ta b = [t~/3i'2 + (/3 i _ /3 / )2 ]  1/2 , 

where/3 i is the fitted value of  the ith partial-decay -,  
mode before scalin_g, Pi is its value after scaling, and 

- P  . t 

8P i is the error in Pi" The SCALE factors we finally 
list in such cases are defined by 

(SCALE)/= (6 Pi )tab/6 P i . 

However, in line with our policy of  not letting SCALE 
affect the central values, we give the values o f P  i ob- 
tained from the original (unscaled) fits. [The differ- 
ences between the/5 i calculated with either the scaled 
or the unscaled errors are, of  course, always within 
the tabulated errors,  (~/3i)ta b .] 
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TABLES OF PARTICLE PROPERTIES 
April 1982 

M. Aguilar-lknitez, R.L Crawford, R. Froscb, G.P. Gopel, R.E. Hendfick, ILL Kelly, M.J. Losty, 
L Montanet, F.C. Porter, A. Rittenberg, M. Roos, LD. Roper, T. Shirmda, R.E. Shrock, T.G. Trippe, Ch. Walck, C.G. Wohl, G.P. Yost 

(Closing date for data: Jan. 1, 1982) 

Stable Particle Table 

For additional parameters, see Addendum to this table. 

Quantities in italics have changed by more than one (old) standard deviation since April 1980. 

Particle IG(JP)Ca a Mass b M e ~  life b Partial decay mode 
(MeV) (see) p or 
Mass 2 el" Mode Fraetioa b Pmax c 

(GeV 2) (era) (MeV/e) 

PHOTON 

"Y 0 , 1 ( 1 - ) -  ( <6x10  -22) ....... stable 

LEPTONS 

17e J = ±  ( < 0.000046) d stable stable 
2 (> 3xl08mue(MeV)) 

C J = ± 0.5110034 stable stable 2 
±0.0000014 (>2xlO22y) 

17/A J = ±  0( < 0. 52) stable stable 
2 (> 1.1 x 105mvu (MeV) ) 

J = ±  105.65943 2.19714x10 -6 
2 

±0.00018 ±0.00007 
m 2 =0.01116392 cr =6.5868x 104 

~t--~ (or ~z + --,CC) 

e -vv  ( 98.6 _+ 0.4 )% 
e-~v 7 e( 1.4 )% 

t[e-veV u ( <9 )%] 
e 7 ( <1.9 )xlO -10 
e e+e ( <1.9 )xlO -9 
e - T y  ( <5 )x l0  -8 

53 
53 
53 
53 
53 
53 

Pc J =± < 250 
2 

_ t 1784.2 T J -~"  
---3.2 

m2=3.18 

r -  1 (or ~'+ "CC)  
(4.6+1.9)×10 "13 # uu ( 18.5 ± 1.2 )% 
cr=O.Ol4 e -vv  ( 16.2 + 1.0 )% 

ha&on-neutra ls  ( 37.0 _+ 3.2 )% 
3(hadron ±) neutrals ( 28.4 ± 3.0 )% 
5(hadron ±) neutrals ( <6 )% 

t[3(hadron±)v ( 13 ± 8 )% 
3(hadron±)u(>-17) ( 15 + 7 )%] 

t [ f - v  ( 10.7 ± 1.6 )% 
p - v  ( 21.6 ± 3.6 )% 
K-  neutrals ( small ) 
7r f lr+~ ( 7 ± 5 )% 
a ' - a ' - f + ( ~ r ° ) ~  ( 18 :t: 7 )%] 

f[K*-(892)v ( 1.7 + 0.7 )% 
K*-(1430)v ( <0.9 )% 
~r-p°v ( 5.4 ± 1.7 )%] 

(continued next page ) 

889 
892 

887 
726 

864 
864 
669 
316 
718 



Particle IG(JP)Cna Mass b 
(MeV) 
Mass 2 

( ~ v  2) 

Stable Particle Table 

Mean life b 
(sec) 

c~ Mode 
(ca) 

(cont" d) 

Partial decay mode 

Fraction b 
p or 
p c 

(~V/c) 

I" (continued) 

r - - -~  (or r + ~CC) 

e -  chgd.parts. 
+ # -  chgd.parts. ( <4 )% 

#-3 '  ( <5.5 )x l0  -4 889 
e--y ( <6.4 )x l0  "4 892 
#-/z +/z - ( <4.9 )x l0  -4 876 
e - # + #  - ( <3.3 )xlO -4 886 
# e+e ( <4.4 )x l0  "4 889 
e e + e  ( <4.0 )x lO -4 892 
/z-'x ° ( <8.2 )xlO -4 884 
e - ' r  ° ( <2.1 )x l0  -3 887 
# - K  ° ( <1.0 )x l0  -3 819 
e - K  ° ( <1.3 )x l0  -3 823 
#-pO ( <4.4 )x l0  -'4 722 
e - p  ° ( <3.7 )xlO -4 726 

NONSTRANGE MESONS a 

+ 
I"--  I - ( 0 - )  139.5673 

_+0.0007 
m2=0.0194790 

mr ± - m  ± =33.9079 
___0.0007 

• "+-'~ (or "x- "'CC) 

2.6030xi0 -8 #+u 
-+0.0023 e+u 
cr =780.4 #+v-y 
(r + - r- ) l~= e+v~r 
(0.05 _+0.07)% e+wr ° 
(test of CPT) e+ue+e - 

100% 
(1.267-+0.023) xl0 -4 

e( 1.24-+ 0.25)x10 -'4 
e( 5.6 -+ 0.7 )x l0  -8 
( 1.02+_ 0.07)xl0 -8 
( <5 )xlO -9 

1 - ( 0 - ) +  134.9630 
-+0.0038 

m2=0.018215 
m ± - m ~  =4.6043 

0+(0 -) + 

-+0.0037 

548.8 
-+0.6 

S=1.4 * 
m2:0.3012 

0.83x10 -16 ,y,y 
-+0.06 S :1 .8"  ~te+e - 
cr=2.5xlO "6 "y'y-y 

e + e - e + e  - 
-YyY'y 

e+e - 

r : ( 0 .  83 -+ o. 12) keY 
' Neutral decays 

(70.9 -+0.7)% 

Charged decays 
(29. l -+0.7)% 

pp 

"'y-y 

3~r ° 
:r%-y 
e ,/r +,/r - ,/r0 

~'+Tr--y 
e+e--y 
#+#--y 

e+e - 
p+/ .t-  
7r+Tr-e+e - 
~'+Tr-'y-y 
,/r +-ff - ,ff0-y 
11"+'/l"- 
7rOe+e - 

7ro p + p - 
~.o# + #--y 

98.787-+ 0.030)% 
1.213 )% 

<3.8 )xlO -7 
3.32 )xlO -5 

< 4  )x lO "6 
2.2 -+ ~:4 )x10-7 

)x l0  -5 

39.1 +_ 0.8 )% 
31.8 -+ 0.8 )% S=I.1 * 

g( <0.3 )% 
( 23.7 + 0.5 )% 
( 4.91-+ 0.13)% 
( 0.50-+ 0.12)% 
( 3.1 +- 0.4 )xlO "-4 
( <3 )xlO -'4 
( 6..$ -+ 2.1 )x l0  "6 
( 0.13_+ 0.13)% 
( <0.21 )% 
( <6 )×10 -4 
( <0.15 )% 
( <5 )xlO -5 
( <5 )xlO "6 
( <3 )×1o -6 

30 
70 
30 
70 

5 
70 

67 
67 
67 
67 
67 
67 
67 

274 
180 
258 
175 
236 
274 
253 
274 
253 
236 
236 
175 
236 
258 
211 
211 



Particle Mass b 
(MeV) 
Mass 2 

(GeV 2) 

Stable Particle Table 
Metal life b 

{see) 
er Mode 
(m) 

(cont'd) 
Partial decay mode 

Fraction b 
p or 

Pmax c 

(l~V/e) 

STRANGE MESONS a 

K + 

K o 

{ ( 0 - )  493.667 
_+0.015 

m 2 =0. 2437 

mK±-mK o=-4 . 01  
_+0.13 

S=1.1 * 

i(0- ) 497.67 
_+0.13 

S=1. I * 
m 2 =0.24768 

1.2371x10 -$ 
_+0.0026 S=1.9 * 
cr =370.9 
( r  + - r - ) l ~ =  

(o. 11 _+o.o9)% 
(test of CPT) 
S=I.2 * 

K+7 (or K- --*CC) 

tt+v ( 63.50_+ 0.16)% 236 
~'+~r ° ( 21.16_+ 0.15)% 205 
~+Ir+~ "- ( 5.59_+ 0.03)% S=I.I * 125 
~'+Tr°~ "e ( 1.73_+ 0.05)% S=1.4 * 133 
~rO#+v ( 3.20_+ 0.09)% S=1.7 * 215 
• "°¢+v ( 4.82__. 0.05)% S=I.1 ' 228 
~+u'y e( 5.8 __. 3.5 )xl0 -3 236 
• "°~'°e+v ( 1.8 + 2.4 )XI0-5 207 

-- 0.6 
Ir+f--C+V ( 3.90-+ 0.15)XI0 -5 203 
• "+~+¢--V ( <1.2 )XI0 -8 203 
• "+~'--#+U ( 1.4 --.+ 0.9 )XI0 -5 151 
a+a+~-v ( <3.0 )xl0 -6 151 
e+u ( 1.54_+ 0.07)x10 -5 247 
e+v'y (SD+) 8 ( 1.52-+ 0.23)xi0 -5 247 
e+v'y ( S D - )  h ( <1.6 )xiO "4 247 
~.+~.o,y I.e( 2.75_+ 0.16)x10 "4 205 
,x+,a.+,x-,y e( 1.0 _+ 0.4 )xlO "4 125 
a-0# +v,y e( <6 )x l0  -5 215 
7rOe+v,y e( 3.7 _+ 1.4 )x l0  "4 228 
7r+e+e - ( 2.7 _+ 0.5 )xlO -7 227 
~'-e+e + ( <1 )x l0  -8 227 
lr+/z+tt- ( <2.4 )x l0  -6 172 
lr+Ty e( <3.5 )x l0  -5 227 
~.+yy,y e( <3.0 )x l0  -4 227 
• "+uv ( <1.4 )x l0  -7 227 
Ir+'y ( <4 ) xl0 -6 227 
• "Ze+/~ ± ( <7 )x l0  -9 214 
• "+e-~ + ( <5 )xl0 -9 214 
e+tYv~ ( <6 ) xl0 "5 247 
g+uuv ( <6 )x l0  -6 236 
/z+ue+e - ( !1 _+ 3 )x l0  -7 236 
~-ve+e  + ( <2.0 ) xl0 -8 236 
e+ve+e - ( 2 + ~ )x l0  -7 247 
/Z+Ve ( <4 )x l0  -3 236 

50 % KShor t, 50% KLong 

0.8923x10 -I0 
_+0.0022 
cr =2.675 

,.8,.+91.- 
.a.Olr o 
x+.r-~ 
#+/.t- 
¢+¢- 
"yy 

( 68.61_+ 0.24)% S = I . I ,  206 
( 31.39 )% 209 

e( 1.85_+ O. lO)xlO -3 206 
( <3.2 )xlO -7 225 
( <3.4 )xlO "4 249 
( <0.4 )xlO -3 249 



Particle IG(JP)Cn a Mass b 

(MeV) 
Mass 2 

(GeV 2) 

Stable Particle Table 

Mean life b 
(see) 

c¢ Mode 
(cm) 

(cont'd) 
Partial decay mode 

Fraction b 
p or 
Pmax c 

(MeV/c) 

{(o-) 5.183xi0 -8 
+0.040 
er=1554 

= 0.5349x10 I0 h s¢¢ -1 
m K L m K s  ±0.0022 

a-0a-0~r0 ( 21.5 ± 1.0 )% 
a-+a--a "0 ( 12.39± 0.20)% 
a'+#:gp ( 27.1 ± 0.4 )% 
a-+e~:p ( 38.7 ± 0.5 )% 

?[a'eu7 e( 1.3 ± 0.8 )%] 
a'+a "- J( 0.203± 0.005)% 
~r°~r ° J(  0.094± 0.018)% 
a-+a--',/ e( 4.41± 0.32)xi0 -5 
a-O3,q/ ( <2.4 )xlO "4 
y y  ( 4.9 ± 0.4 )xlO -4 
e# k( <6 ) x l 0  -6 
# + ~ -  ( 9.1 -+ 1.9 ) x l 0  -9 
tt+~-"y ( 2.8 ± 2.8 )xlO -7 
a-°#+tt - ( <1.2 ) x l 0  -6 
e+e - k(  <2.0 )×10 -7 
e+e-q, ( 1.7 ± 0.9 ) x l 0  -5 
x°e+e - ( <2.3 )×10 "6 
~r+Tr-e+e - ( <8.8 )xlO -6 
• "°x±eXv ( 6.2 ± 2.0 ) x l 0  -5 

S=1.7 * 
S=1.3 * 
S=1.4  * 
S=1.5 * 

S=I .1  * 
S=1.5  * 

139 
133 
216 
229 
229 
206 
209 
206 
231 
249 
238 
225 
225 
177 
249 
249 
231 
2O6 
207 

CHARMED NONSTRANGE MESONS a 

D + 

D O 

rio 

{(0-) 1869.4 
+0.6 

m2=3.495 

mD±-mD o= 4.7 
±0.3 

½ ( 0 - )  1864.7 
±0.6 

m2=3.477 

r(DO-'D°"K+a'-) <0.16 
r( D O--. Ka-) 

a , +2.2~XI0 -13 7. t - l .5 .  

c'r =0.027 

(4.8 +24 ~,n-13 -llS) ̂Iv 

c'r =0.014 

D + 7  (or D -  -.CC) 
e + anything ( 19 + I )% 
K -  anything ( 16 _+ 4 )% 
~ O a n y + K  eany  ( 48 _+ 15 )% 
K + anything ( 6.0 ± 3.3 )% 

anything t ( < 13 )% 
f[K-a-+a- + ( 4.6 _+ 1.1 )% 

K-a-+lr+~'+~ "- ( <4 )% 
~$a-+ ( 1.8 _+ 0.5 )% 
K°a-+~r° ( 13 -+ 8 )% 
~oa-+~.+a-- ( 8.4 _+ 3.5 )% 
F,°K+ ( 0.45± 0.30)% 
K+K-a "+ ( <0.6 )% 
K+a'+a "- ( <0.23 )% 
7r+a- ° ( <0.5 )% 
a-+a-+It- ( <0.37 )%] 

t[K*°lr + ( <3.7 )%] 

D O 7  (or b ° - 'CC) 

845 
772 
862 
845 
814 
792 
744 
845 
925 
908 
714 

e + anything ( <6 )% 
K -  anything ( 44 _+ 10 )% Sffil.3 * 
~o any+ K ° any ( 33 _+ 10 )% 
K +anything ( 8 _+ 3 )% 
T/anything t' ( < 13 )% 

t [K-~r  + ( 2.4 +- 0.4 )% 861 
K-~r+'x 0 ( 9.3 + 2.8 )% 844 
K-7+a-+a- - ( 4.5 +. 1.3 )% S=1.4  * 812 
K-I"+a-°lr ° ( seen ) 815 
~oa-o ( 2.2 _+ 1.1 )% 860 
K,°a-+~r- ( 4.2 ± 0.8 )% 842 
lr+~ "- ( 7.9 -+ 3.8 )×10 -4 922 
~r+Tr+Tr-a- - ( <9 ) x l 0  "4 768 
K+K - ( 2.7 +_ 0.8 ) x l 0  -3] 791 

? [ K * - f  + ( 3.4 ± 1.4 )% 711 
~*oa-o ( 1.4 + 2.3 )% 711 - 1.4 
K - p  + ( 7.2 + 3.0 )% 679 -3.1 
~opo ( 0.1 +o°:61 )%] 677 



Particle IG(JP)Cn a 

Stable Particle Table 

Matin b ~ life b 
(MeV) (see) 
Msss 2 e¢ Mode 

(GeV 2) (cut) 

(cont'd) 

Partial decay mode 

Fraction b 
p or 
P~Lx c 

(~V/e) 

CHARMED STRANGE MESON a 

F+--~ (or F -  - 'CC) 

F -  0~0-) m 2021 (2.2-+~:I) x10-13 7/x+ 
+ 15 r/Tr+~r+~ "- 

~t,ff+~+,a--- 
p+$ 

( sccn ) 

( seen ) 
( seen ) 
( seen ) 

930 
885 
713 
467 

- , B  

NONSTRANGE BARYONS a 

1 ( 1 +) 938.2796 stable (>8x1030y) 
P ~ - 7 -  ~ _+0.0027 

m2=0.880369 

l ( t +) 939.5731 925-+11 
n ~'~- " +0.0027 or =2.77x1013 

m2=0.882798 
nap-ra n = - 1.29343 

_+0.0OOO4 

stable 

Iqpl - I q e l  < 10-211qel" 

pe-~ 100% 1 
pvv (chg.noneons.) ( <9 ) xl0 -24 1 

[qnl < 10-211qel" 

STRANGENESS - !  BARYONS a 

A 0({ +) 1115.60 2.632x10 -10 - 
• +0.05 -+0.020 S=1.6 * = o  

S=1.2 * or =7.89 pe-v 
m 2=1.2446 p#-v  

mA-m,Z0=--76.86 ira'-7 
-+0.08 

( 64.2 )% 100 
( 35.8 -+ 0.5 )% 104 
( 8.35_+ 0.15)x10 -4 163 
( 1.57_+ 0.35)x10 '4 131 

e( 8.5 -+ 1.4 )x l0  "4 100 

1(!  +) 1189.36 0.800x10 -10 Z + 
-+0.06 -+0.004 

S=1.8 * or =2.40 
m2=1.4146 

Z o 

Z 

m Z +-m Z_ = - 7.9 7 

-+0.07 F(Z +-. ~+nv) < .04 
S=l .3  * 

F(Z--" t-nv) 

1(!  +) P 1192.46 5.8x10 -20 
g 

-+0.08 -+1.3 
m2=1.4220 o r f l . 7 x l 0  -9 

1(~ +) 1197.34 1.482x10 -10 
• +0.05 +0.011 S=1.3" 

m2=1.4336 or =4.44 

mzO-.rr~-=--4.88 
__.0.06 

n ~  + 

P~ 
n~+~ 
Ae+v 
n~+v 
ne+p 
pe+e - 

( 51.64 )% 189 
( 48.36 + 0.30)% 185 
( 1.20+ 0.13)x10 -3 S=1.4 * 225 

e( 4.5 -+ 0.5 )×10 -4 185 
( 2.0 -+ 0.5 )x l0  -5 71 
( <3.0 ) xl0 -5 202 
( <5 )x l0  -6 224 
( <7 )x l0  -6 225 

A'y 100% 74 
Ae+e - g( 5.45 )x l0  -3 74 
A3'3" ( <3 )% 74 

n' / r -  
I l e -P  

n~-P 
Ae-v  
n , r -~  

100% 193 
( 1.OBm 0.04)x10 -3 230 
( 0.45-+ 0.04)x10 -3 210 
( 0.61+- O.05)xlO "4 79 

e( 4.6 -+ 0.6 )xlO -4 193 



Partiele IG(JP)Cna Mass b 
(MeV) 
Mass 2 

(c~v 2) 

Stable Particle Table 

Mlnm life b 
(see) 
¢1r Mode 

(cm) 

(cont'd) 
Partial decay mode 

Fraction b 
p or 
Pmax c 

( ~ v / e )  

STRANGENEXS -2  BARYONS a 

1 ( 1 +) q 1314.9 2.90x10 -10 
±0.6 ±0.10 

m2ffil.729 cr •8.69 

m~O-m~ •--6.4 
+0.6 

~ - -  I( l +)q 1321.32 1.641 xl0 -10 ~ - ~ -  
+0.13 ±0.016 

m 2 ffi 1.7459 er ~4.92 

A,r o 

A~y 

lyX- 
PC-v 
~+e-v  
Z-e+v 
X+ it-v 
Z-it +v 
pit-v 

lOO% 
( 0.5 ± 0.5 )% 
( <7 ,% 
( <3.6 x lO -5 
( <1.3 x lO -3 
( <1.1 ,xl0 -3 
( <0.9 ,×10 -3 
( <1.1 ,×I0 -3 
( <0.9 x l 0  -3 
( <1.3 ×10 -3 

135 
184 
117 
299 
323 
120 
112 
65 
49 

309 

A~'- 100% 139 
Ae-v ( 2.9 ± 1.1 )x l0  '4 190 
Z°e-v ( <1.4 )x l0  "4 123 
Ait-v ( 3.5 ± 3.5 )xlO '4 163 
~0it - v  ( <8 )x l0  "4 70 
nTr- ( <1.1 )xlO -3 303 
ne-v ( <3.2 )xiO -3 327 
nit-v ( <1.5 )% 313 
X-'y ( <1.2 )xlO -3 118 
p r  7r ( <4 )xlO -'4 223 
p"x-e -V ( <4 )xlO -4 304 
lYX It V ( < 4 ) x l O  -4 250 
~"°e-u ( <2.3 ) x l 0  -3 6 

~ G E N F . S S  -3  BARYON a 

~-- 0(-~ +) q 1672.45 0.819xi0 -I0 AK- 
--.0.32 ±0.027 .~o~.- 

m 2 ffi2.7971 er =2.46 ~ -'n o 
Eoe-v 
~(1530)~r- 
A~'- 
~-,,/ 

68.6 _ 1.3 )% 211 
23.4 + 1.3 )% 294 

8.0 _+ 0.8 )% 290 
~ !  )% 319 
~2 )x l0  -3 

<1.3 )x l0  -3 449 
<3.1 )xlO -3 314 

/~ c--l-- 1+ r 0(~ ) 2282.2 
+3.1 

S=l .8  * 
m2ffi5.21 

NONSTRANGE CHARMED BARYON a 

( 1.1 +0:94) x l0 -l 3 pK-Ir + 

er •0.003 p~O 
pg%+Ir-  
ATr + 
A~r+lr+lr - 
ZOlr + 

t [pK *° 
A++ K -  
pK*-lr + 
e + anything 

t[ PC + anything 
Ae + anything 

2.2 _ 1.0 )% 
1.1 _ 0.7 )% 

<4 )% 
0.6 ± 0.5 )% 
<3.1, seen )% 
seen ) 
0.48+ 0.30)% 
0.45 + 0.27)% 
seen )] 
4.5 + 1.7 )% 
1.8 -+ 0.9 )% 
1.1 ± o.8 )%] 

82o 
870 
751 
861 
804 
822 
682 
707 
576 

-4 searches for massive neutrinos and lepton mixing 
-4 u bounds from astrophysics and cosmology 
-4 heavy lepton searches 
-4 weak gauge boson searches 
-4 free quark searches 
--* magnetic monopole searches 
-4 charm searches and evidence 
-4 bottom hadron searches 
-4 top hadron searches 
-4 other stable particle searches 



ADDENDUM TO 

S t a b l e  P a r t i c l e  T a b l e  

Magnetic Moment 
eh 

w 1.001 159 652 209 
_+.000 000 000 031 2meC 

/~ Decay parametem s 

eh p = 0.752_+0.003 r/ ffi - 0.12 _+0.21 
/,~w 1.001 165 924 _+.000 000 009 2m c ~ . P  = 0.972_+0.014 t5 = 0.755_+0.009 h = 1.01 _+0.06 

--t~ ~,~+e.~3 ~ = 180 ° _+ 15 ° /.t [ gA/gV I --v. ~,. -0.11 

Mode Left-right asymmetry S e x t e t  asymmetry Quadront asymmetry 
~r+~r-Tr ° ( 0.12_+.17)% (0.19_+0.16)% (-0.17_+0.17)% 
~r+Tr-7 ( 0.88_+.40)% /~ffi0.047_+0.062 

K-- Mode Partial rate (sec -1) 
#v (51.33_+0.17)x106 Sffil.2 * 
r~r ° (17.10_+0.13)x106 Sffi l . l* 
lrTr+Tr - ( 4.52_+0.02)x106 S = l . 1  * 
~-~-°~r0 (1.40_+0.04) x l06  Sffil.4 * 
/z~r°~ (2.58_+0.07) x l06  S =1 .7  * 
e'x°V (3.90_+0.04) x l06  S = l . 1  * 

K ~  a + x -  J (  0.7689_+.0033)x1010 
~rO-n -° J (  0.3517_+.0029)x101° S z l . 1  * 

Ir°~°Tr ° ( 4.14-+0.20)x106 Sffil.7 * 
Ir+~--~ -0 ( 2.39_+0.04)x106 Sffil.2 * 
~r~v (5.23_+0.09) x!06 S=1 .3  * 
x¢~ ( 7.47_+0.11)xl06 Sffil.3 * 
l r+~ - J (  3.91 -+0. 10)xl04 S = I . 1  * 
lr°Tr ° J (  1.81 -+0.36) x l04  S =1 .5  * 

Slope I~rameters for K ~ 31" t 
K+--.Tr+lr+w - g=-0.215_+.004 S = 1 . 4  * 
K - - * . x - l r - ~  "+ gffi-0.217_+.007 Sffi2.5 * 
K + ~ ° l r ° T r  ± g =  0.607_+.030 S=1 .3  * 
KL°-,lr+lr-~r ° g =  0.670_+.014 Sffil.6 * 

See Data Card Listings 
for quadratic coefficients. 

Form factors for Kt3 decays 

0.026_+.00s s=1.5" O.034 S=2.5' 
ko~= -0.003_+.007 Sffil.5 * hoof 0.020 _+.007 S=2 .5  * 

See Data Card Listings for ~, Is, and ft" 

CP violation parameters ud 
Ir/+_l =(2.274_+.022)x10 -3 ]r/oo ] =(2 .33-+.08)x10 -3 S = I . I  * 
~b+_ =(44.6-+ 1.2) ° q~oz(54_+5) ° 
1~/+_ol2<0.12 17/cool 2<0.28 6=(0.330_+.012)% 

~,S z - A Q  
Re x=0.009-+,020 S=1 .4  * I m x  ffi -0.004-+.026 S = l .  1 * 

Magnetic 
m O l n e n t  

(eh/2mpc) Ot 

l )ecayparameters  v 
Measured 

0(degree) 

Derived Coupling Constant Ratios 

A(degree) 

2.7928456 
P _+.0oo0011 
n w -1.91304184 p c - v  g A / g v = - l . 2 5 5  -+0.006 

_+. 00000088 ~bAvZ( 180.11 -+0.17) o 

A w  -0.613 trr - 0.642-+0.013 (-6.5-+3.5) ° 0.76 (7.7_+4.1) ° 
_+.004 n~r ° 0.646_+0.044 

per gA/gVffi--0.690_+O.034 Sffil.4 * 

~ +  2.33 p'x ° -0.979-+0.016 (36-+34) ° 0.17 (187-+6) ° 
+ 1 3 4  o 

• +.13 nTr + +0.068_+0.013 (167_+20) ° -0.97 ( -73_1o)  
p'y -0.72_+0.29 S = l . 1  * 

- -  + 1 2  o 
~ - -  -1.41 n~" -0.068_+0.008 (10_+15) ° 0.98 (249_116) gA/gV =-+(0"385-+0"070) Sffi2.3, 

• +.25 n e - v  
A e - v  gv /gAz0.14-+0 .24  S=1 .6  * gwM/gAffi2.4-+l.7 

~.,0 -1.250 A~rr ° -0.413_+0.022 (2!-+12) ° 0.85 (218+~I) ° 
~'~ +.014 S = 2 . 0  * 

~-~-- -1.85 A~r- -0.434-+0.015 (2_+6) ° 0.90 (184_+12) ° 
• +.75 S = 1 . 4 '  ' S = I . I  * 

--  A K -  -0 . I0 -+0 .38  
Sffil.2 * 



S t a b l e  P a r t i c l e  T a b l e  (cont'd) 
--, Indicates an entry in the Stable Particle Data Card Listings not entered in the Stable Particle Table. 

* S = Scale factor = ~X2/(N-1) ,  where N ~ number of experiments. S should be ~1.  If S > 1, we have enlarged the error 
of the mean, ¢5~; i.e., ¢5~ ~ S ~ .  This convention is still inadequate, since if S > >  1 the experiments are probably incon- 
sistent, and therefore the real uncertainty is probably even greater than S~x. See text, and ideograrm in Stable Particle Data 
Card Listings. 

f Square brackets indicate subreactions of some previous unbracketed decay mode(s). Reactions in one set of brackets may 
overlap with reactions in another set of brackets. 

a. The baryon number B, strangeness S, and charm C of the hadrons which appear in the tables are as follows: 

Mesons (B=0) S C Baryons (B=I )  S C 
rr,7 0 0 p,n 0 0 
K+,K ° +1 0 A,Z - 1  0 
K-,~,. ° - 1  0 ~., - 2  0 
D+,D ° 0 +1 f l -  - 3  0 
D- ,D  ° 0 - 1 A + 0 + 1 
F + +1 +1 
F -  - 1  - 1  

Quoted upper limits correspond to a 90% confidence level. 

In decays with more than two bodies, Pmax is the maximum momentum that any particle can have. 

99% confidence level. Lower limit from same experiment, > 14 eV, not yet confirmed. See Stable Particle Data Card List- 
ings. 

e. See Stable Particle Data Card Listings for energy limits used in this measurement. 

f.  Theoretical value; see also Stable Particle Data Card Listings. 

g. See note in Stable Particle Data Card Listings. 

h. Structure-dependent part with positive (SD+) and negative ( S D - )  photon helicity. 

i. The direct emission branching fraction is (1.56+.35)×10 -5. 

j. The KS° ~ ~rTr and KL ° --, lrTr rates (and branching fractions) are from our branching fraction and rate fits and do not include 
results of KL°-Ks ° interference experiments. The 17+-[ and 17001 values given in the addendum are these rates combined 
with the 17 + -  I and 170o I results from interference experiments. 

k. The stronger limit <2X10 -9 of Clark et al., Phys. Rev. Lett. 26, 1667 (1971) is not listed because of possible (but unknown) 
systematic errors. See Stable Particle Data Card Listings. 

L This is a weighted average of D ± (44%) and D o (56%) branching fractions. 

m. Quantum numbers shown are favored but not yet established. See Stable Particle Data Card Listings. 

n. Limit from neutrality-of-matter experiments. Assumes Iqnl =lqpl  - I%1. 

p. JP not measured for Z °. Assumed same as ~± to allow isotriplet association. 

q. P for ~' and JP for [2- not yet measured. Values shown are SU(3) predictions. 

r. JP for A + not yet measured. Values shown are SU(4) predictions. 

s. IgA/gvl defined by gA 2 = ICAI2+IC'AI 2, gV 2 = ICvI2+IC'vI  2, and Z<~lI'il/~><z3lFi(Ci+C'i 'Ys)[~,>; q~ defined by 

cos ~b = -Re(CAC'v+C'ACv*)/gAgv, P;t is muon longitudinal polarization [for more details, see text Section VI A]i ) 

1 S 3-S__.._~0 

J 2 t. The definition of the slope parameter of the Dalitz plot is as follows [see also text Section VI B.1]: IMI = 1 + g / 
m2+ 

u. The definition for the CP violation parameters is as follows [see also text Section VI B.3]: 
• A~K&,~.+~.-) . ~KL o _, ~o~) 

7 + -  = 17+-Ie  '~+ 700 = lToole 1q% 
~ ~so-~-% - ) A(KsO-,~%°) 

r (K  ° ~  e+)-F(K °-~ e - )  r (KsO~r+~-~o)ce  v i o l .  r(KsO_~%%o)cp viol. 
= 17+_ol 2 = 1700012 = 

£(KL ° -  e+) +F(KL ° -  e - )  r (KL°--~+~-~  °) r ( K L ° ~ ° ~  o) 

v. The definition of these quantities is as follows [for more details on sign convention, see text Section VI B]: 

a = 21sl IPlcosA l ~ = ~ s i n $  gA, gv, gWM defined by <Bfl'yx(gv-gA'Y5)+(gwM/mBi)OAJ'qulBi> 
Is l2+lpl  2 

fl = -2Is I [p[sinA [ ~/l~/~cos$ ~bAV defined by gA/gV [gA/gV [eieAv 
is l2+lPl  2 3' = = 

w. For limits on electric dipole moment, see Data Card Listings. Forbidden by P and T invariance. 



Meson Table 

April 1982 

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all 
substantial claims for meson resonances. See contents of Meson Data Card Listings below. 

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1980. 

~ ,  Full Pmgal decay mode 
IG(JP)Cn Mass Width M 2 p o r .  

M F ±FM a Mode Fraction(%) Pmax a 
A I+-I  ~ brlK ~--4~tab. (MeV) (MeV) (GeV 2) [Upperllmits(%)areg0%CL] (MeV/c) 

NONSTRANGE MESONS 

~r -+ 1 - ( 0 - ) +  139.57 0.0 0.019479 See Stable Particle Table 
7r ° 134.96 7.95 eV 0.018215 

• +0.55 eV 

0+(0 - )+  548.8 0.83 keY 0.301 
_+0.6 ±0.12 keV _+0.000 

9(770) 1+(1-) - 7695 1545 0.591 
±3 § _+5 § _+0.118 

M and F from neutral mode. 

Neutral 
Charged 

lry 
/~+#- 

e+e - 
,?'y 

70.9 See Stable 
29.1 Particle Table 

"~ 100 358 
0.044 _+0.005 372 

0.0067 _+0.0012 d 370 
0.0043 _+~.0005 d 384 

seen' 189 

For upper limits, see footnote e 

~o(783) 0 - ( 1 - ) -  782.6 9.9 0.612 
• +0.2 _+0.3 _+0.008 

S=I.1 * 

T((958) 0+(0 - )+  5 957.57 0.28 0.917 
• +0.25 _+0.10 _+0.0003 

lr+Tr-a "° 89.9 _+0.5 
~r°3 , 8.7_+0.5 
~-+¢r- 1.4_+0.2 
7r°lZ + l~- 0.010_+0.002 
e+e - 0.0072 +~.0007 S=1.3 * 
~,y seen ~: 
For upper limits, see footnotef 

rta'Ir 65.3 _+ 1.6 
p0,y 30.0 _+ 1.6 
o~ 2.8_+0.5 

1.9+0.2 
~-7 0.009_+0.002 

For upper limits, see footnote g 

327 

380 

366 
349 

391 

199 

231 

170 

159 
479 

467 

S*(975) 0+(0+)+ 975 c 33 c 0.951 
• +4 _+6 _+0.032 

S=1.4 * 
See note on ~tr and I ~  S wave. ~ 

~(980) $ 1 - (0  +) + 983 h 54 h 0.966 
_+2 _+7 _+0.053 

7rr 78 _+ 3 467 
K K  22_+3 

~Tr seen 320 
KK seen 

q~(1020) 0 - ( 1 - ) -  1019.61 4.21 1.040 
• +0.07 _+0.13 _+0.004 

K+K - 49.1 _+ 1.0 
KL _ K S  34.6_+1.0 
• ""'a'- 'x u (incl. p~r) 14.8 _+0.7 

~r~.y 1.5_+0.2 
O. 14 _+0.05 

e+e - 0.031 _+0.001 
# + # -  0.025 +0.003 
7r+lr - O. 02 _+ O. Ol 
For upper limits, see footnote i 

S=1.3 * 
S=1.3 * 
S=1.2 * 

127 
111 
462 
362 
501 
510 
499 
490 

H(1190) 0-(1+) - 1190 320 1.416 
_+60 _+50 _+0.381 

Seen in one experiment only. 

p x  seen 327 

B(1235) 1+(1+) - 1233 137 1.52 
_+10 § _+10 § _+0.17 

~,x only mode seen 
[D/S amplitude ratio = 0.29_+0.05] 
For upper limits, see footnote j 

349 
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Meson Table (cont'd) 

IG(JP)cn MaSSM 

A [+- I  • I~rlK ~-4estab. (MeV) 

Full 
Width 

1" 
(MeV) 

M 2 
_+l"M a 
(C~V 2) 

Mille  

Partial decay mode 
p O1" 

b Fraction(%) Pmax 
[Upper limits (%) are 90% eLl (MeV/e) 

f(1270) 0+(2+)+ 

A1(1270 ) 1 - (1+)+  

D(1285) 0+(1+)+ 

1273 
_+5 § 

12755 

_+3O 

179 
_+20 § 

3155 

_+45 

1.62 7rTr 83.1 _+ 1.9 
• +0.23 27r+27r - 2.8 _+0.4 

KI~ 2.9_+0.2 
"y~/ 0.0016_+0.0003 
r + r - 2 1 r  ° seen 
For upper limits, see footnote k 

1.63 O~" dominant 
+ 0.40 x(rrr)  S-wave seen 

1283 26 
_+5 § _+5 § 

1.65 

S=1.4  * 621 
S=1.2 * 558 
S=1.2  * 397 

637 
561 

389 
599 

KI(r  11 -+3 302 
49 -+6 482 

t [ ~  , 36 _+7] 236 
4~ (prob. /rx~) ÷ 40_+7 564 

• +0.03 ~/lr~" 

¢(1300) 0+(0+)+ ~1300 

See note on ~ and KI~ S wave. :[: 

13oo) 1-(o-)+ 13oo § 
_+100 § 

Not a well-establishod resonance. 

200-600 

200--600 

7rx ~90 635 
KI( ~10 418 
~ 348 

pro seen 407 

"x(a"X)S_wave seen 612 

A2(1320 ) 1 - (2+ )+  1318 I10 
• +5§ _+5§ 

E(1420) $ 0+(1+)+ 1418 52 
_+lO § _+1o § 

1.74 
_+0.14 

2.01 
_+0.07 

mr 70.1 _+2.2 
~Tr 14.5-+1.2 
artrr 10.6_+2.5 
I¢~ 4.8_+0.5 
~'lr < 2 (CL=97%) 
7r~ 0.45 _+0.11 
y'y 0.0007_+0.0004 

KI(a" (prob. K*K+KK*) seen 
~Tcrcr possibly seen 

1"[ 61r possibly seen] 

419 
534 
361 
434 
286 
652 
659 

423 
565 
348 

f'(1515) 0+(2+)+ 1520 75 
_+1o§ -+1o§ 

p'(1600) 1 +( 1 - ) - 16005 3005 
_+20 § -+10o § 

2.31 
-+0.11 

2.56 
_+0.48 

KI( dominant 
ra" possibly seen 

41r (incl. p'x+Tr-,Alrr) lagge 
x'x < 30 + 
K*K + K*K ~15 
~lrlr ~13 
KK ~ l  
C+C - Seen 

574 
747 

738 
788 
388 
675 
630 
800 

w(1670) 0 - ( 3 - ) -  1688 166 
• +5 _+15 § 

S=I .1  * 

A3(1680)$ 1 - ( 2 - ) +  1680 § 250 § 
_+30 § _+50 § 

2.78 
_+0.28 

2.82 
_+0.42 

31r seen 806 
t [ P~" seen] 648 

51r seen 740 
t [am'x (prob. Blr) seen] 616 

f~r 55_+5 337 
mr 36 ±6 656 
~r( ~"X)S_wave 9 _+5 813 
For upper limits, see footnote t 

~'(1680) 0 - ( 1 - ) -  1684 I26 
• +13 § _+22 

g(1690) $ 1+(3-)  - 1691 200 § 
_+5 § _+20 § 

2.84 K*K + K*K dominant 
+ O. 21 armr seen 

KK seen 

2.86 2~r 23.8_+1.3 
_+0.34 41r (incl. mtrp, p__P,A21r, arx ) 70.9 _+i.9 

KI~a- (incl. K 'K)  3.8_+1.2 
KI( 1.5_+0.3 S= l .3*  

541 
624 
682 

834 
787 
625 
684 

~_~ JP, M, and r from the 21r and KI~ modes. 
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Meson Table (cont'd) 
jP  

N 

A 

- Full 
+ e P K* IG(JP)Cn Mass Width 
- o~/~ 6 M I' 

K ~ estab. (Me 'V )  (M~V) 

h(2040) 0+(4+)+ 2040 § 150 ~ 
±20 § ±50 § 

M 2 

±I 'M a 
¢GeV 2) 

IViode 

Partial decay mode 
p or 

Fraction(%) prmx b 
lUpper limits (%) are 9O% CL] (MeV/c) 

4.16 wx 
±0.31 I ~  

seen 1010 
seen 890 

-" %(2980) 0+( )+ 2981 < 20 
±6 

8.89 ~lw + ~r - seen 1426 
20r+~r - )  seen 1458 
K+K-~'+~r - seen 1343 
p~ seen 1158 

J/@(3100) 0 - ( 1 - ) -  3096.9 
±0.1 

0.063 
+0.009 

9.591 e+e - 7.4±1.2 
±0.000 # + # -  7.4±1.2 

hadrons + radiative 85 ±2 

1548 
1545 

Decay modes into stable hadrons 

?[2(w+~--)a -° 3.7 ±0.5 
3(~'+w-)lr 0 2.9 -+0.7 
~r+lr-lr°K+K - 1.2 ±0. 3 
4(~-+lr-)w ° 0.9 ±0.3 
w+lr-K+K - 0.72 ±0.23 
p~r+~r - 0.53 ±0.06 
2(~'+'x - )  0.4 ±0.1 
3(lr+w - )  0.4 ±0.2 
nfiw+lr - O. 38 ±0. 36 
~ 0.32 -+0.08 
2(~-+x-)K+K - 0.31 ±0.13 
K~K± lr :g 0.26 ±0.07 
7~'Z - O. 24 ±0. 26 
p~¢/ 0.23 ±0.04 
pp 0.22 ±0.02 
pmr or pn~r + 0.21 ±0.02 
nfi 0.18 ±0. 09 
p~r+ l r -x  ° 0.16 ±0.06 m 
~o~ 0.13-+0.04 
AA 0.11 ±0.02 
pgytr ° 0.11 ±0.01 
2(K+K - )  0.07 ±0.03 
K+K - 0.022 ±0.008 
~r+ ~r - 0.011 ±0.005 
AZ < 0.015 
K~°L < 0.009] 

Decay modes into hadronic resonances 

1496 ~[p'a" 1.22"+0.12 
1 4 3 3  ~21r+21r - 0.85±0.34 
1368 pA 2 0.84±0.45 
1345 ar r r  0.68±0.19 
1407 K*°( 892)K*0(1430) +c.c. 0.67±0.26 
1107 K+K* ~:(892) 0.34±0.05 
1 5 1 7  B±(1235)lr ~= 0.29±0.07 

• - - * 0  1466 K°K (892) +c.c. 0.27±0.06 
1106 ~f  0.23±0.08 
818 tlrx+~r - 0.21 +0.09 

1320 ~7'PP 0.18±0.06 
1440 @KI( 0.18±0.08 
988 cop~ 0.16 -+0.03 
948 ~oKl~ 0.16±0.10 

1232 0r? 0.10±0.06 
1 1 7 4  @f'(1515) 0.08±0.05 

~r+A~ 1231 < 0.43 
1 0 3 3  K*O(,!430)K*0(1430) < 0.29 
988 K°K 0(1430)+c.c. < 0.2 

1 0 7 4  K±K*~=(1430) < 0.2 
1176 ~ 21r+21r- < 0.15 

1131 K TMq~'̂ (892)~*0(892) < 0.13 
1468 < 0.05 
1542 @f < 0.037 
1032 o~f' < 0.016] 

1466 Radiative decay modes 

?[~,(1440) o.55±o.2~ 
"yTl' O. 36 ±0.05 
"yf O. 15 ±0.04 

0.086 ±0.009 
3 ~  0.007±0.005 
"yD(1285) < 0.6 
2"/ < 0.05 
34'(1515) < 0.03 
3'P~ < 0.01 
37 < 0.006] 

S=1.2 * 

1449 
1392 
1126 
1435 
1007 
1373 
1299 
1373 
1144 
1365 
596 

1176 
768 

1265 
1320 
874 

1263 
584 

1154 
1154 
1318 
1192 
1266 
1037 
1006 

1224 
1400 
1287 
1500 
1546 
1283 
1548 
1175 
1232 
1548 

X(3415) 0+(0+)+ 3415.0 
±1.0 

11.662 20r+~ "-) (incl. xTp) 4.3 ±0.9 
lr+~r-K+K - (incl. ~rKl~*) 3.4__.0.9 
30r+~ "-) 1.7 +0.6 
~r+lr - 0.9 ±0.2 
'yJ/~(3100) 0.8 ±0.2 
K+K - 0.8 ±0.2 
p[yx+lr - 0.6 -+0.2 
For upper limits, see footnote o 

1679 
1580 
1633 
1702 
303 

1635 
1320 
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Meson Table (cont'd) 

~ ,  Full 
IG(JP)Cn MaSSM Widthr 

A [+- I  ~ {~rlK v---qestab. (MeV) (MeV) 

M 2 

-+r'M a 
(GeV 2) 

Mkld@ 

Partial decay mode 
p or 

Fraction(%) Pmax b 
[Upper limits (%) are 90% CL l (MeV/c) 

Pc or 0+(1+)+ 3510.0 
X(3510) -+0.6 

12.320 7J/d/(3100) 28 _+ 3 389 
3(Ir+Tr - )  2.4 _+0.9 1683 
2(~r+~ "-) (incl. ~"trp) 1.8 _+0.5 1727 
l r+ r -K+K - (incl. ~'KI(*) 1.0_+0.4 1632 
~'+Tr-p~ 0.15 -0.10 1381 
For upper limits, see footnote p 

X(3555) 0+(2+)+ 3555.8 
_+0.6 

12.644 TJ/~(3100) 15.7-+1.7 429 
2(Tr+rr - )  (incl. r r # )  2.3 _+0.5 1750 
7r+lr-K+K - (incl. 7rKI(*) 2.0+0.5 1656 
3(Tr+Tr - )  1.2 -+0.8 1706 
7r+Tr-p~ 0.35 -+0.14 1410 
rr+Tr - 0.20-+0.11 1772 
K+K - 0.16_+0.12 1708 
For upper limits, see footnote q 

d,b(3685) 0 - ( 1 - ) -  3686.0 0.215 13.587 
• +0.1 _+0.040 ___0.001 

m~3685) - m~3100) = 589.06_+0.13 

e+e - 0.9 _+0.1 1843 
# + # -  0.8 -+0.2 1840 
hadrons + radiative 98.1 -+0.3 

Radiative decay modes 

?[3,X(3415) 
~x(351o) 
yX(3555) 
yqe(2980) 
~'q~ 3590) 

TTr- 
'yq 
3rr/' 
"yt (1440) 

8.2_+1.4 
8.0_+1.3 
7.4_+1.3 

0.43_+0.26 
0.2 to 1.3 

<0.5 (CL=95%) 
<0.02 
<0.02 
<o.o1:1 

l)ecaymodesinto hadrons 

261 * [ J / ~ ' + l r -  
172 J/~,w°lr ° 
128 J /~q 
638 2(~r+rr-)Tr ° 
91 Ir+Tr-K+K - 

1841 j / ~ . o  
1802 p~r+Tr - 
1 7 1 9  K*O(892)K±Tr :~ 
1570 2(Tr+Tr - )  

O0~.+Tr - 
p~ 
3(r+rr - )  
K+K - 
71-+71- - 

pTr 
AA 

33_+2 
17_+2 

2.8_+0.6 § 
0.35_+0.15 
0.16+_0.04 
0.10_+0.03 
0.08 _+0.02 

0.067+_0.025 
0.05 _+0.01 

0.042_+0.015 
0.019_+0.005 
0.015 +_0.010 
0.010 _+0.007 
0.008_+0.005 

<0.1 
<0.04] 

477 
481 
196 

1799 
1726 
528 

1491 
1674 
1817 
1751 
1586 
1774 
1776 
1838 
1760 
1467 

1~(3770) 

¢~4o3o) 

( 1 - )  - 3770 25 
• +3 _+3 

mff(3770 ) - m~k(3685) = 83.9__.2.4 
S=1.8 * 

( 1 - )  - 4030 § 52 
• +5 § _+10 

14.213 e+e - 
_+0.094 DD 

16.241 e+e - 
_+0.210 hadrons 

0.0011 _+0.0002 
dominant 

0.0014 +_0.0004 
dominant 

1885 
242 

2015 

~k(4160) ( 1 - ) -  4159 78 
+_20 +_20 

17.297 e+e - 
-+0.324 hadrons 

0.0010---0.0004 
dominant 

2079 

~4415) ( 1 - ) -  4415 43 
• +6 -+20 § 

19.492 e+e - 
_+0.190 hadrons 

0.0010_+0.0003 S=1.4 * 
dominant 

2208 

T(9460) ( 1 - )  - 9456 0.042 89.416 # + # -  
+_10 +_0.015 __.0.0004 e+e - 

3.2+_0.7 
2.8+_1.1 

4727 
4728 

T( 1 oo2o) ( 1 - ) -  10016 0.030 
+_10 +_0.010 

mT(10020) -mT(9460 ) = 559+_3 

100.320 #+/~- 
+_0.0003 e+e - 

T(9460) r~" 

seen 
1.7+_0.6 
30 +_6 

5007 
5008 
472 

T(10350) ( 1 - ) -  10347 
+10 

107.060 e+e - seen 5174 

naT(10350) - mT(9460) = 891 +_4 
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Meson Table 

~ ,  Full 
IG(JP)Cn Mass Width M 2 

M I' ±I"M a 
A I+- [  rt lx lK ~--4estab. (MeV) (MeV) (GeV 2) 

(cont'd) 

~ e  

Partial decay mode 
p or 

Fntetion(%) Pmax b 
[Upper limi~ (%) are 90% CL] (MeV/e) 

T(10570) ( 1 - )  - 10569 14 111.704 e+e - 
+10 ±5 ±0.15 

mT(10570) - mT(9460 ) ffi 1113+_4 

0.0019±0.0008 5285 

STRANGE MESONS 

K + 1/2(0-)  493.67 0.244 See Stable Particle Table 
K ° 497.67 0.248 

K*(892) 1/2(1-)  891.8 50.8 0.795 K~r 
±0.4 ±0.9 ±0.045 K'y 

S=1.2  * KTr~r 
M and F from charged mode; m ° - m + ffi 6.7±1.2 MeV. 

Ql(1280) 1/2(1 + ) 1270 § 90 § 1.61 Kp 
±10 § ±20 § ±0.11 rTr 

K*Tr 
Kw 
K~ 

~, 100 288 
0.15 ---0.07 309 
< 0.07 (CLffi95%) 216 

42±6 45 
28±4 
16±5 299 
11 ±2 
3 ± 2  

K(1350) 1/2(0 + ) ~1350 ~250 1.82 KTr seen 574 
±0.34 J .  

See note on KTr S wave. ~" 

Q2(I 400) 1/2(1 + ) 1414 180 2.00 K*~r 94±6 410 
±13 ±10 ±0.25 I ~  3 ± 3  308 

Ke 2 ± 2  
Kw 1 ± 1 294 

' "  K*(1430) 1/2(2 +) 1434 § 100 § 2.06 Ka" 44.8±2.3 S=2.7 * 623 
±5 § ±10 § --,0.14 K%r 24.6±2.0 S=I.1  * 424 

K%rTr 13.0±2.6 Sffil.1 * 374 
Kp 8.8±1.1 S=1.3 * 334 
Kw 4.2±1.5 320 
K~/ 5 ± 59 492 

L(1770) $ 1/2(2-)  ~1770 § ~200 § 3.13 K*(1430)~r dominant 278 
_0.35 K*(892)lr seen 652 

Kf seen . L  

See note on I.(1770). ~" 

K*(1780) '[: 1/2(3-)  

÷ 
See note on K*(1780).* 

1775 § 140 § 3.15 K r x  large 793 
±10 § ±20 § __.0.25 t [Kp large] 616 

t[ K*¢c large]~ 654 
KTr 17 ±5 ~ 812 

O I A R M F ~  NONSTRANGE MESONS 

D + 1/2(0-)  1869.4 3.495 See Stable Particle Table 
DO 1864.7 3.477 

D*+(2010) 1/2(1-)  2010.1 < 2.0 4.041 DO~r + 64±11 39 
±0.7 D+~r ° 28 +9 38 

D+') ' 8 ±7 136 

D*°(2010) 

mD, + - mDo = 145.4±0.2 MeV 

1/2(1-)  2007.2 < 5 4.029 DO~.o 55±15 44 
±2.1 DO') • 45 ±15 137 

CHARMED, STRANGE MESON 

0(0- )  2021 4.084 See Stable Particle Table F + 
-Z 
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Meson Table (cont'd) 
Contents of  Meson Data Card Listings 

entry 

p (770) 

(783) 

~' (958) 

S* (975) 

8 (980) 

(1020) 

H (1190) 

B (1235) 

p' (1250) 

f (1270) 

A 1 (1270) 

(1275) 

D (1285) 

(1300) 

(1300) 

A 2 (1320) 

E (1420) 

IG(JP)Cn 

Non-strange (S = 0; C,B = 0) 

entry IG(JP) C n entry 

I - (0 - )+  f' 

0+(0 -) + p' 

1+(1-) - ~ 0 

0-(I-)-  

0+(0 - )  + A 3 

0+(0+)+ ¢, 

1- (0+)+  g 

0 - ( 1 - ) -  -- ~b 

o-(1+)  - ~ x 

1+(1+) - ~ S 

1+(1-) - ~ 8 

0+(2+)+ h 

1 - (1+)+  -.-) 

0+(0-)+ ~ ,r 

0+(1+)+ ~ p 

0+(0 +) + ~ 

1 - ( 0 - ) +  ~ p 

1 - ( 2  +) + ~ 

0+(1+)+ --. p 

(1515) 0+(2+)+ 

(1600) 1+(1-)  - 

(1640) 0+(2+)+ 

(1670) 0 - ( 3 - ) -  

(1680) 1 - ( 2 - ) +  

(1680) 0 - ( 1 - ) -  

(1690) 1+(3-)  - 

(185o) o 

I6(JP)C. 

6 (2450) 1 - (6  +) + 

--, e+e - (1100-2200) 

biN (1400-3600) 

-,  X (1900-3600) 

~c (2980) + 

J / ~  (3100) 0 - ( 1 - ) -  

X (3415) 0+(0+)+ 

Pc or X(3510) 0+(1+)+ 

Strange ([SI = 1; C,B = O) 

entry I (JP) 

K 

K* (892) 

Ql (1280) 

x (1350) 

Q2 (1400) 

--* K' (1400) 

K* (1430) 

L (1580) 

(1850) (2 + ) 

(1935) 

(2030) 1 - (4+)+  

(2040) 0+(4+)+ 

(2050) 1 - (3+)+  

x (3555) 

nc' (3590) 

¢ (3685) 

¢ (3770) 

(4030) 

0+(2+)+ ~ K* (1650) 

+ L (1770) 

0 - ( 1 - ) -  K* (1780) 

( I - ) -  ~ K* (2060) 

( I - ) -  ~ K* (2200) 

1/2(o-)  

1/2( 1 - )  

1/2( 1 +) 

1/2(0 + ) 

1/2( 1 +) 

1/2(o-)  

1/2(2 + ) 

1/2(2-) 

1/2(1-)  

1/2(2-)  

1/2(3-)  

1/2(4 + ) 

(2100) 1 - ( 2 - ) +  

(2150) 1+(1-)  - 

(2150) 0+(2+)+ 

(2250) 1+(3-)  - 

(2300) 0+(4+)+ 

(2350) 1 + ( 5 - )  - 

(4160) ( 1 - ) -  

(4415) ( I - ) -  

T (9460) ( l - )  - 

T (10020) ( 1 - ) -  

T (10350) ( I - ) -  

T (10570) ( 1 - ) -  

Charmed ([C[ = 1) 

D (1870) 1/2(0-)  

D* (2010) 1/2(1-)  

F (2020) 0 (0- )  

F* (2140) 

Bottom (Beauty) ([B[ = l) 

B (5200) 

Exotics 

--* Indicates an entry in the Meson Data Card Listings not entered in the Meson Table. We do not regard these as established reso- 
nances. All the entries in the Listings can be found in the Table of Contents of the Meson Data Card Listings immediately preced- 
ing these footnotes. 

~. See Meson Data Card Listings. 

* Quoted error includes scale factor S = ~X2/(N-1) .  See footnote to Stable Particle Table. 

~" Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s). 

§ This is only an educated guess; the error given is larger than the error on the average of the published values. (See the Meson Data 
Card Listings for the latter.) 

a. FM is approximately the half-width of the resonance when plotted against M 2. 

b. For decay modes into >__ 3 particles, Pmax is the maximum momentum that any of the particles in the final state can have. The 
momenta have been calculated by using the averaged central mass values, without taking into account the widths of the resonances. 

c. From pole position (M - iF/2). 
+ + 

d. The e+e - branching fraction is from • e- ~ lr lr- experiments only. The wp interference is then due to ~op mixing only, and is + 
expected to be small. See note in the Meson Data Card Listings. The # # -  branching fraction is compiled from 3 experiments, 
each possibly with substantial wp interference. The error reflects this uncertainty; see notes in the Meson Data Card Listings. If e# 
universality holds, r ( p  0 ~ #+#-)  = F(p 0 ~ e+e -) × 0.99785. 
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Meson Table (cont'd) 
e. Empirical limits on fractions for other decay modes of 0(770) are lr=t:~ < 0.8% (CL=84%),  ~r+x+~r-lr - < 0.15%" ~r:t:Ir+lr-~ "0 < 

0.2% (CL=84%).  

f .  Empirical limits on fractions for other decay modes of 00(783) are x+lr -~  • < 5%, ~r0~'0"y < 1%" ~ + neutral(s) < 1.5%" ~ + # -  < 
0.02%. 

g. Empirical limits on fractions for other decay modes of 7?'(958) are Ir+lr - < 2% (CL~84%),  ~r+~'-lr 0 < 5% (CL~84%),  Ir+lr+lr-~r - 
< 1% (CL=95%),  lr+lr+Tr-~r-~ "U < 1% (CLz84%),  61r < 1%, lr+lr-e+e - < 0.6%, "xUe+e - < 1.3% (CL~84%),  7/e+e - < 1.1%, 7tOp 0 
< 4%" T/#+# = < 1.5 × 10 =5, ~r0#+g. = < 6 × 10 -5. 

h. The muss and width are from the r/~" mode only. If the KI~ channel is strongly coupled, the width may be larger. 

i. Emvirical limits on fractions for other decay modes of 0(1020) are lr+Tr-'y < 0.7%, ~ < 5% (CL=84%),  g7  < 2% (CL=84%),  
21r42~'-~r 0 < 1% (CL=95%),  2~r+21r - < 0.1%. 

j.  Empirical limits on fractions for other decay modes of B(1235) are lrlr < 15%" KI~ < 2% (CL=84%),  4~" < 50% (CL=84%),  0~r < 
1.5% (CL=84%),  for < 25%" (KK) +lr 0 < 8%" K s K s ~  ± < 2%" KsKLlr + < 6%. 

k. Empirical limits (CL=95%) on fractions for other decay modes of f(1270) are ~ < 1%" KOK-Ir + + c.c. < 0.5%, ~/~ < 2%. 

~. Empirical limits on fractions for other decay modes of A3(1680) are ~?~r < 10%, 5~r < 10%. 

m. Includes p~rtr+~r-~y and excludes p~?, p[xo, p~yt/'. 

n. The t(1440) evidence is listed under E(1420); see E(1420) mini-review. 

o. Empirical limits on fractions for other decay modes of X(3415) are 2'7 < 0.17%, p~ < 0.011%. 

p. Empirical limits on fractions for other decay modes of X(3510) are (~r+~r - and K+K -)  < 0.2%, y ' / <  0.16%" p~ < 0.13%. 

q. Empirical limits on fractions for other decay modes of X(3555) are 2"y < 0.06%" p~ < 0.10%, J /~ '+~ ' -~ r  0 < 1.5%. 

Established Nonets, and octet-singlet mixing angles 0 obtained from the GelI-Mann-Okubo mass formula [Appendix II, Eq. (3)]. Of 
the two isosinglets, the "main ly  octet" one is written first, followed by a semicolon. The angle 8 = 0 - 35.3 ° measures the devia- 
tion from ideal mixing. 

(JP)C n Nonet members 01in. 0quadr. 81in. 8quadr. 

( 0 - )+  ~r, K, 7/; ~?' -24.4 -+ 0.1 ° -11.1 + 0.2 ° -59.7 _+ 0.1 ° -46.4 -+ 0.2 ° 

( 1 - ) -  p, K*, q~; co 35.9 -+ 0.5 ° 38.6 + 0.4 ° 0.6 + 0.5 ° 3.3 + 0.4 ° 

( 2 + ) +  A2, K*(1430), f'; f 26 -+ 3 ° 28 + 3 ° -9  +- 3 ° -7  -+ 3 ° 

( l + ) + t  AI, QA' E; D 52 -+ 13 ° 51 -+ 12 ° 16 + 13 ° 15 + 12 ° 

t m(QA ) is assumed to be the average of m(Qi)  and m(Q2). 

More generally, because of unitarity, the mixing angles are energy dependent and complex above the first threshold (see Appendix II 
C), which is important especially for the scalar and the axial mesons. Note also that the two axial strange mesons (Q1 and Q2 ) are 
mixtures of the exact SU(3) states: QI ~ cosq~ QA + s in0 QB, Q2 = -sin<# QA + cos0 QB" Below we give the mixing angles 8 and 
O obtained in a unitary mixing scheme using both masses and widths as input data: 

( JP )c  n Nonet members Mixing angles 

( 1+)+  AI, QA, E; D 8DE(1283) ffi 14 ° + il  ° 

8DE(1418) = 25 ° + i8 ° 

(1+) - B, QB, H' t ;  H 8HH,(l l90) ffi -6  ° + i4 ° 

8HH,(1400) ffi _15 o + i l0  ° 

~bQiQ2(1270) = 50 ° + i3 ° 

~QIQ2(1414) ~ 61 ° _ i3 ° 

( 0 + ) +  8, g, S*; ~ 8S,e(975 ) m +4  ° + i29 o 

8S%(1300 ) = _33 ° + i7 ° 

t as yet, not seen experimentally 
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Baryon Table 
April 1982 

The following short list gives the name, the nominal mass, the quantum numbers (where known), and the status of each of the 
Baryon States in the Data Card Listings. States with 3- or 4-star status are included in the Baryon Table below; the others 
are omitted because the evidence for the existence of the effect and/or  for its interpretation as a resonance is open to question. 

N(939) P l l  **** A(1232) P33 **** A( I I I5 )  P01 **** 2;(1193) P l l  **** 
N(1440) PII  **** A(1550) P31 ** A(1405) S01 **** .~.,(1385) P13 **** 
N(1520) D13 **** A(1600) P33 *** A(1520) D03 **** Z(1480) * 
N(1535) S l l  **** A(1620) $31 **** A(1600) P01 *** Z(1560) ** 
N(1540) PI3 * A(1700) D33 **** A(1670) S01 **** .7_,(1580) DI3 ** 
N(1650) S l l  **** A(1900) $31 *** A(1690) 1)03 **** Z(1620) S l l  ** 
N(1675) D15 **** A(1905) F35 **** A(1800) SO1 *** 2;(1660) P l l  *** 
N(1680) FI5 **** A(1910) P31 **** A(1800) P01 *** .~_,(1670) DI3 **** 
N(1700) D13 **** A(1920) P33 *** A(1800) G09 Dead Z(1670) ** 
N(1710) PI1 **** A(1930) D35 **** A(1800) * Z(1690) ** 
N(1720) e l3  . . . .  A(1940) D33 * A(1820) F05 **** 2;(1750) SII  *** 
N(1990) F17 *** A(1950) F37 **** A(1830) 1)05 **** Z(1770) P l l  Dead 
N(2000) F15 ** A(2150) $31 * A(1890) P03 **** Z(1775) DI5 **** 
N(2080) DI3 *** A(2160) * A(2000) * Z(1840) P13 * 
N(2100) S l l  * A(2200) G37 ** A(2020) F07 * .~1880) P l l  ** 
N(2100) P l l  * A(2300) H39 ** A(2100) G07 **** 2;(1915) F15 **** 
N(2190) GI7 **** A(2350) D35 * A(2110) F05 *** F_,(1940) D13 *** 
N(2200) DI5 *** A(2400) F37 * A(2325) 1303 * Z(2000) SI1 * 
N(2220) H19 **** A(2400) G39 * A(2350) **** .~.,(2030) F17 **** 
N(2250) G19 **** A(2420) H311 *** A(2585) *** .~.,(2070) F15 * 
N(2600) I l l l  *** A(2500) * 2;(2080) PI3 ** 
N(2700) K l l 3  * A(2750) 1313 * .~_,(2100) G17 * 
N(2800) G19 * A(2850) *** 2;(2250) 
N(3000) * 5(2950) I(315 * ,v.,(2455) 
N(3030) *** A(3230) *** 2",(2620) 
N(3245) * ,~.,(3000) 
N(3690) * Z0(1780) P01 * .~3170) 
N(3755) * Z0(1865) 1303 * 

Zl(1900) PI3 * 
Z1(2150) * 
Z1(2500) * 

~(1317) P l l  **** 
~(1530) PI3 **** 
~(1630) ** 
~(1680) SI1 ** 
~(1820) 13 *** 
Z(1940) ** 
~(2030) 1 *** 
~(2120) * 
~(2250) * 
~(2370) 1 ** 
~(2500) ** 

fl(1672) P03 **** 

Ac(2282 ) **** 

~c(2450) ** 

Ab(5500 ) * 

Dibaryons 
NN(2170) ID2 *** 

• *** NN(2250) 3F3 *** 
• ** NN(?)  * 
• ** AN(2130) 3S1 *** 
• * ~N(?)  * 

**** Good, clear, and unmistakable. 
*** Good, but in need of clarification or not absolutely certain. 
** Needs confirmation. 
* Weak. 

Particle a 

Mass d Full • M 2 f 
Pbeam (GeV/c) M width r ± I ' M  

I(JP)L2b.2j or = 4~rX 2 (rob) (MeV) (MeV) (GeV 2) 

Partial deca~ mode 

Fraction h pi 
Mode ~ (%) (MeV/e) 

P 
n 

N(1440) 

S = 0  1 = 1 / 2  NUCI.E, ON RESONANCES (N) 

1 / 2 ( 1 / 2 e )  938.3 0.880 
939.6 0.883 

1/2(l /2t)P~l_ p = 0.61 1400 to 120 to 2.07 
~r = 31.0 1480 350 ±0.29 

(200) 

See Stable Particle Table 

Nlr 50-70 397 
Nr/ 8-18 t 
NTrr ~ 3 0  342 

AI~Nr 12-281 .  143 

:75j , 
~ t 

N(1520) 1 /2 (3 /2 - )D~3  p = 0.74 1510 to 100to  2.31 
a = 2 3 . 5  1530 140 ±0.19 

(125) 

NTr 50-60 456 
N'q < 1 149 
Nl"~r 35-50 410 

I 
ATr 15-25"]* 228 
Np 15-25 / t 
N~ < 5 "a 't" 

N(1535) 1 /2(1 /2- )S~1 p = 0 . 7 6  1520 to 100to  2.36 
a = 22.4 1560 250 ±0.23 

(150) 

Nlr 35-50 467 
Nn 40-65 182 
NTr~" ~ 5 422 

N~ 2 "a t 



Particle a 

N(1650) 

N(1675) 

N(1680) 

N(1700) 

N(1710) 

N(1720) 

N(1990) 

-~ N(2080) 

N(2190) 

I(.IP)L2~. 2j 

1 /2 (1 /2 - )S i '  I 

1/2(5/2-)D15 

1/2(5/2~-)F15 

1/2(3/2-)Di~ 

1/2(1/2~')P~'1 

1 /2(3/2t )Pi~  

1/2(7/2"e)F17 
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Baryon Table 
Mass d 

Pb~am (C~V/c) M 
O" = 4"a'X 2 (rob) (MeV) 

p = 0 . 9 6  1620 to 
= 16.4 1680 

p =  1.01 1660to 
a = 15.4 1690 

p = 1.01 1670 to 
a = 15.2 1690 

p =  1.05 1670 to 
a = 14.5 1730 

p =  1.07 1680 to 
a = 14.2 1740 

p = 1.09 1690 to 
a = 13.9 1800 

p = 1.62 1950 to 
o = 8.34 2050 

1 / 2 ( 3 / 2 - ) D ~  p - 1.82 2030 to 
= 7.26 2100 

1 /2 (7 /2 - )G |7  p = 2.07" 2120 to 
= 6.21 2230 

(cont" d) 
Fell e M 2 f  

width r _+I'M 
(MeV) (GeV 2) 

100 to 2.72 
200 _+ 0.25 

(150) 

120 to 2.81 
180 -+0.26 

(155) 

110 to 2.82 
140 -+0.21 

(125) 

70 to 2.89 
120 _+0.17 

(100) 

90 to 2.92 
130 _+0.19 

( l l0)  

125 to 2.96 
250 +_0. 34 

(200) 

120 to 3.96 
400 -+0.70 

(350) 

115 to 4.33 
300 _+0.57 

(275) 

200 to 4.80 
500 _+0.77 

(350) 

Partial decay mode 

Fraction h p i 
Mode g (%) (MeV/c) 

Nit 55-65 54 ! 
N~ ~ 1 346 
AK 5-10 161 
ZK 3-10 t 
N~lr ~30 511 

A[!r 4-15-[, 344 
Np ~ 2 0 J  t 

E < 5  t 
N r  30-40 563 
NT/ < 2 374 
AK < 1 209 
Nlr~r 55-70 529 

U ~  50-655],~ 364t 

NTr 55-65 567 
Nr/ < 1 379 
N~rr ~40 532 

AI~Nr ~ ! 0 ~ *  369 Np t 
E Y 

N w  8-12 580 
NT/ ~ 4  400 
AK ~ 1 250 
Nlrlr ~85 547 

AI~Nr 15~54~, 385 
Np ~ t 

e * 
N~" 10-20 587 
N~ 5-35 410 
AK 5-15 264 
ZK 2-10 138 
Nlra" >50 554 

AEN¢ 10-25"]* 393 
Np 25-65 [ 48 

15--40 ~ t 

Nlr 10-20 594 
Nn 3-6 420 
AK 2-12 278 
ZK 2-5 162 
Nlr~ ~70 561 p.  Ol 
NO 104 
NE t 
Nlr ~ 5 766 
N~ ~ 3 648 
AK seen 554 
ZK seen 497 

N~" ~10 821 
AK seen 627 
ZK seen 576 

Na" ~14 888 
N~/ ~ 2 790 
AK < I 712 

N(2200) 

N(2220) 

1 /2(5 /2- )Di~ 

1/2(9/2t)H19 

p = 2.10 1900 to 150to 4.84 N ~  ~ 8 894 
a = 6.12 2230 400 _+0.66 N~ seen 797 

(300) AK seen 718 

p = 2.14 2150 to 300 to 4.93 Na- ~18 905 
a = 5.97 2300 500 _+0.89 NT/ ~ 1 811 

(40O) 
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Baryon Table (cont'd) 
Massd Fall e M 2 f Partial decay mode 

Pbeam (GeV/c) M width 1 ~ ±I"M Fraction h pi 

Particle a I(JP)L2~.2J O" = 4~X 2 (rob) (MeV) (MeV) (GeV 2) Mode g (%) (MeV/c) 

N(2250) 1 /2 (9 /2 - )G~9  p = 2.21 2130 to 200 to 5.06 N~" ~ 1 0  923 
~r = 5.74 2270 500 ±0.68 N~ ~ 2 831 

(300) 

N(2600) 1/2(11/2-)1111 p = 3.12 2580 to >300  6.76 Na" ~ 5 1126 
tr = 3.86 2700 (400) _+1.04 

'*N(3030) I/2( ? ) p = 4.41 ~3030 ~400 9.18 Nr (J+I/2)x 1366 
~ = 2.62 (400) _+1.21 < 0 . 1 J  

S = 0  I = 3 / 2  DELTA RESONANCES (&) 

3/2(3/2+)P63~ p = 0.30 1230 to 110 to 1.52 A(1232) 
a = 95.0 1234 120 ±0.14  

(115) 
A ( + + )  pole position: k M - i F / 2  = (1210.6_+0.5) --  i(49.7_+0.3) ~ 
~(0) pole position: k M- - iF /2  = (1210.3±1.0)  - i (53.0±1.0)  t 

' "A(1600)  3 / 2 ( 3 / 2 " ) P ~  p = 0.87 1500 to 150 to 2.56 
e ~ 18.7 1900 350 ±0.40  

(250) 

N~ 99.4 227 
N~ 0.6 259 

N r  15-25 512 
N~-~r ~ 8 0  473 

AE~ ~ 20-651, 301 
< 1 0 J  ? 

A(1620) 3 /2 (1 /2 - )S~1  p = 0 . 9 1  1600to 120 to 2.62 
a = 17.7 1650 160 _+0.23 

(140) 

N~ 25-35 526 
N ~  ~ 7 0  488 

~ 35-5°l'<403 3187 

A(1700) 3 /2 (3 /2 - )D~3  p = 1.05 1630 to 190 to 2.89 
e = 14.5 1740 300 ±0.43 

(250) 

N~r 10-20 580 
NTrTr ~ 8 5  547 

~(1900) 3 /2 (1 /2 - )S~q  p = 1.44 1850 to 130 to 3.61 
= 9.71 2000 300 _+0.29 

(150) 

A(1905) 3 / 2 ( 5 / 2 t ) F 3 5  p = 1.45 1890 to 250 to 3.63 
a = 9.63 1920 400 _+0.57 

(300) 

A(1910) 3 /2 (1 /2" )P~)  p = 1.46 1850 to 200 to  3.65 
a = 9.54 1950 330 _+0.42 

(220) 

A(1920) 3 / 2 ( 3 / 2 " ) P ~  p ~  1.48 1860 to 190to  3.69 
a = 9.39 2160 300 ±0.48 

(250) 

N*  6-12 710 
ZK ~ 1 0  410 

N r  8-15 713 
ZK < 3 415 
N~n" ~ 8 0  687 

421 

N~ 20-25 716 
~K 2-20 421 
N ~  > 4 0  691 
A~; sma l l*  545 

< 4 0 J  426 

N~ 14-20 722 
ZK ~ 5 431 

A(1930) 3 /2 (5 /2 - )D~5  p = 1.50 1890 to 150 to 3.72 
~r = 9.21 1960 350 _+0.48 

(250) 

A(1950) 3 / 2 ( 7 / 2 " ) F j 7  p = 1.54 1910 to 200 to 3.80 
a = 8.91 1960 340 ±0.47 

(240) 

-* A(2420) 3 /2 (11 /2 t )H311  p = 2.64 2380 to 300 to 5.86 
~r = 4.68 2450 500 __.0.73 

(300) 

3 / 2 ( ? * )  p = 3.85 2800 to ~400  8.12 
a = 3.05 2900 (400) ±1 .14  

a(285o) 

N~ 4--14 729 
ZK < 1 0  441 

N~ 35--45 741 
• K < l 460 
N~ "-'60 716 

~ 2 0  469 

N~ 5-15 1023 

N*r (J+I/2)x 1266 
---0.25 J 

A(3230) 3/2( ? ) p = 5.08 3200 to ~440 10.43 Na" (J+I/2)x 1475 
(440) ±1.42 ~0.05 J ~ = 2.25 3350 
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Particle a 

A 

A( 1 405) 

A(1520) 

A(1600) 

A(1670) 

A(1690) 

A(18oo) 

A(1800) 

A(182o) 

A(1830) 

x(189o) 

A(2100) 

A(2110) 

'"A(2350) 

A(2585) 

I(JP)LIbzI 

0 0 / 2 * )  

0(1/2-)$61 

0(3/2-)D63 

Baryon Table (cont'd) 
Mass d Full e M 2 f 

P b ~  (GeV/e) M width r _+I'M 
a ffi 4~rX 2 (r~) (~¢~v) ( ~ v )  (C~V 2) 

Sffi-I l ffi0 IAMBDA ~NANCES (A) 

1115.6 1.245 

Below 1405 40-+10 t 1.97 
K - p  ±5  t ±0.06 

threshold 

p = 0.395 1519.4 15.6±1.0 ! 2.31 
ffi 82.2 -+1.0 t _+0.02 

0 ( l /2+)P~l  p ffi0.58 1560to 
a = 4 1 . 6  1700 

0 ( 1 / 2 - ) S ~  p = 0 . 7 4  1660to 
ffi 28.5 1680 

0 ( 3 / 2 - ) D ~  p ffi0.78 1685 to 
=26 .1  1695 

0(1/2-)$6q'  p ffi 1.01 1720 to 
ffi 17.6 1850 

0 ( i / 2 + ) P ~  p = l.Ol 1750 to 
ffi 17.6 1850 

0(5/2+)F~5_~ p =  1.06 1815 to 
a = 16.5 1825 

0(5/2-)D05 p =  1.08 1810 to 
a = 16.0 1830 

0(3/2+)P~3_~ p ffi 1.21 1850 to 
= 13.6 1910 

0(7/2-)(307 p= 1.68 2090to 
a f f i8 .68  2110 

0(5/2+)F6~ p ffi 1,70 2090 to 
q ffi 8.54 2140 

0(9/2 + ) 

o(?) 

Partial decay mode 

Fmcfiooh pi 

Mode (%) (MeV/e) 

p ~ 2 . 2 9  2340to 
a ffi5.84 2370 

p ffi2.92 ~2585 
a = 4 . 3 5  

See Stable Particle Table 

2;1- 100 152 

NI~ 45 _+ 1 244 
Z~r 42 _+ 1 267 
A~a" 10 - 1 252 
~ n "  0.9+0.1 152 

50 to 2.56 NI( 15-30 343 
250 _+0.24 ~ -  10-60 336 

(150) 

25 to 2.79 NI( 15-25 414 
50 _+0.06 ~ r  20-60 393 

(35) ATI . 15-35 64 

50 to 2. 86 ~ 20-30 433 
70 _+0. I0 Z~r 20--40 409 

(60) A~x ~25 415 
~xa" ~20 350 

200 to 3.24 ~ 25--40 528 
400 + 0.54 Zlr seen 493 

(300) Z(1385)~r seen 345 
NI(*(892) seen ~" 

50 to 3.24 NK 20-50 528 
250 _+0.27 Zw 10-40 493 

(150) 7,.( 1385)1r seen 345 
NI(*(892) 30-60 ? 

70 to 3.29 NI~ 55--65 545 
90 _+0.15 Z~ 8-14 508 

(80) ~1385 )x  5-10 362 

60 to 3.35 NK 3-10 553 
110 __.0.17 Z1r 35-75 515 

(95) .T,(1385)w >15 371 

60 to 3.57 NI~ 20-35 599 
200 ±0.19 IgTr 3-10 559 

(100) ~ 1385) ~r seen 420 
NK*(892) seen 233 

100 to 4.41 NI( 25-35 751 
250 ±0.42 Zar ~ 5 704 

(200) A~ < 3 617 
~K < 3 483 
A~ < 8 443 

NI~*(892) 10-20 514 

150 to 4.45 NK 5-25 757 
250 _+0.42 ZTr 10--40 711 

(200) A~o seen 455 
Z(1385)'x seen 589 
NI~*(892) 10-60 524 

100 to 5.52 NK ~12 915 
250 _+0.35 Zx ~I0 867 

(150) 

~300 6.68 NI~ ( J + l / 2 ) x  1060 
(300) ±0.78 ~1.0  J 
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Baryon Table (cont'd) 
Mass d Full e M 2 f 

Pb~am (GeV/c) M width I" ±I"M 
= 4,rX 2 (rob) (MeV) (MeV) (GeV 2) 

Partial decay mode 

Fraction h pi 
Mode (%) (MeV/c) 

Z(1385) 

1(1 /2")  

1(3/2+)P~3 Below 
K - p  
threshold 

S = - I  I = 1  SIGMA ~ N A N C E S  (]~) 

(+)1189.4 
(0)1192.5 
(-)1197.3 

(+)1382.3+0.4 35±1 
S=1.6 m S = I . 0  m 

(0)1382.0±2.5 ~35 
S=1.6  m 

(-)1387.4±0.6 40±2 
S=2.2 m S=1.9  m 

1.415 
1.422 
1.434 

1.92 
±0.05 

See Stable Particle Table 

A~" 88 ± 2 208 
XTr 12±2 127 

~1660)  l(1/2+)P(1, p = 0.72 1630 to 40 to  2.76 
= 29.8 1690 200 ±0.17 

(100) 

NI~ 10-30 405 
A1r seen 439 
X~r seen 385 

Y,,(1670) 1 ( 3 / 2 - ) D ~  p = 0.74 1665 to 40 to 2.79 
a = 28.5 1685 80 ±0.10 

(60) 

NK 7-13 414 
A r  5-15 447 
Z~ 30-60 393 

Z(1750) 

~Z(1775) 

1 ( 1 / 2 - ) S ~  p = 0 . 9 1  1730 to 60to  3.06 
a = 2 0 . 7  1800 160 ±0.16 

(90) 

NK 10-40 486 
A r  seen 507 
Z~ < 8 455 
• ~ 15-55 81 

1(5/2-)D15 p = 0.96 1770 to 105 to 3.15 NI~ 37--43 508 

Z(1915) 

= 19.0 1780 135 
(120) 

1(5/2+)F{5_ p = 1.26 1900to 80 to 
= 12.8 1935 160 

(120) 

±0.21 A*r 14-20 525 
~ "  2-5 474 

Z(1385)Tr 8-12 324 
A(1520)w 17-23 198 

3.67 NI( 5-15 618 
±0.23 ATr seen 622 

~ r  seen 577 
,Y.,( 1385) lr < 5 440 

Y,(1940) 1 ( 3 / 2 - ) D ~  p = 1.32 1900to 150 to 3.76 
= 12.1 1950 300 ±0.43 

(220) 

~Y,,(2030) 1(7/2+)F17 p = 1.52 2025 to 150 to 4.12 
a = 9.93 2040 200 ±0.37 

(180) 

1( ?. 

NI~ <20 637 
ATr seen 639 
Z~" seen 594 

Z(1385)a" seen 460 
A(1520) 7r seen 354 
A(1232)K seen 410 
NI(*(892) seen 320 

NI( 17-23 702 
Aa" 17-23 700 
Za" 5-10 657 
~,K < 2 412 

T,,( 1385)1r 5-15 529 
A(1520)Tr 10-20 430 
A(1232)K, 10-20 498 
NI~*(892) < 5 438 

"~ 7.,(2250) p = 2.04 2210 to 60 to 5.06 NI( <10 851 
= 6.76 2280 150 ±0.23 A~ seen 842 

(100) ~ seen 803 

Y,(2455) 1( ? p = 2.57 ~2455 ~120 6.03 NI( ( J + l / 2 ) x  981 
= 5 . 0 8  (120) ±0.29 ~0.2 J 

Z(2620) 1( ? p = 3.02 ~2600 ~200 6.86 NI~ ( J + l / 2 ) x  1081 
~ = 4 . 1 9  (200) ±0.52 ~0.3 J 
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Particle a l(JP) L2b.2j 

Baryon Table (cont'd) 
Mass d Full e M 2 f 

Pb~eam (GeV/c) M width r _+I'M 
O" = 41r~ 2 (nlb) (MeV) (MeV) (GeV 2) 

Sffi-2 lff i l /2 CASCADE ~ N A N C E S  ('~) 

Partial decay mode 

Fraction pi 
Mode (%) (MeV/¢) 

1/2( 1/2 +) (0) 1314.9 1.729 
(-) 1321.3 1.746 

.~(1530) 1/2(3/2+)P13 (0)1531.8_+0.3 9.1__.0.5 2.34 
S ffi 1.3 m _+0.02 

(-)1535.0_+0.6 10.1-+1.9 

.~a+15 ! 
Z(1820) 1/2(3/2 ) 1823 ,V_l 0 

_+6 t 

See Stable Particle Table 

~lr 100 148 

~(2030) 1/2( ? ) 2024 16+1~_ • 
__.6 ¢ 

3.31 AK ~45 396 
+0.04 ZK ~10 306 

,~lr srmll 413 
~,(1530)~r ~45 231 

4.12 AK ~20 587 
-+0.03 ~g, ~80  524 

~f small 573 
.~(1530)~r small 418 

f i -  0(3/2 +) 1672.4-+0.3 2.797 See Stable Panicle Table 

-., A + 0( 1/2 +) 2282+3 5.21 See Stable Particle Table 

Massd Full e M2 f Partial deca~ mode 
Pb~am (GeV/e) M width I '  _+I'M Fractionh pi 

Particle a I(JP) 2S +IL j  b tr ffi 4"rk 2 (rob) (MeV) (MeV) (GeV 2) Mode (%) (MeV/c) 

S ffi0 DIBARYONS 

d 0(1 + ) 1875.6 3.518 

1(2+)1D2.. p ffi 1.26 2140 to 50 to 4.71 NN 10-20 545 NN(2170) 
tr = 16.5 2190 125 _+0.20 r d  seen 241 

(90) 

1(3-)3F3.. p = 1.49 2200 to 75 to 5.06 NN 20-30 621 NN(2250) 
a ffi 12.7 2400 225 +0.34 7rd seen 318 

(150) 
S ffi-! DIBARYONS 

1/2(1+)3S1_. - p = 0.64 2100 to 5 to 4.54 AN seen 282 AN(2130) 
a ffi 61.5 2200 25 _+0.03 

(15) 
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Baryon Table (cont'd) 

-", Each arrow in the left-hand margin indicates there is an entry in the Data Card Listings for a baryon that is not well 
enough established (status less than 3 stars) to be included here. There is a short list of all the baryons in the Listings, 
whatever their status, at the front of this Table. 

t. This mode is energetically forbidden when the nominal mass of the decaying resonance (and of any resonance in the final 
state) is used, but is in fact allowed due to the finite width of the resonance(s). 

* The modes in brackets are sub-reactions of the first preceding unbracketed mode. 

a. The nominal mass here (in MeV) is used for identification. See column 4 for the actual mass. 

b. When there is more than one baryon with the same quantum numbers, one prima is attached to the spectroscopic symbol 
for the first of them (e.g., SI'I), two primes to the second, etc. 

c. The quantities here are calculated using the nominal mass of column 1. 

d. Usually a conservatively large range of masses rather than a statistical average of various determinations of the mass is 
given. In these cases, the mass determinations are nearly entirely from various phase-shift analyses of more or less the 
same data. It is thus not appropriate to treat the determinations as independent measurements or to average them 
together. The masses, widths, and branching fractions in this Table are Breit-Wigner parameters. The Data Card List- 
ings also include pole parameters where they are available. 

e. Usually a conservatively large range of widths rather than a statistical average of various determinations of the width is 
given (see note d for the reason). The nominal value in parentheses is then simply a best guess. 

f .  The quantities here are calculated using the nominal mass of column 1 and the nominal width of column 5. 

g. For information on the N'y decay modes of the N and A baryons, see the mini-review on these states in the Listings. 

h. Most of the inelastic branching fractions come from partial-wave analyses, and these determine V ~ ' ,  where x and x' are 
the elastic and inelastic branching fractions, not x' directly. Thus any uncertainty (and it is often considerable) in x car- 
ries over into x'. When x' so determined is really poorly known, we here simply note that the mode is seen. The values of 
xV~x' are given in the Data Card Listings. 

i. For a 2-body decay mode, this is the momentum of the decay products in the rest frame of the decaying particle. For a 
mode with more than two decay products, this is the maximum momentum any of the products can have in this frame. 
The nominal mass of column 1 is used, as is the nominal mass of any resonance in the final state. 

j.  The size of the bump in the total cross section gives ( J + l / 2 ) x ,  where x is the elastic branching fraction, but the value of 
J is not known. 

k. These pole positions are from fits to phase shifts (without Coulomb corrections). The Data Card Listings now include pole 
positions and residues for most of the N and A resonances. See Sect. I of the N and A mini-review in the Listings for a 
brief discussion of the advantages of pole parameters over the usual Breit-Wigner parameters. 

t. The error given here is only an educated guess. It is larger than the error on the weighted average of the published values 
(the error on this average is given in the Listings). 

m. The error given here has been scaled up by the "S  factor" (s¢¢ the * footnote to the Stable Particle Table for how S is 
defined) because the various measurements disagree more seriously than one would expect from statistics. 
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PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSICAL CONSTANIS  

Uncert.  (ppm) 
N A . . . . . . . . . . . . . . . . . . . . . .  = 6.022 045(31)×1023 mole -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 

V m . . . . . . . . . . . . . . . . . . . . . .  = 22413.83(70) cm 3 mole - !  = molar  volume of ideal gas a t  STP .... . . . . .  31 
c . . . . . . . . . . . . . . . . . . . . . . . . .  = 2.997 924 58(1 .2)×1010 cm sec - I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . .  0.004 

e . . . . . . . . . . . . . . . . . . . . . . . . .  = 4.803 242(14)x10-1°  esu = 1.602 189 2(46)× '10 -19 coulomb ... . . . . . . .  2.9; 2.9 
1 MeV .. . . . . . . . . . . . . . . .  = 1.602 189 2 ( 4 6 ) × 1 0  -6 erg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 
h = h / 2 ~ r  . . . . . . . . . . . . . . .  = 6.582 173(17)×10 -22 MeV sec = 1.054 588 7 (57 )×10  -27 erg sec ..... 2.6; 5.4 

~c . . . . . . . . . . . . . . . . . . . . . . .  = 1.973 285 8 ( 5 1 ) × 1 0  -11 MeV cm = 197.32858(51) MeV fermi .. . . . . . . .  2.6; 2.6 
(he) 2 . . . . . . . . . . . . . . . . . . .  = 0.389 385 7(20) GeV 2 mb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 

¢x . . . . . . . . . . . . . . . . . . . . . . . .  = e2 /hc  = 1/137.03604(11) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.82 

kBoltzman n .. . . . . . . . . . .  = 1.380 662(44)>(10 -16 erg °K-I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
= 8 .61735(28)×10 -11 MeV °K ~1 = 1 eV/11604.50(36) °K  .. . . . . . . . . . . . . . .  32; 31 

-5 -1 -2 o --4 CrStef. Boltz. • . . . . . . . . . .  5 .67032(71)×10 erg sec cm K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
= 3 .53911(44)×107 eV sec -1 cm -2 °K -4 . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . .  125 

m e . . . . . . . . . . . . . . . . . . . . . .  = 0.511 003 4(14) MeV = 9.109 534(47)×10  -28 g . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8; 5.1 

mp . . . . . . . . . . . . . . . . . . . . . .  = 938.2796(27) MeV = 1836.15152(70) m e = 6.722 775(39) mT± ...... 2.8; 0.38; 5.8 

= 1.007 276 470(11) amu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.011 

1 amu . . . . . . . . . . . . . . . . . .  = 1/12 m c l  2 = 931.5016(26) MeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8 

m d . . . . . . . . . . . . . . . . . . . . . .  = 1875.6280(53) MeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8 

r e . . . . . . . . . . . . . . . . . . . . . . . .  = e2/me¢ 2 = 2.817 938 0(70) fermi (1 fermi = 10 -13 cm) . . . . . . . . . . . . . . . . .  2.5 
~'e . . . . . . . . . . . . . . . . . . . . . . .  -1  - 11  f i /mec = re¢ = 3.861 590 5(64)X10 cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.6 
aooBohr . . . . . . . . . . . . . . . .  f i2/m,e2 = r,.ct -2 = 0.529 177 06(44) A (1 A = 10 -8 cm) .. . . . . . . . . . . . .  0.82 

aThomson .. . . . . . . . . . . . .  (8 /3 )~re2  = ' 0 . 6 6 5  244 8(33) barn  (1 barn = 10- 24 cm 2) . . . . . . . . . . . . . . . .  4.9 

#Bohr . . . . . . . . . . . . . . . . . . .  = e~i/2mec = 0.578 837 85(95)>(10 -14 MeV gauss -1 . . . . . . . . . . . . . . . . . . . . . . . . .  1.6 
~t N . . . . . . . . . . . . . . . . . . . . . .  = eh/2mDc = 3.152 451 5(53)X10 -15 MeV gauss  -1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.7 

~p/gBohr . . . . . . . . . . . . . .  = 0.001 521 032 209(16) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.011 
1 2 ~  • - -  2 - 6 -1  -1  7 ~clotron .... . . . . .  - e /  mec - 8.794 024(25)X10 t ad  sec gauss  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8 
1 / 2 ~ . ,  . . . . . . . . . . . . .  = e /2m_c = 4.789 378(14)>(103 tad sec -1 gauss -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8 

~j '~ , sv t ,  v | s  E '  

Hydrogen- l ike  atom (nonrelat ivis t ic ,  ~ = reduced mass):  

v zcx En /~ v 2 = u ( cza  )2 = n2~ 
C)rm s n ' = "2- 2" - "n-"  ; a n  ~zca  

Roo = mee4/2~2 = mec2a2/2  = 13.605 804(36) eV (Rydberg)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.6 

= mec~2/2h = 109 737.3177(83) cm -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.075 
pc == 0.3 l i p  (MeV, ki logauss,  cm) 

1 year (s idereal)  . . . . . . . . . . . . . .  ,... = 365.256 days = 3.1558>(107 sec ( ,~r>(107 sec) 

densi ty  of dry air  . . . . . . . . . . . . . . . . .  = 1.204 rag cm -3 (a t  20°C, 760 mm) 
accelerat ion by gravi ty  ......... = 980.62 cm sec °2 (sea level, 45 °) 

grav i ta t iona l  constant  . . . . . . . . . . .  = 6.6720(41)>(10 -8 em 3 g - I  s ee -2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  615 

1 calor ie  ( thermochemical)  .... = 4.184 joules 
I a tmosphere . . . . . . . . . . . . . . . . . . . . . . .  = 1.01325 bar  (1 bar  = 106 dynes cm -2) 

1 eV per par t ic le  . . . . . . . . . . . . . . . . . .  = 11604.50(36) °K ( f rom E = k'r) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

NUMERICAL CONSTANTS 

a- = 3.141 592 7 1 red = 57.295 779 5 deg V~w = 1.772 453 85 

e = 2.718 281 8 1/e = 0.367 879 4 V~ = 1.414 213 6 
In2 = 0.693 147 2 l n l 0  = 2.302 585 1 V~ = 1.732 050 8 

1og102 = 0.301 030 0 lOgl0e = 0.434 294 5 V ~ =  3.162 277 7 

* Revised 1982 by Barry N. Taylor. Or ig ina l ly  prepared by Stanley J. Brodsky, based main ly  on the "1973 Least-Squares Adjustment  of the 

Fundamenta l  Cons tants , "  by E. R. Cohen and B. N. Taylor,  J. Phys. Chem. Ref. Data  2, 663 (1973).  The figures in parentheses correspond to 
the one-s tandard-devia t ion uncer ta in ty  in the las t  digi ts  of the main  number. The equivalent  uncer ta in ty  in parts  per mi l l ion  (ppm) is given in the 

las t  column. Note that  the uncer ta int ies  of the output  values of a least-squares ad jus tment  arc in general  correlated,  and the general  law of error  
propagation must be used in ~ l c u l a t i n g  additional quanti t ies .  

The set of constants resul t ing  from the 1973 adjus tment  of Cohen and Taylor  has been recommended for in ternat ional  use by CODATA 
(Commit tee  on Data  for Science and Technology),  and is the most up-to-date, genera l ly  accepted set  current ly  avai lable .  However, since the p u b  

l /cat ion of the 1973 adjustment ,  a number  of new experiments  have been completed, y ie ld ing  improved values for some of the constants:  N A = 
6.022 097 8(63)X1023 mole -1 (1.04 ppm); a -1 = 137.035 963(15) (0.11 ppm); m J m e = 1 8 6 3 . 1 5 3 0 0 ( 2 5  ) (0.14 ppm); and R ~  = 

109 737.31521(11) cm -1 (0.001 ppm). But i t  must  be rea l ized  that,  s ince the output  values of a least-squares ad jus tment  are re la ted in a complex 
way and a change in the measured value  of one constant  usual ly  leads to corresponding changes in the adjus ted values of others, one must  be cau- 
t ious in car ry ing out calcula t ions  using both the output  values from the 1973 adjus tment  and the results  of more recent experiments.  A new 
adjus tment  is p lanned for complet ion by mid 1982. 
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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 ,  A N D  d F U N C T I O N S  

Note: A 'f- is to be understood over every coefficient; e. 

1/2 x 1/2  oso 2 
I+I/2 +i/21 i l  o o L = - - /~ '~ sinO e I~ 

I+1/? -11211/7 1/21 11 YI 1 " 

I + i / 2  -1/21112 1/21 111 
- l / Z  + l / z l l / z  - 1 / l - i |  

I-1/2-1/21 11 

X ~  3/2 1/2 
÷1/2 +1/2 

i +~ 71/2 1/3 Z/3 
1 / 2 2 / 3  -1/3 

I 0 - 1 /2  

1 

Y21 ~ 15 = -- ~ sin 0 cos 0 

3/2 l / z  
- l / z - l / z  = I 1-i5 Y22 ~ x/ ~ sin20 e 
2/3 1 / 3 3 / 2  
1/3 -2/3 -3/2 

, 

3 2 +11 1 |+3/2 + 

3 2 1 l+3 /2  ol 215 3151512 3 
+l +i +i I +l/~+'l 315-215tw2+i 

3 ~ 2  / I + l / z  ol3 /5  l 
o o o , i_l(~+q3/~o_s 
/5 1 / 2 3 / l C  
/5 0 -2/5 3 2 1 
/5 -1 /2  3/1C -i -1 -1 

1/2 l/lC ~ .  
8/15-1/6 -3/1C 3 
1/15-113 315 -2 

m - imcb d; =~ 2--72~- Y~ e m,0 1 =(-1) J (j2j tm 2mf l j2 j t  J M 

. . . . . . . . . . . .  ' . . . .  -m'  ~q/2, W2 ~ eos~ dl/2, - I /Z = -- ~n~-  

X I 3 2 I t l~ cosO 1 smO 
+1 +] .¢ ] dt, t = ~ dt ,  0 = ',,,"2 

7/2 8/2 3/2 13//~ 1/2 3no 
0 -2/5 2 l 0 I + 1/2 + I /21  3 

~3/2 +3/2 +3/- | - W 2 + 3 / 2 1  1/5 - t /z  3/t0 0 o 0 0 t t-cosO 
t/7 t 6 /352 /5  !+3/2-3/2 :1/20 t / 4 9 / Z 0  W4 dl, -1= 2- 
4/7 1/35 -2/5 7/2 5/2 3/2 I/2 l+t/2 -I/2 9/20 I/4-1/20 -I/4 

2 , 2/v .8 /35  1/5 +t/2  112 +t/2 +t/2 i . / 2  +t/2 9/20-l/a . / 2 0  1t4 
3 2 I 0 ~ I  cosO 1+2-3 /2  t/35 6/35 2/5 2/5 | - 3 / 2  +3/2 t / 2 0 - 1 / 4  9 / 2 0 - t / 4  -t  -t  -1 do,o = 

|+1-1/2  I2/35 5/t4 0 -3/10 ~ | + t / 2 - 3 / 2  t/5 1/2 3/t 
4 3 2 I 0 I/2 t8/35-3/35-1/5 1/5 7/2 5/2 3/2 t/2 | - 1 / 2 - t / 2 3 / 5  0 -2/5 

I 0 2  3/t4-1/24/73/I4+21/2+2|+2.10-3/72/72/7 ~ 1 1 ~ ~ + 2  t/I4+143/10"133/7|-t~123/21/5.1t 4/35-27/702/5 - t / t0 t2/35-5/14t8/35-1/24/3527/70t/35-6/35-t/23/35-1/5"t/22~2/55-2/5-1/5-t/2-3/'t01/t0 -3/2~7/21-3/2-3/25/2+t/2-3/23/21/5-t/23/t0 

1 o 3/7  115 -1/14-3/t0 ~ ~  2/7 t8/35 W~= 
0 t , 3 /7  -t/5 -1/ t431 ' t0  4 3 2 1 0 ~ 5 ~  I-i -t/2 4/7 -1/35 -2/~ <43/2 t . . . .  O cos7 1 2  ' t / 1 4 - 3 / t 0 3 / 7  -t/5 0 0 0 0 0 -3/2, 3/2 ~ 2 I ~  -5/~l I-2 i/2 t /7- t6 /38 2/~ 

>/~ .,~ . c o s o  o %2~ , 1 ( ~ 2  l+2o -20 [8/351/701/t00 -2/72/72/50 i/5t/5" ~|-1-3/2 ~ 3 / 7 '  7/2| ~3/2,1/2 - - ' ~  2 sm~- = + 1 - t  8/35 2/5 1 / t4-1 /10- t /5!  

I -t 1 8/35-2/5 1/14 1/10-1/5 4 3 2 1 
312 ¢-t . . . .  , , 1 . . . .  0 -2 z Wvo-Wlo 2/7 -2/5 W5 i -1 -t -t -t 

d 3 / 2 , _ t / 2 - ~ 3 ~ c o s  ~ d~,l~ ~ sin01 | + t - 2  1/t4 3/t0 3/7 t/5 
l O -t 3/7 t/5 - t / t4  -3/t0 

-t o 3/v -W5 -1/14 3/10 4 
-2 t 1 /14-3 /103 /7  -1/5 

3/2 t . . . .  ¢~ sin~ d 2 ~'6 sin20 d 2 t +~osO(2cosO_l ) 3 ~  
d3/2,-3/2 2 2,0 = ~--  t , l -  -2 -2 -2 

0 - 2  ~ 3 / t 4  1/2 2/7 
d2 3/2 3cos(?-I cosO 2 l-cos0 sin0 =-- sin0 cos0 -t -t 4/7 0 -3/7 

1/2, 1/2 ~ 2 d2,-t =- 2 1,0 3/14 -t/2 2/7 

,3/2 3~osO+1 s ~  2 2 t-~°s°(2 co~O+1) 2 co2O _ 
cl I/2, -i/2 -- 2 d2,-Z = dl,-i = do,o = 

Sign convention is that of Wigner (Group Theory, Academic Press,  New York, 1959), also used by Condon and Shortley (The Theory of 
Atomic Spectra, Cambridge Univ. Press,  New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957), 
and Cohen (Tables of the Clebsch-Gordan Coefficients ~ North American Rockwell Science Center, Thousand Oaks, Calif. ,  1974). The 
signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL. (Table 
extended April 1974.) 
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SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICITIES, AND PROPERTIES OF QUARKS 

The most cor~nonly used isoscalar factors, corresponding to 
the singlet, octet, and decuplet content of 8 (9 8 and i0 (9 8, are 
displayed at the right. The notation uses particles names to 
identify the coefficients, so that the pattern of relative couplings 
can be seen at a glance. We illustrate the use of the coefficients 
by example; see J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) for 
detailed explanation and phase conventions. 

A ~-- is understood over every integer in the matrices; the 
exponent ½ is a reminder of this. For example, in de Swart's 
notation the "~ + ~K element of our i0 ~ i0 (9 8 matrix reads 

o - ½ 1 ½ 1 V ~  

Intra-multiplet relative decay strengths can be read directly 
from our matrices. Thus, the partial widths for A*+ (N~)I=3/2 and 
~*÷ (EK) I= 0 are in the ratio 

r (n*  + (-=Y.) i=O) 12 
= -- x (threshold factors) 

F(A* + (N~T) i=3/2)  6 

Supplying isospin Clebsch-Gordan coefficients one obtains, e.g., 

0 - __ 3 
F (~*- ÷ -: K ) = i/__~2 x 12 x tf = x tf 

F(A* + + pTf O) 2/3 6 

Partial widths for 8 ~ 8 (9 8 involve a linear superposition of 81 
(sy~metric) and 82 (anti-symmetric) couplings. For example, 

r (E* ~ E~) ~ gl + 92 

The relation between gl, g2 (with de Swart's normalization) and 
the standard D,F couplings appearing in the interaction Laqrangian, 

is  

: -%/2D Tr ( [B,B]+ 

v~ 
D = 40 gl 

Thus, F(E* + EZ) ~ (i -2~) 2 

where e ~ D/(D+F). 

M) + %/~ F Tr([B,B]_ M) , 

v~ 
F = 24 g2 

1-'8(98 

= 1 

( A ) I  ~ ( ~K ~Z A~ -=K ) ® 8 V W  

_81 -~ 8 (9 8 

- -  I N~" ~ ~ ~ -~ l  1 

82+8@8 

8 2 

i0 ÷8~ 8 

Z --~ K En A~ Zn EE I l__l___ 

-~ z~. A~, ~ zn I 

8+10®8 

A{< ZT[ En EK 

--~ Z', =-K 

EK EZ -=n ~K 0 

i0 + i0 ® 8 

z 

i0 

v~ 

(98 

Aw Aq ZK k 

AK E~ Eq EK / 

EK flq /i0 (9 8 

(2 3 -1 -2 )~ 

= - - - -  0 4 4 

-12 -4 

-i -9 

() _ _  8 0 0 - 2  

0 0 

3 3 - 

I -6 6 21 2 2 -3 3 

3 -3 3 3 

12 

I -12 3 I 8 -2 -3 2 

-9 6 

3 -3 -3 6 

½ 

i ) 
3 -6 

8 8 0 -8 
= - -  

2 3 -3 -6 

12 -12 

SU(n) Multiplicities 

The table below gives the multiplicities of the multiplets 
that Occur in qq, qq, and qqq systems in various SU(n). Normal 
mesons are qq systems, and normal baryons are qqq systems. Also 
given are the multiplets that Occur in meson-baryon scattering when 
the meson multiplet is the one to which the pion belongs and the 

baryon multiplet is the one to which the proton belongs. Complex- 
conjugate representations are indicated by a bar. The two 
20-dimensional representations of SU(4) are indicated as 20 (which 
contains the SU(3) decuplet) and 20' (which contains the SU(3) 
octet).. The C(N,M)'s are the binomial coefficients N!/[M!(N-M)!]. 

qq 

SU(2) : 2 ~ 2 ÷ 3 • 1 
SU(3) : 3®3 + 6~3 
SU(4) : 4 (9 4 + i0 ~ 6 
SU(n) : n (9 n + n(n+l)/2 (9 n(n-l)/2 

qq (Mesons) 

SU(2) : 2 (9 2 + 3 • 1 
SU(3) : 3 (9 3 + 8 ~ 1 
SU(4) : 4 (9 4 + 15 ~) 1 
SU(n): n (9 n + (n2-1) ~ 1 

qqq (Baryons) 

SU(2) : 2 (9 2 (9 2 + 4 • 2 • 2 
SU(3) : 3(9 3~ 3 ~ i0~ 8 ~8~ 1 
SU(4) : 4 ~ 4~ 4 + 20~20'~20' ~ 4 
SU(n) : n ~ n ® n + C(n+2,3) ~ 2C(n+i,3) 

2C(n+i,3) ~ C(n,3) 

Meson-Baryon Scattering 

SU(2) : 3(92 + 4(9 2 
SU(3) : 8~8 + 2 7 ~ i 0 ~  8~8@i 
SU(4) : 15(920' ~ 140 ~ 60 ~ 36 6~ 20 (9 20' ~ 20' • 4 
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SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICIT IES,  
Properties of Quarks 

AND PROPERTIES OF QUARKS (Cont'd) 

Quark 

Quantum number d u s c b t 

baryon number B i/3 i/~ i/3 [ / ~  i/3 i/~ 

charge Q -i/3 +2/3 -I/3 +2/3 -I/3 +2/3 

isospin z component I z -I/2 +1/2 0 0 0 0 

strangeness s 0 0 -I 0 0 0 

charm C 0 0 0 +I 0 0 

bottom (beauty) B 0 0 0 0 +I 0 

top (truth) T O 0 0 0 0 +i 

WEAK INTERACTIONS OF QUARKS 

The "standard" SU(2{ ~ U(I] model 1'2 is described here for six 
quarks and six leptons in left-handed doublets of SU(2)weak and 
right-handed singlets of SU(2)weak (T 3 = third component of weak 
isospin): 

t:ill (:;! (::! (:,!/:,! <:,! 
T= T3=0 eR ZR TR UR dR CR SR LR b R " 

Mixing Occurs between quarks d, s, b of charge -1/3 (by 
convention the charge 2/3 quarks, u, c, t, are unmixed) and 
can be written 

(u vu 1 = Vcd Vcs cb 

Vtd Vts V t 

where, for example, the mixing matrix element V modulates the 
ud strength of the udW vertex. In the Kobayashl-Maskawa parametrlza- 

tion 2 this matrix is expressed 

= -SlC 2 ClC2C3+S2S3 e ClC2S3-S2c3e , 

SlS 2 ClS2C3-C2s3e ClS2S3+C2C3 e 

where ci=cos 8., s ,  =sin 8i, i=1,2,3. In the limit @2=@3=6=0, 
thls reduces to the usual Cabibbo mixing with @i the Cabibbo angle. 

The interaction Lagrangian is 

O~int [A~em 1 ~N 1 (W+~ jC w-C~ )]C 
e Jd sin@~cos 8W ~ sin@w 

Here 8 W is the weak mixing angle in the relations 

W 0 = Zcos8 W + As±n@ W 

B = -Zsin@ W + Acos@ W 

which relate the physical fields A (photon) and Z (neutral weak 
gauge boson) to W 0 (su(2)weak partner of W + and W-) and B (U(1) 
gauge field). The charged current is written 

i.e., V-A structure. The neutral current is written 

AND LEPTONS 

9 T 

E + ( ;  ~ ~) - g Y~ 2 + sin2@w Ya 

c J(i) + (G ~ ~) z (i-¥5) 2 
Y~ ~ - ] sin2@ W Y~ 

+ (d ? g) - Ya--7-- +~ sin20w ~a 

where for fermion f the coupling [ r ~ ]  has  a V-A term depending on 
T~ and a vector term depending on charge Qf: 

(1-y 5 ) 

The effective Lagran fan for exchange of W ff and Z between two 
currents reduces at low q~ to 

= G 4 c~J~ t 2pJ j ~  
~weak \f~ 

with ~/~ : ~/(2~sin20~) .... 2~ C~), a~d p = ~/(M~cos2e~) 

Assuming the simplest Higgs structure, p=l, and the W and Z masses 
are related by M z =Mw/COS@ W. Currently reported values of the weak 
interaction parameters are 

IVudl : Ico~l[ = 09737 f 00025 

]Vus I = ]sin@ I cose3l o.219 ~ 00n 
Ref. 3 

Refs. 3,4 

Ref. 5 

Refs. 3,R ; 

Lepton-Nucleon Inclusive Scattering 

For reactions Z+N + i'+X, differential cross sections can be 
written using several choices of independent variables. These are 
related by 

d2o 2 d2 O d2 O 2~ME~y d20 
dxdy 2MEzy dgdQ--~- ~ = 2ME£x dxdQ2 l~I 1~,I d~dE~, 

2~ ME£y d20 

EZ, d~dE£, 

where 9, Q2 x, and y are defined in the Relativistic 
Kinematics section IV(c), EZ, p£ and EZ, ~ ~£, are the incident 
and outgoing lepton lab energies and momenta, and M is the 
target nucleon mass. 

[Vub I = I s i n 8 1  s i n031  0 . 0 6  ± 0 . 0 6  

iVchl2 >> IVubl2 I 

G = Gp = ( 1 . 1 6 6 3 2  ± 0 . 0 0 0 0 2 )  × 10 -5  GeV 2 1 

s i n 2 8  W = 0 . 2 2 4  ± 0 . 0 1 9 ,  p = 0 . 9 9 2  ± 0 . 0 2 0  
Ref .  9 

sin28w 0.229 ± 0.010, p l (fixed) 

The resulting mass estimates for W ± and Z = are M W 37.3 GeV/sin@ W 
= 7719 ± 1.7 GeV, and M Z = 88.8 ± 1.4 GeV, where the numerical 
values are obtained using the simplest Higgs structure (p { i). 
Electroweak radiative corrections to these estimates may be as 
large as 5%. 10 
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WEAK INTERACTIONS OF QUARKS AND LEPTONS (Cont'd) 

Structure Functions II'12 

For charged-current (C.C.) and neutral-current (N.C.) 
reactions, we have 

d~(~ ) ~2~ [( ~ ~:~) (~,~2) 
d~dy : 1 ~ N~)~2 

+ 

where the upper and lower signs refer to V and ~ scattering, 
respectively, and F 3 is defined as a positive quantity. 13 
The other common structure functions W i are related by 

MW 1 = FI, ~W 2 = F2, and MW 3 = F 3. For electron and 
muon scattering, F3=0, and G 2 is replaced by 8~2~2/(Q2) 2. 
The ratio of the longitudinally to transversely polarized 
photon absorption cross section is 

H = % % 2~: (~,e 2)2 pz(x,e 2) _ ~xq(x,e 2) . ~ ~(~,e2) . 

TO compare with the parton-model predictions below, we write 

for E Z >> M : 

d2G~(5) G2ME£ [ - _ 

+ (l-y) k~2 - 2~ 1 ]], 

dxdy (Q2) 2 

The Free-Quark-Patton-Model Prediction 14 

For this model in the Bjorken limit (Q2,9~ with x fixed), 
Fi(x,Q2) ~ Fi(x ) .ii,12 For spin-~ quark partons, we have 
2XFl(X) = F2(x), the Callan-Gross relation. Thus, in this 
approximation, R=0 and there is no (l-y) term in the cross section. 

~-X G2MEg. 
• (C.C.) d2G~Ndxdy -~ 2x ~ [|fq(x) + f~(x)(l-y)2 l q 

m 

q 

For ~N "~ H+X, interchange fq(X) and f~(x) in the formula. Here 
fq(X) dx is the number of quarks q in the target nucleon with 
momentum fraction x to x+dx. We include fq(X) and f~(x) in the 
sum only for negative (positive) charged quarks and antiquarks 
in ~(V) reactions. 

d 2G~)N ~ ~)X 
• (N.C.) 

dxdy 
G2ME£ I f~(x) (l-y) 2 ] 
: 

and the sum runs over all quarks. Here the neutral-current 
coupling is decomposed according to 

(1-Y 5 ) (1+7 5 ) 
d 2 2 

15 
with left ~ and right-handed coupling constants C~ and C~.= 
"standard" 8U(2) ® U(1) model 

In the 

£L q = T3q - QqSin28w ' CRq = -QqSin2@w " 

For ~N + ~X, interchange £~ and c~ in th ..... s-section formula. 

• (E.M.) - -  

d2Ge,~ 

dxdy 

8Z~2ME£ (l-y) 2 
x ~ Q2[fq x) + f{(x)] 1 + 

(Q2)2 q 2 " 

Comparison with earlier structure function formulas gives: 

(C.C.) F2(x) 2x~[fq(X) + f~(x)], 
q 

~3(x) 2xS~[fq(X) - f~(~)]; 
q 

(N.C.) P2(x ) 202E[(~[)2 ÷ (~)2] [fq(~)÷f:(~)] , 
q 

xP3(~) 202E[(~[)2 _ (~)23 [fq(X)-f:(x,] , 
q 

F~(x) = F~(X) ; 

(E.~.) ~2(~) ~Q~ [fg(X) + f:(~)] 
q 

In the examples below, n(X), u(x), d(x), d(x), etc., mean 
fq (f~) for the individual quark (antiquark) in the ~roton (for 
neutron, interchange u(x) and d(x)). Charm production is taken 
into account. 

• F 2 

- + 

F2P ~ 12 X 

xF~P + ~-X 
3 

- + 

xF 3 

Hereafter we neglect small contributions of the s, s, c, c quarks 
in the sea. 

• For charge-syrmmetric nuclei with q(x) = u(x) +d(x), 
q(x) = u(x)+d(x) , 

- + 
~N÷U-X ~N+~ X = x[q(x) +q(x)] , 

F 2 F 2 

- + 

xF~N÷~-X- = xF~N~ X x[q(x) - q(x)] . 
O 

= 2x[d(x) + s(x) + u(x) + c(x)] 

= 2x[u(x) + c(x) + ~(x) + i(x)] 

= 2x[d(x) + s(x) - u(x) - ~(x)] 

= 2x[u(x) +c(x) - ~(x) - :(x)] 

1 (d(x) ÷ aCx)) 1 P;p ~p(x) = ~[~ (u(~)÷u(x))+ : 

5 Fg(5)d 
F; d(x) --~ ~ 2 C.C. 

5 
(~ ...... ge sq .... d charge of u,d quarks ) . 
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RELATIVISTIC KINEMATICS 

I .  BASICS 
(a) L o r e n t z  t r a n s f o r m a t i o n s  - -  Let  E a n d  p be t h e  e n e r g y  a n d  
3 - m o m e n t u m  of  a p a r t i c l e  o r  s y s t e m  as  s e e n  f r o m  a c e r t a i n  
i n e r t i a l  f r a m e ,  a n d  le t  E* a n d  p* be  t h e  s a m e  q u a n t i t i e s  as  s e e n  
f r o m  a s e c o n d  i n e r t i a l  f r a m e  t h a t  m o v e s  wi th  v e l o c i t y  ~ r e l a t i v e  
t o  t h e  f i r s t .  T h e n  s t a r r e d  a n d  u n s t a r r e d  q u a n t i t i e s  a r e  r e l a t e d  

b y  

( )  P~ = P l '  
p, \ - 7 8  Y / - P , -  ' 

H e r e  7 = (1 - 8~) - t / 2 ,  a n d  s u b s c r i p t s  II a n d  J. i n d i c a t e  
c o m p o n e n t s  of  p o r  p* t h a t  a r e  pa ra l l e l  o r  p e r p e n d i c u l a r  to  
( o f t e n  ~ is u s e d  fo r  7/~)- The i n v e r s e  t r a n s f o r m a t i o n  is g iven  by  
c h a n g i n g  8 t o  - 8 -  A p a r t i c l e  of m a s s  m a t  r e s t  in t h e  s e c o n d  
f r a m e ,  so  t h a t  it is m o v i n g  a t  v e l o c i t y  ~ r e l a t i v e  t o  t h e  f i r s t ,  h a s  

E* = m a n d  p* = 0,  so  h e r e  

= ~ m ,  ~ = ~ m  

In  a n y  f r a m e ,  t h e  e n e r g y ,  m o m e n t u m ,  a n d  m a s s  a r e  r e l a t e d  by  

E 2 = p 2 +  m 2 " 

(b) F o u r  m o m e n t a ;  s c a l a r  p r o d u c t s  - -  The 4 - m o m e n t u m  v e c t o r  
of  a p a r t i c l e  or  s y s t e m  h a v i n g  e n e r g y  E a n d  3 - m o m e n t u m  p is 

q = (E, ~) = (E, Px, Py, P=) 
Conservat ion of energy and the components  of 3 - m o m e n t u m  for  
a n y  p r o c e s s  a + b + . . .  -~ I + 2 + . . ,  m a y  t h e n  be  w r i t t e n  as  

q a + q b +  . . .  ffi q l  + q 2 +  . . ,  

M t h o u g h  t h e  c o m p o n e n t s  of a 4 - m o m e n t u m  a r e  d i f f e r e n t  in 
d i f f e r e n t  f r a m e s ,  t h e  s c a l a r  p r o d u c t  of  a n y  t w o  4 - m o m e n t a  q 

a n d  q ' ,  d e f i n e d  as  

q-q '  = EE' - p 'p '  , 

is a n  i n v a r i a n t ;  i . e . ,  in n u m e r i c a l  c a l c u l a t i o n s  t h e  s a m e  r e s u l t  is 
o b t a i n e d  in a n y  f r a m e ,  a n d  in a l g e b r a i c  c a l c u l a t i o n s  r e s u l t s  
o b t a i n e d  in d i f f e r e n t  f r a m e s  m a y  be e q u a t e d .  For a p a r t i c l e  of 

m a s s  m ,  t h e  s c a l a r  p r o d u c t  q .q  is 

q.q ffi q2 = E a _ ~2 = m 2 . 

The  i n v a r i a n t  mass hi (o r  t o t a l  c . m .  e n e r g y )  of a n  n - p a r t i c l e  

s y s t e m  is g iven  b y  

hi ffi q , 1 2 =  - 

w h e r e  qi  = (Ei, Pi) is t h e  4 - m o m e n t u m  of t h e  /4h p a r t i c l e .  

(c)  E l e c t r i c  a n d  m a g n e t i c  f o r c e s  - -  In  G a u s s i a n  cgs  u n i t s ,  t h e  
f o r c e  on  a p a r t i c l e  wi th  c h a r g e  q m o v i n g  wi th  v e l o c i t y  v in 
e l e c t r i c  a n d  m a g n e t i c  f ie lds  E a n d  B is 

= q~. + q~§, 
w h e r e ' =  ~ ' / c .  The u n i t s  a r e F i n  d y n e s ,  q i n  e s u ,  E i n  
s t a t v o l t s / c m ,  a n d  B in g a u s s .  In  m k s a  u n i t s ,  t h e  f o r c e  is 

= q ~  + q ; x ~  , 

w h e r e  t h e  u n i t s  a r e  F in n e w t o n s  (1 N = 105 d y n e s ) ,  q in 
c o u l o m b s  (I  C ~, 3xiO 9 e su ;  e a c h  3 in t h i s  s e c t i o n  is r e a l l y  
2 . 9 9 7 9 . . . ) .  E in v o l t s / m  ( t  V ~, 1 / 3 0 0  s t a t v o l t ) ,  a n d  B in t e s l a  (I T 
= 104G) .  The  f o r c e  is z e r o  i f E a n d  B a r e  a t  r i g h t  a n g l e s ,  ~ (or  ~) 
is in t h e  d i r e c t i o n  ~x~,  a n d / ~  = E / B  (cgs )  o r  v = E / B  ( m k s a ) .  

[ n  a u n i f o r m ,  s t a t i c  m a g n e t i c  f ie ld ,  t h e  p a t h  of a c h a r g e d  
p a r t i c l e  is a he l ix  of  c o n s t a n t  r a d i u s  R a n d  c o n s t a n t  p i t c h  a n g l e  
A, w i th  t h e  a x i s  of  t h e  he l ix  b e i n g  a l o n g  B. The  m o m e n t u m  is 
r e l a t e d  t o  t h e  o t h e r  q u a n t i t i e s  by  

p c o s  x = 3xtO -4 qBR , 

w h e r e  t h e  u n i t s  ( v e r y  m i x e d ! )  a r e  p in G e V / c ,  q in m u l t i p l e s  of  
t h e  e l e c t r o n i c  c h a r g e  e ,  B in kG,  a n d  R in c m .  The a n g u l a r  
v e l o c i t y  a b o u t  t h e  a x i s  of  t h e  he l ix  is 

=~ 3xlO -4  q B / y m ,  

w h e r e  t h e  u n i t s  a r e  ~ in rad/sec, q in m u l t i p l e s  of  t h e  
e l e c t r o n i c  c h a r g e  e ,  B in kG,  a n d  t h e  e n e r g y  ?'m in GeV. 

I f .  DECAYS 
(a)  S u r v i v a l  p r o b a b i l i t i e s  - -  Let  a p a r t i c l e  h a v e  m a s s  m a n d  
p r o p e r  m e a n  life T 0. In  a f r a m e  in w h i c h  i t s  4 - m o m e n t u m  is 
(E, p) ,  t h e  p r o b a b i l i t y  t h a t  i t  s u r v i v e s  a t i m e  g r e a t e r  t h a n  t 

b e f o r e  d e c a y i n g  is 

Prob. (> t )  ffi e x p ( - t / T r 0 )  = e x p ( - m t / E T o ) .  

The probab i l i t y  tha t  i t  goes a distance greater  than x before 

decaying is 

Prob . (>x)  = exp( -x /78CTo)  ffi e x p ( - m x / P c T 0 )  ; 

values of cT 0 (in cm) are given in the Stable Part ic le Table. I f  
the par t ic le  has charge ±e and is in a un i fo rm magnet ic  f ield 
[ s e e  I(c)]~ t h e n  t h e  p r o b a b i l i t y  t h a t  t h e  p r o j e c t i o n  of i t s  he l i ca l  
p a t h  on  t h e  p l a n e  p e r p e n d i c u l a r  to  B t u r n s  t h r o u g h  a n  a n g l e  
g r e a t e r  t h a n  8 b e f o r e  d e c a y i n g  is 

P r o b . ( > 8 )  = e x p ( - C m S / B T 0 )  , 

w h e r e ,  if m is in GeV, 8 in d e g ,  B in kG, a n d  r 0 in s e c ,  t h e n  C is 
n u m e r i c a l l y  1 .942x10  -9 .  This  l a s t  d i s t r i b u t i o n  is i n d e p e n d e n t  of 
p or the helical p i tch  angle ~; i ts only dependence is geometr ical .  

(b) T w o - b o d y  d e c a y s  - -  A p a r t i c l e  of m a s s  m d e c a y s  i n t o  two  
p a r t i c l e s ,  m a s s e s  m t a n d  m 2. In  t h e  r e s t  f r a m e  of m ,  t h e  
energies of m !  a n d  m 2 a r e  

~t = ( m2 + m~ - m ~ ) / 2 m  

• ~ = (m ~ + m~- m~)12m . 

In  t h i s  f r a m e ,  t h e  3 - m o m e n t a  of m I a n d  m 2 a r e  e q u a l  a n d  
o p p o s i t e  a n d  of  m a g n i t u d e  

k = < ~  - m ~ ) ' / 2  = ¢ d  - , ~ ) , / 2  

= t i m  2 - (m I + m2)2] [m  2 - (m I - m2)21 l '12 /2m . 

See also the th i rd  paragraph of I l l ( b ) .  

(c) Th ree -body  decays - -  A part ic le of mass m decays in to  
th ree  part ic les,  masses m l ,  m2, and m 3. The invar iant  masses 
mij of  t h e  2 - p a r t i c l e  s y s t e m s ,  w h e r e  m/~ = (ql + qj)2, s a t i s f y  
the re lat ion 

m,~ + mh + m~ = m~ + m~ + m~ + m~, 

so t h a t  on ly  t w o  of  t h e  t h r e e  mij's a r e  i n d e p e n d e n t .  In  a 
r e c t a n g u l a r  Dali tz p l o t ,  m123 ( say)  is p l o t t e d  a g a i n s t  m122. The 
k i n e m a t i c  b o u n d a r i e s  m a y  be  c a l c u l a t e d  as  fol lows:  (i) The lower  
and upper  l imi ts on mt22 are (m t + m2) 2 and (m - m3 )2. (ii) For 
any  m122 between these l imi ts ,  the lower and upper  l imits on m123 
are given by tak ing  the + and - signs in 

mZt3 ffi (El + E3) 2 -  (Pt ± P3) 2 ,  
w h e r e  

E,  = (m,22 + m ,  ~ - m2Z)/2m,2 
E 3 = (m 2 - m212- m~)12ml2 

pt  = (El 2 - ml2)l/2 

P3 = ( E ~ -  m~) t /2 . 

(These ~re the energies and momenta  of part ic les t and 3 in the 
r e s t  f r a m e  of m12. )  The  p h a s e - s p a c e  d e n s i t y  is u n i f o r m  ove r  
t h e  a r e a s  of  b o t h  t h e  a b o v e  a n d  t h e  fo l lowing f o r m  of t h e  Dalitz 
p lo t .  

In  a t r i a n g u l a r  Dali tz p lo t ,  t h e  k i n e t i c  e n e r g i e s  TI, T 2, a n d  T 3 
of  t h e  f i n a l - s t a t e  p a r t i c l e s  in t h e  r e s t  f r a m e  of m a r e  p l o t t e d  as  
t h e  d i s t a n c e s  i n w a r d  f r o m  t h e  sides of  a n  e q u i l a t e r a l  t r i a n g l e  
w h o s e  a l t i t u d e  is t h e  e n e r g y  Q r e l e a s e d  by  t h e  d e c a y :  

Q = TI + T 2 + T  3 = m -  m , -  m 2 -  m 3 .  

The  k i n e t i c  e n e r g i e s  a r e  r e l a t e d  to  t h e  2 - p a r t i c l e  i n v a r i a n t  
m a s s e s  by  

2roT I = ( m -  ml) 2- m~3 = (m~3ax) 2 - m~3, 

etc. 
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(d) F o u r - b o d y  d e c a y s  -- A par t i c l e  of m a s s  m decays  into four  

part ic les,  masses m t, m2, m3,  and m 4. In  a t r iangle (or 
Goldhaber) plot ,  the invar ian t  mass of two of the part icles is 
p lot ted against tha t  of the o ther  two, say m34 versus mtz, where 
m~j = (ql + qj)2. The k inemat ic  boundaries of this plot are the 
sides of the  t r iangle whose vert ices are at the points (mr2, m34) 

= ( m r ÷ m 2 ,  m 3 + m 4 )  , ( m r + m 2 ,  m - m r - m 2 ) ,  and ( m - m 3 - m  4, 
m 3 + m 4 ) .  The phase-space densi ty  is not  un i fo rm over the 
enc lo sed  a r e a .  

I I I .  REACTIONS (MAINLY 2-BODY) 
(a) In i t ia l  s t a t e  - -  Two pa r t i c l e s ,  m a s s e s  m !  and  m2, i n t e r a c t .  

In  t h e  lab f r a m e ,  w h e r e  pa r t i c l e  2 is a t  r e s t ,  t h e  4 - m o m e n t a  a r e  

(El,  Pl) and  (m 2, 0). In t h e c . m ,  f r a m e ,  w h e r e  t he  3 - m o m e n t a  
a r e  equa l  and  oppos i t e ,  t h e  4 - m o m e n t a  a r e  (e l, k)  and  
(c2, - k ) .  Then  t he  to ta l  c . m .  e n e r g y  E i s  given by 

E 2 = (el  + E2) 2 = m21 + m22+ 2E lm 2 .  

The  c . m .  e n e r g i e s  of pa r t i c l e s  I a nd  2 a r e  

E t = ( m ~ +  E1m2) IE  = (E 2 +  m a t -  m~)12E 

• 2 = ( m ~  + E z m 2 ) / S  = (E  2 + m ~  - m a t ) / ~ .  

The c . m .  m o m e n t u m  k is 

k = p l m d E .  

See also t h e  e x p r e s s i o n  in I I (b )  for  k,  in which  r ep lace  m with E. 

The ve loc i ty  of t h e  c . m .  r e l a t i ve  to t h e  lab is 

~8 = p t / ( E i  + m2) . 

The parameters  for  the Lorentz t rans fo rmat ion  between these 
f r a m e s  [ see  I (a) ]  a r e  

), = (E i + m2)/E 
and 

y / ~  = P i l E .  

( b )  Two-body  f inal states - -  In  the react ion I + 2 -~ 3 + 4, let 
the masses be m i and the f i na l - s ta te  c.m. 4 -momen ta  be 

(E3, k ')  and (el ,  - k ' ) .  Then 

~3 = ( E~ + m~ - m42)/ZE 

~4 = ( E2 + m42 - m~)/Z£ ; 
and 

k'  = ( ~ - m 2 3 )  1/2 = (,4 z -  m42) 1/2 

= { [ E  2 - (m 3 + m4) 2] [E 2 - (m 3 - m4)2 ] }1 /2 /2£.  

Let O~be the lab product ion angle of part ic le 3 ( the angle 
between P3 and p t ) , ~  and let e 3 be the c.m. product ion anglc ( the 
angle between k'  and k).  These angles are related by 

P3i sin 8 3 
t an  0 3 = ~-~ = 7 ( c o s 0  3 +  f l / f l 3 )  ' 

w h e r e  P31 and  P31 a r e  t h e  c o m p o n e n t s  of P3 p e r p e n d i c u l a r  and 
para l le l  to Pt,  and  /~3 = k ' / c 3  is t h e  c . m .  ve loc i ty  of pa r t i c le  3. 
[See I I I ( a )  for 7 and  fl.] I f /3  > /Y3, t h e n  pa r t i c l e  3 can  only go 

f o r w a r d  in t he  lab, t h e  m a x i m u m  0 3 being given by 

t a n O ~  nax / t - flZ \ 1 / 2  
: 03t  ) 

The c o m p o n e n t s  of P3 sa t i s fy  

/ + = i ,  

which is the equat ion of an ellipse wi th semi -ma jo r  axis Tk' and 
s e m i - m i n o r  axis k ' .  Thus the possible lab momenta  of part ic le 3 
are the  vectors  to the ellipse f rom the point  a distance 7fl¢3 
back along the  major  axis f rom the  center  of the ellipse. 
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KINEMATICS ( C o n t ' d )  

The resul ts of the preceding paragraph also apply to 2 -body  
d e c a y .  Jus t  se t  m z = 0, in which  ca se  E = m 1. [The d e c a y -  

p r o d u c t  m a s s e s  a r e  h e r e  m 3 and  m 4, not  m I an d  m 2 as in [ I (b ) . ]  

The  M a n d e l s t a m  v a r i ab l e s  s,  t ,  and  u a r e  t h e  Loren tz  s ca l a r s  
de f ined  in t e r m s  of t h e  pa r t i c l e  4 - m o m e n t a  ql as 

s ffi (% +q2 )  z ffi (q3 +q4 )  2 

t = ( q t -  q3) ~ ffi ( q 2 -  q4) ~ 

u = (q! - q4 )z ffi ( q 2 -  q3) 2 • 

They sat is fy the relat ion 

s + t + u = mat+ m ~ +  m ~ +  m4 2 ,  

so t h a t  only two of t h e  t h r e e  a r e  i n d e p e n d e n t .  Eva lua t ing  s in 
t h e  c . m .  f r a m e  gives 

s = (~ t  +c2) 2 = E 2 ,  

and  e v a l u a t i n g  t and  u,  t h e  4 - m o m e n t u m - t r a n s f e r - s q u a r e d  
v a r i a b l e s ,  in this  f r a m e  gives 

t ffi mat + m32 - 2£t~ 3 + 2kk '  cos e 3 

= t O - 4kk '  s inZ(e3/2)  

u = mat + m42 - 2cl~ 4 + 2kk '  cos e 4 

ffi u 0 - 4kk '  s in2(04/2)  , 

w h e r e  e 4 is t h e  c . m .  p r o d u c t i o n  angle  of pa r t i c l e  4 (0 3 + 84 ffi Tr), 
an d  

t o = t(8 3 = 0) = (~1 - ~3 ) 2 -  (k - k ' )  2 

U 0 = U(e 4 ffi 0 )  = (E  1 --  E 4 )  2 --  ( k  - k ' )  2 . 

The di f ferences At = t o - t• and AU = u 0 - un, where t n = t(8 3 = 
7)) and  u ,  = u(e  4 = ~) ,  a r e  

At ffi AU = 4 k k ' .  

For e las t ic  s c a t t e r i n g ,  w h e r e  m !  ffi m 3 ffi m and  m 2 ffi m 4 ffi M, 

t o is ze ro  and  

t = - 2 k 2 ( 1  - cos 03) = - 4 k  2s in2(03 /2 )  . 

And now 

u 0 = (m 2 - M2)2/s . 

Evaluat ing t in the  lab f rame gives 

t ffi -2MT 4 , 

w h e r e  T 4 = E 4 - M is t h e  lab k ine t i c  e n e r g y  of pa r t i c l e  4. For 
s m a l l - a n g l e  e las t ic  s c a t t e r i n g ,  

( - t ) l / 2  ~ k03 ~ p i e 3  ~ p 4 ,  

w h e r e  Pl,  (~3, an d  P4 a r e  lab q u a n t i t i e s .  

IV. OTHER VARIABLES 

(a) Rapidi ty  - -  For a s y s t e m  of e n e r g y  E and  m o m e n t u m  p, t h e  
r ap id i t y  y is g iven by 

t Pl y = ~ t n (  E+p '  l n (  E+P'  ~ 

w h e r e  Pt is t h e  c o m p o n e n t  of p a long a p a r t i c u l a r  axis  ( t he  

" rap id i ty  axis" ,  c h o s e n ,  for  e x a m p l e ,  paral le l  to t h e  d i rec t ion  of 
an  i n c o m i n g  b e a m ) ,  an d  m I ffi ( m  2 + pat)I/2. I n v e r t i n g  t h e s e  
e q u a t i o n s ,  we find 

E = m I cosh y 

Pm ffi m i s i n h y  . 

The  s h a p e  of a r ap id i ty  d i s t r i bu t i on  is i n v a r i a n t  u n d e r  a Loren tz  
t r a n s f o r m a t i o n  b e t w e e n  iner t ia l  f r a m e s  with r e l a t ive  mot ion  
para l le l  to t h e  r ap id i ty  axis .  Such a t r a n s f o r m a t i o n  is given by 

" 1 .  / 1÷~8  \ y* y -  t n [7 ( t+ /3 ) ]  = y -  ~ l n ~  t _ - ~ )  , 

where the sign of/3 is posit ive in the d i rect ion of increasing 
rap id i t y  and p=. 
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(b) Scaling variable,  had ron  reac t ions  - -  In the  inclusive 
reac t ion  h + 2 -* 3 + X, with h any had ron ,  Feynman ' s  x for 
par t ic le  3 is defined as 

x = k ' l l f l k ' m a x ,  

where  k ' i s  the  c .m .  m o m e n t u m  of part icle  3. k'ma x i s  obta ined 
[see  Sec. HI (b) ]  us ing  the  smal les t  m a s s  m x [called m 4 in I I I (b)]  
c o n s i s t e n t  with q u a n t u m  conse rva t ion  laws. At high energ ies ,  
k'ma x =~ ",/~/2. Rapidity and x a re  re la ted at large ~ by 

2mi  y* 
x := ~ sinh , 

where y* is evaluated in the c.m. 

(c) Scaling variables~ lepton reactions - -  For the inclusive 

reaction I + 2 -~ I' + X, with particles I and I' leptons, we define 

the 4-vector 

q = ( P I -  P~') 
so t h a t  

O~ - - q ~  = 2E~E,,  - 21P~ll~el cos e - m~, - m~ a t 0 

where  8 is the  t -~ l '  s c a t t e r i n g  angle,  and the  preced ing re la t ion  
is va l id  in any f r a m e .  Also usefu l  are 

v = p z . q / m ~  = [ E t - E t ' ] L A B  = [ E X -  mZ]LAB 
and 

W = ~ = (_Q2+ 2m2~ + m22)I/2 = mx . 

Q2, l/, and W are  Loren tz  i nva r i an t s ,  and the no ta t ion  "LAB" 
r e fe r s  to the  r e f e r e n c e  f r a m e  w i th  pa r t i c l e  2 a t  res t .  (Note: ~, is 
somet imes  w r i t t e n  l, = P2"q, leading to the  rep lacemen t  o f  m2~, 
w i t h  ~ t h r o u g h o u t . )  

Scal ing var iab les  in common  use inc lude 

x = ~ - !  = Q2/2m2~' , 0 ~;t X ~;t t 
and 

Y = mau/P.~'P2 = [ ( E I - E t ' ) / E = ] L A B ,  0~ ; t y~ ;  ! . 

Both x and y are  d imens ion less .  
Cross sect ions fo r  inc lus ive  reac t ions  in the  energy  region 

where  masses are  negl ig ib le can be w r i t t e n  in t e r m s  o f  E l and 
c e r t a i n  pai rs  o f  these var iab les ,  usua l ly  Q2 and ~,, x and y, or Q2 

and x.  I f ,  in any f r a m e ,  Iplllp,.I = EzE=, and 
EIE I. sin 2 (0/2) >> m 2, and m= 2 (i.e., m,, m r small), then 

Q2 = 4ELE r sin 2 (0 /2 )  
and 

2EIE =, sin 2 (0/2) 
x = m2 L, 

t l n e q u a l i t y  s o m e t i m e s  v i o l a t e d  u n l e s s  m x > m 2 a n d  m r  > m~. 

LORENTZ I N V A R I A N T  PHASE SPACE FORMULAE 

For a system of n particles with overall four-momentum p and final four mom(nta PI''" " ' Pn ! Pi = (Ei' ~i )j' 

Lorentz I nvariant Phase Space is given by 

d LI t~S(s ;P i , . . -  ,pn  ) = (2"~)4 54(p - ~  pi ) 1_1.__ i~i= f d3 ~i 
(2Tr) 3n - ZE i (~) 

1 I ~?rn[  d~'~ rn • (2) 
F o r  2-body: d L I P S ( s ' P l ' P 2 )  = ( 2 ~ )  2 84(p-Pi-P2) d4p 4 ~  

1 4 4 I 
For 3-body: dgIPS(s,pl,p2,p 3) = (2~)5 6 (p-pl-pg-P3)d p ~ dsf2dsz3dc~dcos~d" Y, (3) 

where ~, ~, and "y are Euler angles. 

rot a + b - ~ p~rticl .... X ~ ~ partioles, ing ..... 1 li> -- If>, 

I 2 
Crif = ~ j I ~ i f  I d LIPS(s ;P i , .  • • , pn ), (4) 

or  
i 2 d liPS(m 2 ; 

Fif = ~ J I ~ifl P I ' ' ' ' '  Pn )' (5) 

pb )2 rnZm Z where ~if is an invariant matrix element. F is M~ller's invariant flux factor, F2 = (Pa' - a h' If a 

~lab is b . . . .  b, t a rge t  (I~ b = 0), then F = I~laba !rob : I~Cma , l ~ .  

For elasti .... tiering i ....... ~c]n~ I = [~In [ and (2) and (4) y/eld a ' 

12 d~_ I ~  o~ d_~ ! ~ l  z 
dr2 (8=)Zs dt 2 (6) 

0~l~ml s 

The norn~alization is such that the optical theorem reads 

I~ ~lt=o = 2[~ml'S%ot'  (7) 

The choice of Eq. (I) implies a particular normalization of any spinors that may occur in ~. The advantage 

of this normalization is that it greatly simplifies the structure of c~ by putting factors such as f 1 
(Z~r)3 2E 

into the phase  space where  they rea l ly  belong. In addition, the labe ls ,  i , f ,  r e f e r  to specific spin (helicity) 

states, so that the usual "average and sum" rule is implicit. 
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P R O B A B I L I T Y  A N D  STATIST ICS 

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS 

We g i v e  h e r e  p r o p e r t i e s  of the t h r e e  p r o b a b i l i t y  d i s t r i b u t i o n s  
m o s t  c o m m o n l y  u s e d  i n  h i g h  e n e r g y  p h y s i c s :  N o r m a l  (or  
G a u s s i a n ) ,  C h i - s q u a r e d ,  and P o i s s o n .  We w a r n  the r e a d e r  t ha t  
t h e r e  i s  no u n i v e r s a l  c o n v e n t i o n  f o r  the t e r m  " c o n f i d e n c e  l e v e l  r' 

as used by physicists; thus, explicit definitions are given for 
each distribution, and we have attempted to choose definitions 
that correspond to common usage. It is explained below how 
confidence levels for all three distributions can be extracted 
from the following figure. 

×2 Confidence Level vs. ×2 for n D Degrees of Freedom 
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X 2 (or x 2 x IOO f o r - - - -  ) 

A . I .  N o r m a l  D i s t r i b u t i o n  

Th e  n o r m a l  d i s t r i b u t i o n  w i t h  m e a n  ~ and s t a n d a r d  d e v i a t i o n  0. 
( v a r i a n c e  (y2) i s :  

l e -  (x-~)2/gO'Zdx" (1) 
P(x)dx = - -  

4-~0. 
The  c o n f i d e n c e  l e v e l  a s s o c i a t e d  w i t h  an o b s e r v e d  d e v i a t i o n  f r o m  
the m e a n ,  5, i s  the p r o b a b i l i t y  t ha t  I x - E ! >  6, i . e . ,  

C L  = 2 r dx P(x)  (2) 
+6 

-2o" -0. 0 o" 20" 

[ The small figure in Eq. (2) is drawn with 6 = go..] CL is given 
by the ordinate of the n n = I curve in the figure at XZ= (6/0.) Z. 
The confidence level fo~'6 = l(/ is 31.7%; Z0", 4.6%; 30., 0.3%. 
The central confidence interval, f-CL, (which is also some- 
times called confidence level) for S = I(~ is 68.3%; 20., 95.4%; 
30", 99.7,07,0. The odds against exceeding 6, (I-CL)/CL, for 

= t(Y are 2 . I 5 : 1 ;  2G,  2 1 : I ;  3(7, 3 7 0 : t ;  40., t 6 , 0 0 0 : 1 ;  5G, 
1 , 7 0 0 , 0 0 0 : t .  R e l a t i o n s  b e t w e e n  (7 and o t h e r  m e a s u r e s  of the 
w i d t h :  p r o b a b l e  e r r o r  (CL  = 0.5 d e v i a t i o n )  = 0 . 6 7 G ;  m e a n  ab -  
s o l u t e  d e v i a t i o n  = 0 .80  U;  RMS d e v i a t i o n  = 0.; h a l f  w i d t h  a t  h a l f  
m a x i m u m  = 1 . I 8 0 . .  

A.Z. C h i - s q u a r e d  D i s t r i b u t i o n  

Th e  c h i - s q u a r e d  d i s t r i b u t i o n  fo r  n D d e g r e e s  of f r e e d o m  i s :  

i ( x Z ) h - I  e -×  2 / 2 d x  2 (X2 > 0), (3) P n  (X2) dX2 = 
D 2 h r  (h) 

w h e r e  h (for  " h a l f "  ) = n D / 2 .  The  m e a n  and v a r i a n c e  a r e  n D 
and 2n[2 ~, r e s p e c t i v e l y .  In e v a l u a t i n g  IEq. (3) one m a y  use, 
S t i r l i n g  s a p p r o x i m a t i o n :  F (h)  = ( h - i )  = Z.507 e -h  h ( h - t / 2 ) X  
(t  + 0 . 0 8 3 3 / h )  w h i c h  i s  a c c u r a t e  to ± 0 . t% f o r  a l l  h ~  1 /2 .  The  
c o n f i d e n c e  l e v e l  a s s o c i a t e d  w i t h  a g i v e n  v a l u e  of n D and an ob-  
s e r v e d  v a l u e  of-)( Z i s  the p r o b a b i l i t y  of c h i - s q u a r e d  e x c e e d i n g  
the  o b s e r v e d  v a l u e ,  i. e. , ] ~ 

P n 0 .  

C L  = ' < Z  dx2 PnD (X2) (4) 

X 2 

0 5 10 15 
[ T h e  s m a l l  f i g u r e  in  Eq.  (4) i s  d r a w n  w i t h  n D = 5 and C L =  10%.]  
C L i s  p l o t t e d  as  a f u n c t i o n  of ×g f o r  s e v e r a l  v a l u e s  of n D in  the 
a b o v e  f i g u r e .  F o r  l a r g e  n D, X 2 b e c o m e s  n o r m a l l y  d i s t r i b u t e d  
a b o u t  n D. T h u s ,  

Yl = (×z _ nD)/a4-TE~D (5) 

b e c o m e s  n o r m a l l y  d i s t r i b u t e d  w i t h  u n i t  s t a n d a r d  d e v i a t i o n .  A 
b e t t e r  a p p r o x i m a t i o n ,  due  to F i s h e r ,  t i s  t ha t  X, not  X 2, b e c o m e s  
n o r n z a l l y  d i s t r i b u t e d ,  s p e c i f i c a l l y  

YZ = ~ -  - x ~ n D - t  (6) 

a p p r o a c h e s  n o r m a l i t y  w i t h  un i t  s t a n d a r d  d e v i a t i o n .  F o r  s m a l l  
C L I s  in  p a r t i c u l a r ,  YZ i s  m u c h  m o r e  a c c u r a t e  t h a n  Yl" T h u s ,  
f o r  n D = 50 and X 2 = 80, the t r u e  C L  = 0 . 4 5 % ,  bu t  YI i s  3.0 c o r -  
r e s p o n d i n g  to a C L  of 0 .13% , w h i l e  YZ i s  2.7 c o r r e s p o n d i n g  to a 
C L  of 0 .35% . 
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A.3. Poisson Distribution 

The Poisson distribution with mean h is: 

-(fi)(fi) n 
I2~ (n)=e n! (n = 0'l'Z"'')" (7) 

The variance is equal to the mean. Confidence levels for Poisson 
distributions are usually defined in terms of quantities called 
" upper limits" as follows: The confidence level associated with 
a given upper limit N and an observed value n O of n is the proba- 
b i l i t y  t h a t  n > n o i f  ~ = N, i. e. , 

C L  : E PN(n) 
n= n0+l 

I-CL 

: I - n=0n~ PN (n) 7 

0 

CL 

i] 8 
i : i ' [ ~ " n 

4 N 8 12 

[ T h e  s m a l l  f i g u r e  in Eq. (8) i s  d r a w n  w i t h  n o = 2 and C L  : 90%. ]  
A u s e f u l  r e l a t i o n  b e t w e e n  P o i s s o n  and c h i - s q - u a r e d  c o n f i d e n c e  
l e v e l s  a l l o w s  one to l o o k  up t h i s  q u a n t i t y  on the  a b o v e  f i g u r e .  
S p e c i f i c a l l y ,  the quanti ty(  I - C L  i s  g i v e n  by the o r d i n a t e  of the  
n D = 2 (n0+t  ) c u r v e  at  X ~ = 2N. T h u s ,  90% c o n f i d e n c e  l e v e l  up -  
p e r  l i m i t s  f o r  n o = 0, t ,  and Z a r e  g i v e n  by h a l f  the X 2 v a l u e  c o r -  
r e s p o n d i n g  to an o r d i n a t e  of 0.1 on the  ni2 = Z , 4 ,  and 6 c u r v e s ,  
r e s p e c t i v e l y ;  the v a l u e s  a r e  N = 2 .3 ,  3 .v ,  and 5.3. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T a b l e s  of c o n f i d e n c e  l e v e l s  f o r  a l l  t h r e e  of t h e s e  d i s t r i b u t i o n s ,  
the r e l a t i o n  b e t w e e n  P o i s s o n  and c h i - s q u a r e d  c o n f i d e n c e  l e v e l s ,  
and n u m e r o u s  o t h e r  u s e f u l  t a b l e s  and r e l a t i o n s  m a y  be found  i n  
Ref .  g. 

B. STATISTICS 

We consider here the situation in which one is presented with N 
independent data, Yn :L~n' and it is desired to make some 
inference about the " true" value of the quantity represented by 
these data. For this purpose we interpret each datum Yn as a 
single sample point drawn randomly (and independently of the 
other data) from a distribution having mean ~n (which we wish to 
estimate) and variance (~2. (Identification of the true (~n with the 

• . n . . . .  
gn datum is an approxxmatlon whlch may become serlously inac- 
curate whena n is an appreciable fraction of Yn') Some methods 
of estimation commonly used in high energy physics are given 
below; see Ref. 3 for numerous applications. Section B.I. deals 
with the case in which allYn are the same, e.g., several differ- 
ent measurements of the same quantity; Sec. B.2. deals with the 
case in which Y'n = ~(Xn), where x n represents some set of inde- 
pendent variables, e. g. , cross-section measurements at various 
values of energy and angle, x n = (E n, ~)n}" 

B.I. Single Mean and Variance Estimates 

(l) If the Yn represent a set of values all supposedly drawn from 
a single distribution with mean ~- and variance (yZ (i. e. , the (~n are 
all the same, but their common value is unknown) then 

f 

~e = N ~ Yn and (9) 

e ~ ~n (Yn Ye )2 ~ ) o  Ye 

are unbiased estimates of ~ and (72. The variance of Ye is (y2/N. 
If the parent distribution is normal and N is large, the variance of 
~e z is 2~4/N 
(Z) if the :n all have the common value y and the (Yn are known, 
then the weighted average 

i (ii) 
Ye = w Zn WnYn'  

w h e r e  w = i / a  g and w : ~ w  n, i s  an  a p p r o p r i a t e  u n b i a s e d  e s t i -  
m a t e  of ~ .  T h i n c h o i c e  of w e i g h t i n g  f a c t o r s  i n  Eq.  ( i f )  m i n i m i z e s  
the v a r i a n c e  of the e s t i m a t e ;  the v a r i a n c e  i s  l / w .  

B.2. Linear Least Squares Fit 

A least squares fit of the function y(x) = lD i alfi(x) to independent 
data Yn + (Yn at points x (e. g. , a Legendre fit in which the fi are 
Legendre polynomials annd the a i are Legendre coefficients) gives 
the following estimates of the parameters air 

ae, i : j,z n vii fj('n) Yn/~Zn • 

H e r e  V i s  the c o v a r i a n c e  m a t r i x  of the f i t t e d  p a r a m e t e r s  

(iz) 

Vij  : (ae ,  i - : e , i  ) (ae ,  j _ : e , j  ) , (13) 

w h i c h  i s  g i v e n  by  

- 1 (Xn)f j (Xn)/(y2n . (14 ) (V )ij = ~n fi 

The  v a r i a n c e  of an i n t e r p o l a t e d  o r  e x t r a p o l a t e d  v a l u e  of y a t  p o i n t  

x ,  Ye = ~ a e , i f i  (x) '  i s :  

(Ye - ~e )~ = ~ V i j f i ( x ) f j  (x) ' (15) 
:] 

For the case of a straight line fi_~t, y(x) : a + bx, one obtains the 
fo]lowing estimates of a and b, 

a e = (S Sxx - S x Y Sxy)/D' (16) 

b e = (S I Sxy - S x Sy)/D, 

whe re 

S I , S x, Sy, Sxx, Sxy = 52 (f, Xn, Yn' XZn' Xn Yn}/0"Zn ' (17) 

D = S ISxx - SZx " 

The covariance matrix of the fitted parameters is: 

' -S ~\ 

Vbb/ D\-sx st) 

The variance of an interpolated or extrapolated value of y at point 
x is: 

Z 

(Ye - Y'e )2 f Sl Sx i : g t +  -~- - ~ ( i9)  

C. ERROR PROPAGATION 

We c o n s i d e r  h e r e  the s i t u a t i o n  i n  w h i c h  one w i s h e s  to c a l c u l a t e  
the v a l u e  and e r r o r  of a f u n c t i o n  of s o m e  o t h e r  q u a n t i t i e s  w i t h  
e r r o r s ,  e . g .  , i n  a M o n t e  C a r l o  p r o g r a m .  L e t  {y} be a s e t  of 
r a n d o m  v a r i a b l e s  w i t h  m e a n s  ( 7 }  and c o v a r i a n c e  m a t r i x  V. 
T h e n  the m e a n  and v a r i a n c e  of a f u n c t i o n  of t h e s e  v a r i a b l e s  a r e  
a p p r o x i m a t e l y  (to s e c o n d  o r d e r  i n  { y - y }  ): 

!52 v { a2- -~  f ~ (20) 
f-= f([Y}) + 2 .... \ S y m S Y n J ( y  } :(~}' 

: v / ~f ~I / ~f ) (21) 
(f_ ~2 nu~n mn<OYmj{y} : [:} i\~_y n :Y}= {:} 

E. g. , the mean and variance of a function of a single variable 
with mean ~ and variance 0 "2 are: 

l 2. ,.--, (22) Ksf(~)+ Z ~ r~y~, 
(f . 3) 2 = a2f,(~7) 2 . (23) 

Note that these equations will usually be applied by substituting 
........... d quantities, (~} say, for the t .... e .... (:}. If, 
as is often the case, ~n - ~n is of order %/Vnn, then there is no 
point in keeping the second order terms in Eq. (20) or (22) since 
the substitution itself introduces first order errors. 
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M a t h e m a t i c a l  F u n c t i o n s  ( N a t i o n a l  B u r e a u  of  S t a n d a r d s ,  
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A, DETECTOR PARAMETERS 

In this section we give various parameters for common detectors. The 
quoted numbers represent at best an order of  magnitude, and are useful 
only for preliminary design. A more detailed introduction to detectors 
can be found in "A Consumer's Guide to Particle Detectors," by D.J. 
Miller, Rutherford Lab Report RD76-072, July 1976. 

A.1 Scintillators: Photon yield ~ 17/100 eV in plastic scintillator I and 
17/25 eV in Nal. 1,2 

A.2 Cerenkov: 3 Half-angle 0 c of cone aperture in terms of velocity ~ and 
index of refraction n: 

0c=arccos /~n ] -- [2 (l-~n) ] 1/2. 
Threshold velocity: 3t = l/n; 7 t = 1 /~ /1  - Bt 2 . 

Therefore,/3t7 t = l / x v ~  + di 2, where 6 = n-1. Values of/f for various 
commonly used gases are given as a function of pressure and wavelength 
in Ref. 4; for values at atmospheric pressure, see the Table of Atomic 
and Nuclear Properties, following. 

Number of photons, N, per em: 

_ 1 a 2 1 1 ] 2-a-dr N=cI [1 ~-~-n2 )2~r@= ~#3t I (~t  2~t 2 B2,y2 
. ]  

500 sin20c/Cm (visible spectrum) . 

A.3 Photon Collection: In addition to the photon yield, one should take 
into account the light collection efficiency (<10% for typical I-era-thick 
scintillator), attenuation length (~1  to 4 m for typical scintillators5), 
and quantum efficiency of the photomultiplier cathode (<25%). 

,4.4 Typical Detector Characteristics: 
Resolution Dead 

Detector Type Accuracy (rms) Time Time 

Bubble chamber ~.+_10 to ~_+150# ~ 1 ms ~1/20 s a 
Streamer chamber _+300# ~ 2 us ~-,100 ms 
Optical spark chamber +200# b ~ 2 us ~ 10 ms 
Magnetostrictive 

spark chamber +500# ~ 2 us ~ 10 ms 
Proportional chamber >--+_300# c,d ~ 50 ns ~200 ns 
Drift chamber ---50 to 300# ~ 2 ns e ~100 ns 
Scintillator -- ~150 ps ~ 10 ns 
Emulsion -.+ 1 # . . . .  

a Multiple pulsing time. 
b 60# for high pressure. 
c 300# is for 1 mm pitch. 
d Delay line cathode readout can give -+150# 

parallel to anode wire. 
e For two chambers. 

A.5 Shower Detectors: Typical energy resolutions (FWHM) for 
incident electron in the 1 G-eV range, E in C~V. For a fixed number of 
radiation lengths, FWHM in the last three detectors would be expected to 
be proportional to "~ for t ( =  plate thid~ess) ~ 0.2 radiation lengths. 6 

Nal (20 rad. lengths): 7 2% 
El/4 

Lead Glass (14 tad. lengths): 8 10 - 12% ¢g 

Lead-Liquid Argon (15.75 rad. lengths): 6 16% 
(42 cells: 1.1 nun lead, 2 mm liquid argon, V~ 

2.3 nun lead-Gl0, 2 nun liquid argon) 

Lead-Scintillator Sandwich (12.5 rad. lengths): 9 17% 
(66 cells: 1 mm lead, 5 mm scintillator) V~ 

Proportional Wire Shower Chamber (17 tad. lengths): 10 40% 
(36 cells: 0.474 rad. length type-metal + A1, V r~ 

9.5 mm 80% Ar - 20% CH 4 gas) 

A.6. Proportional Chamber Wire lnstabfility: The limit on the voltage V 
for a wire tension T, due to mechanical effects when the electrostatic 
repulsion of adjacent wires exceeds the restoring force of wire tension, is 
given by 11 

sTl/2 
V _ < - -  

~C 

where s, t , and C are the wire spacing, length, and capacitance per unit 
length. An approximation to C for chamber half-gap t and wire diameter 
d (good for s < t) gives 12 

V < 59T 1/2 + ~ ~n , 

where V is in kV, and T is in grams. 

A.7 Proportional and Drift Chamber Potentials: Potential distributions 
and fields for an array of parallel line charges q (coul./m) along z and 
located at y = 0, x = 0, +a, _+2a,..., can usually be calculated with good 
accuracy from (MKSA): 

V(x,Y)=-4n-~-~0 'n (4 [sin2 /'~- ] +sinh2 (a-'~-] ] }. 
B. COSMIC RAY FLUXES 

The fluxes of particles of different types depend on the latitude, their 
energy, and the conditions of measurement. Some typical sea-level 
values 13 for charged particles are given below: 

I v flux per unit solid angle about vertical 
direction crossing unit horizontal area 

J1 perpendicular component of total flux crossing 
unit horizontal area from above 

J2 total flux crossing unit horizontal area 

Total Hard Soft 
Intensity Component Component 

I v 1.1XI0 -2 0.8X10 -2 0.3XI0 -2 cm-2 see-1 sterad -1 
Jl 18X10-2 1"3X10-2 0"5X10-2 cm-2 sec-I 
J2 2"4XI0-2 1"7X10-2 0"7X10-2 cm-2 sec-I 

Very approximately, about 75% of all particles at sea-level are penetrat- 
ing, and are muons. The absolute flux of protons at sea-level, in a 
momentum range 700-1100 MeV/c, is 1.5 X 10 -5 cm -2 sec -1 sterad -1, or 
n0.1% of all particles. 

The muon flux at sea-level has a mean energy of 2 GeV and a differential 
spectrum falling as E -2, steepening smoothly to E -3"6 above a few TeV. 

2 v The angular distribution is cos 0, changing to secO at energies abo e a 
TeV, where 0 is the zenith angle at production. The + / -  charge ratio is 
1.25-1.30. The mean energy of muons originating in the atmosphere is 
roughly 300 GeV at slant depths > a few hundred meters. Beyond slant 
depths of ~10 km water-equivalent, the muons are due primarily to in- 
the-earth neutrino interactions (roughly 1/8 interaction ton -1 year -I for 
E v > 300 MeV, ~ constant throughout the earth).14 Muons from this 
source arrive with a mean energy of 20 GeV, and have a flux of 2X10 -13 
cm -2 sec -1 sterad -1 in the vertical direction and about twice that in the 
horizontal, 15 down at least as far as the deepest mines. 

C. PASSAGE OF PARTICLES THROUGH MATIY~ 

C.I Energy Loss Rates for Heavy Charged Projectiles: A heavy projec- 
tile (much more massive than an electron) of charge Zince , incident at 
speed tic (B >> 1/137) through a slowing medium, dissipates energy 
principally via interactions with the electrons of the medium. The mean 
rate of such energy loss per unit path length x may be written us:16 

[ dE ] DZmedOmed [ Zinc ] 2 

~ X  inc Ame d L 

[.n 
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where D = 4"XNAre2mcc2 = 0.3070 MeV cm2/g (see Physical and 
Numerical Constants Table). 

Here Zme d and Am¢ d are the charge and mass numbers of the medium 
and Prncd is the mass density of the medium; I, 6, C, and ~ are 
phenomenological functions. Frequently, the values of 6, C, and J, are 
negligibly small; the parameter I characterizes the binding of the elec- 
trons of the medium. As a rule of thumb, we may estimate I for an 
idealized medium as I ~-- 16 (Zmed)0"9 eV when Zm,~l > 1. For realis- 
tic media the value of I will vary at the 10% level from this estimate; for 
H 2, I = 20.0 eV. We may approximately treat media which are chemi- 
cal mixtures or compounds by computing 

d--x- ~ ' n--J  n 

with (dE/dx) n appropriate to the n th chemical constituent (using pm(n~ as 
the partial density in the formula for dE/d×). 17 

The function ~ represents the density effect upon the energy loss rate; it 
is non-negligible only for highly relativistic projectiles in denser 
media. 18 For ultra-relativistic projectiles, ~ approaches 2 ~n7 + con- 
stant, where the value of the constant deponds upon the density of the 
medium as well as its chemical composition. 

The function C represents shell corrections to the energy loss rate. 16 
These effects are non-negligible only for projectiles with speeds not much 
faster than the speeds of the fastest electrons bound in the medium. 

The function u represents corrections due to higher-order ¢l¢ctrodynam- 
ics.19 These effects become important when I Zin¢/BI is comparable to 
137. For relativistic unit-charge projectiles, luJ is of the order of 1%; 
positively charged projectiles lose energy more rapidly than do their 
charge conjugates. 19,20 

For non-relativistic proje~iles, our formulae above are inapplicable. At 
the very slowest speeds, total energy loss rates are believed to be propor- 
tional to B, rising through a peak at projectile speeds comparable to 
atomic speeds, after having passed through a smaller peak (due to elastic 
Coulomb collisions with the nuclei of the slowing medium 21) at inter- 
mediate speeds. In some cases, energy loss rates depend significantly 
upon the relation of the projectile trajectory to the crystalline structure 
of the slowing medium. 22  

For relativistic projectiles, (dE/dX)in ¢ falls rapidly with increasing/3 
until reaching a minimum around ~ = 0.96 (almost indepandent of 
medium), followed by a slow rise. Because of the density effect, the 
quantity in square brackets approaches gn't + constant for large 7. 

The quantity (dE/dx)inc~x is the mean total energy loss via interactions 
with electrons of the medium in a layer of thickness ,~x. For any finite 
~x, Poisson fluctuations can cause the actual energy loss to deviate from 
the mean. For thin layers, the distribution is broad and skewed, being 
peaked below (dE/dx)6x, and having a long tail toward large energy 
losses. 23 Only for a very thick layer [(dE/dx)6x >> 2m~2~,2¢ 2] will the 
distribution of energy losses become nearly G-aussian. The large fluctua- 
tions of the total energy loss rate from the mean are due to a small 
number of collisions involving large energy transfers. The fluctuations 
are greatly reduced for the so-called restricted energy loss rate, described 
in Section C.4. 

C.2 Ionization Yields: Physicists frequently relate total energy loss to 
the number of ion pairs produced in the stopping medium. This relation 
becomes complicated for relativistic projectiles due to the wandering of 
energetic knock-on electrons whose ranges exceed the dimensions of the 
fiducial volume. For a qualitative appraisal of the non-locality of energy 
deposition by such modestly energetic knock-on electrons in various 
media, see Ref. 24. The mean energy loss par ion pair produced, W, is 
essentially constant for relativistic projec'dles, but increases at slow pro- 
jectile speeds. 25 The numerical value of W for gases can be surprisingly 
sensitive to trace amounts of various contaminants. 25 Of course, in addi- 
tion to the preceding effects, practical ionization yields may be greatly 
influenced by subsequent recombinations, etc. 26 

C.3 Energetic Knock-On Electrons: For a relativistic spinless point- 
charge projectile, the production of high energy (kinetic energy T > > / )  
electrons is given by (neglecting the spin of the electron): 

dTdx ~-D Amed Pmed ~ , 

for I << T < Tma x , where 

2m~272c ,2 
Tma x = [ ]" m e m e 

1 + 2 " y - -  + - -  
Mine Mine 

Minc is the mass of the incident projectile, and all other quantities are as 
in Section C. 1. This formula does not differ significantly from the pre- 
cise result, incorporating spin effects, for any projectile (including ¢ +-) 
in the restricted range I << T << Tlnax.x; more accurate formulae are 

available for various projectiles.27'2s Our formula is inaccurate for T 
close to I; for 21 < T < 101, the I /T 2 dependence above becomes --~ T "~ 
with 3 < n <~ 5 .2~" 

C.4 Rates of Restricted Energy J_~s for Relativistic Charged Projectiles: 
The variability of energy loss for heavy projectiles is due primarily to the 
variability in the production of energetic knock-on electrons. 
Bremsstrahlung and pair-production processes make this variability even 
greater for electrons than for heavy particles as projectiles (see, e.g., the 
figure "Fractional Energy Loss for ¢ + and e- in Lead," following). If 
an instrument, such as a bubble chamber, is capable of isolating these 
high-energy-loss interactions, then it is appropriate to consider the rate 
of energy loss excluding them, i.e., a restricted energy loss rate. The 
mean energy loss rate via all collisions which have energy transfer T 
such that T < Ema x << Tma x is: 16 

-~ _<E~=7 v Amod 

X , ~  • - ,6 2 - ~  - - -  . 

1 2 Zme d 

Notice the overall factor of 1/2. 

The density effect causes the restricted energy loss rate to approach a 
constant, the Fermi plateau value, for the fastest projectiles. 

C.5 Multiple Scattering through Small Angles: As a charged particle 
traverses a medium it is deflected by many small-angle elastic scatter- 
ings. The bulk of this deflection is due to elastic Coulomb scattering 
from the nuclei within the medium, hence the usual identification as mul- 
tiple Coulomb scattering (note, however, that strong interactions do con- 
tribute to the total multiple scattering for hadronic projectiles). For 
both Coulomb and strong interactions, the Central Limit Theorem pro- 
vides little useful guidance in establishing the precise nature of the dis- 
tribution of the total deflections resulting from multiple scattering. The 
true distribution is roughly G-aussian only for small deflection angles 
while it shows much greater probability for large-angle scatterings >~ a 
few 00, see below, depending on absorber) than the G-aussian would sug- 
gest. These tails on the distribution (a few % of peak height in the 
region where the Gaussian part becomes negligible) are more pronounc, ed 
for hadrons than for muons as projectiles. The large-angle behavior of 
these distributions is best estimated by computing the exact distribution 
for the vectorial sum of the largest deflections based upon the true elastic 
scattering cross section of the projectile against the medium, 30 or, when 
applicable, by interpolation from tabular data. 31 An easier alternative 
which may suffice for non-critical applications would be to use a Gaus- 
sian approximation with the following width: 32 

00 = 14.1 MeV/Cp~ Zinc~/~-7L- ~ [ 1 1  + ~" loglo {L/LR I ] (radians), 
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where p, 8, and Zin c are the momentum (in MeV/c), velocity, and charge 
number of the incident particle, and L/L R is the thickness, in radiation 
lengths, of the scattering medium. L R for certain materials is given in 
the Table of Atomic and Nuclear Properties of Materials (following). 
The angle, 00, is a fit to Moliere 30 theory, accurate to about 5% for 10 -3 
< L/L R < 10 except for very light elements or low velocity where the 
error is about 10 to 20%. In this Gaussian approximation, 00 has the 
meaning 

rms =____1 0rms 
00 = 0plane V~ space • 

The non-projected (space) and projected (plane) angular distributions are 
given approximately 30 by the Gaussian forms: 

:ox  I_ 
2r002 [ 2002 

V ~  00 exp - 2002 dOplan e, 

where 0 is the deflection angle. 

Other quantities are sometimes used to describe the amount of multiple 
Coulomb scattering: the auxiliary quantities ~plan¢, Yplane, and Splan e 
(see the figure) obey: 

y rms plane = 733 L 0p[arr~e --- ~ 1  L0X/~ 0 ' 

rrm 1 rras = ~ 1  0 
~bplane = ~ -  0plarle V~ 0 '  

and 
1 1 

Splanerrm = 4 X/3 L 0plan~rms = 4 " ~  I-80 • 

~ plane 

x,~Splone 
\ 

All the quantitative estimates in this section apply only in the limit of 
rn~ small 0plan e and in the absence of large-angle scatters. 

C.6 Longitudinal Distribution of Electromagnetic Showers: A photon of 
energy E (GcV) _> 0.1 CreV converting in a semi-infinite medium pro- 
ducas an electromagnetic cascade whose intensity initially increases with 
depth and then falls off. The average number of e -+ with kinetic energy 
above 1.5 MeV, crossing a plane at a depth of t radiation lengths from 
the beginning of the medium, in a material of atomic number Z, calcu- 
lated using the Monte Carlo program EGS, 33 can be fit by the empirical 
formula 34 

N = N0tae-bt, 

where N O = 5.51 E ~ ba+l/I ' (a+l)  and b = 0.634 - 0.0021 Z. For Z 
-----26, a = 2 . 0 - Z / 3 4 0 + ( 0 . 6 6 4 - Z / 3 4 0 ) ~ E .  F o r Z =  13, a = 1.77 
- 0 . 5 2 ~  E. The maximum intensity, Nma x, occurs at the depth t = 
a/b. The maximum error of the fit occurs in the vicinity of this depth 

o o  

and is less than 0.15 Nma x. The integral of the tail, f N dt is fit to 
1.5 a/b 

better than 2.5%. The total longitudinally-projected e -+ path length, 
oo 

f N dt = 5.51 E V~, is less than the total e ± path length due primarily 
0 

to multiple Coulomb scattering. 
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34. A similar form has been used by E. Longo and I. Sestili, Nucl. Inst. 

and Meth. 128, 283 (1975), and J. Sass and M. Spiro, CERN ~p 
Tech. Note 78-32 (1978). 
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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 ionization for the indicated particles in Pb, with scaling to Cu, AI, and 
C indicated, using Bethe-Bloch equation (Section C.t above) with corrections. Calculated using program of 
Hans Bichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication). See also 
Joseph F. Janni [Air Force Weapons Laboratory Technical Report No. AFWL-TR-65-150 (1966)]. The average 
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), AI (166 eV), and C(77.5 eV). Figure indicates 
total path length; observed range may be smaller (by ~ t% - Z% in heavy elements) due to multiple scattering, 
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally 
verified to better than roughly ±1%. For higher energies refer to discussion by Cobb [',A Study of Some Electro- 
magnetic Interactions of High Velocity Particles with Matter, " University of Oxford Report HEP/T/55 (1973)] 
and by Turner ["Penetration of Charged Particles in Matter: A Symposium", National Academy of Sciences, 
Washington D.C. (1970), p. 48]. Scaling to other beam particles is, to a good approximation, described by the 
expression on the next page. 
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Mean Range and Energy Loss in Liquid Hydrogen 
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.I above), 
using an average ionization potential for H 2 of I = 20.0 eV, which is an approximate average of the experi- 
mental result of Garbincius and Hyman [phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and 
Browne [Phys. Rev. A7, 418 (1973)]. Bubble chamber conditions are chosen to be those of Garbincius and 
Hyman: parahydrogen----of density = 0.0625 g/cm 3 (note: range = 1/density), with vapor-pressure 60.8 ib/in 2 
(absolute) and temperature 26.2°K. The functional dependence of the Bethe-Bloch equation is not experi- 
mentally verified to better than about ±1% over large momentum ranges. It should be noted that the number 
of bubbles per cm of a track in a bubble chamber is nearly proportional to I/B z , not dE/dx. For the linear 
portions of the range curves, R ~ p3.6. Scaling law for particles of other mass or charge (except electrons) 

for a given medium, the range R b of any beam particle with mass Mb, charge Zb, and momentum Pb is given in 
terms of the range R a of any other particle with mass Ma, charge Za, and momentum Pa = PbMa/Mb (i.e., 
having the same velocity) by the expression: 

(~'zb'P b) [ ~/~a l z2 4 j ~a(~a'~a'Pa : Pb"Z~) " 
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P A R T I C L E  DETECTORS,  ABSORBERS,  A N D  R A N G E S  (Cont'd) 

Mean range of electrons in the 

continuous-slowing-down approx- 
imation, taking into account 
energy loss by collisions with 
atomic electrons and by brems- 
strahlung; strong fluctuations 
are to be expected for indi- 
vidual tracks. This range is 
the total path length; the 
"practical range" -- a common 
measure of straight-line pene- 
tration distance -- is shorter ~ iO-~ 
because of multiple Coulomb 
scattering, which becomes in- 
creasingly important as the ELI 
electron slows down. E.g., (.9 
for a fast electron the rms Z 
projected angle due to multi- C~ 
ple Coulomb scattering reaches 
1 radian by the time the elec- Z 
tron has slowed to 0.4 MeV in O i0-4 

0~ hydrogen, 1.5 MeV in carbon, 
9 MeV in copper, and 24 MaY O 
(off scale) in lead. Electron UJ 
energy deposition and penetra- --~ 

W 
tion probability vs. range are 
discussed by L. V. Spencer, 
"Energy Dissipation by Fast 
Electrons," NBS Monograph #i, 
1959, and S. M. Seltzer, I0 -5 
"Transmission of Electrons 
through Foils," NBSIR 74, 457 
(1974). Electrons which have 
energy less than 0.2 MeV in Ar, 

Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen 
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1.5 MeV in Cu, 3.5 MaY in Sn, and 5 MeV in Pb are likely to deposit 10% of their energy behind their starting plane. 
The practical range, Rp, is defined as that absorber thickness obtained by extrapolating to zero the linearly decreasing 
part of the curve of penetration probability vs. absorber thickness. Data for A1 in the T range of the figure are available, 
and fit (to ~±i0%) R~= AT[I-B/(I+CT)] mg cm -2 [a form suggested by K.-H. Weber, Nucl. Inst. Math. 25, 261 (1964)], 
with A=0.55 mg cm -2 ~eV -I, B = 0.9841, and C = 0.0030 keV -I. At this penetration depth, 90 - 95% of ~e incident electrons 
have stopped. Data for other elements are sketchy, but suggest that higher-Z (~50) elements have 1 ~Rp/Rp(AI) ~ 1.4 below 
~I0 keV, and 0.6 ~Rp/Rp(AI) ~ 1 above ~i00 keV. The "critical energy" (above which the energy loss due to bremsstrahlung 

exceeds that due to ionization, and showering becomes important) is 400 MeV for hydrogen, i00 MeV for carbon, 25 MeV for 
copper, and i0 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger 

and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III, Rev. (1966). 1 - i0 keV range was 
obtained by linear extrapolation; in this region the true range may actually lie above the curves. 

Fractional Energy Loss for e + and e- in Lead 
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Fractional energy loss per radiation length in lead as 

a function of electron or positron energy. Electron 
(positron) scattering is considered as ionization when 

the energy loss per collision is below 0.255 MaY, and 
as Moller (Bhabha) scattering when it is above. 

Adapted from Fig. 3.2 from Messel and Crawford, Elec- 

tron-Photon Shower Distribution Function Tables for 

Lead, Copper and Air Absorbers, Pergamon Press, 1970. 

Messel and Crawford use Lr(Pb) = 5.82 g/cm 2, but we 

have modified the figures to reflect the value given 
in the Table of Atomic and Nuclear Properties of Ma- 

terials (following), namely Lr(Pb) = 6.4 g/cm 2. The 
development of electron-photon cascades is approxi- 
mately independent of absorber when the results are 
expressed in terms of inverse radiation lengths (i.e., 
scale on left of plot). 
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cant'd) 

Photon Mass Attenuation Coefficients, Energy Deposition 
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The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves). 
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given 
by I = I O exp(-Vt). The accuracy is a few percent. Interpolation to other Z should be done in the cross 
section O = (~/p) M/N A cm2/atom, where M is the atomic weight of the absorber material and N A is Avogadro's 
number. For a chemical compound or mixture, use (~/P)eff ~ ~ wi(~/P)i' accurate to a few percent, where w i 
is the proportion by weight of the i th constituent. The dashed curve is the mass energy- 
absorption coefficient, giving ~/p multiplied by the fraction of photon energy deposited in a small volume 
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This 
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply 
radiation of some of the energy away from the immediate area. The absorption coefficient is an approxima- 
tion to the energy available for chemical, biological, and other effects associated with exposure to ioniz- 
ing radiation. See next page for high energy range. From Hubbell, Gimm, and @verb~, J. Phys. Chem. Ref. 

Data 9, 1023 (1980). Figures courtesy J. H. Hubbell. 
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on previous page for details. 
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Contributions to Photon Cross Section in Carbon and Lead 
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Photon total cross sections as a function of energy in carbon and lead, showing the contributions of different 

processes. 

T = Atomic photo-effect (electron ejection, photon absorption) 
~COH = Coherent scattering (Rayleigh scattering -- atom neither ionized nor excited) 
~INCOH = Incoherent scattering (Compton scattering off an electron) 
<n = Pair production, nuclear field 
K e = Pair production, electron field 
OPH.N. =Photonuclear absorption (nuclear absorption, usually followed by emission of 

a neutron or other particle) 

From Hubbell, Gimm, and ~verb~, J. Phys. Chem. Ref. Data 9, 1023 (1980). Figures courtesy J. H. Hubbell. 
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Material Z A 

Atomic and Nuclear Properties of Materials* 

Nuclear a Nuclear b Nuclear c Nuclear c 
total inelastic collision interaction 
cross cross length length 

section section X T )'I 
aT[barn] al[harn] [g/cm 2] [g/cm 21 

dE/dx min d Radiation length e Density/, f Refractive 
[" MeV l F-~-V7 Lrad [g/cm"] index n" f 
L,-S~-~J L ' - " d  [g/cm 2] [ cm]  0 i s f o r g a s  () is (n-liXl06 

[g/gJ for gas 

H 2 1 1.01 
D 2 1 2.01 
He 2 4.00 
Li 3 6.94 
Be 4 9.01 

0.0387 0.032 43.3 52.4 
0.073 0.062 45.7 53.8 
0.136 0.109 49.9 60.9 
0.216 0.158 53.8 72.9 
0.268 0.199 55.8 75.2 

4.12 0.292 63.05 890 0.0708(0.090) 1.112(140) 
2.07 0.342 126.1 764 0.165 1.28 
1.94 0.243 94.32 755 0.125(0.178) 1.024(35) 
1.58 0.843 82.76 155 0.534 -- 
1.61 2.97 65.19 35.3 1.848 -- 

C 6 12.01 
N 2 7 14.01 
~e 8 16.00 

10 20.18 
AI 13 26.98 
Ar 18 39.95 

Fe 26 55.85 
Cu 29 63.54 
Sn 50 118.69 
W 74 183.85 
Pb 82 207.19 
U 92 238.03 

0.331 0.231 60.2 86.3 
0.379 0.262 61.4 88.8 
0.420 0.288 63.2 92.2 
0.502 0.340 66.7 98.5 
0.634 0.421 70.6 106.4 
0.850 0.554 78.0 119.7 

1.113 0.703 83.3 131.9 
1.232 0.782 85.6 134.9 
1.967 1.191 100.2 165.5 
2.767 1.649 110.3 185.1 
2.960 1.776 116.2 193.7 
3.378 1.983 117.0 199.3 

1.78 4.03 42.70 18.8 2.265 g -- 
1.82 1.47 37.99 47.0 0.808(1.25) 1.205(300) 
1.82 2.07 34.24 30 .0  1 .14 (1 .43 )  1.22(266) 
1.73 2.09 28.94 24.0 1.207(0.90) 1.092(67) 
1.62 4.37 24.01 8•9 2.70 -- 
1.51 2.11 19.55 14 .0  1 .40(1 .78)  1.233(283) 

1.48 11.6 13.84 1.76 7187 -- 
1.44 12.9 12.86 1.43 8.96 -- 
1.26 9.2 8.82 1.21 7.31 -- 
1.16 22.4 6.76 0.35 19.3 -- 
1.13 12.8 6.37 0.56 11.35 -- 
1.09 ~20.7 6.00 ~0.32 '~ 18.95 -- 

Air (20"C) 

° h elding concrete 
SiO 2 (quartz) 

62.0 90.0 
60.1 84.9 
67.4 99.9 
67.0 99.2 

1.82 0 . 0 0 2 2  36.66 30423 0.001205(1.29) 1.000273(293) 
2.03 2.03 36.08 36.1 1.00 1.33 
1.70 4.25 26.7 10.7 2.5 -- 
1.72 3.78 27.05 12.3 2.2 1.458 

H 2 (bubble chamber 26°K) 
D 2 (bubble chamber 31°K) . 
H-Ne mixture (5k0 mole percent) / 
Propane (C3H8) . 
Freon 13B1 (CF3Br) x 

43.3 52.4 
45.7 53•8 
65.0 94.5 
56.5 77.2 
76.8 117 

4.12 ~0.26 63.05 ~1000 ~0.063! 1.112 
2.07 ~0.29 126.1 ~900 ~0.140 ~ 1.110 
1.84 0.75 29.70 73.0 0.407 1.092 
2.25 0.92 45.38 111 0.41(2.0) 1.25(1005) 
1.56 ~2.34 16.53 ~11.0 ~1.50(8.71) 1.238(750) 

llford emulsion G5 82.0 
NaI 94.8 
LiF 62 
BGO (Bi4G¢3012) , 97.4 
Polystyrene, scintillator (CH) / 58.4 

134 1.44 5.49 11.02 2.89 3.815 -- 
152 1.32 4.84 9.49 2.59 3.67 1.775 
89.2 1.63 4.30 39.25 14.9 2.64 1.394 

156 1.27 9.0 7•98 1.12 7.1 2.15 
82.0 1.95 2.01 43.8 42.4 1.032 1.581 

Lucite, Plexiglas (C5H802) 
Polyethylene (CH2) 
Mylar (C5H402) 
Borosilicate glass (Pyrex) m 

59.2 
56.9 
60.2 
66.2 

83.6 1.95 ~2.30 40.55 ~34.4 1.16-1.20 ~1.49 
78.8 2.09 ~1.95 44.8 ~47.9 0.92-0.95 -- 
85.7 1.86 2.58 39.95 28.7 1.39 -- 
97.6 1.72 3.84 28.3 12.7 2.23 1.474 

62.4 
MeCOt2hane CH 4 54.7 
Isobutane C4HIn 56.3 
Freon 12 (CC12~2~ n 70.6 
Freon 13 (CCIF3) 68.1 
Silica Aerogel ° 65.5 

Spark or proportional chamber p 0.028% 

* Table revised March 1982 by J. Engler. For details, see 
Republic of Germany. 

90.5 1.82 0.0033 36.2 20220. (1.79) (410) 
74.0 2.41 0.0017 46.5 64850.  0.423(0.717) (444) 
77.4 2 .22  0.0059 45.2 16930. (2.67) (1270) 

106 1.62 0.0080 23.7 4810. (4.93) (1080) 
101 1.64 0 . 0 0 7 0  27 .15  6370. (4.26) (720) 
95.7 1.83 ~0.36 29.85 ~150. 0.1-0.3 1.0+0.25p 

0.020% -- 0.034 0.067% 0.019 

Report KfK B000, Kernforschungzentrum D 75 Karlsruhe, P.O. Box 3640, Federal 

a. atota I at 80-240 GeV for neutrons (~  a for protons) from Murthy et al., Nucl. Phys• !!92, 269 (1975). 
b. a i I - =a  ._--a. . --a . -  . • for neutrons at 60-375 G-eV from Roberts et al Nuci Phys B159, 56 (1979)• For protons and other par- . ¢ a s t l ¢  t o t a l  ¢ i a s  ¢ UaSl  a S t l ¢ '  " '  " " '  

u~es, see C//rroll et sty., P~ys. ~ t t .  ~)B, 319 (1979); note that ai(p) ~ trl(n ). 
c. Mean free path between collision (XT) or inelastic interaction (XlJ, calculated X = A/(N×a). 
d. For minimum-ionizing protons and pions from Barkas and Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles, NASA-SP- 

3013 (1964). For electrons see: Penetration of Charged Particles in Matter, NAS-NS39 (1964). 
e. From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974). 
f Values for solids, or the liquid phase at boiling point. Values in parentheses for gaseous phase STP (0oc, 1 amt), except where noted. Refrac- 

tive index given for sodium D line. 
g. For pure graphite, industrial graphite density may vary 2.1 - 2.3 g/cm 3. 
h. Standard shielding ~locks, typical composition O~ 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, AI 4% plus reinforcing iron bars. Attenuation length 

$ = 115 -+ 5 g/cm , also valid for earth (typicarp = 2.15) from CERN-LRDRHEL Shielding exp., UCRDI7841 (1968). 
i. Density may vary about -+3%, depending on operating conditions. 
j. Values for typical working conditions with H 2 target: 50 male percent, 290K, 7 atnt 
k. Values for typical chamber working conditions: Propane ~57°C, 8-10 atm. Freon 13B1 ~280C, 8-10 atn~ 
& Typical scintillator; e.g., PILOT B and NE 102A have an atomic ratio H/C = 1.10. 

m. Main components: 80% SiO2+ 12% B203 + 5% Na20. 
n. Used in Cerenkov counters. -Values at 26*(2 and 1 amt Indices of refraction from E.R. Hayes et al., ANL-6916 (1964). 
o. n(SiO2) + 2n(H20 ) used in Carenkov counters, p = density in g /em.  From M. Cantin et al., Nucl. Instr. Meth. llg, 177 (1974). 
p. Values- for typical construction: 2 layers 50 #m Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or CO2; 2 layers 50 ~ma Mylar/Aciar foils. 
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ELECTROMAGNETIC RELATIONS 

Quantity 

Maxwell's Equations 

CG__~S (statcoul., 1 
statamp., sec cm- ) 

Potentials: 

Fields: 

Materials: 

Force: 

Maxwell: 

Relativistic 
transforma- 
tions: 

v- ~ ~- 
ch es r 

rZe A = C cur nts r 

c = speed of light 
in vacuum 

E = -~V i 
c ~t 

F = q +~x 

~×~=_i ~ 
c ~t 

MKSA 
(coul., amp. , ohm) 

1 q 
v = 4n£0 ~ --f- charges 

= ~ curr~ents ~ 

1 
£o = 3 ~  10-9 MKSA 

~0 = 4g 10 -7 NKSA 

E = - v V  - 
~ t  

;=~×i 

= q ( E + v X E )  

~';=0 

~t 

• ;=0 ~.?=0 

c c 8t 

mlr = E11 

÷, (~i i ÷ ÷ ) E1 = y + ~vXB 

+, + 
BII = B[I 

=y ±-cV× 

?XH = j + ~ 

Eli = E H 

+, + ÷ ÷ 
E 1 = y(E I + vXB) 

-~, + 
BII = BII 

= Y I - c ~v 

Impedances: Alternatin~ Currents (MKSA) 

imt 
Ohm's law: V = ZI, V = V0e 

I. Impedance of self-inductance L: Z = i~L . 

1 
2. Impedance of a capacitor of capacitance C: Z = i-~ " 

3. Impedance of a flat conductor of width w at high frequency: 

(l+i)p 
z = w~ ; 

D = resistivity in 10 .8 Qm: 

~1.7 for Cu ~5.5 for w 
~2.4 for Au ~73 for SS 304 
~2.8 for A1 ~i00 for Nichrome 

(AI alloys may have up 
to double this value.) 

4. 

= effective skin depth 

=~/_~_D .~ 6.6 cm for Cu 

Impedance of free space: Z = %/~0/£0 = 376.7~. 

Capacitance C and Inductance L per Unit Length (MKSA) 

i. For flat plates of width w, separated by d << w: 

£w d 
C = -~ ; L= ~-~ . 

2. For coax cable of interior and exterior radii r I and r2: 

2~ E ~ £n(r2/rl ) ; 
C = £n (r2/rl) ; L = 

dielectric constant ~2 to 6 for plastics; C 14 to 8 for porcelain, glasses; 

= magnetic susceptibility. 

Transmission Lines (No Loss) (MKSA) 

Velocity = l /~,/Z-d-= 1 / , / ~  . 
Impedance = ~ . 

L and C are inductance and capacitance per unit length. 

Synchrotron Radiation (CGS) 

Energy loss/revolution 4~ e 2 83~4 ~ , 0 = orbit radius . 

For electrons (8~i) ~E(MeV) = 0.0885 [E(GeV)]4/p(meter) . 
• rev. 

Critical frequency: ~c = 3N3 ~ 

Frequency spectrum (for y >> I): 

o. 
I (~) ~ 3.3 --~ ' ~ << ~c ; 

I(w) ~ (i.0, 1.6, 1.6, 0.5, 0.08) e2" ~ 
c 

W 
= 0.01, 0.i, 0.2, 1.0, 2.0, respectively; at --~ 

I(~) ~ %/~ e2y (~c)i/2 - 2~/~c 
- -  e ~ ~ 2~ c . c 

The radiation is confined to angles ~ i/y relative to 

the instantaneous direction of motion. 

See J. D. Jackson, Classical Electrodynamics, 2nd edition 
(John Wiley & Sons, New York, 1975) for more formulae and details. 
(Prepared April 1974; revised April 1980.) 

RADIOACTIVITY AND RADIATION PROTECTION 

Uni t  of  a c t i v i t y  = C u r i e :  
I Ci = 3.7X 1010 disintegrations/sec 

Unit of exposure dose for x and y radiation = Roentgen: 
I }% = I esu/cm 3 = 87.8 erg/g (5.49X 107 MeV/g) of air 

Unit of absorbed dose = rad: 
I rad = 100 erg/g (6.25X 107 MeV/g) in any material 

Unit of dose equivalent (for protection) = rem: 
terns (Roentgen equivalents for man) = fads X QF, 

where QF (quality factor) depends upon the type of radiation 
and other factors. For "f rays and HE protons, QF = I; for 
thermal neutrons, QF = 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 

Maximum permissible occupational dose for the whole body: 
5 rem/year (maximum 3 rem/ealendar quarter) 

Fluxes (per cm Z) to liberate ~ rad in carbon: 
3.5 X 107 minimum ionizing singly charged particles 

1.0 X 109 photons of I MeV energy 
(These fluxes are correct to within a factor of 2 for all 
materials. ) 
Natural background: 120 to 130 millirem/year .4 

cosmic radiation (charged particles + neutrons) ~Z5# 
cosmic radiation (,f rays) ~25? 
radiation from rocks and air (• rays) ~73~ 

Cosmic ray background in counters: ~ i/min/cm2/ster 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES 
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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 DATA. 

190. ~ 0  . PHOTON ENZRGY-GeV 
IO00F.D2 : )~ .  i ~ :, I, &n 

SANTA BARB& 

PHOION ENERGY-GeV 
; 2 5 - ~ ?© ___53_ 

SANTA BARBARA-SLAC 

r ~  ~ DESY-HAMBURG 
I GLASC,4DW~SH£FFIELD-DNPL 

-F LEBEDEV YEREVAN4ERI:UKHOV 
SLAC-TUFTS-BERKELEY 

# ABBHHM 

~f SLAC ~, BERKELEY 
i=I E Im)l CORNELL 

Lj i ~ + S.(]ARBARA-TORONTO FNAL 
'; Imi!@ 

rb E 3 4 5 8 c i~ ~ 
ECM (PHOTON AND NUCLEON>GeM 

yp total cross section versus photon energy (top scale) and 
photon-plus-nucleon total center-of-mass energy (lower scale). 
References: SANTA BARBARA-SLAC: D.O.Caldwell et al., Phys. 
Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al., Phys. 
Lett. 33B, 189 (1970); GLASGOW-SHEFFIELD-DNPL: T.A.Armstrong 
et al., Phys. Rev. D5, 1640 (1972); LEBEDEV-YEREVAN-SERPUKHOV: 
A.S.Belousov et al., Preprint 19, Moscow (1973), A.S.Belousov 
et al., Sov. Phys. Doklady 19, 123 (1974), and A.S.Belousov 
et al., Sov. J. Nucl. Phys. 2!i(3) , 289 (1975); SLAC-BERK~LEY- 
TUFTS: J.Ballam et al., Phys. Rev. D5, 545 (1972); ABBHHM= 
H.G.Hilpert et al., Phys. Lett. 27B, 474 (1968); SLAC and 
BERKELEY: J.Ballam et al., Phys. Rev. Lett. 21, 1544 (1968), 
and H.H.Bingham et al., Phys. Rev. D8, 1277 (1973); CORNELL: 
S.Michalowski et al., Phys. Rev. Lett. 39, 737 (1977); SANTA 
BARBARA-TORONTO-FNAL: D.O.Caldwell et al., Phys. Rev. Lett. 
40, 1222 (1978). See, also, the ep data of E.D.Bloom et al., 
SLAC-PUB-653 (1969). Courtesy Gething M. Lewis, Glasgow. 
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~ '"' 
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~l 15 2 7, ~ O 8 '0 15 20 
EcM(PHOTON AND NUCLEON)-GeV 

yd total cross section versus photon energy (top scale) and 
photon-plus-single-nucleon total center-of-mass energy (lower 
scale). References: SANTA BARBARA-SLAC: D.O.Caldwell et al., 
Phys. Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al., 
Phys. Lett. 33B, 189 (1970); GLASGOW-SHEFFIELD-DNPL: 
T.A.Armstrong et al., Nucl. Phys. B41, 445 (1972); LEBEDEV- 
YEREVAN-SERPUKHOV: A.S.Belousov et al., Sov. J. Nucl. Phys. 
2~i(3), 289 (1975); CORNELL: S.Michalowski et al., Phys. 
Rev. Lett. 39, 737 (1977). Courtesy Gething M. Lewis, Glasgow. 
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IO 20 ~[)' 9 I OO 150 2 0 0  250  
E~ (GeV) 

UT/E ~ for the much neutrino and antineutrino charged-current total cross section as a function of neutrino energy. 
The error bars include both statistical and systematic errors. The straight lines are averages for the CCFRR and 
CDHS measurements. References: (i) R. Blair et al., in Proc. of Neutrino '81, Univ. of Hawaii (1981); (2) James 
Roy Lee, Ph.D. Thesis, Caltech (1981), "Measurements of VN Charged Current Cross Sections from E~=25 GeV to E~= 
260 GeV;" (3) J. G. H. de Groot et al., Zeit. fur Physik C - Particles and Fields l, 143 (1979); (4) J. Morfin 
et al., Phys. Lett. 104B, 235 (1981); (5) D. C. Colley et al., Zeit. fur Physik C - Particles and Fields ~, 187 
(1979); (6) A. S. Vovenko et al., Sov. J. Nucl. Phys. 30, 527 (1979); (7) D. S. Baranov et al., Phys. Lett. 81___BB, 
255 (1979); (8) C. Baltay et al., Phys. Rev. Lett. 44, 916 (1980); (9) S. Ciampolillo et al., Phys. Lett. 84__BB, 
281 (1979); ~0) 8. J. Barish et al., Phys. Rev. DI___99, 2521 (1979). Courtesy M. Shaevitz, Nevis Laboratory. 
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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  ( C o n t ' d )  

I Structure Functions] 
S f N G L E T  ( p r o t o n + n e u t r o n )  N O N - S i N G L E T  ( p r o t o n - n e u t r o n )  

. . . . . . .  1 °It 1 °°I [ ,o_, 
• • - * " .  0 . i < x < 0 . 2  + 0 . 1 < x < 0 . 2  

I0 0 I0 -I [3 0 [3<]0~ 0.2<x<O.S l [] [] [] unoEl:a 0.2<x<0.5 - 0 

IO ° ~ " I0 -I • • vVv 0.3<x<0.4 

u_ _ • • • v•'wvqm• 0,5<x<0.4 - u_ 

2 ~- J ~oJ  cuc~J 

- x × x × x x x * * * *  0 . 4 < x < 0 . 5  

• n n u m m m n ~  05<x<06 - 
V ~  7 • , tO-t ~ 0 . 6 < x < 0 . 7  IO-I  ~ • = = - ~  d 

o.7<×<o.8- , 

1 0 - 2  I -"1 : 1 0 - 2  I NI OOOoo4"O'~1'Of I 7 < X < 0 ' 8  

0.8<x< 0.9 " 
0.8<x<0.9 

10 . 5  I I I t I I I [ J  I I I I I IJ i 0  - 5  I J I J I J i l l  I I I I I I I  

I O  I O O  I O  I O 0  

,_~ 0 2 ( G e V / c ) 2  ...... 

F 2 structure functions derived from inelastic electron-nucleon data takf:n at SIAC I-4 with recoil mass >2 GeV and four-momentum 
transfer squared Q2 > l(GeV/c)2 are shown. For definitions of F2, x, and Q2, see the "Relativistic Kinematics" section and the 
"Weak Interactions of Quarks and Leptons" section. R - OL/~ T = 0.21 3 was assumed. Systematic errors are comparable in size to 
the data point symbols. Corrections for nucleon motion in deuterium have been made. These corrections are small except for x > 0.7. 
No error was included to account for uncertainties in this correction. References: i) A.Bodek et al., Phys. Rev. D20, 1471 (1979); 

2) W.B.Atwood, SLAC Report NO. 185 (1975); 3) M.D.Mestayer, SiAC Report NO. 214 (1978); 4) S.Stein et al., Phys. Rev. DI2, 1884 
(~975). Courtesy W. B. Atwood, SLAC. 
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Nucleon structure functions as measured by the CDHS collaboration in high energy (30-200 GeV) charged-current neutrino- and anti- 
neutrino-nucleon scattering [J.G.H.de Groot et al., Z. Physik C - Particles and Fields ~, 143 (1979); reproduced by permission]. 
Definitions, and a discussion of the significance of these structure functions, may be found in the above reference, and also in 
the "Weak Interactions of Quarks and Leptons" section of the present work. See de Groot et al., for a discussion of experimental 
details, including corrections, etc. Curves are based on a QCD parametrization of Buras and Gaemers [Nucl. Phys. B132, 249 (1978)]. 



6 

R 

4 

• CELLO 
)~ CUSB 
¢ D*m ~ ~! 
(D D~-IM 

- I Z:,~ 
o ,lADE 

+~ MARK I 

× PLUTO 

i 

2 

47 

PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 

'I I ...... ..,1111,, ~ 1 
J/# 'f ToS 

÷ 

i i i i i i L I L i 

3 4 5 6 7 8 9 10 20 30 40 
Ec.m. (GeV) 

! 

M A R K  ! 
+ } ,~RK Vu~, 

e -  

4 ,, _ $ T,, t ,~ 
3 

2 - I  . . . .  t 
3.5 

,l,r,,l , .... i .... 1 .... 

3 

:2 

x** # 
.... I .... I .... I .... 

4 4.5 5 5.5 

Ee.rn" (GeV) 

Measurements of R E ~(e+e - + hadrons)/~(e+e - + ~+~-), where the 

annihilation proceeds via one photon. The denominator is a 
calculated quantity: 

~2 f 2 " 
O(e+e - ÷ £+Z-) (~C) 2 4E2~ 8£ J d~cm(2 - 8£ sin2Ocm ) 

mc 
(4~) 

cm 
4~ (~c)2 ~2 86.8 nb ; ~ = P£ 

8£ ~ 1 ~ E 2 (GeV) ]2  c----m 
cm [Ecm E£ 

for e+e - + ~+~-, ~ ~ 1 for energies shown. Radiative corrections 
and, where important, corrections for two-photon processes and T 
production have been made. Note that the ADONE data (7~(2 and MEA) 
is for >3 hadrons. The points in the ~"(3770) region are from the 
MARK I - Lead Glass Wall experiment. The DASP and PLUTO measure- 
ments have been omitted in the charm threshold region for clarity - 
they are shown in the expanded (lower) figure. Also for clarity, 
some points have been combined or shifted slightly (<4%) in Ec.m.. 
Systematic normalization errors are not included; they range from 
~5- 20%, depending on experiment. Note the suppressed zero. The 
horizontal extent of the plot symbols has no significance. The 
positions of the J/~, ~', and the four known T vector-meson reso- 
nances are indicated at the top of the figure. References: 
CELLO - H.-J. Behrend et al., Phys. Lett. B, to be published (pre- 
print DESY 81-029); CUSB - E. Rice et al., submitted to Phys. Rev. 
Lett.; DASP - R. Brandelik et al., Phys. Lett. 76B, 361 (1978); 
DASP II - S. Weseler, thesis, IHEP-HD/ARGUS/81-3, to be published 
in Phys. Lett. B; DHHM - P. Bock et al. (DESY-Hamburg-Heidelberg- 
MPI Munchen Collab.), Zeit. fur Physik C6, 125 (1980); ~2 - C. 
Bacci et al., Phys. Lett. 86B, 234 (1979); JADE - w. Bartel et 
al., Phys. Lett. 88B, 171 (1979); MARK J - H. Newman, private 
communication; MARK I - J. L. Siegrist et al., SLAC-PUB-2831, 
LBL-13464, submitted to Phys. Rev. D (1982); MARK I + Lead Glass 
Wall - P. A. Rapidis et al., Phys. Rev. Lett. 39, 526 (1977) ; P. A. 
Rapidis, thesis, SLAC-Report-220 (1979); MEA - B. Esposito et al., 
Lett. Nuovo Cimento 19, 21 (1977); PLUTO - A. Backer, thesis, 
Gesamthochschule Siegen, DESY F33-77/03 (1977); C. Gerke, thesis, 
Hamburg Univ. (1979); Ch. Berger et al., Phys. Lett. __81B, 410 
(1979); W. Lackas, thesis, RWTH Aachen, DESY PLUTO-81/11 (1981); 
TASSO - R. Brandelik et al., submitted to Phys. Lett. B (1982). 

Lower figure: An expanded view of R measurements around charm 
threshold (no data points have been combined in this figure). We 
have arbitrarily added a horizontal line at R = 4 as an aid to 
visual comparison of the three sets of data. 
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= Birulev, etol~Nucl. Phys. BII.__~.249 (1976) 
0 8rondenburg,etoL, Phys.RevD9,1939(1974) • Freytog,etol.,PhysRe~Lett 
x Mugge,et.al.,FXflysRe~ D2J,2]'O'5 (1979) 35,412(1975) 
= Freytoq et el. Phys.Re~ Lett. 35 412(B75) 
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Phases of forward amplitudes for K~ + K~p (open symbols) 
and K~d + K~d (solid symbols). Courtesy S.A ....... 
Brookhaven National Laboratory. 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
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CARD LISTINGS 

Name of particle as it appears 
in table. 

Arrow indicates this particle 
omitted from table. 

Quantity tabulated below. 

(M-massl W--wldth, etc.). 

A B 

Symbol used to key together 
data card and related com- 

Number of . . . . . . .  bove back- / M  / V G / 1 2 0 6 " 9 / /  

/ / Measured value (parentheses 
indicate value not used in 
average). 

+_ error in measured value 
(- field blank if error 
symmetric; parentheses on 
error only indicate data W AVG ~38 .4  
not used in average due to 
problems with error estlma- 
tlon) . 

Average value (and error) of 
quantity tabulated. 

Vertical bar indicates aver- 
age; width of horizontal 
b a r  on top is (scaled) 
error on average. 

Value and error for each 
experiment. 

Illustrative Key 
Particle name, and quantum 

/ numbers (if known). 

I XX[ i ~00~ 17F~ ]xx MESON (12001JPG = -) I : i ~  Partlcle code (for i . . . . . .  I 

ORIGINALLY CALLED XXX use only), 

> OMITTED FROM TABLE General comments on particle. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Abbreviated reference for this 

74  Ixx(12oo) MASS (MEV)I result; full reference 
given below. 

11. . IMERRILL 66[HBC 0 3.2 K-P 7/66 
(16.) LYNCH 67 H BC +- 2.7 P I-P 6/67 Measurement technique (see 

HAS QUESTIONABLE BACKGROUND S U B T R A ~ _ _  _ _  abbreviations on next 
II0. 7. I PIERCE 68 IASPKI + 2. i K-P 9/68 p a g e ) ,  

/ FENNER 69 HBC 0 4.2 PI+P 9/69 
8 / /  SMITH 8 1 M M S  ~ 3 . 5  PI-P 1/82" 

. ~ .  E I !ESULT . . . .  Charge(s) of partiele(s) 

. . . . . .  5.1 ' AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) defected. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

74 XX(1200) WIDTH (MEV) Reaction producing particle, 

/ or comments. 
MERRILL 66  HBC 013~2.2 K - ~  7 /66  s .  

50. i0.  PIERCE 68 ASPK + 2.1 K-P 9/68 Date this result entered 
70. 40. FENNER 69 HBC 0 4.2 PI+P (asterisk indicates results 

(60.) OR LESS SMITH 81 MMS 3.5 P I-P added or changed since pre- 
. . . . . . . . .  Vlous edition). 

6.01 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ~ )  
(SEE IDEOGRAM BELOW ) ~ ~  Scale factor • 1 indicates 

WEIGHTED AVERAGE - 38 .4  ± 6 ,D  i ncons i s t en t  da ta .  

ERROR SCALED BY 13  
Ideogram to display incon- 

sistent data; curve is sum 
of Gaussians, one for each 

/ experiment (area of Gaus- 
sian - i/error; width of 
Gauss ian  = ~ error)- 

CHISO Cont~ibution of experiment to 
, ,  .FENNER 69 HBC X 4 ( i f  . . . .  try p . . . . .  t, 

PIERCE 68 ASPK ~ experlment2not used in cal- 
: ~ERR[LL ~6 HBC O5 eulating X or scale factor 

I ~ , o  because of very large 
" " (CONLEV error). 

- 20  20 60 IO0 140 =0179 )  

XX (1200 )  W[DTH (MEV) 

74 XX(1200) PARTIAL DECAY MODES 

DECAY MASSES 
Partial decay mode (labeled by ~ P 1  XX 1200) INTO 3PI I 1139+ 139+ 139~ 

P2 XX 1200 INTO K KBAR 493+ 493 
P£), 

.................................................................... 

74 XX(1200) BRANCHING RATIOS 

RI XX(1200) INTO 3PI/TOTAL I (P1) 
RI .66 .02 MERRILL 66 HBC 0 3.2 K-P 

Branching ratio (labeled by RI L (.68) (.03) LYNCH 67 HBC +- 2.7 PI-P 
Bj). RI L LYNCH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION 

R1 
R1 FIT ~ 0 : 6 7 6 "  " 0.6121 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

R2 ~ 1 2 0 0 )  INTO KKBAR/TOTAL (P2) 
R2 / .35 .05 PIERCE 68 ASPK + 2.1 K-P 

Value (and error) of quantity R ~ / , . R  . . . . . . . . .  

tabulated, a s  determined ~ 2 F I T ~ 0 . 3 2 5  0 .0121 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 
from constrained fit (using 

al_~Zmeasured branching ~ 3  XX(1200) INTO KKBAR/3PI 
ratios for this particle). R 3 ~  .50 .03 FENNER 69 HBC 0 4.2 PI+P 

R3 ~ .41 .04 SMITH 81MMS 3.5 PI-P 

~ A V G ~ ' 0 : 4 6 8 ' "  0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 
RB F IT  ~ 0 . , 8 0  002~ FROM EIT (ERROR INCLUDES SCALE FACTOR OF I .BI  

Representative masses of decay 
products (used for calcu- 
lating last column Of Par- 
ticle P r o p e r t y  Tables). 

7/66 
6/67 

9•68 

9/69 
1/82" 

Branching ratio R in terms of 
partial decay ~ode frac- 
tions Pl above. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
Author(s). 

REFERENCES FOR XX(1200) 
References, listed by year, Quantum number determinations 

T 
then author. JMERRILL 6r61PRL 16 143 A. MERRILL ~ A C L A Y + C E R N ) ~  in this reference. 

i 

/ L Y N C H  67 PR 155 610 ~ ~ - - ' -  8NL) 
Abbreviated reference fo~ / P I E R C E  68 PL 27B 230 r , . , , , . , ~ i  LRL) Institutlon(s) of author(s) 

used on data cards above. FENNER 69 NC 61B 372 D. FENNER,B. B E A N E  ( N Y S E * A M E X )  (see abbreviations on next 
J. SMITH l(S LAC ~---------- 

J o u r n a l ,  r e p o r t ,  p r e p r i n t ,  p a g e ) .  
etc. (see abbreviations on ~ * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
next page). * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  



Abbreviations 
APAH Acta Phys. Acad. Hungariea 
ADVP Advances in Physics 
ANP Annals of Physics 
APJ Astrophysical Journal 
ARNS Annual Review of Nuclear Science 
BAPS Bulletin of the 2~mer. Phys. Soc. 
DJP Canadian Journal of Physics 
JAP Journal of Applied Physics 
JETP English Transl. of Soviet Physics JErP 
JETPL Letters of Soviet Physics JETP 
JPA Journal of Physics A 
JPG Journal of Physics G 
JPSJ Journal of the Phys. SOC. of Japan 
LNG Letters to Nuovo Dimento 
NC Nuovo Cimento 
NIM Nuclear Instruments and Methods 
NP Nuclear Physics 
PL Physics Letters 
PN Particles and Nuclei 
PPSL Prec. of the Phys. SUe. of London 
PR Physical Review 
PRAM Pr~ana 
PRL Physical Review Letters 
PRPL Physics Reports (Physics Letters C) 
PRSE Prec. of the Royal Soc. of Edinburgh 
PRSL Prec. of the Royal Soc. of London 
PTP Progress of Theoretical Physics 
RA Radiochlmlca Acts 
RMP Reviews of Modern Physics 
RRP Revue Ro~ine de Physique 
SJNP Soviet Journal of Nuclear Physics 
SYU Soviet Physics - Uspekhl 
ZNAT geitschrlft fur Naturforschung 
ZPHY Zeitschrift fur Physik 

Conferences 

Conferences are referred to by the location in which 
they were held (e.g., DUBNA, BOULDER, LUND, etc.). 

Measurement Techniques (i.e. I Detectors and Methods of Analysis) 

ASPK Automatic spark ch~bers 
BONA Bonanza non-magnetlc detector at DORIS 
BPWA Barrelet-zero partlal-wave analysls 
C~.LO Calorimeter 
CBAL SLAG-SPEAR Crystal Ball detector 
CC Cloud ch~ber 
CLE0 Cornell magnetic detector at CESR 
CNTR Counters 
COSM Cosmology and Astrophysics 
CUSB Col~bia U. - Stony Brook segmented NAI detector at CESR 
DASP BESY double-arm spectrometer 
DBC Deuteri~ bubble chamber 
DLCO SLAC-SPEARDELCO detector 
DPWA Energy-dependent partial-wave analysis 
ELEC Electronic combination 
EMUL Emulsions 
FBC Freon b~bhle ch~ber 
FRAB P~DONE BB Group detector 
FRAG ADONE /~ Group detector 
FRAM ADONE MEA Group detector 
GOLI CERN Goliath spectrometer 
HBC Hydrogen bubble ch~ber 
HEBC Helium bubble chamber 
HLBC Heavy-liquid bubble chamber 
HYBR Hybrid: BC + electronics 
INDU Magnetic induction 
IPWA Energy-independent partial-wave analysis 
LASS Large-angle superconducting solenoid spectrometer at SLAC 
LENA Non-magnetlc lead-glass NaI detector at DORIS 
MMS Missing mass spectrometer 
MPWA Model-dependent partial-wave analysis 
MRS Magnetic resonance spectrometer 
NEUL Neuland large-angle neutrino spectrometer 
OMEG CERN OMEGA spectrometer 
OSPK Optical spark ch~ber 
PBC Propane bubble ch~ber 
PLAS Plastic detector 
PLUT DESY PLUTO detector 
PWA Partial-wave analysis 
RVUE Review of previous data 
SFM CERN spllt-fleld magnet 
SILI Silicon detector 
BMAG SPE~magnetlc detector 
SMK2 SLAG Mark II detector 
SPED Spectrometer 
SPRK Spark ch~ber 
BTRC Streamer chamber 
TABS DESY TASSO detector 
WIRE Wire chamber 
XEBC Xenon bubble eh~her 

Institutions 

AACH Technische Uni~. Aachen Aachen, Germany 
AARH Aarhus Univ. Aarhus, De~ark 
ABe Abe Akademi Abe, Finland 
ADEL #.delphi Univ. Garden City, N. Y., USA 
AERE Atomic Energy Res. Estab. Harwell, Barks., England 
AICH Aichi Educational Univ. Toyota, Aiehi Pref., Japan 
AIKO Inst. Kernphys. Onderzoak #dnsterdam, Netherlands 
ALBA State Univ. of New York at Albany Albany, N. Y., USA 
ALBE A/berta Unlv., NRC Edmonton, Canada 
AMST Univ. of Amsterdam ~sterdam, Netherlands 
ANIK ~Jmsterdam NIKHEF Amsterdam, Netherlands 
ANKA M/ddle East Technical Univ. Ankara, Turkey 
ANL Argonne National Lab. Argonne, Iii., USA 

52 

Illustrative Key (cont'd) 

Institutions ( c o n t ' d )  

AAIZ Univ. of Arizona Tucson, Arlz., USA 
ARZS Arizona State Univ. Tempe, Ariz., USA 
ATEN Nuclear Res. Centre Demokrltos Athens, Greece 
ATHU Univ. of Athens Athens, Greece 
AUGK Univ. of Auckland Auckland, New Zealand 
BA/~C Univ. de Barcelona Barcelona, Spain 
EARl Unlv. dl Earl hari, Italy 
BART Barrel Research Foundation Swarthmore, Pc., USA 
BASh Basel Univ. Basel, Switzerland 
BEDF Bedford College London, England 
BELG Inst. Interuniv. des Scl. Nuc. Bruxelles, Belgi~ 
hELL Ball Labs. Murray Hill, N. J,, USA 
BERG Univ. of Bergen Bergen, Norway 
BERL Inst. Hochenergiephps. DAW geuthen/herlin, DDR 
BERN Univ. Bern Bern, Switzerland 
BGNA Univ. di Bologna Bologna, Italy 
BHEP Inst. of High Energy Physics heljlng, China 
BING State Univ. of New York at Binghamton Binghamton, N. Y., USA 
BIRM Bi~ingham Unlv. Bi~ingh~, England 
BNL Brookhaven National Lab. Upton, h.I., N. Y., USA 
BOHR Niels Bohr Inst. Copenhagen, De~ark 
BOIS Boise State Univ. Boise, Idaho, USA 
BONN Univ. Bonn Bonn, Germany 
BORD Univ. de Bordeaux Bordeaux, France 
BOST Boston Univ. Boston, Mass., USA 
BRAN Brandeis Univ. Waltham, Mess., USA 
ERCh Univ. of British Co l~bia Vancouver, Canada 
BRIS H.H. Wills Phys. Lab., U. of Bristol Bristol, England 
BROW hro~ Univ. Providence, R. I., USA 
BRUX Univ. Libra de Bruxelles Bruxelles, Belgi~ 
BUCH Bucharest State Univ. Bucharest, Romania 
BUDA Central Research Inst. of Physics Budapest, Hungary 
BUFF State Univ. of New York at Buffalo Buffalo, N. Y., USA 
BURE Inst. des Hautes Etutes Sci. Bures-sur-Yvette, France 
CAEN Lab. de Phys. Corpuscuiaire Caen, France 
CAIW Carnegie Inst. of Washington Washington, D. C. USA 
CAMB Cambridge Univ. Cambridge, England 
CANB Australian National Univ. Canberra, Australia 
CARL Carleton Unlv. Ottawa, Canada 
DARN Carnegle-Mellon Univ. Pittsburgh, Pa., USA 
CASE Case Western R e s e r v e  Uni¢. Cle~eland, Ohio, USA 
CATH C.~tholic Univ. of America Washington, D. C., USA 
CAVE Cevendish Lab., Cambridge Univ. Cambridge, England 
CCAC Community College of Allegheny County Pittsburgh, Penn., USA 
CDEF College de France Paris, France 
CEA Cambridge Electron Accel. Cambridge, Mass., USA 
CENG DEN, Grenoble Grenoble, France 
CERN European Org. for Nuclear Research Geneva, Switzerland 
CHIC Univ. of Chicago ~*icago, Iii., USA 
CINC Univ. of Cincinnati Cincinnati, Ohio, USA 
Gi~ Calif. Inst. of Technology Pasadena, Calif., USA 
CNRC Canadian National Research Council Ottawa, Canada 
COLO Univ. of Colorado Boulder, Colo., USA 
COLU Columbia Univ. New York, N. Y., USA 
CORN Cornell Uni~. Ithaca, N. Y., USA 
COSU Colorado State Univ. Fort Collins, Colo., USA 
CRAC Inst. for Nuclear Research Cracow, Poland 
CUNY City Univ. of New York New York, N. F., USA 
CUR I Laboratoire Joliet-Curie Paris, France 
DARE Daresbury Nuclear Physics Lab. Daresbury, England 
DART Dartmouth College Hanover, N. D., USA 
DELF Univ. of Technology Delft, Netherlands 
DELH Univ. of Delhi Delhi, India 
DESY Deu~sches Elektronen-Bynchrotron Hamburg, Germany 
DOE U.S. Department of Energy Washington, D. C., USA 
DORT Univ. Dortmund Dortmund, Germany 
DUKE Duke Univ. Durh~, N. C., USA 
DDBH Univ. of Durh~ Ourh~, England 
DUUC University College Dublin, Ireland 
EDIN Univ. of Edinburgh Edinburgh, Scotland 
EFI Enrico Fe~i Inst. for Nucl. Studies Chicago, Iii., USA 
ELMT Elmhurst College Elmhurst, III., USA 
EPOL Ecole Polyteehnlque Palalseau, France 
ERLA Univ. Erlangen-Nurnberg Erlangen, Germany 
FTS Swiss Federal Inst. of Technology Zurich, Switzerland 
FIRZ Univ. dl Firenze Firenze, Italy 
FISK Fisk Univ. Nashville, Tenn., USA 
FLOR Univ. of Florida Gainsville, Fla., USA 
FNAL Fe~l National Accelerator Lab. Batavia, Ill., USA 
FOM Found. for Fund~ental Res. on M~tter Utrecht, Netherlands 
FRAS Lab. Nazlonall del C.N.E.N. Frascati, Italy 
FREI Univ. of Frelburg Frelhurg, Germany 
FSU Florida State Univ. Tallahassee, Fla., USA 
GENO Univ. dl Geno~a Geneva, Italy 
OESC General Electric Res. and Day. Center Schenectady, N. Y., USA 
GEVA Univ. de Gene4e Geneva, Switzerland 
GLAS Univ. of Glasgow Glasgow, Scotland 
GRAZ Univ. Graz Graz, Austria 
GREN Inst. des Sel. Nut., Uni~. de Grenoble Grenoble, France 
GSCO Geological Survey of Canada Ottawa, Canada 
DUEL Guelph Univ. Guelph, Ontario, Canada 
HAlF Teehnion - Israel Inst. of Technology Haifa, Israel 
NAMB Univ. Hamburg Hamburg, Germany 
HARV Mercard Univ. Cambridge, Mass., USA 
HAWA Univ. of Hawaii Honolulu, Hawaii, USA 
HEBR Hebrew Univ. Jerusalem, Israel 
HElD Univ. Heidelberg Heidelberg, Ge~any 
HELS Helslngin Ylioplsto Helsinki, Finland 
HIRO Hiroshlma Univ. Hiroshlma, Japan 
HOUS Univ. of Houston Houston, Texas, USA 
1AS Inst. for Advanced Study Princeton, N. J., USA 
IBM International Business Machines Pale Alto, Calif., USA 
I FRJ Inst. de Fislca, Rio de Janeiro Rio de Janeiro, Brazil 
liT Illinois Inst. of Tech. Chicago, IiI.~ USA 
ILL Univ. of Illinois Urbane, IIi., USA 
ILLC Univ. of Illinois at Chicago Chicago, Iii., USA 
ILLG Inst. Laue-Langevln Grenoble, France 
IND Univ. of Indiana Bloomington, Ind., USA 
INNS Phys. Inst., Univ. Innsbruck Innsbruck, Austria 
INRM Inst. for Nuclear Research Moscow, USSR 
INUS Inst. for Nuclear Study at Tokyo Univ. Tokyo, Japan 
IOWA Univ. of Iowa Iowa City, Iowa, USA 
IPN Inst. de Phys. Nuclealre Orsay, France 
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(cont'a) 
IPNP Inst. de Physique Nucleaire Paris, France 
IPPC Inst. for Particle Physics of Canada Montreal, Canada 
IRAD Inst. du Radi~ Paris, France 
ISU Iowa State Univ. Ames, Iowa, USA 
ITEP Inst. for Theor. and Exp. Phys. Moscow, USER 
ITHA Ithaca College Ithaca, N. Y., USA 
IUPU Indiana U. - Purdue U. at Indianapolis Indianapolis, End., USA 
JAGL Jagellonlan Univ. Cracow, Poland 
JHU Johns Hopkins Univ. Baltimore, Md., USA 
JlNR Joint Inst. for Noel. Research Duhna, USER 
KAGO Kagoshima Univ. Kagoshima, Japan 
KANS Univ. of Kansas Lawrence. Kansas, USA 
K~L Unlv. Karlsruhe Karlsruhe, Germany 
KEK Nat. Lab for Nigh Energy Phys., Japan Tsukuba-gun, Japan 
KENT Kent Univ. at Cantehury, Kent Cantehury, England 
KgYN Open Univ. Milton Keynes, England 
KHAN Phys.-Tech. Inst., Acad. Sci., Ukr. SSR Kharkov, USSR 
KIAE Kurchatov Inst. of Attic Energy Moscow. USER 
KIEV Physical-Technical Inst. Kiev, UBSR 
KINK Kinki Univ. Osaka, Japan 
KNTY Univ. of Kentucky Lexington, Ky., USA 
KOBE Kobe Univ. Kobe, Japan 
KONA Konan Univ. Kobe, Japan 
KONS g.P. Konstantlnov Inst. of Nucl. Phys- USER 
KYOT Kyote Univ. Kyoto, Japan 
LALO Linear Accelerator Lab. Orsay Orsay, France 
LANe Lancaster Oni¢. Lancaster, England 
LANL U.C. Los A/amos National Lab. Los A/amos, N. M., USA 
L~P Lapp Univ. Annecy, France 
LASL U.U. Los A/amos Scientific Lab. LOS Alamos, N. M., USA 
LAUS Univ. of Lausanne Lausanne, Switzerland 
LBL U.C. Lawrence Berkeley Lab. Berkeley, Calif., USA 
LCGT Lab. di Cosmo-Geofisica del UNR Torino, Italy 
LgSO Lehedev Physics Inst. Moscow, USER 
LEED Univ. of Leeds Leeds, England 
LENI Lehigh Univ. Bethlehem, Pa., USA 
LEHM Herbert H. Leman College Bro~, N. Y., USA 
LEID Inst. Lorentz Leiden, Netherlands 
LEMO Le Moyne College Syracuse, N. Y., USA 
LENI Inst. of Nucl. Phys., USER Acad. Sci. Leningrad, USER 
LIBH Lab. Interuniv. Beige Nigh Eng. Bruxelles, Belgium 
LINZ Linz Inst. fur Physlk, Kepler auth. Linz, Austria 
LIVP Liverpool Univ. Liverpool, England 
LLL Lawrence Livermore Lab. Livermore, Calif., USA 
LOIC Imperial Col. of Sci. and Teeh. London, England 
LOQM Queen Mary College London, England 
LOUC University College London, England 
LOWC Westfield College London, England 
LPNP Lab. de Phys. Nucl. et Hautes Energies Paris. France 
LPTP Lab. de Phys. Theor. et Nantes Energies Paris, France 
LRL U.C. Lawrence Berkeley Lab. Berkeley, Calif., USA 
LSU Louisiana Stare Univ. Baton Rouge, La., USA 
LUND Univ. I Lund Lund, Sweden 
LYON Univ. de Lyon Villeurhanne, France 
M~R Junta de Energla Nuclear M~drid, Spain 
}{ADO Univ. Autonome de Madrid ~ladrid, Spain 
M~H Manhattan College New York, N. Y,, USA 
M.ANI Univ, of Manitoba Winnipeg, Canada 
M~Z Univ. Mains Malnz, Germany 
~RS Center Natlonal de la Recherche Eci. Marseille, France 
NASA Univ. of Massachusetts Amherst~ Mass,, USA 
MASB Univ. of Massachusetts Boston, Mass., USA 
MCGI McGill Univ. Montreal, Canada 
MCNS Univ. ~nchester Manchester, England 
MELB Univ. of Melbourne ParkvilIe, Australia 
MNCO Mount Holyoke College South Hadley, Mass., USA 
MICR Univ. of Michigan Ann Arbor, Mich., USA 
gILA Univ. dl Milano Milano, Italy 
MINN Univ. of Minnesota Minneapolis, Minn., USA 
MINR Inst. for Nuclear Research Moscow, USER 
MIOH Mi~i Univ. Oxford, Ohio, USA 
MIT Massachusetts Inst. of Technology Cambridge, Mass*, USA 
MODE Ist. di Fisica dell Uni¢, Modena, Italy 
MONP Univ. de Mantpelller Montpelller, France 
MONS Univ. de l'Etat, Mons guns, Belgi~ 
MONT Univ. de Montreal Montreal, Canada 
MUSH Moscow State Univ. Moscow. USER 
MPEI Moscow Phys. Eng. Inst. Moscow, USSR 
MPIN Max Planck Inst. fur Phys.-Astrophys. Neldelberg, Germany 
MPIM Max Planck Inst. fur Phys.-Astrophys. Munich, Germany 
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O GAMMAI0,J-I) 

............................................................... 

O GAMMA MASS ( IN UN[TS OF lO,~-2[  NEV) 

M F (6.1 CR LESS PATEL 65 SATELLITE DATA I0 /69 
M (6.1 CR LESS GINTSDURG 64 SATELLITE DATA 10/69 
M (2.31 OR LESS GOLDHABER 58 SATELLITE DATA 10/69 
M F (0.06) OR LESS FRANKEN 71 LOW FREO RES CIR 3172 
M 110.) OR LESS WILLIAMS 71CNTR TESTS GRUSS LAW 3/71 
M (4.E-L3INEV OR LESS  LOWENTHAL 73 GENL RELATIV[TY B/T? 
M (0.73) OR LESS HOLLWEG 74 ALFVEN WAVES 717~ 
M 0.6 OR LESS CL=.997 DAVIS 15 JUOITER MAGFIELD llTB 
M F VALIDITY QUESTIONABLE. SEE CRITICISM IN KROLL 71 AND GOLOHABER l [ .  3/T8 

REFERENCES FOP GAMMA 

GINTSBUR 64 SDV. ASTR.AJ7 536 Mo A. GINTSBURG (ACAO SChUSSR) 
PATEL 65 PL 14 105 V .L .  PATEL (DURHAM] 
GOL DHAB E 68 PRL 2I 567 A. ~LOHABER*M. NIETD (STONY BROOK) 
FRANKEN 7L PRL 26 115 P A FRANKENt G W AMPULSKI (M[EH) 
WLLLIAMS Tt PRL 26 72 t  +FALLER.HILL IWESLEYEN) 

LDNENTHA 73 PR D8 234q  D.D.LOWENTHAL (UCI) 
HDLLNEG 7% PRL 32 961 J V HQLLWEG INATL CENTER FOR ATHOS RESRCHI 
DAVIS 7B PRL 35 1402 *GDLDHABER.NIETO (CIT*STDN~LASL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

GDLDHABE T) RMP ~3 277 A S GOLDHABER. M M NIETO (STON+BOHR÷UCSB| 
KRGLL 71PRL 26  1395 N M KROLL (SLACI 
BYRNE 77 AST.SP.SCI.4b 115 J.C.BYRNE (LOIC} 

Neutrinos 

(by R. E. Shrock, State Univ. of New York, 
Stony Brook) 

With this issue the section on neutrino prop- 

erties has been expanded and reorganized. As be- 

fore, there are listings which deal specifically 

with Ve' ~V' and ~y. In addition, in the cate- 

gory of searches near the end of the Stable Par- 

ticle Listings, we include sections which deal 

with correlated bounds on neutrino masses and 

lepton mixing but which do not pertain to any 

one weak eigenstate individually. Furthermore, 

we include constraints from cosmological and 

astrophysical data. (Since this Review is a 

compendium of particle properties, traditionally 

derived more or less directly from particle and 

nuclear physics, we treat astrophysical data on a 

different footing from particle physics data and 

have been somewhat less comprehensive in our cov- 

erage of the former.) 

In contrast to the other particles in this 

Review, the neutrinos ~e' ~ ' and ~T are defined 

as weak eigenstates (that is, states which couple 

weakly with unit strength to e, ~ , and T) and are 

not, in general, states of definite mass. In the 

conventional case, where all neutrinos were as- 

sumed to be massless and hence degenerate, it was 

possible to define the weak eigenstates to be si- 

multaneously mass eigenstates. However, in the 
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general case of massive (non-degenerate) neutri- 

nos, the weak eigenstates have no well-defined 

masses, but instead are linear combinations of 

mass eigenstates. Thus, if one considers this 

general case, as, of course, one does in quoting 

mass limits, it is inconsistent to assume that 

the weak and mass eigenstates coincide. Let us 

denote the charged leptons as the set {£a }, a 

l,...,n, where n ~3 is the number of generations, 

with £i ~ e, i 2 ~, and £3 ~T" In the standard 

SU(2)LXU(I ) electroweak theory I the mixing of the 

left-handed components of the mass eigenstates 

(~j)L to form the weak gauge-group eigenstates 

(~Za)L is specified by the transformation 

n 

(~Z)L = E Uaj(~j) a j=l L 

where U % = U -I. (In the case of Dirac neutrinos 

there are right-handed components of the ~j, but 

they are singlets under the gauge group; in the 

case of Majorana neutrinos in the standard theory 

there are no right-handed components.) The or- 

dering of the mass eigenbasis is defined such 

that U is as nearly diagonal as possible, i.e. 

IUj91 (no sum on j) k IUjkl, k M J. This does 

not imply that m(~j) > m(~ k) if j > k, although 

this ordering might be regarded as natural in 

view of the similar one that obtains in the quark 

sector. The virtue of this convention is that a 

mass limit on "m(~ £ ),. can be used as a def- 
a 

inite limit on ~j, j = a, the dominantly cou- 

pled mass eigenstate in ~Z 
a 

Thus, in this general case of n massive (Di- 

rac or Majorana) neutrinos, decays such as H 3 + 

+ , which have been He 3 + e- + ~e and ~+ + ~ ~ 

used to set the best bounds on the respective 

neutrino masses, really consist of incoherent sums 

of the separate decay modes H 3+He 3 + e- + ~j 

and 7 + + ~+ + 9k' where the ~j, ~k are mass 

eigenstates, and the indices j and k range over 

the subset {l,...,n} allowed by phase space in 

these two respective decays. 2 The coupling 

strengths for the j'th modes are given for the 

two decays by the factors IUIjl 2 and IU2jl 2, 

respectively. There are, in addition, certain 

kinematic factors depending on the m(~j) which 
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enter in determining the branching ratio for the 

j'th decay mode. Assuming that the off-diagonal 

elements of the lepton mixing matrix U are small 

relative to the diagonal elements, the dominantly 

coupled decays are the ones with coupling strength 

IUajl 2, a = j, i.e. H 3 + He 3 + e- + ~I and 

z + + ~+ 92. 

It follows that the old neutrino mass limits 

quoted in the literature for "m(~e),, , ,,m(vu)- , and 

"m(gT)" are meaningful only insofar as they are 

reinterpreted as limits on the corresponding mass 

eigenstates. Specifically, a bound such as the 

Bergkvist limit, 3 "m(~e). < 60 eV (90% CL), 

really constitutes a weighted limit on each of the 

mass eigenstates ~j in the weak eigenstate 9 e 

which are kinematically allowed to occur in tritium 

decay and which are coupled with strength [Ulj[ 2 

sufficiently large to make a significant contri- 

bution to the observed spectrum. It is thus cer- 

tainly a limit on 91 . If leptonic mixing is 

hierarchical as quark mixing is known to be (as 

least for the first three generations), i.e. 

IUjjl 2 >> IUjkl 2, k ~j, then 91 is the only mass 

eigenstate significantly constrained by a bound 

on "m(ge)." Furthermore, a neutrino mass limit 

cannot be stated in isolation; it always contains 

some implicit dependence on the relevant lepton 

mixing angles. Fortunately, this dependence is 

relatively unimportant for the dominantly coupled 

decay modes, i.e. e~l, ~9--2, and T~ 3. Since these 

modes were the ones responsible for the mass lim- 

its given previously, the latter can be reinter- 

preted without significant complication as proper 

limits on m(~), j = l, 2, and 3, respectively. 

In addition to mass and lifetime limits, we 

have added data on neutrino magnetic dipole mo- 

ments. These are of interest because a massless, 

purely chiral (empirically, left-handed) Dirac 

neutrino cannot have a magnetic (or electric) 

dipole moment. The same is true for a Majorana 

neutrino, whether massless or massive, because of 

its defining property of being self-conjugate. 

If one considers the possibility of nonzero 

masses for neutrinos, for consistency one must 

also consider the leptonic mixing which would in 

general occur concomitantly. Accordingly we have 

devoted one category in the searches section to 

Stable Particles 
V 

correlated bounds on neutrino masses and lepton 

mixing angles. These can be divided into two 

types. First, there are those due to decays in- 

volving neutrinos in the final state, which must 

be recognized to have the general multi-mode 

structure pointed out above. In the two most 

sensitive cases suggested as tests for neutrino 

masses and mixing, 2 one obtains a limit on m(94) 
J 

and IUaj[ 2 individually for each j. Second, there 

are those due to processes involving the propaga- 

tion and subsequent interaction of neutrinos. The 

latter are often called neutrino "oscillation "3 

limits, although this term is correct only if the 

differences in neutrino masses are sufficiently 

small relative to their momenta that the propaga- 

tion is effectively coherent in a quantum mechan- 

ical sense; otherwise, the individual 9j from a 

given decay such as z~2 or k~2 propagate in a 

measurably incoherent manner and there is no "os- 

cillation". Experimentalists usually present 

their results in terms of a simplifying model in 

which mixing is assumed to occur only between two 

neutrino species. Then the transformation equa- 

tion becomes 

9~a = 

V~ b ~-sin @ cos 9j 

Let the distance between the source of the neu- 

trinos and their point of interaction be labeled 

as x, and their energy as E. Assume furthermore 

that the m(~j) are such that the coherence as- 

sumption is valid. Then, the probability of an 

initial 9Za being equal to 9£b at time t or 

equivalently (given the above assumption) at dis- 

tance x = t, is 

I(9  (0)19  (t)>l 
b a 

where 

A m2x ~ , 
= sin22@ sin 2 i--~--/ 

Am 2 = m(~)i)2 - m(gj) 2. 

Thus, neutrino oscillation experiments cannot 

measure individual neutrino masses, but only dif- 

ferences of masses squared, and indeed these are 

generally weighted in a more complicated way by 

mixing-matrix coefficients than in the two-species 
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model. Experimental results are presented as 

allowed regions on a plot, the axes of which are 

IAm2 { and sin22@. These are often summarized in 

terms of the asymptotic limits {Am21max for 

sin22@ = i, and sin228 for "large" IAm21, i.e., 

sufficiently large ram21 that the detector aver- 

ages over many cycles of oscillation (or there 

ceases to be any coherence). We refer the reader 

to the original papers for the two-dimensional 

plots; for the purpose of these Listings we shall 

give only the asymptotic limits. 

An important question has to do with whether 

neutrinos are Dirac or Majorana (self-conjugate) 

particles. In the former case neutrinoless dou- 

ble beta decay, (Z,A) + (Z+2,A) + e- + e-, is for- 

bidden from occurring. 4 In the Majorana case it may 

occur, if (a) neutrinos are massive and/or (b) there 

are right-handed leptonic currents. In the light-neu- 

trino case an upper limit on neutrinoless double beta 

decay yields a correlated upper bound on the quantity 

j=l lj m(~j) 

and Q, the fractional admixture of right-handed 

leptonic current. 

Further explanatory notes are included in the 

Listings. 
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F ~  I NU-C ( J= I / 21  

NOT IN GENERAL A MASS EIGENSTATE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I NU-E ' 'MASS ' '  ( IV )  

APPLIES TO NU- I ,  THE PRIMARY MASS EIGENSTATE IN NU-E. MOULD ALSO 
APPLY TO ANY ETHER NU-J WHICH MIXES STRONGLY IN NU-E AND HAS 
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 

NOTE - -  THE ABBREVIATION ANU IS USED BELOW FOR ANTINU 

M (250. OR tESS LANGER 52 ENTR AND-E, TRITIUM 
M (500.  OR LESS HAMILTON 53 CNTR ANU-E, TRITIUM 
M (550. (280 . )  FRIEDMAN 50 ENTR ANU-E, TRITIUM 
M (BID0. OR LESS CL=.67 BECK 68 CNTR NO, SODIUM 22 
N D (500. OR LESS CL=.9O DARIS 69 CNTR ANL~E,  TRITIUM 
M (320. CR LESS CL=.9O SALGO 69 CNTR ANU-E. TRITIUM 
M (60 .  OR LESS CL=.9O BERGKVIS 72 CNTR ANU-E, TRITIUM 
M (86. OR LESS CL=.gO RODE 72 ENTR ANt~E, TRITIUM 
M (CO0. CR LESS PILL 73 CNTR ANU-E, TRITIUM 
M (4 .EE5 IER  LESS CL=.90 CLARK 74 ASPK KE30ECAY 
M L (B5.1  OR LESS CL=.gO TRETYAKOV 76 SPEC ANU-E, TRITIUM 
M L ( IC . I  TO 4,6. C t= .99  LUBIMOV BO SPEC ANU-E, TRITIUM 
M (65. I OR LESS EL=.95 SIMPSON 81 ENTR ANU-E, TRITIUM 
M D DARIS 69 VALUE 75EV(CL=oB7) DISAGREES WITH THEIR FIG.6 ,  WE USE 
M O F IF* .6 • 
M L TRETYAKOV 76 DATA INCLUDED, AT LEAST IN PART, IN LUBIMOV 80. 
M L SEE THE DISCUSSION OF THE LUBIMOV 80 RESULT BY BERGKVIST 80. 
M L ME USE UPPER LIMIT FROM LUBIMOV BO IN THE STABLE PARTICLE TABLE. 
M L THEIR LOWER LIMIT NEEDS CONFIRMATION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i (NU-I )  - (ANU-I I  MASS DIFF. IEVl 

TEST OF CPT FCR A DI~AC NEUTRINO 

OM (4 .5EBIDR LESS CL=.90 CLARK 74 ASPK KE3 DECAY 11175 

............................................................. 

E NU-I. MEAN LIFE/MASS (UNITS SEE / IV )  

T R 3 .  E 2 DR MORE REINES 74 CNTR ANTI-NEUTRINO 3/78 
T R REINES 74 LOCKED FOR NU-E OF NON-ZERO MASS DECAYING TO A NEUTRAL 3•78 
T R OF LESSER MASS ¢ GAMMA. USED LIQUID SEINT. DETECTOR NEAR FISSION 3178 
T R REACTOR. FINDS LAB LIFETIME 6.ET SEE OR MORE. ABOVE VALUE OF 3/78 
T R MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF O.ZMEV. 3178 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t NU-I MAGNETIC MOMENT (UNITS EVIGAUSS) 

MUST VANISH FOR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS 
OIRAC NEUTRINC 

MM 8 (1 . IE-17)DR LESS BERNSTEIN 63 I182~ 
MM B BERNSTEIN 63 IS A THEORETICAL ANALYSIS OF REACTOR ANTINU-E 1 /82"  
MM B SCATTERING DATA. 1/82~' 

LANGER 52 PR 8B 689 
HAMILTON 53 PR 92 rE21 
FRIEDMAN 58 PR 10B 2214 
BECK 68 ZPHY 216 22q 
BERNSTEI 63 OR 132 1227 
OARIS 69 NP AZ3O 565 
SALGO 69 NP A13B 417 

BERGKVIS 72 NP B3g  317  
RODE 72 LNC 5 139  
PIEL 73 MP A203 369 
CLARK 74 PR D9 533 
REINES 7~ PRL 32 180 

ALSO 78 PRIVATE COMM, 

TRETYAKO 76 BASUP 40 ID - I  
ALSO 76 NU SONF. AACHEN 

BERGKVIS 80 NEUTRINO BOoERICE 
LUBIMOV BO PL 9RB 266 

ALSO BO SJNP 32 15# 
SIMPSON BI PR D23 649  

REFERENCES FOR NU-E 
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R DARIS,E ST-PIERRE (LAVAL-QUEBEQ) 
R C SALGO,H H STAUB |ZURICHI 

KARL-ERIK BERGKV|ST (UN[V STOCKHOLMI 
B RODE,H DANIEL (MUNICH*MPIH) 
WILLIAM F. P ILL ,  JR. (IND) 
÷ELIOFF,FRISCHtJOHNSON,KERTH,SHEN* (LBL) 
÷SOBEL,GURR (UC[ )  
v .  BARNES (PURDP 

TRETYAKDV÷ IBULL.ACAD. SCI.USSR, PHY.) ( ITEP) 
TRETYAKOV, MYASOEDOV,APALIKDV,KONYAEV+(ITEPI 
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KOZIK,LUBINOV,NOVIKOV,NOZIX.TRETYAKOVIITEPI 
J.J.SIMPSON (DUEL) 

I i / 7B  

1 1 / 7 3  
I L / 73  
I L / ? ]  
11 /73  
11173  

1 /81 "  
l l / T5  
6182"  
9181"  
l / B2 *  

11173  
X1/73 
4 /B2 "  
L / 82 .  
4 / 82 *  
6 / 82 "  
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Data Card Listings 
For notation, see key at front of Listings. 

3 ELECTRON(O.S~J=IIB) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ELECTRON NABS (MEVI 

M (0 .511006  0 ,00002 )  COHEN 65 RVUE 
M I0.5110C41.00000IA] TAYLOR 6 9  RVUE USIND NEW EIH 7170 
M 0.5110034.000OO[~ COHEN T3 RVUE 317~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ELECTRON MEAN LIFE / BRANCHING FRACTION (UNITS YRS) 

TEST OF CHARGE CONSERVATION 

T M (2. E211CR MORE MOE 65 ENTR SEE NOTE S BELOW 61S6 
T (6 .  122)  OR MORE HOE 68 CNTR E- - - >  NEU GAMMA 6 /66  
T (5.3E21) OR MORE STEINBERO TS CNTR SEE NOTE $ BELOW 2176 
T 2. 122 CR MORE CL=.6B KOVALCHUK 79 CNTR SEE NOTE S BELBW I181* 
T 13.5E23)  ER MORE EL=.68 KOVALCHUK T9 CNTR E- - - >  NEU GANMA 1181"  
T M SEE ROE 65 FCR DISCUSSION OF EARLIER EXPERIMENTS. 1181. 
T M MOE 65 LIMIT REESTIMATED BY STEINBERG T5 TO BE ( 1 .  EZOl. [ /B l *  
T S THESE LIMITS ARE FOR ALL MODES IN WHICH DECAY PARTICLES ESCAPE 1181. 
T S FROM THE DETECTOR WITHOUT DEPOSITING ENERGY. 1181. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ELECTRON MAGNETIC MOMENT(EIEMEI 

MM ELECTRON OR PCSITRON G/B-VALUE 
MM THIS IS MAGNETIC MOMENT IN UNITS (EI2ME-I FOR E--~ IE/BME÷t FOR E÷. 
MM FOR REVIEWS OF THEORY AND EXPERIMENTS, SEE KINOSHIA TB, LAUTRUR 72, 
MM AND RICH 72. 
MM FOR MOST ACCURATE THEORETICAL CALCULATION, SEE KINOSHITA B l .  
MM ( 1 . 0011609 )  ÷ - (ER IE -T  SCHUPp  61CNTP - 
MM (1 .001189622 )  + - ( 27 )E -9  WILKINSON 63 CNTR - 8 /66  
MM II.001168) ~-(22)E-6 RICH 66 CNTR + POSITRON 8/Bb 
MM R (1 .001189857 )  + - ( 301E-9  RICH 68 CNTR - 6 / 68  
MM ( l . 00115963Bg )÷ - (31 (E - IO  TAYLOR 6 9  RVUE 2171 
MM ( 1 . 001189644 )  + - ( 7 )E -9  WESLEY 70 CNTR 6 /70  
NM ( I .O0115965TT I+ - (3B IE - IO  WESLEY 71CNTR - 2172 
MM (1 .0011603 ]  ~ - ( 12 )E -7  G[LLELAND 72 CNTR + 2172 
MM ( I .O0118965671+ - (35 )E - lO  COHEN 73 RVUE 3174 
MM ( 1 . 001159687 )  4-(24)E-9 WALLS 73 CNTR BOL~ETRIC TECHN l l / T7  
MM (1 *00115965241 )~ (20 tE - | 1  VANDYCK TT CNTR - RPL.BY VANOYCKT9 12177 
MM V 1.001159652200*-(40)E-12 VANDYCK 79 CNTR - PENNING TRAP 1182. 
MM 1,0OEIBgE52222÷-(BOIE-12 SCHWINBER 81CNTR ÷ PENNING TRAP 1/82. 
MM R RICH 68 I S  REEVALUATION OF WILKINSDN B3. 
MM V VANBYCK 79 CCNFIRMEO FINAL BY H. DEHMELT, PRIV. COMM. 1182" 
MM . . . . . . . . . . . . .  
MM AVG 1 .0011596S2209+ - (31 )E -12  AVERAGE (ERROR INCL. SCALE FACTOR I .O )  1182 .  
MM AVERAGE ASSUMING EQUAL G/B-VALUES FOR E+ AND E- BY CPT. 

MMR POSITRON TO ELECTKON G-FACTOR RATIO MINUS ONE, (G*IO-)-[ 
MMR TEST OE CPT 
MMR (E.6E-B) OR LESS CL=.g5 SEREONYAK 77 CNTR ME#=ME- ASSUMED 4/82* 
MMR 2 .2E -11  6 .4E -11  SCHWINBER 81ELEC PENNING TRAP 4182 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ELECTRON ELECTRIC DIPOLE MOMENT(UNITS 10 * * -23  E-CM] 

FORBIDDEN 8Y BOTH T INVAR[ANCE AND P INVARIANCE 

EDM 0,3 CR LESS CL=,90 WEISSKOPF 6B MRS CESIUM 12/T9 
EDM ( 0 ,071  ( 0 .221  EL=.90 PLAYER 70 MRS XENON R#82.  
EDM 10 . I 9 )  ( 0 . 341GL= .90  SANDARS 7B MRS THALLIUM 4 /82 *  
E O~ (8 .1 )  ( 11 .61  VASILEV 78 12 /79  

SCHUPP 61PR 121 1 
WILKINSO 63 PR [ 3 0  BS2 
COHEN 65 RMP 37 53T 
HOE 65 PR | 40  B 992 

RICH 66 PRL 17 271 
RICH 68 PRL 20 967 
WEISSKOP 68 PRL 21 164B 
TAYLOR 69 RNP 61 3T5 

PLAYER TO JR B3 1680 
WESLEY TO PRL 26 13~0 
WESLEY T[ RR A4 134 t  
GILLELAN 72 PR A5 38 
LAUTBUP 72 PRPL 3 193 
RICH T8 RMP BA Z50 

REFERENCES FOR ELECTRON 

A A SCHUPP,R W PIOO, H R CRANE IMICH) 
D T WILKINSON,H R CRANE (MICHI 
COHEN,DUMONO (N.A.AVIATION SCI.CENTER+CII) 
M K MOE~F REINES (CASE [NST TECHNOLOGY] 

A RICH÷ H R CRANE (MICH) 
A RICH (MICHI 
WEISSKORF.CARRICO,GOULD,LIPWORTH~ (BRAN) 
+PARKER,LANGENBERG IPRIN÷UCI~PENN) 

M.A.PLAYER,P.G.H.SANDARS {OXF) 
d C WESLEY.A.RICH (M[CH) 
J C WESLEY.A RICH (MICH) 
J GILLELAND,A RICH IMICH]  
B.LAUTRUP,A.PETERNANIB.DE RAFAEL(CERN+BUREi 
A RIOH,J C WESLEY (MICH) 

COHEN 73 J.PHYS*CHEM .REF*DATA 2, O.66B,  E.R.COHEN,B.N°TRYLOR 
WALLS 73 PRL 31 97B F.L.WALLS,T.S.STEIN (WASHI 
SANOARS 75 PR A I [  473 P.G.H.SANDARSvR.M. STERNHE[NBR (OXFeBNLI 
STEINBER 75 PR 012 2582 R.I.STEINBERG,KWIATKDWSKI,MAENHAUT+ IUMOI 
SEREDNYA TT PL 66B EO~ SEREDNYAKOV,SIDOROV~SKRINSKY+ (NOVOI 
VANDYCK TT PRL 38 310 +SCHWINBERGtDEHMELT (WASH( 
KINOSHIT 78 TOKYO HER P.571 T. KINOSHITA (CORNI 

VASILBV 18 JETP AT 243 *KOLYCHEVA (J INR)  
KOVALCHU T9 JETPL 29 145 KOVALCHUK,POMANSKY,SMOLNIKOV (INRM) 
VANDYCK ?g BULL. APS 24 758 *SCHWINBERG,DEHMELT (WASHI 

ALSO BI  AT.PHYS. 7,  P.337 H.DEHMELT(EOS.KLEPPNER÷,PLENUM,NY,B[I(WASH) 
KINOSHIT 81 PRL 47 1 5 7 3  T.KINOSHITA. W.B.LINDQUIST (CORNI 
SCHWINBE BI PRL 4T 1679 SEHWINBERG,VAN DYCK.OEHMBLT (WASH] 

Stable Particles 
e ,  is 

F ~ l  ~ NU-MU(J= I / 2 )  

MOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUTRINO SECTION ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 NU-MU ''MASS'' (PEV) 

APPLIES TO NU-2. THE PRIMARY MASS EIGENSTATE IN NU-NU. WOULD ALSO 
APPLY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-MU AND HAS 
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 
(THIS WOULD BE NONTRIVIAL ONLY FOR J .GE. 3, GIVEN THE NU-E ''MASS I '  
LIMIT ABOVE,( 

M (3.5) OR LESS PARKAS 56 EMUL 
M (~ .O )  OR LESS OUDZIAK 59 ENTR 
M (B ,6 )  GR LESS FEINBERG 63 RVUE T/AS 
M IS .O )  CR LESS ALLCOCK 65 RVUE 7 /66  
M ( 2 . 5 )  OR LESS BAROON 68 ASPK 
¼ (2 .B )  OR LESS CL=.90 SHAFER 65 CNTR 5171 
M (1.6) BR LESS CL=.DB BOOTH 67 CNTR 3/68 
M (2 .2 ]  CR LESS CL=.9O HYMAN 67 HEBC O, K- HE 11/67  
M B M I L .  B) ER LESS CL=.9O BACKENSTO 71 E N T R  W*~2= - I . 28÷ - I *2R  10/71  
M S IT.IS) OR LESS CL=.DO SHRUM 71 CNTR M*e2=-I.BB~-I.IA 12171 
M B M ( [ .EB I  OR LESS CL=.90 BACKENSTO 73 CNTR R( , . 2 - - 0 . 29÷ -0 .90  1173 
M { 0 . 65 i  CR LESS CL=.90 CLARK 74 ASPK KMU3 DECAY TITB 
M (0 .57 l  OR LESS Ct= .qO OAUN 7g SPEC M**Z= 0 .13+ -0 .14  10181* 

L O. 52 OR LESS CL=. NO LU 80 CNTR t~ *2=0 .102÷ - . 119  1181 .  
M M WE CALCULATE UPPER L IM IT  AT CL=.90 FROM M**2. 1176 
M B BACKENSTGSS 73 REPLACES BACKENSTOSS 71 AND USES THEIR NBW Pl- MASS. 1178 
M S SHRUM 71 USES SHAFER 6T Pl- MASS VALUE AND CRANE 71 NU MASS VALUE. 11T3 
M L LU BO COMBINES OAUM 79 P ie  - ->  MU÷ NUMU MEASUREMENT WITH NEW LU B~ 1182. 
M L PI- MASS AND REPLACES DAUM T9. 1482* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 (NU-2) - (ANU-B) MASS DIFF* (MEVl 

TEST OF CPT FOR A DIRAC NEUTRINO 

DN (O .AS I  CR LESS CL=.gO CLARK 74 ASPK KMU3 DECAY 11/75  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 NU-2 MEAN LIFE/MASS (UNITS SECIEV) 

T B 0 (3 .  E-3] CR MORE CL=.BO BELLOTTI T6 HLBC NU~ CE~N GGM 1178 
T B I (1.3E-2) OR RORB EL=.90 BELLOTTI 76 HLBC ANTtNUp BERN GGM 1/78 
T B O (2 .21 -3 I  CR MORE BL=.9O BARNES TT OBC NU, ANL 12FT, 1178 
T B 0 (E.OE-21CR MORE CL=.90 BLIETSCHA TB HLBC NU-MU BERN GGM 1182" 
T B O (I.7E-2) CR MORE CL=.9O BLIETSCHA 78 HLBC ANU-MU BERN GGM 1182" 
T B O 0 ,11  ~R MORE CL=.DO FRANK 8L CNTR NU, ANU LAMPF 1 /82 *  
T B THESE EXPERIMENTS LOOK FOR NU(MU) - ->  NUIEI+GAMMA OR ANU(MU) - ->  1 l i b  
T B ANU(EI+GAMMA. 1176 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 C - (NU-B VELOCITY); A~S((V-C)IC( (UNITS 1 0 ~ 4 )  
EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO 

V 77 ( 2 .O l  DR LESS CL=.99 ALSPECTOB 16 SPEC >50GEV NO 1 /78  
V 26 (4.0) DR LESS CL=.D9 ALSPECTOR 76 SPEC <BOGEY NO 1178 
V 9800 (0 .4 ]  GR LESS CL=.gS KALBFLEIS T9 SPEC lZ179  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 NU-2 MAGNETIC MOMENT (UNITS EVIGAUSS) 

MUST VANISH FOR MAJQRANA NEUTRINO OR PURELY CHIRAL MASSLESS 
OIRAC NEUTBINO 

MM K (4.7 E-1710R LESS KIM 74 IIB2~ 
HM K KIN 78 IS A THEORETICAL ANALYSIS OF ANTINU-MU REACTION DATA. 1 /82 *  

PARKAS 56 PR 101 778 
OUOZIAK 59 RR 114 336 
EEINBERG 63 ARNS 18 431 
ALLCOCK 68 PPSL BS 875 
fiAROON 68 PRL Z& 4A9 

SHAFER 6S PRL 1~ 9BB 
BOOTH 67 PL 26B 39 
HYMAN AT PL 2BB 3?6 
BACKENST 71PL  B6B 403 
S H RUN 71 PL B7B 114 
BACKENST 78 PL ~3B 5Bq 

CLARK 74 PR Bg 583 
KIN TB PR D9 3050 
ALSPECTO 76 PRL 36 837 
BELLOTTI 76 LNC tT 313 
BARNES T7 PRL 38 1OR9 
BLIETSCH 78 NP 81B3 205 

KALBFLEI 79 PRL 43 ~3BL 
OAUM T9 PR D20 ~692 

ALBO 76 PL 601 380 
ALSO 78 PL 74B 12B 

LU BO PRL 45 1066 
FRANK e l  PRO 24 2001 

REFERENCES FOR NU-MU 

w H BARKAS,W BIRNBAUMtF M SMITH (LRL) 
W F DUDZIAK,R SAGANE,J VEOOER (LRL) 
G FEINBERG, L M LEDERMAN (COLUMBIA) 
G R ALLCOCK (LIVERPOOL) 
PARDON, NORTON,PEOPLES • (COLU÷STONY BROOK) 

R E SHAFER,CROWE.JENKINS (LRLI 
BDOTH,JOHNSON,WILLIAMS,WORMALD (LIVERPQOLI 
+LOKEN.PEWITT,NCKENZIE+ (ANL+CARN÷NWES) 
BACKENSTOSS,OANIEL,KOEN+ (CERN,KARL.HEIO) 
E V SHRUM,K 0 H BLOCK (UNIV OF VIRGINIA) 
BACKENSTOSS,DRNIEL,KOCH+ (CENN÷KARL~MUNICH) 

÷ELIOFF,FRISCHtJOHNSON,KERTH,SHEN + (LBL) 
J.E.KIM,V.S.MATHER,S.OKUBO (ROCH) 
ALSPECTOR + (BNL+PURDBCIT÷FNAL*RDCK) 
+C~VALLI~EIORINI,ROLLIER (NILA) 
÷CARMONY,OAUWE,FERNANOEZ ÷ (PURD÷ANL) 
BLIETSCHAU÷IAACH+LIBH+CERN+EPOL÷MILA÷ORSA+) 

KALBFLEISCH,BAGGETT,FOWLER÷IFNAL+PURD÷BELLI 
• EATON,FROSCH,HIRSCHMANN,MCCULLOCH÷ IS |N )  
OAUM,OUBAL,EATON~FRDSCH,MCCULLOCH+ISIN+ETHI 
DAUM. EATONIF ROSCH~HIRSCFff~ANN,+ (SINI 
÷OELKER,BUGAN,WU,CAFFREY÷ (YALE÷COLU÷JHU) 
+BURMAN÷ (LASL+YALE+MIT+SACL+SIN÷CNRC~BERN) 



Stable Particles 
/a 

F ~  6 M U O N I I O B , J = I / 2 )  

4 MUON MASS (MEV) 

M (105.659) (0 .002)  FEINBERG 63 RVUE 
M ( [ 0 5 . 6 5 9 9 1  ( 0 . 0 0 1 4 1  T A Y L O R  6 9  RVUE U S I N g  NEW E / H  7 / 7 0  
M C (105.65971 (O.OOOB) CRANE 7 [  CNTR INCLUDED IN COHEN73 1/73 
M D (105.6596) (O.OO061 GROWE 72 CNTR INCLUDED IN COHEN73 2172 
M 1 0 5 . 6 5 9 4 8  0.00035 COHEN 7 3  RVUE 3174 
M A 1 0 5 . 6 5 0 6 5  0 . 0 0 0 3 3  CASPERSON 7 7  C N T R  * 1 2 1 7 7  
M K I 0 5 . 6 0 9 3 3  0 . 0 0 0 2 9  K L B M P T  8 2  C N T R  ÷ 2 / 8 2 "  
M C CRANE ? l  GIVES MUIME=206.76878(851. WE USE ME=.BIIOOCI(IblMEV. 1 / 7 3  
M D CROWE 72 GIVES MUIME=206.7682(5) AND USES ME=.5IIOOCIII61MEV. 1/73 
M A CASPERSDN 77 GIVES RUIME=ZOC.TbB59(2gJ. WE USE ME=.SI[OO36([41MEV. 12/77 
M K KLEMPT 82 GIVES MUIME=206.76835([ [ I .  WE USE ME=.SIIOO36(IC)MEV. 2182* 
M . . . . . . . . .  
M AUG 105.65961 0.00018 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 .0 i  
M FIT I05.65963 O.O00[8 FROM FIT [ERROR INCLUDES SCALE ~ACTOR OF 1.0) 3102* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON MEAN LIFE (UNITS 1 0 " * - 6  SEE) 

T 2 . [ 9 8  O . O D [  O . O O I  FARLEY 68 C N T R  
T 2 . 2 0 3  0.004 LUNOY 6 2  CNTR CONLEV=.98 1 1 2 6 7  
T 2.202 0.003 0.003 ECKHAUSB 6 3  C N T R  
T 8.197 0.005 0.002 MEYER 63 CNTR ÷ 
T 8.198 0 . 0 0 2  0.002 MEYER 63  C N T R  - 7 / 5 6  
T w (2 .200261(0 .0008 [ )  WILLIAMS 72  C N T R  ÷ 2/75 
T 2 . I 973  0.0003 DUCLOS 73 CNTR 1176 
T 2 . 1 9 7 1 1  O . O O O O B  B A L A N O 1 N  7 4  C N T R  + 1176 
T 2.1968 O. OOIO BAILEY2 77 E N T R  STORAGE RINGS 2 /79  
T 2 . 1 9 6 6  0 . 0 0 2 0  BAILEY2 7 7  CNTR STORAGE RINGS 2 / 7 9  
T 12.L97]0) [0*00022)  ZAVATTINI 80 CNTR - PRELIMiNARY-CONF ~ /82"  
T 2.197182 0.00012[  BARDIN B l  C N T R  + 1 / 8 2 "  
T W WILLIAMS 72 MOAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 1 / 7 6  
T W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGO. 1176 
T 
T AUG 2. t97130 0.000065 0.000065 AVERAGE (ERROR INCL. SCALE FACTOR CF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 MU+FMU- MEAN LIFE RATIO 

DT l . o o o  O.OOt MEYER 63 CNTR MEAN LIFE MU+/MU- 7166 
DT 1.0000 OlO0[O BAILEY 79 CNTR STORAGE RING 7179 
DT [[.OOOOI (O.OO01) ZAVATTINi BO CNTR - PRELIMINARY-CONF 4 1 8 2 "  
DT . . . . . . . . .  
DT AUG I.OOO4O 0.00071 AVERAGE (ERROR [NCLUOES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MOON ANOMALOUS MAON. MOMENT ( IO* * -6 *E I (2 *MU MASS)) 

MM FOR REVIEWS CF THEORY AND EXPERIMENTS. SEE FARLEY 79. KINOSHITA 70. 
NM CALMET 77.  EOMBtEY 76. LAOTRUP 72t ANO RICH 72. 
MH (1162.0)  [ 5 . 0 )  CHARPAK 62 CNTR ÷ 
MM B [ 1 [ 6 5 . 7 5 )  (O .? [ [  BAILEY 6 8  CNTR + STOR. RINGS 5 / 6 9  
MM B ( I 1 6 6 . 2 5 ]  (0 .24 )  BAILEY 68 CNTR - STOR. RINGS 5/69 
BM B ERRORS STATISTICAL. VALUES COMBINED TO G I V E  MU~ VALUE BELOW 5/69 
MM i[66,16 0 , 3 1  BAILEY 68 CNTR +- STOR. RINGS 5/69 
MM 1060. 6 7 .  HENRY 6 g  E N T R  • 1 / 7 7  
MM [A (1165.805) (0 .027 ]  GALLEY 75  CNTR STORAGE RING 1 1 / 7 5  
MM [A (1165.922] 10.009] BAILEY 77 CNTR + l  STORAGE RING 11177 
MM ] 1[[651911) iO .O[1)  BAILEY 79 CNTR ÷ STORAGE RING 7179 
MM I (1165.937) (0.0121 BAILEY 79 CNTR STORAGE RING 7/79 
MM I 1 1 6 5 . 9 2 4  010085 BAILEY 79 CNTR +- STORAGE RING 7 / 7 9  
MM A BAILEY 77 INCLUDES RESULTS OF BAILEY 75. [1177 
MM [ BAILEY 79 IS FINAL RESULT. INCLUDES BAILEY 75 AND 77 DATA. 7/79 
MM I THIRD BAILEY 79 RESULT IS FIRST TWO COMBINED. 7179 
MM . . . . . . . . .  
MM AUG 1165.9242 0.0085 AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 MUON ELECTRIC OIPDLE MOMENT (UNITS I O * * - l g  E-CM] 

FORBIDDEN BY BOTH T INVARiANCE AND P [NVARIANCE 

EDM B (8.6l (415) BAILEY 78 CNTR + STORAGE RINGS 2179 
EDM B (0"8~ ( 4 "3 )  BAILEY I8 CNTR STORAGE RINGS 2 / 7 9  
EOM B 3.7  3.4 BAILEY 78  CNTR ÷ -  STORAGE RING Z / 7 9  
EDM B BAILEY 78 YIELDS EDq < 1 .05 * [D* * -18  WITH CL=.95. THIRD RESULT IS 2 /79  
EDM B FIRST TWO COMBINEO ASSUMING C P T .  2 /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON TO PROTON MAGNETIC MOMENT RATIO 

MMR THiS RATIO iS USED TD DETAIN PRECISE VALUES DF THE MUCN MASS. 3/72 
MMR SEE CR3WE 72, 3 / 7 2  

COFFIN 58 C N T R  + SPIN RESONANCE 8 / 7 2  MMR ( 3 . 1 6 6 5 )  { 0 . 0 0 2 2 1  
MMR ) 3 . 1 8 3 0 1  [ D . O 0 [ I )  LUNDY 58 CNTR ÷ PROCESSION STROP 2/T2 
MMR 13.1761 [ 0 . 0 [ 3 )  LUNDY 58 CNTR PRECESSION STROP 2/72 
MMR { 3 . 1 8 3 4 )  (0o0002) GARWIN 6 0  CNTR + PRECESSION PHASE 21/2 
MMR i3 .18336 ) (0 .00007 )  BINGHA ~ 63 CNTR + PRECESSION STRDB 2/72 
MMR (3.18081 KC.O006| B[NGHAH 63 CNTR - PRECESSION STRDB 2/72 
MMR (3.18330}(0.00004~ HUTCHINS 63 CNTB PRECESSION PHASE 2 / 7 2  
MMR D (3.1B3351 0 . 0 0 0 0 1 6 )  E H R L i C ~  69 C N T R  HFS S P L I T T I N G  2 / 7 2  
MMR C ( 3 . 1 8 3 3 1 4  0.00003~] THOMPSON 6 9  CNTR HFS SPLITTING 2 / 7 2  

HUTCHINS 70 CNTR + PRECESSION PHASE 2 / 7 2  MMR ( 3 . 1 8 3 3 3 0  C.0000461 
MMR H C (3*103367 C.O000091 HAGUE 7 0  C N T R  + PRECESSION PHASE 2 / 7 2  
MMR 13.183336 0.0000[3)  CRANE 71 CNTR ~S  SPLITTING 2 / 7 2  
MMR F O ( 3 . 1 9 3 3 4 0  0.0000151 DEVOE 71 CNTR HFS SPLITTING 1/73 
MMR ( 3 . 1 8 3 3 2 6  O1000013) FAVARI 71  ENT~ ~S  SPLITTING 2 / 7 2  
MMR H i 3 . 1 8 3 3 ~ 6 7  . 0 0 0 0 0 8 2 1  CROWE 7 2  CNTR + PRECESSION PHASE 2 / 7 2  
MMR R THE RESULTS THROUGH lq72 ARE INCLUDED IN COHEN 7 3 .  3 / 7 6  
~MR R 3 . 1 8 3 3 6 0 2  .0000072 COHEN 73 RVUE 3 / 7 4  
~MR E (3.18332q9 .0000025} CASPERSON 75 CNTR 2/76 
MMR 3 . 1 8 3 3 6 0 3  . 0 0 0 0 0 4 ~  CASPERSON 77 CNTR + HFS SPLITTING [2/77 
MMR (3.1833440 .0000029) CAMANI 78 C N T R  + RERL.BY KLEMPTE2 7/79 
MMR 3.18336~I .D0000i7 KLEMPT 02 CNTR + PRECESSION ST~OB 2 /02*  
MMR o DEVOE 71 SUPERCEDES EHRLICH 69. THIS IS NOT A DIPECT MFASUREMENT. [ / 7 0  
MMR D WE GIVE A NEW VALUE WHICH CONTAINS A THEORETIC~3= CORRECTION OF 1/13 
MMR C O 7 .8+ -2 .3  PPM,  AS DISCUSSED iN FOOTNOTE 38A OF CROHE 72. [/TB 
MMR CRANE 71 SUPERSEDES THOMPSON 69. THI S IS NOT A DIRECT MEASUREMENT. 1/73 
MMR H CROWE 72 SUPERSEDES HAGUE 70. 
MMR F E FAVART 7| ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY. 1/73 
MMR USES INCORRECT THEO. EXPRESSION FOR NU(HFS). SEE KLEMPT 82. TBL.XI .  2/82~ 
MMR 
MMR AVG 3 . { B 3 3 4 3 4 : 0 ; 0 ; 0 1 5  AVERAGE (ERROR I N C L U D E S  SCALE FACTOR " F  1 . 0 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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4 NUON PARTIAL DECAY MODES 

DECAY MASSES 
Pl MOON INTO E ANUE NUMU .S÷ O÷ O 
P2 MUON INTO E AhUE NUMU GAMMA .5+ O÷ O÷ O 
P3 MUON INTO E NUE ANUMU .5+ O÷ O 
P4 MUON INTO E GAMMA .S÷ O 
P5 MUON INTO 3ELECTRONS .5÷ .5+ .5  
P6 MUGN INTO E 2GAMMA .5÷ O÷ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON BRANCHING RATIOS 

R) MUON INTO (E ANUE NOMU GAMMAI/TDTAL (P21 
R[ 27 EVENTS SEEN ASHK[N 5 9  CNTR 1/78 
RI 1 .40-2  0 .40-2  CRITTENDE 6[  CNTR T(GAM) GT [O MEV [ / 70  
R[ (3 .3E-3 )  ( 1 . 31 -3 )  CRITTENDF 61 CNTR TiGAMI GT 20 MEV [ / 78  
R[ 862 EVENTS SEEN BOGART 6 7  EMIR T(GAM) GT 16.5 MEV 1/78 

R2 MUON÷ INTO (E+ ANUE NOMU)ITOTAL (P3I  
RB FORBIDDEN BY ADDITIVE CONSERVATION LAW FOR MUON NUMBER. 
R2 MULTIPLICATIVE LAW PREDICTS THIS BRANCHING RATIO TO BE 112. 
R2 FOR A RECENT REVIEW SEE NEMETHY 81. 
R2 (0.251 OR LESS CL=.DO E[CHTEN 73 HLBE ÷ 11/75 
R2 ( 0 . ] 3 )  ( 0 . 1 5 1  B L I E T S C H A  7 8  H L B C  AVG.  OF 6 VALUES 1 1 8 2 "  
R2 A O.O9 OR LESS CL=.90 JONKER BO CALO CORN SPS NUtANUE E- 2/82" 
R2 ( -O.OOl l  (0.0611 WILLIS 80 C N T R  + 8 / 8 1 .  
R2 A JONKER 00 GIVES LiMiT ON iNVERSE MUON DECAY CROSS SECTION RATIO 2/82*  
R2 A SIGMA(ANUNU E I ~ )  MU I ANUE) / S[GMA(NUMU E- - ->  MU- NUEI. WHICH 2182" 
R2 A IS ESSENTIALLY EQUIVALENT TO R2 FOR SMALL VALUES LIKE THAT QUOTED. 2182" 

R3 NUON INTO (E GAMMA)ITDTAL (UNITS 1 0 " * - 8 }  l P4 l  
R3 FORBIDDEN BY LEPTON FLAVOR CONSERVATION 
R3 (6 .3 )  DR LESS CL=.go FRANKELI 63 OSRK 
R3 ( 2 . 2 )  OR LESS CL=.90 PARKER 6 4  OSPK 
R3 (2.91 CR LESS CL=.90 KORENCHI 71 OSPK ÷ DUBNA [0171 
R3 (O.3B( OR LESS CL=.90 DEPONMIER 77 CNTR ÷ TRIUMF [2/17 
R3 (O . [ [ l  OR LESS EL=.DO POVEL 77 ELEC REPL. BY SCHAAF 80 i119 
R3 0.019 OR LESS EL=.90 BOWMAN 7 9  SPEC + LAMPF 7 / 7 9  
R3 [O. IO) OR LESS CL=.90 SCHAAF BO ELEC SIN 3 /82*  

R6 MUON INTO (3ELECTRONS)/TOTAL [UNITS [ 0 " * - 7 )  ]PSI 
R6 FORBIDDEN BY LEPTON FLAVOR CONSERVATION 
R4 F 15.0} OR LESS CL=.DO PARKER 62 CNTR 
R6 F I L . 3 )  OR LESS CL=.90 ALIKHANOV 6 2  OSPK 
R6 F ( 1 . 5 )  OR LESS CL=.9O FRANKEL2 63 CNTR 
R4 F ( 1 . 2 )  ~R LESS CL=.9D BABABV 63 OSPK 
R4 K (0.062)0R LESS EL=.90 KORENCH2 710SRK OUBNA 2172 
R~ K OlOig CR LESS EL=.90 KORENCHEN 76 SPEG ÷ DUBNA 6177 
R6 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND 
R4 F ORDER V-A NEUTRINO LDDP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED 
R4 F BY ASSUMING A CONSIANI MATRIX ELEMENT. 
R6 K THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 10/77 

R5 MUON INTO (E 2GAMMA)ITOTAL (UNITS IO** -5 )  (PC) 
R5 FORBIDDEN BY LEPTON FLAVOR CONSERVATION 
R5 ( I . 6 )  OR LESS CL=.90 FRANKELI 63 USPK + 
R5 P (0 .61 CR LESS C L = . g o  POUTISSOU 7 6  CNTR LBL 12/75  
R5 A 0.005 OR LESS CL=.9O BOWMAN 78 CNTR OEPOMNIER 77 DATA 4182" 
RS P POUTiSSOU 74 LIMIT APPLIES TO SUM OF ALL NBUTRINOLESS MU+ DECAYS. 1176 
R5 A BOWMAN 78 ASSUMES INT. LAGRANG. LOCAL ON SCALE OF INVERSE MU ~ASS. 6 /82*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 LIMIT ON MUON - ->  ELECTRON CONVERSION 

FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

RE (MU- SULFUR3Z - ->  E- SULFUR3B(I(NU-SULFUR32 - ->  NUMU RHOSPHORUS32*I 
RE CROSS SECTION RATIO 
RE 16. E-IOlOR LESS CL=.DO BADERTSCH 77 STRC SIN [ 1 8 2 .  
RE (O.TE-IOiOR LESS CL=.9O BADERTSCH BO STRC SIN I /B2÷ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 LIMIT ON MOON - ->  POSITRON CONVERSION 

FORBIDDEN BY LEPTON FLAVOR CONSERVATION 

RPI [MU- SULFUR32 - ->  E÷ SILiCON32*II(MU-SULF32 - ->  NUMU PHOSPHOBUS32*) 
RP[ ( ] . 5E -g )  OR LESS CL=.9O BAOERTSCH 76 STRC SIN 1182" 
RP[ [0 .9E-9(  OR LESS CE=.9O BADERTSEH 80 STRC SIN t182"  

RP2 (MU- IOOINE127 - ->  E+ ANTIMONYI27*}/IMU- IOOINE[27 - ->  ANYTHING) 6182" 
RP2 A (0.30-91 OR LESS EL=.DO ABELA 80 EMIR RADIOCHEMICAL TECH. 6 /82*  
RP2 A ABELA 80 iS UPPER LIMIT FOR MU- E* CONVERSION LEADING TO PARTICLE- 4 /62*  
RP2 A STABLE STATES 0F S0127. LIMIT FOR TOTAL CONVERSION RATE IS HIGHER ~182" 
RP2 A BY AN UNKNOWN FACTOR. 4 /82 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 MUON DECAY PARAMETERS 

RELATED TEXT SECTION V) A 

R HO RHO PARAMETER iV-A THEORY PREDICTS RHO=O.751 
RHO C (0 .76 I )  (O.0271 DUDZIAK 59 CNTR + 20-53 MEV E÷ 10169 
RHO P9213 0.765 0.025 PLANO 6 0  HBE + WHOLE SPECTRUM 10169 
RHO P TWO PARAMETER FIT TD RHO AND ETA. 
RHO C 2 2 7 6  ( 0 . 7 5 1 )  ( 0 . 0 3 6 )  BLOCK 6 2  HEBC - WHOLE SPECTRUM 10169 
RHO 0 (0 .64)  (0 .04 )  BARLOW 64 CNTR WHOLE SPECTRUM 10169 
BHO O )0 .66 [ )  (0 .016)  BARLOW 64 ENTR ÷ WHOLE SPECTRUM 10169 
RHO O ( 0 1 0 6 7 )  ( 0 . 0 3 5 )  PONTECORV 6 6  CC 1 0 / 6 9  
RHO D RESULTS IN DOUBT. [ 0 / 6 9  
RHO C 8DOK ( 0 . 7 5 0 3 )  1 0 . 0 0 2 6 )  P E O P L E S  6 6  ASPK • 2 0 - 5 3  MEV E÷ L 0 1 6 9  
RHO C 2BOK (O.760i  (O.OOgI SHERWOOD 67 ASPK 20-53 MEV E+ 10/59 
RHO C 17OK (0 .762 l  [O.OOBl FRYBERGER 68 ASPK ÷ 25-53 MEV E+ 10/69 
RHO C ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER 
R HO E FIT TO RHO AND ETA BY DERENZO 69. 
RHO 0 .75 [8  0.0026 DERENZO 6 9  RVUE 1 0 / 6 9  
RHO . . . . . . . . .  
RHO AUG 0.7517 0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR D~ I .O i  

ETA ETA PARAMETER ( V - A  THEORY PREDICTS ETA=Of 
ETA P 9213 l - 2 .O )  (0.91 PLANO 6 0  HBC + WHOLE SPECTRUM 10/69 
ETA P TWO PARAMETE~ FIT TO RHO AND ETA- PLANO 60 OISCOUNIS VALUE FOR ETA 10169 
ETA C 8 0 0 K  ) 0 , 0 5 )  I O , 5 I  PEOPLES 6 6  ASPK * 2 0 - 5 3  NEV E÷ [ 0 / 6 9  
ETA C 28OK ( - 0 . 7 )  fO.6|  SHERWOOD 67 ASPK 25-55 MEV E÷ 10/69 
ETA C 170K ( - 0 . 7 )  ( 0 . 5 )  FRYBERGER 68 ASPK ÷ 25-53 MEV E÷ 10169 
ETA C RHO CONSTRAINED = 0 . 7 5 .  
ETA 6346 -0 . [ 2  0 . 2 [  DERENZO 69 HBC ÷ 11616.8 MEV E~ ]0169 
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Stable Particles 

XSI (KS) PARAMETER)*[MUON LONGITUDINAL POLARIZATION) 
XSI IV-A THEORY PREDICTS XSI=[, LONG.POL.=I) 
XSI 9K 0 .97  0 .05  BARDON 59 CNTR BROMOFORN TRRGET 10169 
XS) B356 0 ,93  0,(~5 PLANO 60 HBC ÷ 8,B KGAUSS 10X69 
XSI A (0 .903 )  (O.  O2T) RLI-ZADE 61 EMUL 27 KGAUSS 10 /69  
XSI A DEPOt.ART ZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL. 
XSI 66K (0 ,975 )  ( 0 . 030 )  GUREVICH 66 EHUL REPL. BY AKHMANOV 68 I 0 / 69  
XSI 0 .975  O, Ot5 RKHM&NOV 68 EMUL 140 KGAUSS 518 l=  
XSI . . . . . . . . .  
XSI AVG 0,972 0 . 0 1 4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.O) 

OEL DELTA PARAMETER (V-R THEORY PREDICTS DELTA=O.75) 
OEL 8354 0*78 0.05 PIANO 60 HBC + WHOLE SPECTRUM 10169 
DEL 0 ,782  0 .031 KRUGER 61 10/B9 
DEL 490K OiT52 0 .009  FRYBFRGER 68 ASPK ÷ 25-53 MEV E÷ 10189 
EEL VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW lO HEY [ l /b9  
DEE . . . . . . . . .  
DEL AVG 0.7551 0.008S AVERAGE (ERROR INCLUDES SCALE EACTOR OF l.O) 

HAL HELICITY OF DECAY ELECTRON. 
HEL IV-A THEORY PREDICTS HELICITY=e-E FOR E÷-~ RESPECTIVELY( 
HAL WE HAVE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE 
HEL 0 ( 0 . 28 )  ( 0 . [ 6 )  DICK 63 CNTR ÷ ANNIHILATION 10169 
HAL D IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 
HAL L ,05  0 .30  BUHLER 63 ONTR + ANNIHILATION lO /6g  
HAL 0 .9~  D.38 BLOON 69 ENTR BEAMS TRANSMISS I 0 / 69  

DUCLOS 69 CNTR BHASHA SCATT I0/89 HAL [ . 04  0 .18  
HEL 29K 0 .89  0 ,28  SCHWARTZ 67 OSPK - HOLLER SEATT 10E69 
HEL 500K 1 . 0 1 0  O.06A CORR]VEBU 81CNTR BHABHA • ANNIHIL 1/82= 
HEL . . . . . . . . .  
HEL AVG 1.008 0 . 0 5 7  AVERAGE (ERROR [NCLUOES SCALE FACTOR OF l.O) 

GS SCALAR COUPL[hG CONSTANT IN MUON DECAY I|N UNITS OF GV) 
GS (0 .33 )  OR LESS OERENZO 69 RVUE 10 /b9  

GA AXIAL VECTOR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV) 
GA 0 ,86  0 .33  0 .11  DERENZD 69 RVUE 10 /69  

FAV PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS I DEGREES) 
FAV 180. IS, DERENZO 69 RVUE 10169 

GT TENSOR COUPLIhG CONSTANT IN NUON DECAY (IN UNITS OF GV) 
GT (0 .281  OR LESS DERENZO 69 RVUE 10/b9 

GP PSEUOOSCALAR COUPLING CONSTANT IN MUON DECAY (IN UNITS OF GV) 
GP (0 .33 )  OR LESS DERENZO 69 RVUE 10/69 

REFERENCES FOR MUON 

COFFIN 58 PR Log 973 +GARWIN,PENMAN,LEDERMANtSACNS (COLUMBIA) 
LUNDY 58 PRL l 38 +SENStSWANSON,TELEGOI,YOVANOVITCH (CHICAGO} 
ASHKIN 59 NC 1~ 1 2 6 6  ÷FAZZINI,FIDECARO,LIPMAN~MERRISDN ÷ ICERN) 
BARDON 59 PRL 2 56 M BARDON, D flERLEY~ L LEDERMAN (COLUMBIA) 
DUDZIAK 59 PR 11~ 336 W DUOZIAK, R SAGANE, J VEOOER ILRL)  
GARWIN 60 PR l i b  271 GARWINtH~JTEHINSON~PENMAN, SHAPIEQ (COLUMBIA) 
PLANO 60 PR 119 1A00 R J PLANO (COCUMBIA) 

ALI -ZADE 61JETP  1S 313 ALI-ZAOEIGUREVICHINIKOLSK[ (USER) 
CRITTENO 61PR 121 le23 ERITTENDEN~W&LKER~BALLAM (MSU+MIOHI 
KRUGER 61UERL-9322  (UNPUB) H KRUGER (LRL} 
ALIKHANO 62 CERN CONF 423 A I RLIKHANOVtA 8AfiAEV ÷ ([TEP MOSCOW) 
BLOCK 62 NC 23 1 1 1 9  BLOCK,FIORINI,KIKUCHI÷(OL~KE,BOLOGNA,MILANG) 
CHARPAK 62 PL L 16 
FARLEY 62 CERN CONF 615 

LUNDY 62 PR 125 1686 
PARKER 62 NC 23 985 
BABAEV 63 JETP 16 1B97 
BINGHAM 63 NC 27 1352 
BUHLER 63 PL 7 368 
DICK 63 PL 7 150 

ECKHAUSE 63 PR 132 AZZ 
FE|NBERG 63 ARNS 1B 431 
FRANKEL[ 63 NO 27 894 
FRANKEL2 63 PR 130 3SE 
HUTCHINS 63 PR 131 1351 
MEYER 63 PR 132 2693 

BAMLDW 64 PPS 86 239 
BLOOM 69 PL 8 87 
DUCLOS 64 PL 9 62 
GUREVICH 64 PL I1  185 
PONTECOR 66 OLIBNA CONF 
PARKER 66 PR 1338 768 

G CHARPAK,F J M FARLEY,R L DARWIN ÷ (CERN) 
FARLEY,MASSAM,NULLER,ZICHICHI (CERN) 

RICHARD A LUNDY lEFT) 
S PARKER,S PENWAN (EF[) 
BABAEV,B&LATS,KAFTRNOV,LANDSBERG ÷ (ITEPI 
G.NCD.BINGHAM |LRL) 
+CAB[BBO,FIDECARO,MASSAM,NULLER÷ (EARN) 
OICK~FEUVRAIS,SPIGHEL (CERN) 

M ECKHAUSE,T A F IL IPPAS + (CARNEGIE) 
GERALD FE[NBERGe L M LEDERMAN (COLUMBIA) 
S FR~NKEL,W FEATI,J HALPERN + (PENN) 
S FRANNEL~W FRATI,J HALPERN ÷ lPENN) 
HUTCHINSON,MENES,PATLACHeSHAPIRO (COLUMBIAI 
S L MEYER,ANOERSON,BLES~,LEDERMAN+ ICOLUI 

÷BOOTH~ARROL,COURT~OAVIES~E~WARDS÷ ( L IVP I  
• DICK,FEOVRAIS,HENRY,MACQ, SPIGHEL (CERNI 
+HEINTZEtDE RUJULA,SOERGEL (CERN) 
GUREVICH,MAKARIYNA~ (K [AE)  
PDNTECDRVD~SULYAEV (MOSCOW) 
S PARKER,H L ANDERSON~C RAY IEF I )  

PEOPLES 66 NEVIS-167 IUNPUB| J PEOPLES (COLUMBIA) 
BOGAMT 67 PR 156 1405 ÷DIEAPUA,NEMETHY,STRELZOFF (COLU) 
SCHWARTZ 67 PR 162 1306 D M SOHWRRTZ (EF I )  
SHERWOOD 67 PR 156 [470  B A SHERWOOD (EF I )  
AKHNANUV 68 SJNP 6 230 ÷GUREVICH~DOBRETSOVIMAKARINA+ (K IAE)  
BAILEY 68 PL 28B ZB7 +BARTL~VON BOCHMANN~BROWN~FARLEY÷ (CERN) 

ALSO 72 NC 9A 369 
FRYBERGE 68 PR 166 1379 

DERENZO 69 PR 18l 1854 
E HRLICH 69 PRL 23 513 
HENRY 69 NC 63A 995 
TAYLOR 69 RRP 91 3T5 
TI~)RPSON 69 PRL 22 163 
HAGUE TO PRL 25 62E 
HUTCHINS TO PRL 2~ 125~ 

CRANE T I  PRL 2T ~35 
DEVOE T1PRL 25 1779(ER) 

ALSO TI  PRL 26 213 
FAVART T l  PRL 2T 1336 
KORENEH1Tl SJNP 13 190 
K~ENCHZ 7 I  SJNP ~3 728 

+BARTL,VON BOCHMANN,BROWN, FAMLEY÷ (EARN) 
D FRYBERGER (EFT) 

S DERENZO (EFT) 
~HOFERtMAGNON~STOWELLeSWANSON+ (CHICAGOI 
÷SCHRANKeSWANSON (STAN+UESB÷UCSD) 
÷PARKER,LANGENBERO IPRIN+UCI÷PENN) 
+RMATO,CRANEtHUGHES~PADBLEY÷ (YALE) 
+ROTHBERG,SCHENCK,WILLIAMS~ (WASH~LRL) 
HUTEHINSON,LARSON, SCHOEN,SDBER,÷ IPPAI  

÷CASPERSON,CRANE,EGAN, HUGHES÷ (YALE) 
÷MCINTGRE~MAGNONeSTOWELL~SWANSDN÷ (CHICAGO) 
OEVOE~MCINTGRE,NAGNON~STOWELL÷ (CHICAGO} 
+MCINTYRE,STOWELL,TELEGCI,OEVO~÷ (CH|CAO-OI 
KDRENOHENRO~KOST[N~MICELWACflER÷ ( J INR)  
KORE~HENKO,KOSTIN,MICELMACHER+ I J INE)  

CRONE 72 
WILLIAMS 72 
COHEN 73 
OUCLOS 73 PL ~TB ~9[ 
LIGHTEN 73 PL ~60 28! 

~EANDIN 74 JETS ~O EEl 
POUTISSO 74 NP B80 221 
BAILEY TS PL 550 4EO 
CRSPERSO 75 ~L SDB 3S7 
KORENCHE 76 JETP 93 I 
5ADERTSC 77 PRL 39 I3~S 

BAILEYoR 77 PL 67E 225 
77 PL 6BB 191 

BAILEY~ 77 NATURE 268 301 
ALSO 79 BAILEY 

CRSPERSO 77 PRL 38 956 
DEPONMIE 77 PRL 39 1113 
POVEL 79 PL 720 183 

BAOERTSE 78 PL 79B 371 
BAILEY 78 JPG ~ 345 

ALSO 79 BAILEY 
BLIETSCH 78 NP B133 205 
BOWMAN 78 PRL 41 442 
CAMANI 78 PL 7TB 326 
BAILEY 79 NP BISO 1 
BOWMAN 79 PRL 62 5S6 

ABELA BO PL 95B 318 
EAOERTSC BO LNC 28 401 
JGNKER BO PL 93B 203 
SCHAAF 80 NP A340 Z~9 
WILLIS 80 PRL 46 522 

ALSO 80 PRL ¢5 1370 
ZAVATTIN BO TRIUMF MU. WKSHP. 

BAROIN 81 NP A352 365 
CORRIVEA 8 [  PR DZA 2004 
NEMETHY 81CNPP 10 EAT 
KLEMPT 82 PR 025 652 

FISHER 59 PRL 3 349 
ASTBURY 60 ROEH CONF 60 S~Z 
DEVONS 60 PRL S 330 
LATHROP 60 NC 1T l og  
LATNROP 60 NC I7  [16  
MELTER 60 PRL 5 22 
TELEGD[ bO ROCH CONF 60 713 

CHARPAK 61 PRL 6 L28 
HUTCHINS 61 PRL 7 I 29  
SHAP)RB 62 PR 125 1022 
FAIRLEY 6B NE 656 281 
VOSSLER 69 NC 63A 423 

LAUTRUP T2 PRPL 3 [$3  
RICH 72 RMP 64 ZSO 
COMBLEY 7~ PRPL 1~ [ 
CALMET 79 RMP 49 2L 
KINOSHIT 78 TDKYO HAP P.ST1 
FARLEY 79 ARNRS 29 2~3 
OEPOMMIE BO NP A3S5 97 

PR 05 2145 +HAGUE,ROTHBERG,SCHENCK~ (LBL+WASH) 
PR 06 737 R W WILLIAMS,O t WILLIAMS (WASHINGTON) 
J,PHYS.CMEM,REF.DATA 2 ,  P .663 ,  E.R.CDHEN,B.N.TAYLOR 

÷RAGNON,PIOARD (SACL) 
+OEDEN÷(AACH*BELO*CERN÷EPOL÷N|LA+LALD~LOUC) 

÷GREBENYUK*ZINOV,KONINoFI]NOMAREV ( J INR I  
PBUTISSOU, FELAWKA,INGRAM + (MONT÷BRE&) 
+BORER+(CERN÷DARE÷BERN÷SHEF+MANZ~RMCS~BIRM) 
CASPERSON,CRANE÷ (YALEeLASL÷HEIDeBERN÷WYOM) 
KORENCHENKQtKOSTIN,MITSELRAKHER÷ IJINRI 
BADERTSCHER,MDRER,EZAPEK,FLUECKIGER÷ (EARN) 

÷BOREK÷(CERN÷OARE+BERE÷SHEF÷MANZ~RMCS*BIRM( 
÷BORER÷ZEERN÷DRRE÷BERN÷SHEF~MANZ÷RMES÷BIRM 

(DARE÷BERN÷SHEF÷EEPN¢PANZ÷PMCS÷BIRMI 

EASPERSON,CRANE÷ IBERN+HEID~LASL÷WYOR~YALE) 
DEPOMMIER,MRRTIN÷(MONT~BRCO*TRIU÷VICT÷MELB) 
÷OEY,WALTER,PFEIFFER ÷ (ZURI÷ETH÷SIN) 

BADERTSCHER,BORERtCZAPEKIFLUEEKIGER÷ (BERN) 
(OARE÷BERN÷SHEF÷MANZ~RMCS÷CEPN÷B|RM| 

BLIETSCHAU÷IAACH+LIBH÷CERN÷EPDL÷MILA÷ORSA÷I 
+CHENG,LI,MATIS (LASL÷IAS÷CARN+EFI) 
÷GYGAX,KLEMPT~SCHENCKeSCHOLZE÷ (ETH÷MANZ) 

IDRRE÷BERN÷SHEF÷MANZ÷RNES÷CERN÷BIRM÷LBL÷) 
÷CDOPER,HAMM,HOFFMAN ÷ (LASL÷EF[÷STANI 

÷BACKENSTOSS,KDWALD,WUEST • IEASL÷KARL) 
BADERTSOHER,BORER,EZAPEK*FLUECKIGER÷ (BERNI 
CHARM COLLRB. (ANIK+CERN÷HAMB*ITEP÷ROMA) 
÷ENGFERtPOVEL,DEY÷ (ZURI÷ETH÷SIN) 
•HUGHES+ (YALE÷LBL~LASL+SACL÷SIN÷ENRC+BERN) 
WILLIS* IY~LE÷LBL÷LASL÷SACL+SIN÷CNRCeBERN) 
E.ZAVATTINI - PROCEEDINGS P.GZ (CERN) 

÷BUCLOS,~AGNDN÷ (SACL~CERN÷BGNA÷TRIU) 
CORRIVEAU,EGGER,EETSCHER ÷ (ETH÷SIN÷MANZ) 
P.NEMETHY,V.W.HUOHES (LBL+YRLEI 
÷SEHULZE,WOLF,CAMANI,GYGAX÷ (MANZ*ETH) 

PAPERS NOT REFERRED TO IN DATA CARDS 

FISHER,LEONTIC,LUNDBY,MEUN]ER,STROOT (CERN) 
ASTBURY,HATTERSLEY~HUSSAIN ÷ (LIVERPOOL( 
DEVONS,GIDAL,LEDERHAN,SHAPIRO (EOLUNBIA) 
J LATHROP,R A LUNDY,V L TELEGOI ÷ (EFT) 
J LATHROP,R A LUNOY,S PENMAN + IEF [ I  
REITER,ROMANOWSKI,SUTTON ÷ (CARNEGIE( 
v L TELEGDI (CERN) 

CHARPAKoFARLEY,GARH[N*MULLER,SENS ÷ ICERN) 
D P HUTCHINSONtJ MANES ÷ (COLUMBIA) 
G SHARIRO,L M LEDERMAN (COLUMBIA) 
FAIRLEY,BRILEY,BROWN,OIESCH ÷ (CERN) 
C VOSSLER IEF[) 

B,LAUTRUP,A.PETERMAN, E.DE RAFAEL(CERN~BURE) 
A RICH,J C WESLEY (HIGH) 
F,COMBLEY,E.PICASSO {CFRN[ 
J,CALNET,S.NARISON~M.PERROTTET÷ (MARS) 
T* KINOSHITA (CORN) 
F.J.M,FARLEY,E.PICASSO (RMCS÷CERN| 
P.DEPOMNIER IMONT) 

................. iii iiiiiiiii .................................. 

EXISTENCE INDIRECTLY ESTABLISHED FROM TAU DECAY DATA 
COMBINED WITH NU REACTION DATA. SEE FOP EXANPLE 
FELOMAN El. KIRKBY T9 RULES OUT J=31E USING 
IAU - ->  PI NUTAU BRANCHING RATIO, 

NOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS 
IN THE ELECTRON NEUTRINO SECTION ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36 NU-TAU ''MASS'' IMEV) 

APPLIES TO NU-3, THE PRINARY MASS EIGENSTATE IN NU-TAU. WOULD ALSC 
APPLY TO ANY OTHER NU-J WHICH MIXES STRONGLY IN NU-TAU AND HAS 
SUFFICIENTLY SNAIL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS. 
(THIS WOULD BE NONTRIVIAL ONLY FOR A HYPOTHETICAL J .GE. 4, GIVEN 
THE NU-E AND NU~NU ',MASS I ,  LIMITS ABOVE.] 

M P 14~ 16OO.] OR LESS CL=.95 PEEL 77 SMAG E+E-3.B-T.BGEV ECM 12E77 
M (TAO,] OR LESS EL=.90 BRANDELIK 78 DASP ASSUMES V~A DECAY B/T8 
M B 594 ZSO. OR LESS CL=,95 BACINO 79 DLCO E÷E- ECM=3.S-7.6GEV 7 /79  
M 250. OR LESS CL=.95 BLOCKER 82 SMK2 E+E- ECM=5.2 OEV 2182= 
M P PERL 77 IS E÷E- TO TAU÷ TAU- EXPT. VALUE QOOTEO ASSUMES V-A DECAY 12 /77  
M P AND TAU MASS=LDOO NEV. [2177 
M B BACINO 79 EXPT RULES OUT V÷A OEEAY, DISFAVORS PURE V OR A, AND IS 7 /79  
M B IN GOOD AGREEMENT WITH V-A. 1182= 

REFERENCES FOR NU-TAU 

PEEL 77 PL 708 GET +FELDNAN, ABRAMS,ALAM,BOYARSNI+ (SLRC+LBLI 
BRANOELI 78 PL 73B 109 BRANOELIK + (AACH+OESY÷~AMB÷~PIM+TDKY} 
BACINO 79 PRL 42 749 +FERGUSON,NDDULMAN÷ (UELA÷SLAE÷UCI÷STDN) 
KIRKBY 79 SLAC-PUB-2619 J,NIRKSYILEPTON PHOTON SYMP, BATAVIAI(SLRCIJ 
FELDNAN BE SLAC-PUB-2839 G,J.FELDNANISANTA CRUZ APS [gB1)(SLAC÷STAN) 
BLOCKER 82 PL B ITO BE PUB.) ÷DORFAN,ABRAMStALAM,BLONDEL÷ (LBL÷SLAC) 



Stable Particles 
T ~ 

BS TAUe- (1TBB ,J= I / 2 )  HEAVY LEPTON 

E+E- - ->  TAU÷TAU- CROSS SECTION THRESHOLD 8EHAVIOR 
ANO MAGNITUDE CONSISTENT WITH PO[NTIIKE SPIN I / 2  
OIRAC PARTICLE. BRANDELIK 78 RULES OUT POINTLIKF 
SPIN 0 OR SPIN [ PARTIDLE. FELDNAN 78 RULES OUT 
J=3 /2 .  KIRKBY 79 ALSO RULES OUT J=INTEGER. J=3 /B .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 TAU MASS (MEVl 

N P 6~ ( [ 800o )  1200=) PERL 75 SMAG INCL. IN PERL 7? 217E 
N 8 220 (19 [0 . (  430.) BURMEST[ 7T PLUT ASSL~ES V-A DECAY 12/77 
N P L66 (1900 . )  (lO0.1 PERL 77 SMAG E+E- 3oB-T.  BGEV ELM 12/T7 
M A 692 1783. 3, 4. BAC[NO 78 OLEO E+E- 3,[-7.AGEV ECM 2/82~ 
M R 299 178T. lO .  18,  BARTEL 78 SPEC E+E- 3 ,6 -6 .AGEV ECM 7 /79  
M [80T.  20 .  BRANDELIK T8 DASP E+E- 3 . [ - 5 .ZGEV ECM 3 /T8  
M 17B7, 10.  BLOCKER 80 SMK2 E+E- 3 .5 -6 ,  TGEV ECM 2 /82 *  
M 113841803.1  ( 16 . )  BLOCKER 82 SMK2 INCL.  [N BLOCKER 80 2 /82~  
M 
M 8 BURMESTE8 77 MRSS VALUE ARE FROM EVENTS CONTA]NIND MU+- PLUS ONE [2 /TT  
M B OTHER PRONG, ORIGINATING FROM E+ E- - - >  TAU+ TAU-. THE MASS 12177 
N B VALUES COME FROM A FIT TO THE SHAPE AND ECM DEPENDENCE OF THE 12 /77  
M B MU+- SPECTRA, ASSUMING THAT THE TAU SPIN IS 1 /2  RNO ITS ASSOC 12/77 
M B NEUTRINO HAS M=O. 121T7 
M 
M P PERL 77 VALUE COMES FROM E+ E- TO E+- MU-+ AND NO CTHER DETECTED 12277 
M P PARTICLES. ASSUMES V-A COUPLING AND 2ERO MASS FOR ASSOC NEUTRINO. 121 t t  
M 
M A BACINO 7B VALUE COMES FROM E*- X-+ THRESHOLD. PUBLISHED MASS 1T82 2 /82~  
M R MEV INCREASED BY 1 MEV USING THE HIGH PRECISION PSI-PRIME MASS 2/B2* 
M A MEASUREMENT CF ZHOLENTZ 80 TO ELIMINATE THE ABSOLUTE SPEAR ENERGY 2 /82 *  
M A CALIBRATION UNCERTAINTY. 2 /89=  
M 
M R BARTEL TB FITS ENERGY OEPENDENCE DF DS FQR E+-  ANO MU~ EVENTS. 7 /T9  
M R MASS VALUE NOT DEPENDENT ON WHETHER V-A OR V+A DECAY ASSUMED. 7/79 
N . . . . . . . . .  
M AVG [78~.2 3 ,2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 TAU MEAN LIFE (UNITS 1 0 " * - 1 0  SECl 

T T7 (RO.)  CR LESS CL=o95 ALEXANDER 79 PLUT E+E- 3 .g -5  GEV ECN 7 /79  
t 5R6 (23 . )  OR LESS CL=,95 BAC[N02 7R OLEO E+E- ECM=3.5-7.6GEV 7 /79  
T 38 ( [ 4 . 1  OR LESS CL=.95 BRANDELIK 80 TASS E+E- ECM=3OGEV 8 /8 [ *  
T 102 A .6  1.9 FELDMRN 82 SMK2 E+E- ECM=E9 GEV 1 /82 ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 5  TAU PARTIAL DECAY MODES 

DECAY MASSES 
PL TAU+- INTO MU+- NUNU NUTAU CO5÷ O+ O 
P2 TAU+-- INTO E+- NUE N~ITRU .5+ Q+ 0 
P7 TAU+- INTO HAERQN+- NEUTRALtS) 
P8 TAU*-  INTO 3 HADRONS+- NEUTRAL{SI 
PO TAU+- INTO NUTAU RHOO P I+ -  0+ 769+ 139 
PlO TAU+- INTO NUTAU AL (1100 )+ -  0+ [275  
P l I  TAU÷-- INTO K+- NEUTRAL(S) 
P12 TAU+-- INTO NUTAU PIM-- O+ 139 
PLB TAU+- INTO NUTAU ZPI+- P I -+  (INCL. Pq. PtO[  O+ t3g *  13e+ L~,9 
P I4  TAU+- INTO NUTAU 2P [+ -  RE-+ (P IOS I  ( INCL .  P13) O+ 139+ 139+ 13R 
P[5 TAU+- INTO NUTAU .GE.OHADRONS÷- NEUTRAL(S) 
P16 TAU+- INTD NUTAU RHO+- O+ 769 
P I7  TAU÷- INTO B HAORONS+- NUTAU 
P18 TAU+- INTO 0 HADRONS*- NUTAU GAMMR[S[ 
P19 TAU÷- INTO HADRDN+- (NOT RHO*-t  P I÷ - I  NEUTRAL(SI 
PgO TAU+- INTO S hAORDNS÷- NEUTRAL(S( 
P21 TAU+- INTO NUTAU K'~(8R2) O+ BSI 
P22 TAU+-- INTO NUTAU K~'(1430) 0+1434 

LEPTON NUMBER VIOLATING MODES. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

P3t  TAU+- INTO MU*- GAMMA 105+ O 
P32 tAU+- INTO E+- GAMMA .5+ O 
P33 TRU+- INTO MU+- CHARGED PARTICLES 
P36 TAU+- INTO E+- CHARGED PARTICLES 
P3S TAU+- INTO MU+- MU+ MU- I05+ 105+ LOS 
P36 TAU+- INTO E+- MU+ MU- ,5+ 105÷ 105 
P37 TAU*- INTO NU+- E+ E- lOSe .5e .5 
POE TAU+- INTO E+- E+ E- .S+ .5+ .5 
P39 TAU+- INTO MU+- PIO 10B÷ 136 
P~O TAU+- INTD E+-  PIO .3+ 134 
P6I  TAUe- INTO MU+- KO 105+ 497 
P62 TAU+-- INTO E+- KO .5+ 697 
P43 TAU+- INTO MU+- RHO0 103+ 769 
P64 TAU÷-  INTO E÷- RHDD .5+ 769 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E l? tED PART~L DECAY MODE BI~NCHING ~RACTION~ 

The m a t r i x  b e l o w  i s  d e r i v e d  f r o m  t h e  e r r o r  m a t r i x  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  mode 

b r a n c h i n g  f r a c t l o n ~ ,  P i '  a s  f o l l o w s :  T h e  dia~onal e l e m e n t a  a r e  P . ~ S P . ,  w h e r e  
x 

5 P  i = _ _ ~  w h i l e  t h e  o f ~ - d i a g o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  e ~ r  r e i a t l o n  coe f f i -  

c ients { 6 P i 6 P j ) / ( 6 P  i . 6 P j ) .  F o r  t h e  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

a b o v e ;  only those P i  a p p e a r i n g  il~ t h e  m a t r i x  a r e  a s s u m e d  i n  t h e  f i t  to be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  to  f .  
P 1 P 2 P12 P16 P17 PLB PER 

P I .1848+-.0124 
P 2 - . 1212  . [ 617+ - . 0099  
P12 ,020T - .  I 706  . 1068+ - .  0156 
P[6 - . 1767  - , 1622  , 0277  • 2L62+- ,O3B9 
P17 - . 0141  - . 0106  .O01B *0068 
PlB .0000  - . 0000  -o0000  - . 0000  
P19 -.0866 .01B5 - , 3 [T ,~  - . 6819  

. IBB8+ - . 0760  
- . 9213  . 1580+ - . 0700  
- . 2364  .0000 o0470+ - . 04  B/68 

60 

For notation, 
Data Card Listings 

see key at front of Listings. 

R( 
RI 
RL 
Rt 
RL 
RL 
RL 
Rt 
R1 
RZ 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
RB 
RO 
R3 
R3 
R3 
R3 
R3 

R4 
R4 
R6 
R6 
R6 
R4 
R~ 
R~ 
R6 
R6 
R6 

R5 
R5 
R5 
R5 
R5 
R5 
RS 
R5 
R5 

RB 
RB 
R8 
R8 
R8 
R8 
R8 
BB 

R9 
R9 
89 

RID 
RIO 
RIO 
RIO 
RIO 
RIO 

Rt l  
R l l  
RIL 

812 
R12 
812 
R12 
R12 
R12 

RIO 
R13 

BIB 
RI~ 
R14 

RE5 
815 
RIS 
R15 
RL5 
RLS 
HI5 

R16 
Rlb 
RIB 
R 16 
816 
R16 
RL6 
R16 
RE6 
R 16 

RIT 
RE7 
R17 
R17 
R17 

RE8 
818 
RIB 
RIB 
RIB FIT 

35 TAU BRANCHING RATIOS 

TAU*-  INTO (Mb~ NUWU NUTAUI/TOTAL (PC) 
2CO 0 . [ 5  0.03 BURMEST1 77 PLUT ASSUMES V-A DECAY EDIT7 

O.LT5 0 .060  PERL 77 SHAG E+E- TO MU+- X-+ 12 /77  
o .2g  O. lO O.OT CAVALLISF 77 SPEC E 'E -  TO HUe- X-+ 1 /78  

11 O. 22 O* OT 0 .08  SMITH 78 SPEC E-F -  T0 MUcNU-XO 7 /79  
0 .33  0 .16  BRANDELIK 80 TAGS E+E- ECM=OOGEV 8 /81~  
0 .178  0 .027  BERGER B1 PLOT E+E- 9-3ZGEV ELM 1 /82=  

AVG D.1T5 O. OIT AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
F I t  0.185 O.O[2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.O[ 

TAU+- INTO (E+- NUE NUTAU(ITOTAL (Pg )  
B 6 5 9  0 .160  O.Ot3 BACINO 78 DLCO E+E- ECM=3.L-T.MGEV L /79  

0 .19  0 .09  BRANDEL(K BO TABS E+E- ECM=ODGEV 81BL~ 
B BACINO 78 VALOR COMES FROM FIT TO EVENTS WITH E÷- AND I OTHER I /T9  
B NONELECTRON CHARGED PRONG. 1 /79  

AN O. CA( O. 013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0.1617 O. OOg9 FROM F[7 (ERROR INCLUDES SCALE FACTOR OF 1.0) 

TAU+- INTO (L+- NUL NUT&U|ITOTAL SQRTIPI*PZI  
WHERE L MEANS E OR NU. EQUALITY OF E AND NU MODES IS ASSUMFO. 

P [05  O. l t  0 .06  0 .03  PERL 76 SMAG 3 /77  
166 0 .186  0 .030  PERL 77 SMAG [2 /77  
21 0.226 0.055 BARBARO-G TT SHAG 11177 

8 [0 0.182 0.031 BRANDELIK 78 DASP ASSUMES V-A DECAY 3178 
B WE HAVE COMB(NED StATIStICAL AND SYSTEMATIC ERRORS ~UADRATICALLY. S178 
P ASSUMES V-A COUPLING, TAO MASG=E.8 GEV. TAU NEUTRINO HA$S=O. 
B ASSUMES V-A CDUPLING, TAU MASS=I.9 GEVe TAU NEUTRINO MASS=O, 

AVG 0 ,186  0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT D,1728 0 .0074  FROM FIT (ERROR INDLUDES SCALE FACTOR OF L.DI 

TRUe- INTO E+- NUE NUTAUIMU+- NUMU NUTAU (P2 I I (P [ (  
PRED|CTEB tO BE 1 FOR BE~UENTIAL LEPTON, 2 FOR PARAELECTRON, 
AND l i b  FOR PARAMUON. PARAELECTRON ALSO RULED OUt BY HEILE TB. 
21 0 .92  0 .37  BURNEST2 77 PLUT ASSUMES V-A DECAY L2 /T7  

B 18 1 .09  0 .38  BRANDELIK 78 OASP E+E- 3 . [ -S .gGEV BeN I 2 /7B  
154 0 .75  0 .23  BLOCKER 82 SNK2 E+E- ECM=3.5-6 . tGEV 2 /B2e 

BRANDELIK 78 QUOTES THE INVERSE OF THIS RATIO AS .82÷-.32 • [2178 
L BLOCKER 82 GIVES THE INVERSE OF THIS RATIO AS [ .33+- . [8÷ - .36  • 2182" 

RVG 0.86 0.17" AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0.875 0.084 FROM FIT (ERROR INCLUDES SCALE FACTOR OF E.Dl 

TAU*-  INTO (MOW NUNU NUTAUI*(E+- NUE NUTAU) (P1)*(P2) 
(0.036I (O.OO6l ABRAMS 79 SMK2 REEL BY BLOCKER 82 12/79 

B 20 0 .036  0 .009  BACINO[ 70 DLCO E+E- ECM=3.6-7.MGEV 1179 
257 O .G30  0 ,005  BLOCKER Bg SMK2 E+E- ECM=3.S-6.TG£V 21Bg~ 

B BACINO[ 79 QUOTES ER(MUI=O.E[+-O.OBB(STAT.+SYST. ERRORS COMBINED IN 1/79 
B GUADRATUREI ASSUMING BR(EI=O,E6. WF MPY. BY 0.16 TO GET ABOVE VAL.  1179 

AVG 0.0809 O.OO64 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 0.0299 0.0025 FROM FIT IFRROR INCLUDES SCALE FACTOR OF 1.3) 

TAUt -  INTO IHAOROf( a~" NEUTRAL IS I ) I I TOTAL I  |~12+PlbeP191 L1/77 
IR 0,45 0 .19  BARBARD-O TT SHAG 11 /77  

0 .29  0.11 BRANDELIK 78 CASE ASSUMES V-A DECAY 3/78 
B (O .2E I  ( 0 . 14 )  BRANDELIN 80 TASS E+E- ECM=3OGEV 8181 ,  
B NOT INDEPENDENT OF RRANDELIK 80 R [ ,  R2 AND R2I VALUES. 8181" 

f . . . . . . .  
AVG 0,330 ° 0,095 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 I  
FIT 0.370 0 .032  FROM FIT IERROR INCLUDES SCALE FACTOR OF l .D) 

TAU+- INTO (K*-- f lEUTRAL[SI I /TOTAL (P l [ )  
B SMALL BRANDELIN 77 DASP 3 .6 -5 .2ECN E+E- [ / 78  
B BRANDBLIK 77 FINDS O.OT*-O. O6 Ke- PER EVT IN E+E- - ->  E+- PRONG-+. 1/76 

TAU+- INTO (3 MADRONS+- NEUTRALiS)t /TDTAL [P IT+P18(  
0.35 0.11 BRANOELIK 7B DASP ASSUMES V-A DECAY 3 /78  

35 0 .26  O. O6 BRANDELIN BO TASS E÷E- FCM=3O GEV B /B l~  

AVG O.2BS 0 .053  AVERAGB (ERROR INCLUDES SCALE FACTOR OF l .  OI 
FIT 0 .286  0 .030  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

TAU+- INTO (NDTAU RHOO P I+ - ) /TOTAL  (PS I  
21 (0 .00651  GO.DO[O) ALEXRNDI 78 PLUT REEL. BN WAGNER BD 0178 
97 0 .0054  0 .0017  WAGNER 80 PLUT E+E- 6-S GFV ECM g/BE~ 

TAU+- INTO [NUTAU AI(llOOI÷-I/TOTAL (PIO[ 
21 (O. IO I  10.031 ALEXAND1 78 PLUT REPL. BY WAGNER BO I2 /78  

w 27 (O. lOB) 10 .036 )  WAGNER BO PLUT E+E- 6-S OEV ECM 2 /82 "  
W NOT INDEPENDENT OF WAGNER BO R l i  VALUE ABOVE. ASSUMES THAT ALL g l82 "  
W GNU RHO0 P I * - I  EVENTS ARE GNU A t * - )  AND BRIE+- NU NU[= 21B2e 
W .173F .O I3  . 2 / 82~  

TAU+- INTO (NUTAU 2PC+- El-+ (PIOS(IITOTAL (P143 
33 D. IB 0 .069  JAROS 78 SMAG E+E- ECM > 6 GEV [ / 79  

TAU+- INTO (NLTAU 2P ie -  PE-÷ I /TDTAL [P13 [  
J 13 0.o? 0.05 JRROS 78 SHAG E+E- ECM > 6 GEV 1 /79  
J JAROS 78 EVENTS CONSISTENT WITH BEING RHO PI OR A I .  L i t 9  

TAU+- INTO (NUTAU .GE.3HADRONS+- NEUTRAL(S)[ (PI7+PiB) 
692 0 .32  0 .05  BACINO 7B DLCO EeE- ECM=3.1-7.4GEV 1179 

FOR THE FIT WE ASSUME THAT THIS EQUALS THE BRA~HING FRACTION FOR 
(BHADRONS÷-- NEUTRALS[, I .E .  THAT THE BRANCHING FRACTION FOR 5 OR 
~ORE CHARGBD ~AO~ONS 1S ZERO. 

FIT 0.28~ O.O)O FROM FIT [ERROR INCLUDES SCALE FACTOR OF L.O) 

TAU+- INTO (NUTAU PI+-I$IE+- NUE NUTAU) (Pt2 I * IP2}  
A g3 0 .015  0 .006  ALEXAND2 78 PLUT E+E- ECM=3,6-5 GEV 2 /79  
B 10 0 .013  0 .006 BACINOI 79 OlCO E+E- ECM=3.6-T.  MGEV 1 /79  
A ALEXANDER2 TB ~UOTE B~IPI[=.DDO~-.DOB|ST RT.+SYST=ERRORS COMBINED IN 2 /79  
A QUADRATUREI USING 8R(E(=.[67+-,010, WE NPY. BY .167 70 GET ABV,VAL. 2279 
B BACIN01Tg QUOTES BR(PII=O.OBO+-O.O35(STAT.+SYST.ERRORS COMBINED IN 1179 
B QUAORATUREI ASSUMING BR(E [=O . [ 6 .  WE MPY. BY 0 .16  TO GET ABOVE VAL. [ 179  

AVG 0 .0140  0.0042 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.01 
EIT 0.0172 0 .0026  FROM FIT (ERROR INCLUDES SCALE FACTOR OF (.Of 

TAU+- INTO (NUTAU RHO+- ) * (E * -  NUTAU NUE} [P I6 ]= (P21  12 /79  
(0.06213 (O.OOgDI ABRAMS 7q SMK2 REPL. BY BLOCKER BO 12279 

139 0.034 O. OOB BLOCKER 80 SMK2 E+E- ECM=3.5-b .  TGEV 2182 • 

FIT 0.0350 O.ODS9 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.D) 

TAU+-- INT 0 (NUTAU RHO÷-IS( HU e- NUTAU NUHU) (P 16 ( * [PL i  L2 /70  
(0.03291 (O.O[OO) ABRAMS 79 SMK2 REPL. BY BLOCKER BO 12179 

103 0.061 O. DO9 BLOCKER 80 SMK2 B+E- ECM=3.5-6.IGEV 2182~ 

0 .0399  0 .0067  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
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Data Card Listings 
For notation, see key at front of Listings. 

R19 TAU÷- INTO (3 HAORONS+- NUTAU)ITOTAL IP17)  Bl81~ 
R19 B {O. O9I ( 0 . 06 )  BRANDELIK BO TASS E÷E- EEM=3OGEV 8/81. 
RIg  B NOT INDEPENDENT OF BRANDELIK BO RIO AND RZO VALUES. 8 /B [~  
RL9 . . . . . . . . .  
R19 FIT 0 . [ 3B  O,OT6 FROM FIT 

R20 TAU+- INTO (3 HADRONS+- NUTAU GAMMA(S))/TOTAL (PIG) 
R20 0 .15  O. OT BRANDELIK 80 TABS E÷E- ECM=3OGEV 8281 .  
R20 . . . . . . . . .  
R20 FIT O.ESO O. OTO FROM FIT {ERROR INCLUDES SCALE FACTOR OF E.O) 

R21 TAU+- INTO { I  CHARGED NEUTRALIS))/TOTAL IP I+P2+P I2+P Ib+P [D )  8181 .  
R21 37 0.7b 0.06 BRANDELIK 80 TABS E+E- ECM=3OGEV 8/81" 
R21 . . . . . . . . .  
R21 FIT 0.716 0 . 0 3 0  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0I 

R22 TAU+- INTO 15 HAORONS~- NEUTRALISII/TOTAL (P2Ol 8281"  
R22 0.06 OR LESS CL=.95 BRANDELIK 80 TASS E 'E -  ECM=3OGEV B/8|* 

R23 TAU+- INTO (NUTAU K#{Bq21÷- ) /TOTAL {P2 [ I  12181= 
R23 11 O . O f T  0.007 DORFAN 81SMK2 E+E- 6.2-6.TGEV EEM 1218[* 

R24 TAU+- INTO (N~TAU K* I I 63O)+ - I /TOTAL  (P221 L2 /B l *  
R24 O 0.000 DR LESS CL=.05 DORFAN 8 [  SMK2 E+E- 4.2-6. TGEV ECM 1218I~ 

R25 TAU+- INTO INUTAU PI-IITOTAL (P121 
R25 I L38  O . I E T  0 .019  BLOCKER 82 SMK2 E+E- EEM=3.5-6.7GEV 2182" 
R 25 . . . . . . . . .  
R2B FIT 0.107 0 . 0 1 6  FROM FIT IERBOR INCLUDES SCALE FACTOR OF l.Ol 

R26 TAU+- INTO (NUTAU 2P[÷ -  P I -÷  NON-RES. IITOTAL (PI3-PD) 
R26 (O. Ol410R LESS CL=.95 WAGNER BO PLUT E+E- 6-E OEV ECM 2182*  

RS1 TAD+- INTG(MU+- GAMMAISI + E+- GAMMAIS)i/TOTAL (P31+P321 
RE1 VIOLATES LEPTCN NUMBER CONSERVATION 
RSI B (O . I 2 )  OR LESS CL=.90 BUBMEST2 TT PLUT E+E- 6-5 OEV ECM 12177 
ROE B ASSL~4ES SAME MU,E MOM. SPED. AS IMU E • NOTHING DETECTEOI. 12/77 

RS2 TAU+- INTO{MU+- CHDO. PARTS. + E+- CHGD. PARTS.I/TOTAL IP33+P36)  
RB2 VIOLATES LEPTCN NUMBER CONSERVATION 
R52 B 0 .06  OR LESS CL=.DO BURMEST2 77 PLUT E~E- t~-S GEV ECM 12/77  
RE2 B ASSt~4ES SAME MU.E NOR. SPED. AS IMU E + NOTHING DETECTED). 12/77  

RE3 TAU+- INTO (MU+-- GAMMA}/TOTAL IP31 )  
RE3 VIOLATES LEPTON NUMBER CONSERVATION 
RB3 5.5E-4 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.B-6. BGEV ECM 4/82* 

RS4 TAU+- INTO (E~-  GAMMAt/TQTAL (P321 
RB4  VIOLATES LEPTON NUMBER CONSERVATION 
R56 6.BE-A OR LESS CL=.9O HAYES 82 SMK2 E+E- 3.B-6. BGEV ECM A182~ 

R55 TAU*-  INTO IMU~  MU+ MU-I /TOTAL IP3SI  
RE5 VIOLATES LEPTON NUMBER CONSERVATION 
RE5 6.9E-6 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.B-6.BGEV ECM 4/82* 

RB6 TAU+- INTO (EP  MU+ MU-I/TOTAL (P361 
RB6 VIOLATES LEPTON NUMBER CONSERVATION 
RB6  3o3E-4 OR LESS CL=.90 HAYES B2 SMK2 E÷E- 3 .8 -6 .  RGEV ECM 6 /82 *  

R57 TAU+- INTO (MU÷- E+ E- I /TOTAL {P37)  
RS7 VIOLATES LEPTON NUMBER CONSERVATION 
RE7 B.BE-~ OR LESS CL=.O0 HAYES B2 SMK2 E+E- 3 ,8 -6 ,8GEV ECM 4282*  

RSB TAU+- INTO (E~  E+ E~-)ITDTAL IR381 
RS8 VIOLATES LEPTON NUMBER CONSERVATION 
RE8 6 ,0E -6  OR LESS CL=.90 HAYES 82 SHK2 E+E- 3 .8 -6 .BGEV ECM 6182~ 

RB9 TAU+- INTO (MU~- PIOI /TOTAL IP39)  
R59 VIOLATES LEPTON NUMBER CONSERVATION 
RB9 8o2E-4 DR LESS CL=.90 HAYES 82 SMK2 E+E- 3 .8 -6 .  RGEV ECM A /82 "  

RBO TAU+- INTO {E+ -  PIOI /TOTAL IP60)  
R60 VIOLATES LEPTON NUMBER CDNSERVATION 
RBO 2 ,1E -3  OR LESS CL=.O0 HAYES 82 SMK2 E+E- 3 .8 -6 .  RGEV ECM A /82 "  

R61 TAU+- INTO (MU~ KO)ITOTAL (PBEI 
R61 VIOLATES LEPTON NUMBER CONSERVATIDN 
R61 I.OE-3 ER LESS CL=.O0 HAYES B2 SMK2 E+E- 3.8-6.RGEV ECM 6/82* 

R62 TAU÷- INTO (E+ -  KOI/TOTAL (P~2) 
R62 VIOLATES LEPTON NUMBER CONSERVATION 
R62 E .3E-3  OR LESS CL=.90 HAYES 82 SMK2 E+E- 3 .8 -6 .8GEV ECM 4 /B2 ,  

R63 TAU+- [NTD {HU÷- Rf~3OI/TOTAL (P63}  
R63 VIOLATES LEPTON NUMBER OONSERVATION 
R63 4 .AE-4  OR LESS CL=.90 HAYES 82 SMK2 E+E- 3 .B-6 .8GEV ECH 6 /82 "  

R64 TAU+- INTO (E~ -  RHOOI/TOTAL (P66)  
R B~ VIOLATES LEPTON NUMBER CONSERVATION 
RB~ 3 .7E -4  OR LESS CL=.90 HAYES 82 SMK2 E+E- 3 .8 -6 .80EV  ECM 4 /82 *  

OERL 75 PRL 33 1489 
PERL 76 PL 63B 466 

BARBARO- 77 PRL 39 1C58 
BRANDELI 77 PL TOG 125 
BURMESTI 77 OL bOB 29? 
BURHEST2 77 PL 6BB 301 
CAVALLIS T7 LND 20 337 
PERL 77 PL 70E 487 

ALEXAhE)I 78 PL 73B ~S 
ALEXAND2 T8 PL TBB 162 
BACINO 78 PRL 41 13 

REFERENCES [OR TAU(17BSI HEAVY LEPTON 

÷ABRAMStBOYARSKIfBREIDENBACH ÷ (LDL÷SLACI 
+FBLDMAN,ABRAMS,ALAM,EOYARSKI 4 (SLAC÷LBLI 

BA~BARO-GALTIER[+ (LBL+NWES+SL AC+HANA) 
8RANOELIK ÷ (~ACH+BESY+HAMB+MPIM+TOKYI 
BURMESTERtDRIEGEE • (OESY~HAMB+SIEG+HUPG) 
BURMESTER,CRIEGEE * (DESY+HAMB÷SIEG÷WUPG) 
CAVALLI-SFORZAtGOGGI ÷ (PAVI+PRIN~UmDI 
+FELDMAN~ABRAMStALAMtBDVARSKI+ (SLAC+L~L| 

ALEXANOER.CRIEGEE÷ (OESY+AACH+S[EG+WUPGI 
ALEXANDER~ (OESY÷AACH+HAMB÷SIEG+WUPG~ 
+FERGUSON. NODULMM~ t (UC LA÷SLAC+UC|+STONIJ 

ALSO 7B TOKYO CONF. P.269 J.KIRZIEDTH INTL.CONF. ON HER) ISTONI 
ALSO 80 PL 96B 214 ZHOLENTZ,KUROADZE,LELDHUK,MISI,t~EV÷ (NOVO| 

BART£L 78 PL 7TB 331 ÷DITTMANN~DUINKER~OLSSONtONEILL÷{DESY~HEtD) 

BRANDEL[ 78 PL 736 L09 BRANDELIK + (AACH÷OBSY+HAMB÷ MPIM+TOKYIJ 
HEILE 78 NO 8138 IS9  +PERLfABRAMSeALAM~BUYARSK[~ (SLAC+LBL} 
JAROS 78 PRL 40 l l ZO  ÷ABRAMS,ALAN÷ {SLAC+L8L+NWES+HAWAI 
SMITH 78 OR 018 1 +FORD, MORSE,NANNtRESVANIS • (COLO+PENN÷WISCI 

ABR ARE 19 PRL 43 1 5 5 5  ÷&LAMtDLGDKER,BOYARSKI÷ (SLAC+LBLI 
ALEXANOE 79 PL BIB 86 ALEXANDER + IOESY+AACH+HAMB+SIEG~WUPPI 
BACINDI 79 PRL 42 6 +FERGUSONtNOOULMAN + (UCLA+SLAC4~JCI+STONI 
BACIN02 T9 PRL 42 74B +FERGUSON.NODULMAN÷ (UCLA+SLAC+UCI~STONI 

BLOCKER 80 LBL-IOBOI,THESIS C.A.BL~KER (LBL) 
BRANDELI 80 PL 92B 199 BRANDELIK • (AACI-~'BONN÷DESY+FAHB+LOIC÷DXF+I 
WAGNER BO ZPHY C3 Eq3 +ALEXANOER÷ (AACH+DESY+FAMB+SIEG+WUPG) 
ZHOLENT Z 80 PL 968 216 +KURD&OZEtLELCHUK,MISHNEVtNIKITIN÷ (NOVOI 

ALSO 81 YAD.PHYS.34 1471 ZHOLENTZ ÷ {NOVO) 

Stable Particles 
T ,  

BERGER 81PL  90B 4BB +GENZEL+(AACH+BERG+OESY+HAMB+UMD+SIEG+WUPGI 
DORFAN 81 PRL 46 215 ÷BLOCKER,ABRAMS.ALAM • {SLAC~LBL) 
BLOCKER B2 PL B (TO BE PUB.I ÷OORFAN,ABRAMS,ALAM.GLDNDEL÷ {LBL÷SLACIJ 
FELDMAN 82 PRL 68 66 ~TRILLING,ARRAMS,AHIDEI~ {SLAC÷LBt÷HARV) 
HAYES 82 OR (SUBMITTED) +PERL.ALAM.BOYARSKI, BREIDENBACH~ (SLAC÷LBLI 

REVIEWS 

PERL2 77 HAMBURG SYMP. ALSO ISSUED AS SLAC-RUB-2022, M.PERL (SLAC) 
FLUGGE 77 MESON CONF.BOSTB~ ALSO ISSUED AS DESY TT-35, G.FLUGGE (DESYI 

AZIMOV 78 SPU 21 223 +FRANKFURT,KHOZE (LENI) 
FELOMAN 7B TOKYO DCNF.,P.777 G.J.FELDMAN (19TH INTL. CONF. ON HEP){SLACIJ 
PERL 78 SLAC-RUB-221N M.L.PERL (RARLSRUHE SUMMER INST.1NTRI(SLAC) 

FLUGGE 79 ZPHY C[ 121 G.FLUGGE (OESYI 
K[RKBY 79 SLAC-PUE-2419 J.KIRKBYILEPTON PHOTON SYMP. BATAVIAIISLACIJ 
PERL 80 ARNPS 30 299 H.L.PERL (SLAC) 

. . . . . . . . . . . . . .  : : : : : : : : :  : : :13:::  : : : :2 : : :  ::::i:17, . . . . . . . . . . . . . . . .  

F ~  B CHARGED PION{[~O.JPG=O--{ I=1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B CHARGED PION MASS (MEV) 

M 1 3 q . 3 7  0 .20  CROWE 54 CNTR - 
M 139.68 0.15 BARKAS B6 EMUL 
M S ([39.B77) (0.0131 SHAFER 67 CNTR - MESONIC ATOMS 6/68 

B (139.B60)  (0.008) BACKENSTQ 71 ENTR MESONIC ATOMS [0/7[ M 
M S 1 3 9 . 5 6 6  O.OI3 SHAFER 72 CNTR - MESONIC ATONE I/T3 
M B 139 .569  O.OOB BACMENSTO 73 CNTR M~SONIC ATOMS 1 /73  
M 139.571 O.OEO BRANDAODO 76 CNTR - MESONID ATOWS | l TB  
M [39.5666 0.0020 CARTER 76 CNTR - ~ESONIC ATONE 6/77 
H D M 13B.3667 0 .0026  MARUSHENK 76 CNTR MESONIC ATOMS 12 /17  
M (138 .5658 )  ( 0 . 0018 )  OAUM 79 SPED t PI+ - ->  MU+ NEU 10 /81 "  
M 139.5675 0 .0009  LU 80 CNTR - MESONIC ATOMS 1 /8 [ *  
½ S SHAFER 72 UPDATES SHAFERBT WITH NEW ALPHA AND NEW CALIO. LINE ENER. 1173 
M B 8ACKENSTOSS 73 CORRECTS BACKENSTOSS 7[ WITH NEW VACL~JM POL. CALC. I/T3 
M H THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 3/78 
M M ACCEPTED SET DF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 3/78 
M M o0017 TO INCLUDE QED CALC. ERROR OF .DOLT (I2 PRM). 3/78 
M D OAUM 7B VALUE DEPENDS ON ASSUMED MU+ HASS M(MUI=IOE.6596B÷-oOOO35 • 2 /78  
M D ENTERS OUR FIT VIA PI-MU MASS DIFF. BELOW WHICH IS [NDEP. OF M{HUI. 2/78 
M . . . . . . . . .  
M AVG 139.$b761 0.00077 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0I 
M FIT 139.56733 O.OOOTI FROM FIT (ERBOR INCLUDES SCALE FACTOR OF 1.0) 3 /82 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 (PI+) - {MU~) MASS DIFFERENCE (MEVI 

D 36.0C 0.0T6 BARKAS 56 EMUL 
D 33 .89  0 .076  BARKAS $6 EMUL 
D 145 33.881 O.03S HYMAN 67 HEBC + K-HE 2171 
D 33 .925  O, OZS BOOTH 70 CNTR + MAGNETIC SPECT. 2 /7 [  

33 .9063  O. OOI8 OAUM 79 SPED + SEE NOTE 0 ABOVE 10 /81 *  0 
D . . . . . . . . .  
D AVG 3 3 . 9 0 6 6  0.0018 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.Ol 
D FIT 33 .90790  0 .00072  EROM FIT(ERROR INCLUDES SCALE FACTOR OF 1 .0 )  3 / 82e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 ( {P ]+ ]  - (P I - I I /AVG. ,  MASS DIFFERENCE (PERCENT) 

DM 0 .02  0 .05  AYRES TL CNTR 3 /71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B CHARGED PION MEAN LIFE {UNITS IOtS-q SECI 

T 25 .6  O.S O.S CROW[ 57 RVUE 
T 25 .6  O.E 0 .8  ANDERSON 60 CNTR 
T GOOD 25.66 0.32 0.32 ASHKIN 60 CNTR ÷ 
T 26 .02  0 .04  ECKHAUSE 6B ONTR + 9/66 
T 2B.6 O.B BARDON 66 CNTR 6 /66  
T 25 .9  0 .3  DUNAITSEV 6 6  CNTR 6 /68  
T N I 26 .401  (0 .081  KENSEY 66 CNTR • 6 / 66  
T N SYSTEMATIC ERRORS IN CALIBR.IN THIS EXP. DISCUSSED DY NORDBERG 67 BlBT 
T 26 .67  0 .26  LOBKOWICZ 6 6  CNTR 9 /66  
T 26 .06  0 .05  NORDBERG 67 CNTR + B I67  
T 26 .02  O, O4 AYRES 71CNTR +-  317 [  
T 26 .09  O. OB OUNA[TSEV 73 CNTR 3 /76  
T . . . . . . . . .  
T AVG 26.030 0 . 0 2 3  0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF L.Ol 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B ( ( P I + )  - [P I - I I IAVG. ,  MEAN L IFE OIFF.  (PERCENTI 

07 N THIS QUANTITY IS A MEASURE OF OPT INVARIANCE IN W.I. 

DT 0.23 0 .60  LOBKOWICZ 66 CNTR SEE NOTE L 9266 
DT L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS 9 /66  
DE 0 ,4  O.T BAROON 66 CNTR 7 /66  
DT -0 .16  0 .29  PETRUKHIN 68 CNTR B/68 
DT 0 .055  0 .071  AYRES 7 [  CNTR 3 /71  
DT . . . . . . . . .  
DT AVG 0.053 0 . 0 6 8  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B CHARGED PION PARTIAL DECAY MODES 

DECAY MASSES 
P1 CHAR. PION INTO MU (MU-NEU) 105+ O 
P2 CHAR. RION INTO E { E-NEU| .5+ O 
P3 CHAR. P lan  INTO MU (MU-NEUI OAMMA lOB+ 0+ 0 
P4 CHAR. PION INTO PIO E (E-NEU) 136÷ * S* 0 
P5 CHAR. PION INTO E NEU GAMMA .5+ O+ 0 
P 6  CHAR. PION INTO E NEU E ~  E -  .5+ O÷ ,S+ .S 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B CHARGED PION BRANCHING RATIOS 

RI  CHAR. PION INTO MU NEU GAMMA {UNITS lo t * -6 )  (P3)IIPI) 
R[ 26 1 ,26  0 ,25  CASTAGNOL 58 ENUL E IMUI .LT .3o38  MV 



Stable Particles 
,/T O 1T , 

R2 CHAR. PION INTO E NEU [UNITS t o * * -~ )  (P2 I I IP I ]  
R2 1 .2 [  0,07 ANDERSON 60 CNTR 
R2 D ( 1 . 247 )  10 .028 )  D{ CAPUA 6% CNTR [1175  
R2 D 1,276 0.024 8RYMAN 75 RVUE 9/75 
R2 O BRYMAN 75  IS  A RECALC. OF D ICAPUA 66 EXPT USING LATEST P I  LIFETIME. 9 /75  
RB . . . . . . . . .  
R2 AVG 1.267 0,023 AVERAGE iERROR INCLUDES SCALE FACTOR OF l .O)  

R3 CHAR,  P ION IN lO  P IQ  E NED (UN ITS  [ 0 " * - 8 )  (PB I / (P [ I  
R3 D 52 [ I .  IS )  (0 .22)  DEPOMMIE 63 ENTR ÷ 2/72 
R3 D 36 O .q7  0.20 BARTLETT 66  OSPK ÷ 
R3 O 38  [ . 07  0 .2 [  8ACASTOW 65 OSPK + 
R3 D I.[O 0 .26  BERTRAM 65 OSPK + 6 /66  
R3 D %3 [ . 1  0 . 2  OUNAITSEV 65 CNTR TI66 
R3 332  1.00 0.08 O.lO OEPOMMIER 6B CNTR + 3168  
R3 . . . . . . . . .  
R3 AVG [ . 023  0. 0 6 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  Ol 

D OEPOMMIER 68  STATES THAT THE RESULT OF DBPOMHIER 63 IS  AT LEAST 2172 
D 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE RIO 2 /72  
D DETECTION EFF IC IENCY.  THIS MAY BE TRUE OF ALL  THE PREVIOUS 2 /72  
O MEASUREMENTS ACCORDING TO DEPOMM[ER 68  AND V.SOERGFLt PRIVATE 2 /72  
D COMMUNICATION, 1972 .  

R4 CHAR. PION INTO E NED GAMMA (UNITS IO* * -8 )  (PE ) l (P I )  
R4 [%3 (3 .0 )  OEPOMMI2 B3 CNTR + E+, GAM KE >BBMEV 3 /82*  
R~ S 226  5.B 0 .7  STETZ 78 SPEC + E MOM >58 MEV/C. 12 /79  
R4 S STETZ 78 IS FOR E-GAMMA OPENING ANGLE >1320EG. OBTAINS 3.7 WHEN 12/79 
R4 S USING SAME CUTOFFS AS DEPOMMIEB. 12179 

R5 CHAR. PIDN INTO E NEU E+ E- [UNITS [0 * * -8#  (P61 / (P I )  
R5 (3 .41  OR LESS CL= .90  KORENCHEN 710SPK + [O /7L  
R5 0.%8 OR LESS EL=.90 KORENCHEN 7 6  SPEC + 1/78 

CROWE 54 PR 96 470  
BARKAS 56 RR 1 0 1  778 
CROWE 57 NC 5 541 
CASTAGNO 58 PR 112  E7T9 

ANDERSON 60 PR [ [ 9  2050  
ASHKIN 60 NC 16 490 
OEPOMMI[ 63 PL 5 61 
DEPOMMI2 63 PL 7 285 
BARTLETT 64 PR 136B  1452 
D I  CAPUA 64 PR 133B  1333 

BACASTOW 6 5  PR I 3 g  BOOT 
BERTRAM 65 OR 139  6 6 [7  
DUNAITSE 65 JETP 20 58 
ECKHAUSE 65  PL 19 348  

BARDON 66 PRL t 6  775  
OUNAITSE 66  PL 23 2B3 
KINSEY 66 PR 1 4 %  1132 
LOBKOWIC 66 PRL [ 7  548 

HYMAN 67 PL 25E 376  
NORDBERG 67 DL 24B 596 
SHAFER 6 7  PR [63 1451 

ALSO 65 RRL 1 4  923  

DEPOMMIE 68 NP B4 189 
PETRUKHI 68  J INR-P I -3862  
BOOTH 70 PL 328 723 
AYRES ? I  PR 30 IEE[  

ALSO 6T PR 157 1288 
ALSO 6B PRL 21 261 
ALSO 69 UCRL-18369 
ALSO 6 9  PRL 23  IE67  

BACNENST 71PL  368  403  
ALSO 70 THESIS 

KORENCHE 71 SJNP 13 189 
SHAFER 72 PRIVATE COMM. 
8AEKENST 73 PL 638 53q  

ALSO 73 SUBMITTEO TO NP 
DUNAITSE 7 3  SJNP 16  292 

8RYMAN 75 PR D I I  1337  
BRANDAO0 76 ZNAT 31A 1150 
CARTER 7 6  PRL 37  [3BO 
KORENCHE T6 JETP R4 35 
MARUSHEN 76 JETPL 23 72 

ALSO 76 PRIVATE COMM. 
ALSO 78 PRIVATE  COMM. 

STETE 78 NP 8138  285  
DAJM 79 PR 320  2692 

ALSO 78 P l  768  126 
LU 80 PRL 45 1066 

CARTWRIG 53 PR 91 677 
HERR(SON 62 AOVP 11 1 
SHAPIRO 62 PR [25 1022 
CZ IRR 63 PR [ 3 0  3 4 E  
CARRIGAN 68  NP B6 662  
OEPONMIE 80 NP A335 ST 
WILKIN BO JPG 6 L5  

K M CROWE,R H PHILLIPS (LRL) 
W H BARKAS,W BIRNBAUM, F M SMITH (LRLJ 
K M CROWE ISTANFORD HEPL) 
C CASTAGNOLI~M MUENNIK (BOMAI 

H l ANDERSON,T FUJI I ,R H MILLER + (EFT) 
ASHKIN,FAZZIN[,FIDECARO~LIPMAN ÷ ICERN) 
DE@OMNIER,HEINTZE,RUBBIA,SOEROEL (CERN) 
P OEPOMMIER,HEINTZE,RUBB[AtSOERGEL (CERN) 
BARTLETT,DEVONS,MEYER,ROSEN (COLUMBIA I  
Dl CAPUA,GARLAND,PONDROM,STRELZOFF (COLU) 

+GHESOUIERE,WIEGANO,LARSEN (LRL÷SLACI  
BERTRAM,MEYER,CARRIGAN~ INICH+CARNEGIEI 
DJNAITSEV,PETRUKHIN,PROKDSHKIN ÷ (DUBNAI 
ECNHAUSE,HARRIS,SHULER÷ (WILLIAM AND MARY) 

BARDON,DOREoOORFAN,KRIEGER + (COLUMBIA{ 
÷EUIY[N,PROKOSHKIN,RASUVAEV,SIMONOV (DUBNA) 
KIN SE Y, LOBK OWICZ,NOROBERG (BOCHESIE R UNIV) 
LOBKOWIEZ,MELISSINOS,NAGASHIMA+ (ROCH+BNLI 

+LOKEN,PEWITT,DEBRICK + (ANL+CARN÷NWESI 
NORDBERO,LOBKOWICZ,BURMAN [ROCHESTER UNIV) 
ROBERT E. SHAFER ILRL I  
SHAFER,CROWE,JENKINS (LRL I  

OEPOMMIER,OUCLOS,HEINTZE,KLEINKNECHT÷(CERN[ 
PETRUKHIN*RYRALIN, KHAZINS,CISEN (DUONAI 
+JOHNSONtW[LLIAMS,WORMALO IL IVP)  
*CORMACK,GREENBERG,KENNEY ÷ (LRL,UCSBI 
AYRES,CALOWELL,GREENBERG, KENNEYtKURE÷ (LRLI 
AYRES,CDRMACK,GREENBERG,KENNEY÷ (LRL~UCSBI 
DAVID S AYRES [THESIS) (LRL )  
GREENBERGwAYRES,CDRMACKtKENNEY+ (LRL,UCSD) 

BAEKENSTOSS,OANIEL,KOCH÷ (CERN,KARL,HEID) 
C. VOW DER MALSBURG [HEIDELBERG[ 
KORENCHENKO,KOSTIN,MICELMACHER÷ (J INR)  
R. SHAFER, LOT2 IFNAL) 
BACKENSTOSS,DANIEL,KOCH÷ (CERN+KARL÷MUNIEH) 
L .  TAUSCHER 
DUNAITSEVtPROKOSHKIN,RAZUVAEV+ (SERP) 

÷PICEIOTTO (UNIV OF VICTORIA) 
8RANDAO O*OLIVERAsOANIEL,VON EGIOY+ (MUN[I 
÷DIXIT,SUNOARESAN÷ {CARL+ENRC+CHIC+CIT) 
KORENCHENKO,KOSTIN,MIC EIMACHER÷ (JINR) 
MARUSHENKD,MEZENTSEV,PETRUNIN÷ (LENI I  
R. SHAFER (FNAL) 
A.  I .  SMIRNOV (LENI )  

÷CARROLL~ORTENDAHLtPEREZ-MENDEZ÷ (LBL+UCLA)  
÷EATONIFROSEHTHIRSCHMANN,MCCULLOCH÷ (S IN )  
DAUM,EATON,FROSCH,HIRSCHMANN,+ (SIN) 
÷DELKERtOUGAN,WUtCAFFREY÷ (YALE÷COLU÷JHU) 

PAPERS NOT REFERRED TO IN DATA CARDS 

CARTWRIGHT,RICHMAN,WHIIEHEAD,WILCOX (LRL IJ  
A W HERR(SON [LIVERPOOL) 
G SHAPIRO, L M LEDERMAN (COLUMBIA] 
JOHN B CZIRR ILRL| 
R.A.CARRIGAN JR. (EARN)J  
P.OEPOMMIER (MONTi 
C. WILK [N  (LOUC)P 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

9 NEUTRAL PION{I35,JPG=O--) I= [  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 (PI+~) - IP IO )  MASS DIFFERENCE IMEV) 

0 [ 5 . 37 )  (E .O I  PANOFSKY 5 [  ENTR -- 
D ~.50 0.31 CHINOWSKY 54 CNTR 
D 4 .62  0 .05  HAOOOCK 59 CNTR - 
o 4 . 60  0.06 HILLMAN 59 CNTB 
D %.55  0 .07  CASSELS 59 CNTR 
D B .69  0 .07 SAMIOS 60 HBC 
O 6 .6056  0 .0055  CZIRR 63 CNTR 
D 4.59 0 .03  PETRUKHIN 63  ENTR - 
D 4 .6036  0 .0052  VAS ILEVSK 66  CNTR - 
o . . . . . . . . .  
D AVG 4.60%3 0.0037 AVERAGE [ERROR INCLUDES SCALE FACTOR OF [ . 0 }  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2/72 

9/66 
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Data Card Listings 
For notation, see key at front of  Listings. 

9 NEUTRAL RION MEAN LIFE [UNITS I0"*-16 SECI 

T N 76  [ 1 . 9 )  ( 0 . 5 )  (O .S I  GLASSER 6 [  EMUL 
I N 45  12 .31  ( 1 . 1 )  (1 ,0 )  TIETGE 62 EMUL 
T N 88 [ 2 . 8 )  ( 0 . 9 )  ( 0 . 9 )  KOLLER 63  EMUL SEE STAMER 66 
T [.OS 0.18 O.E8 VON DARDE 63 ENTR 
T N 75 ( I . 7 )  ( 0 . 5 )  SHWE 66  EMUL 
T 0 .730  0 .105  BELLETTIN 65 CNTR 6/66 
T K N 67  (1 .6 )  { 0 . 6 )  ( 0 . 5 I  EVANS 65  EMUL 6266 
T 232 1.0 0.5 STAMER 66  EMUL 8167 
T 0.56 0.06 BELLETTIN 70 CNTR PRIN.EFF. ON NUC 7170 
T 0 .9  0 .068  KRYSHKIN 70  ENTR PRIMAKDFF EFFECT 12 /70  
T D N 0.82 0 .04  BROWMAN 74 ENTR PRIMAKOFF EFFECT 7275 
T OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 
T K N SHIFT TO LARGER MEAN LIFE VALUES. 
T INCLUDES EVENTS OF KOLLER 63. B/67  
T 8 BROWMAN GIVES PlO WIDTH=B.OZ+-.42EV. MEAN LIFE IS MOARIWIDTH. 1[ IT5 
T 
T AVG 0.828 0 .057  0,053 AVERAGE (ERROR INCL. SCALE FACTOR OF h81  

(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 1 . 207  ± 0 ,080  

ERROR SCALED BY 18  

CH ISQ 

BROWMAN 74 CNTR O0  

-KRYSHKIN  70  CNTR 13  

BELLETT IN  70 CNTR 89 

/ STAMER 66  EMUL 

BELLETT IN  65  CNTR 07  

VON OARDE 63  CNTR 2 3 

1 3 2 

' -- (CONLEV 
2 3 =DO10 )  

NEUTRAL  P I  DECAY RATE(UNITS  10 "~16SEC-1 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S NEUTRAL PION PARTIAL DECAY MODES 

DECAY MASSES 
P[  P [O INTO 2GAMMA 0÷ 0 
P2 PlO INTO E+ E- GAMMA • 5+ . 5+  o 
P3 BIO INTO 4ELECTRONS .5+ .5÷ .5+ .5 
P4 PIO INTO 3 GAMMA O÷ O+ O 
P5 P I0  INTO 4 GAMNA 0+ D+ 0÷ 0 
P6 PlO INTO E+ E-  .5+ .5  
P7 PlO INTO 2 NEUTRINOS O÷ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 NEUTRAL PION BRANCHING RATIOS 

RI  PlO INTO [GAMMA E+ E-[/(BGAMMAI (PERCENT) (P2 I / IP l )  
R l  ( 1 . [ 961  THEORET. CALE.  JOSEPH " 60  QUANTUM ELECT.  9/b6 
RI 27 l .  E7 0 . [ 5  BUDAGOV 60 HBC 
RI 3071 I . I 66  0.047 SAMIOS 61 HBC PI -  P - ->  P[O N 
RI [ . 25  0.06 SCHARDT 81SPEC B I -  P - ->  PIG N 1182" 
RI S SAMIOS VALUE USES PANOFSKY RATIO = 1.62 
R[ . . . . . . . . .  
R/ AVG 1.213 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O l  

R2 RIO INTO (3 G~MMA)ITOTAL [UNITS 10**-61 (PB) 
R2 0 0 ( 4 . 9 )  OR LESS CL=.90 DUCLOS 65 CNTR 6/66 
R2 D (4 .9 )  OR LESS Ok=.90 KUTIN 68 CNTR 3/68 
R2 D THESE EXPTS. GIVE BR(3GAMMA/BGAMMAI<5.0*IO**-6. 
R2 0 I [ . 5 )  CR LESS CL= .9O  AUERBACI  7B CNTR 1 /79  
R2 O 0.38 OR LESS CL=.9O HIGHLAND 80 ENTR 118[*  

R3 PIO INTO (B+E6E-E- I I (2  GAMMA) IUNITS 10 " * -5 )  (P31 / (P1 )  
R3 N 14B (3 . [ 8 [  (0,3Ol SAMIOS 62 HBO SEE NOTE N BELOW 6/66 
R3 3 .28  THEORET. CALC.  MIYA2AKI 73  QUANTUM ELECT, 2176 
R3 N ABOVE VALUE USES PANOESKY RATIO = [ . 62  

R% RIO INTO ( 4  GJMMA)/TOTAL [UNITS tO** -5)  (PET 8173 
R4 A 0 ( 6 .O l  CR LESS EL= .90  ABRAMS 73 ASPK 8 /73  
R~ A ABRAMS 7B GIVES BR[BGAMMA/2GAMMA)<6.1*[O**--5. 
R4 0 13 .8 (  OR LESS CL=.9O AUERBAC2 78  CNTR 2 /79  
R4 0 0 .44  CR LESS C l= .qO  AUERBAEH 80 CNTR 8 /B1*  

R5 RIO INTO (E+  E - I /TOTAL  [UNITS ZO* t -6 )  (P6 ) / IP [ )  12 /75  
R5 D (Z .OI  OR LESS CL=.9O DAVIES 74  RVUE 12/75 
R5 B 0.223 0.240 O . I lO  FISCHER2 78 SRRK K+ EXPT. CL=.OG 6/78 
R5 D DAV(ES 74 EXTRACTS THIS INFORMATION FROM BLDCH 75 K+ EXPERIMENT. [2175 

Rb PlO INTO 12 NEUI/TOTAL [UNITS 10 " * -5 )  (P7) 2/BB* 
R6 0 2.% OR LESS CL=.90 HERC2EG B[ BVUE 2182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 NEUTRAL PION ELECTROMAGNETIC FORM FACTOB 

THE AMPLITUDE FOR THE PROCESS RIO - ->  B+ E- GAMMA CONTAINS A 
FORM FACTOR GAMMA(X**2} AT THE (PlO GAMMA GAMMA{ VERTEX 
WHERE X=MASS(E*E-I/MASS(PIO). IHE PARAMETER A IN THE LINEAR 
EXPANSION GAMMaIX**2 I= [ *A*(X**2 I  IS LISTED BELOW. 

A LINEAR COEFFICIENT OF PlO ELECTROMAGNETIC FORM FACTOR 
A ( -0 .15 I  ( 0 . 10 )  KOBRAK 61 HBC NQ RAG. CORR. 2 /80  
A 3DIE [ - 0 . 24 )  [ 0 .16 )  SAMIOS 6 [  HBC NO RAG. CORR. 2/80 
A 2200 (÷0.01)  {O.E[)  3EVONS 69 OSPK NO RAG. CORR. 2 /80  
A F 3OK +o. 10 0.o3 FISCHER[ 78 SBEC RAG. CORR. 2 /80  
A F ERROR STATISTICAL ONLY. RESULT WITHOUT BAD. EORR.=+O.05+-O.03. 2 /80  



63 

Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
0 

PANOFSKY 51PR St 56S 
CHINOWSK 54 PR 93 586 
CASSELS 59 PPS 74 92 
HADDOCK 59 FRL 3 ~78 
H[LLMAN 59 NC 14 887 

BUDAGOV 60 JETP 11 755 
JOSEPH 60 NC 16 997 
SANTOS 60 NC 18 ISA 
GLASSER 61PR 123 1014  
KOBRAK 61NC 20 111S 
SAMIOS 61PR 121 275 
SAMIOS 62 OR 126 1846  
TIETGE 62 PR 127 132A 

EZIRR 63 PR ISO 341 
ROLLER 63 NC 27 I60S 

ALSO 66 STAMER 
REERUKHI 63 SIENA CO~F 208 
VQt4 GARO 63 PL 4 51 

SHWE 64 PR t36B 1839 
SELLETT( 65 NC 40 A 113R 
OUCLDS 65 PL 19 253 
EVANS 65 PR 139 B q82 
KOTIN 65 JETP LETT 2 243 

STARER 66 PR 15 l  1108 
VASILEVS 66 PL 23 281 
DEVONS 69 PR IBA 1356 
SELLETTI 70 NC 66A 243 
KRYSHKIN 70 JETP 30 1037 

AORAMS 73 PL 4SO 66 
MIYAZAKI 73 PR 08 2051 
8ROWMAN T4 PRL 33 1400 
DAVIES T4 NC 2AA 324 

AUERSACI 78 PRL AL 275 
AUERBAC2 78 EL 788 353 
FISCHER1 78 PL T3S 359 
FISCHER2 78 EL T3E 364 

AUERSACH 80 EL 90S 317 
HIGHLAND BO PRL 44 628 
HERCZEG 8 1 P L  lOOB 357 

REFERENCES FOR NEUTRAL PEON 

W K H PANOFSKY,R L AaMOOT,J HADLEY {LRL) 
W CHINOWSKY,J STEINBEPGEM ICOIUMBtA) 
CASSELS,JONES,MURPHY,O.NEILL [LIVERPOOLI 
HADOOCK,ABASHIAN,CROWE,CZIRR ILRLI 
H[LLMANvNIOOELKOOPtYAMAGATAtZAVATTINI(EERNI 

BUDAGOV~VIKTORtDZHELEPOVtERMOLOV + IJ INR) 
O W JOSEPH IEFI I  
N P SANTOS (COLUMOIA} 
R G GLASSERtN SEEMAN,B STILLER (NRL} 
H.KOBRAK (EFI )  
N P SANTOS (COLUMBIA~ONL] 
SAMIOSvPLANO*PRDOELL ÷ (COLUMBIA+SNL) 
J TIETDE,W PUESCHEL {NAg PLaNCK INSTI 

JOHN 8 CZIRR ILRL) 
E L KOLLER,S TAYLOR, T HUETTER (STEVENS) 

V I PETRUKHIN,YU O FMOKOSHKIN (J INR} 
VON OARDEL,DEKKERStMERMODtVAN PUTTEN+ICERN) 

H SHNE,F M SMITH,M H BARRAS [LRL) 
BELLETTINI~SEMPORAO,BRAECINI¢(PISA÷EIRENZE) 
OUCLOS,FREYTAG, HEINTZE + (CERN+HEIDELBERG) 
D A EVANS (OXFORD} 
KUTINtFETRUKHIN,PROKOSHKIN IJINR) 

STAMER,TAYLORIKOLLER,HUETTER* (STEVENS) 
VASILEVSKYtVISHNYAKOV,DUNAITSEV ÷ (DUBNA) 
+NENENTHYtNISSIM-SABAT,DI CAPUA÷ICOLU+ROMA) 
BELLETTINI,BEMMORAD, LUBELSMEY÷ (PISAeSONN) 
+STERLIGOV,USOV |TOMSK POLYTECH.INST.I 

+CARROLL,KYEIA,LItMICHAELoNDCKETT + (BNL} 
T.MIYAZAKI,E.TAKASUGI (TORY} 
÷OEWIRE,GITTELMAN,HANSON÷ (CORN+SING} 
+GUY.ZIA IBIRM+RMEL÷SHMPI 

AUERBACH,HIGHLANO, JOHNSON, + (TENP+LASL) 
AUERBACH,HIGHLANO. JOHNSON, ÷ (TEMP+LASL) 
+EXTERMANN,GUISAN, MERMOO~÷ (GEVA+SACLI 
÷EXTERMANN. GUISAN, MJ~RMOO,MOREL+ IGEVA+SACL) 

+HAIK,HIGHLAND,MCFARLANE,MACEK+ (TENP÷LaSL) 
+AUERBACH.HAIK,NCFAMLANE,MACER÷ {TEMP+LASL) 
P. HERCZEG~ C. M. HOFFMAN (LANE) 

SCHAROT Bl PRO 23 639 ÷FRANK,HOFFMANN,MISCHKE,MOIR + IAMZS÷LANL} 

* o  t i t  * t $ * ~ * t $  t * * * $ * t t *  t t t t t l t t *  $ * $ * t t t t *  t i t * t i l t *  t i t * t i f f *  * * e t t t $ t  

F ~ l  14 ETAI549,JPG=O-+| I=O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I4 ETA MASS (MEVI 

M 53 549,0 1.2 8ASTIEN 62 HBC 
M 35 $46.0 4 . 0  PICKUP 62 HSC 
M q l  548.0 1.0 ALFF 62 HBC 
N 549.3 2 .9  DELCOURT 63 CNTR 
M [48 549.0 O.T FOELSCHE 6A HBC 
M 325 $52.0 3 .0  KRAEMER 6~ 98C 
M 5%8.2 0.65 FOSTEM3 65 HBC 
M 250 555.0 2*0 JAMES 66 HOE 
M . . . . . . . . .  
M AVG ~48. B2 0.56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,4)  

(SEE IDEOGRAM BELOW ) 

W E I G H T E D  AVERAGE = 5 4 8 . 8 2  ± 0 , 5 6  

ERROR SCALED BY 1 . 4  

1 ~  - JAMES 
FOSTER3 

KRAEMER 

~ FOELSCHE 

DELCOURT 

- A L F F  

. . . . . . . .  P I C K U P  

BASTIEN 

5 4 0  5 4 5  5 5 0  5 5 5  5 6 0  5 6 5  

ETA MASS ( M E V )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 ETA WIDTH 

w ETA WIDTH DETERMINED FROM MASS SPECTRUM (UNITS MEV) 
W 91 (10.01 OR LESS ALFF 62 HBC 
N 148 lEO. O) CR LESS FOELSCNE 6~ HBC 
w 31 (12.0} CR LESS JAMES 66 HBC 
W ( 4 . 0 )  OR LESS BALTAY 66 OBC 
w ( 0 . 9 )  OR LESS CL=.95 JONES 66 CNTR 

N ETA WIDTH DETERMINED FROM OECAY RATE (UNITS KEN( 
W THIS IS THE PARTIAL DECAY RATE IWI) FOR THE MODE (ETA INTO 2GAMMA| 
W DIVIDED BY THE FITTED BRANCHING FRACTION ( P l )  FOR TN&T MODE. 
N . . . . . . . . .  
W FIT 0 .83  0 . 1 2  FROM FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C H I S Q  

66 HBC 9 . 6  

65  HBC O . g  

64  DBC 1 . 1  

64  HBC 0 . 1  

63  CNTR O . O  

62  HBC O 7  

62 HBC 

62  HBC 0 . 0  

1 2 . 4  

( C O N L E V  
= 0 . 0 5 4 )  

7166 
6/66 

6•66 
7•66 
8167 

14 ETA PARTIAL DECAY MOOES 

DECAY MASSES 
O+ 0 PL ETa INTO 2GAMNA 

P2 ETA INTO 3PIO 134+ I3A+ 134 
P3 ETA INTO PI+ P I -  PIO 139+ 139+ 13% 
P4 ETa INTO El+ El- GAMMA 139+ 139+ 0 
P5 ETA INTO E+ E- PIO 134+ . 5÷  .5 
P6 ErA INTO E+ E- PI÷ P I -  139+ 139+ .5+ .5 
PT ETA INTO PlO 2DAMMA ISA+ O+ 0 
PB ETA INTO E+ E- GAMMA .5+ .5+ 0 
PS ETA INTO 2P10 GAMMA (VIOLATES C) 134+ 134+ O 
PlO ETA INTO PI÷ P I -  P[O GAMMA 139÷ 13q÷ 135+ 0 
P11 ETA INTO PI÷ E l -  2GAMMA 139+ 139÷ 0+ 0 
P12 ETA INTO MU+ MU- 105+ 105 
P 13 ETA INTO MU* RL~ GAMMA 105+ 105+ O 
Pl4 ETA INTO MU+ MU- P[O 105+ 105+ I3~ 
Pl5 ETA INTO PI+ PI -  L39+ 139 
Pl6 ETa INTO E+ E- .5+ . 5 
PIT ETA INTO ~u+ MU- PIO GAMMa 105÷ 105+ 134+ 0 

F I T T E D  P A R T I A L  D E C A Y  MODE BRANCHING F R A C T I O N S  

The  m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  the  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s .  P.  aa  f o l l o w s :  The  d i a g o n a l  e l e m e n t s  a r e  P ,  * 5P. w h e r e  
z 

5P. = • ' l 1 ' ~  w h i l e  t he  o f f - d i a ~ o n s l  e l e m e n t s  a r e  the  n o r m a l i z e d  c o r r e l a t i o n  c o e f I i -  x 
cients (6P'GP It >/(EPI " 6Pj). For the definitions oI the individuai P,• see the listings 

above ;  o n l y  t h o s e  P a p p e a r i n g  in  the  m a t r i x  a r e  a s s u m e d  in  the  f i t  to be n o n z e r o  and  l 
a r e  t hus  c o n s t r a i n e d  to add  to 1. 

P i P 2 P 3  P 4 P S 
P t .3q05+-.OOB~ 
P 2 - .  68 eY* .31BA+-.OOBO 
P 3 - .  A322 - .  3365  .2369+- .0054 
P 4 - . 3 7 6 0  - .  2549 o8016 .0491+- .0013 
P 8 - .  0S20 - ,  0461 - .05AT - . 0540  . OOSO+~. 0012 

F I T T E  D P A R T I A L  D E C A Y  MODE R A T E S  

The  m a t r i x  b e l o w  i s  the b r a n c h i n g  f r a c t i o n  m a t r i x  a b o v e ,  t r a n s I o r m e d  in to  r a t e  

F = F t o t a l P i ,  i n  a p p r o p r i a t e  u n i t s .  In a n a l o g y  to the  m a t r i x  a b o v e .  space; i . e . ,  G i 1 

t h e  d i a ~ o n a l  e l e m e n t s  a r e  G ± 6 G ,  w h e r e  6 G  = ~ / ~ G ; G G , ) ,  ~'h~]e the  o f l - d i a ~ o n a l  
z i z * z 

e l e m e n t g  a r e  the  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i c i e n t s  <6G 6 G j ) / ( 6 G I  - z" 6Gj}. No te  tha t ,  

b e c a u s e  of the  e r r o r  i n  £ t o t a l '  the  e r r o r s  and  c o r r e l a t i o n s  h e r e  a r e  not  d i r e c t l y  d e r i v a b l e  

f r o m  t h o s e  a b o v e .  

G i G 2 0 3 G 4 G 8 
G I .3240+- .0~60 
G 2 .9553 .26~2+-. 0393 
G 3 .96 ¢~6 .~E49 . IN65~-.  0208 
G 4 .96E4 .560T .9986 .0408+- .  0060 
D 8 . 5 1 5 I  . S Z l q  . $ 1 5 1  . S 1 1 9  . 0 0 4 1 + - .  0011 

t6  ETA DECAY RATES 

wl  ETA INTO 2GAMMA (UNITS KEV} ( G l l  
N1 B ( l .OOI  ( 0 , 2 2 (  BENRORAO 67 CNTR PR[MAKOFF EFFECT 11175 
WI 0.326 0,046 BRONMAN 7A CNTM PRIMAKOFF EFFECT 7176 
W1 B BEMEQRAD 67 GIVES WI= [ *21÷ - .26  KEV ASSUMING THAT WI/TQTAL=D*3[4, l t / T 5  
g l  S BEMPORAO PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 11175 
WI S WX*W11TOTAL=.380+-.083. WE EVALUATE THIS USING Wl lTOTAL=,38+- .O i .  11175 
Hi  B NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE 2/76 
NX B SEPARATION OF THE COULOMB AND NUCLEAR AMPLITUOES HAS aPPARENTLY 2176 
W1 S BEEN UNDERESTIMATED. 2176 
Wl . . . . . . . . .  
WI FIT 0 .324 0,046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 ETA BRANCHING RATIOS 

R1 ETA INTO NEUTRALS/CHARGED (Pg+P2)/IP3÷P4~P8) 
RI N ZO ( 2 . 5 l  I I . O )  PICKUP 62 HBC 
R1 N 53 ( 3 . 2 0 |  ( 1 . 2 6 )  BASTIEN 62 HBC 
R1 N 280 ( 4 . 5 )  ( 1.01 JAMES 66 HBC 
RE N THESE EXPERIMENTS HAVE NOT SEEN USED IN COMPUTING THE AVERAGES 
51 N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES (3 I AND (4)  
R[ N FROM EACH OTHER° THE REPORTED VALUES THUS PROSARCY CONTAIN 
RI N SORE (UNKNOWN) FRACTION OF MODE ( A ) .  
RX 2 ,64  0.23 8ALTAY2 E7 OBC 
R1 . . . . . . . . .  
RI FIT 2,636 0.076 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .O I  

52 ETA INTO 2GAMMA/CHARGED (PI) / IP3÷PA+PR) 
R2 0 .95 0.48 CRAWFORD 63 HSC 
R2 75 1.51 0.93 KENDALL 7¢ OSPK 
52 . . . . . . . . .  
52 AVG 1,10 0.43 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0)  
52 FIT 1 .3 ,2  0.050 FROM FIT (ERROR INCLUDE5 SCALE FACTOR OF I .O ]  

N O t e  o n  q -~ w0yy 

12/75 

(by A. V. Barnes, Lawrence Berkeley Laboratory) 

For several years the measurements of the 

branching ratio (q ÷ ~°~)/(n÷neutrals) have 

been in disagreement. The recent upper limit 

measurement reported in DAVYDOV 81 is far below 

the previous positive results. The earlier 



Stable Particles 

positive results are each suspect. T~e earliest 

report (DIGIUGNO 66) was a photon spectrum meas- 

u r e n ~ n t .  I t  d e p e n d s  on  a Monte  C a r l o  t o  f i t  t h e  

observed spectrum with that expected from a 

combination of photons from the decays ~ -* yy, 

[I + 7T°y~(, and ~ + ~O~°~TO. Their result is of 

course s e n s i t i v e  t o  t h e  a s s u m p t i o n s  o f  t h i s  I ~ n t e  

Carlo. FELDMAN 67 is an optical spark chamber 

e x p e r i m e n t .  The s c a n n i n g  e f f i c i e n c y  f o r  t h e  

5- and 6-photon events is hard to m e a s u r e  and 

c r i t i c a l  t o  t h e i r  r e s u l t .  S'I'RUGAI.~K 71 d o e s  

not address the problem of contamination from 

the ~ ÷ ~07T07T° decay mode. Assuming that the 

IT°%(y mode is absent and that the decay ratio 

(q + ~CY)/(q ÷ 7T0~T01T0) is approximately 0.9 

i m p l i e s  t h e r e  a r e  ~ 7 0 0  37r ° e v e n t s  i n  t h e  ~<4y 

sample of their data. The 40 + l0 q + ~0yy 

d e c a y s  o b s e r v e d  c o u l d  e a s i l y  be  m i s i d e n t i f i e d  

q + ~0~07T0 decays. DAVYDOV 81 accounts for the 

rl + rr°'ff°'n-° d e c a y s  p r o p e r l y  and  i s  much more  s e n s -  

i t i v e  than previous measurements. 

The 7r°yy b r a n c h i n g  f r a c t i o n  i s  now a s s u m e d  t o  

be zero in our branching ratio fit. As a result, 

t h e  f i t t e d  y y  and 371- ° b r a n c h i n g  f r a c t i o n s  h a v e  

increased by 1.1% and 1.9%, respectively. 

R3 ETA INTO (PIO 2GAMMA)INEUTRALS (P7 I / (PE*P2 )  
R3 OTHER RESULTS ARE IN  SEETIONS RI4t  R22(DAVYDGV 81 ) t  AND R26. 
R3 (0 .375  I ( 0 . 072 i  OIGIUGNO 66  CNTR 
B3 10 .271  (0 .10 l  GRUNHAUS 66  OSPK 
R3 (0 .028)  (0 .0441  BUNIATOV 67  OSPK 
B3 (0 .244 ]  { 0.053 FELDMAN 67  DSPK 
RB (0.0261 (0 .019)  8UTTRAM 70 OSPK 
R3 (0 .122 )  ( 0 . 052 )  ( o ,O~4 lEOX 70  HBC 
R3 I0 .071 CR LESS CL= .90  DEVONS 70 OSPK 
R3 16 (0 .016)  (0 .047 |  SCHMI TT 70  OSPK 
R3 ( 0 . 11 )  (O .  OB) STRUGALSK 71 HLBC 
R3 (0.041 OR LESS ELf .90  ABROSINOV 80 HLBC 

R6 ETA INTO (P[+ P I -  GAMMAI / (P I+  P l -  P/Of (PC I I (P3 I  
R4 0 .14  O. OB FOELSCHE 64  HBC 
R4 24  {0 .733  ( 0 .25 )  PAULI  64  DBC 
R4 0 .30  0 .06  CRAWFORO 66 MBC 6266 
R4 0 .10  O. lO  NRAEMER 64  GBC 7 /66  
R4 0 .196  0 .041  FDSTER3 65 HBC 7 /66  
R4 0 .25  0 .035  L ITCHF IEL  67  DBC 8 /67  
R4 0 .2B  O .C~  BALTAY2 67  OBC II167 
R4 7250  0 .201  0 .006  GORNLEY TO ASPK 6170 

6 /T3  RB 1BK 0 .209  0 .004  THALER T3 ASPK 
R4 . . . . . . . . .  
R4 AVG 0 .2074  0.0037 AVERAGE IERRGR INCLUDES SCALE FACTOR OF 1 .11  
R% FIT 0.20T4 0.0033 FROM F IT  tERROR INCLUDES SCALE FACTOR OF l .O ]  

B6 ETA INTO 3P IO /2GAMHA (P212 IP11  
R6 ( 0 . 90 I  OR MORE CHRETIEN 62 PBC 
R6 (1 .25 )  ( 0 . 39 )  BACCI 63 CNTR INVERSE BR REPORTED 7 /66  
R6 0 .88  0 .16  BALTAYL 67  OBC 11462  
R6 l .  1 0 .2  CENCE 67 OSPK 1 /58  
R6 0 .91  O. 14 COX 70 HBC 6/70 
R6 0.75 0 .09  DEVONS 70  CSPK 12 /70  
R6 
R6 AVG 0.862 0.065 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R6 FIT 0 .815  0 .035  FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.03 

R7 ETA INTO 2GAMMA/IF/÷ P I -  PO) {R I I I IP3 )  
R7 1 .6E  0.39 FOSTERI 65 HBC 
R7 401 1 .72  0.25 BAGLI N 69  HLBC 7169  
RT 
R7 AVG 1.69 0 .21  AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O )  
RT FIT 1.649 0.061 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .O I  

R8 ETA INTO NEUTRAL / IP I÷  P I -  R IO )  (P [+P2 | / (P3 I  
R8 50 3 .6  O.B KRAEMER 64  DBC 
R8 3 .8  1. l PAULI  64 Dec 7 / 6 6  
RB 2 .B9  0 .56  ALFF-STEI 66  HBC 9 /66  
R8 244  3 .6  0 .6  FLATTE2 6T HBC 1 /68  
RB 29 3 .4  1 . I  AGUILAR-B 72 HBC I I /TZ  
RB B 70 2.83 0.80 BLOODWGRT 72 HBC 11/72 
R8 74  2 .54  1 .B9  KENDALL 74  (]SPK 12 /75  
RB B ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLODDWORTH t PRIV. COMM. 1/73 
R8 
RB AVG 3 .26  0 ,30  AVERAGE [ERROR INCLUDES SCALE FACTOR 0F 1.01 
R8 F IT  2.983 0.095 FROM FIT (ERROR INCLUDES SCALE FACTOR 02 1.03 

ERROR DOUBLED 6166 
8167 

RERL. BY SCHMITT 70 11/6T 
826T 

I21TO 
6/TO 

12 /70  
REANAL.  BUNIATOV 6T 12 /70  

5 /71  
1 0 / 8 1 .  
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Data Card Listings 
For notation, see key at front of Listings. 

R9 ETA INTO (E+E-P IO I / IP I+B I -P IO I  [UNITS tO** -A)  (P5111PBI 
R9 SINGLE PHOTON PROCESS FORBIDDEN BY C-RARITY 
R9 ( l lO .  I OR LESS PRICE 65 HBC 
R9 0 (77 . )  OR LESS FOSTER2 65 HBC 
RO (A2.1 OR LESS CL=.90 BAGLINL 67  HLBC 8/6T 
R9 0 (16.1 CR LESS CL=,90 BILLING 6 7  HLBC 11/67 
R9 l . q  OR LESS CL= .90  JANEI  75 OSPK 12 /75  

RIO ETA INTO (E+E-PI+PI- I ITOTAL [UNITS lO**-21 (P6 )  
R[O I0 .7 )  OR LESS RITTENBER 65 HBC 6 /B6  

R11 ETA INTO [E+E-P I+P I - I / iP I+P I -GAMMA|  (P6 I / (P4 I  
RIE 1 0.026 0.026 GROSSMAN 66  HBC 6 /B6  

R12 ETA INTO 2 GAMMA/NEUTRALS (P I I / (P I+P2 )  
RI2 ( 0 . 416 l  (0.0443 DIGIUGNO 66  CNTR ERROR DOUBLED 6166 
R12 (0 .44 |  (0 .07 )  GRUNHAUS 66  OSBK B / f iT  
R12 (0 .579 )  ( 0 . 052 )  FELDMAN 67 OSPK 8 /67  
R I2  T (O ,3g )  (O .  O6l  JONES 66  CNTR 8/6T 
RIB T THIS RESULT FROM COMBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 
R I2  0 .59  0 .033  BUNIATOV 6 7  OSPK 11 /67  
R12 0 .535  0 .018  BUTTRAM 70  OSPK 12 /70  
R12 (0.5T) (0.091 STRUGALSK 71HLBE 5/71 
R12 113  0 .60  0 .16  KENDALL 74  OSPK 12/75 
RIB 88 0 ,52  O .0g  ABROSINOV 80  HLBC lO /B l *  
R I2  . . . . . . . . .  
RI2 AVG 0 .B67  0.016 AVERAGE [ERROR INCLUDES SCALE FACTOR OF I . I I  
R I2  FIT 0.551 0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.03 

R13 ETA INTO 3RIO/NEUTRALS (PZ I / (P I+P2 )  
RI3 (0 .209 )  ( 0 , 0S4 )  DIGIUGNO 66  CNTR ERROR DOUBLED 6 /B6  
R I3  ( 0 . 2g l  ( 0 . 101  GRUNHAUS 66  OSPK 8 /67  
R I3  ( 0 , 177 l  ( 0 . 0351  FELOMAN 6 7  OSPK 8167 
R13 (0 .%1)  ( 0 . 033 (  BUNIATOV 67  DSPK NOT INDEP.  OF R I2  11167 
RI3 0 ,439  0 .024  BUTTRAM 70  OSPK 12 /T0  
R I3  [0.321 (O .  OOI STRUGALSK 71HLBC S l i t  
RI3 75 0.%% O.OB ABROSIMOV 80 HLBC 10/81* 
R I3  . . . . . . . . .  
R IB  AVG 0.439 0 .02B  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 .O I  
RIB FIT 0.449 0,011 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R14 ETA INTO (RIO 2GAMHAI/ZGAMMA (PT l / (P l )  
R I4  ( 0 . 5 )  OR LESS CL= .90  WAHLIG 66  SPRK 7/66 
R14 (0 ,2B )  OR LESS CLf f i ,95  BALTAY[ 6T DBC 11 /67  

R I5  ETA INTO (E+E-P IO I /TDTAL  (UNITS 1 0 " * - 2 1  (P5 l  
R15 SINGLE  PHOTON PROCESS FORBIDDEN BY C-PARITY 
R I5  (O . l )  CR LESS RITTENBER 65 HBC 6 /66  
R I5  ( 0 . 0841CR LESS EL f . 90  BAZ IN  68  DBC 6168 
RIB 0 {0.01610R LESS EL=.90 RARTYNOV 76 HLBC 6/77 

PIT ETA INTO (P I+P I -P IO  GAMMA)/IPI÷RI-PIO) (UNITS 10"*-21 

R I7  FLATTE 67  HBC IP IO I / (P31  R17 (7 .0 )  OR LESS 8167 
RIT  (0 .9 I  OR LESS PRICE 67 HBC 8 /67  
R I7  I t . b )  OR LESS CL f .  B5 BALTAY2 67  OBC L I IbT  
PIT (1 .7 )  CR LESS EL= .90  ARNOLD 68  HLBC 9 /68  
P IT  0 0 .24  OR LESS CL= .90  THALER 73 ASPK 6 /73  

RIB ETA INTO (P (+g l -  2GAMMA)/(PI÷PI-PIO) (P I I I / (P3 )  
R IB  O.OO9 OR LESS PRICE 67  HBC 8/67 
RIB  {O.OI6IGR LESS EL=.95 BALTAY2 67  OBC 11 /67  

R19 ETA INTO 3P lO l (P I+  P I -  PIO) (P2 l / (P31 
R Ig  0 .83  0.32 CRAWFORO 63 HBC 7166 
RI9  2 .0  t ,O  FOELSEHE 64  HBC 7166  
RIO 0 .90  0 .24  FOSTERE 65 HBC 7266 
RI9  1.3 0 .4  BAGL IN2  6T HLBC 8 /6T  
R ig  1 .47  0 .20  0 .17  BULLOCK 6B HLBE 9 /68  
RE9 19B 1 .50  0 .15  0 .29  BAGLIN  B9 HLBC 7 /69  
RIO . . . .  . . . .  
R19 AVG "1.28 0 .14  AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .31  
R I9  FIT 1 .344  0 .053  FROM FIT IERROR INCLUDES SCALE FACTOR OF L . i I  

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1 . 28  ± 0 . I ¢  

ERROR SCALED BY 13  

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience on l y .  The 
data w e r e  a c t u a l l y  p r o c e s s e d  by a 
c o n s t r a i n e d  fie p r o g r a m ,  w h i c h  
calculates its own values o£ x, 6x, 

and scale factor~ which are differ- 
ent from the values shown here. 

ETA INT 

•I CHISQ 

. . . . . .  BAGL IN  69  HLBC 10  

. . . . . . .  BULLOCK 68  HLBC 1 ,1  

. . . . . . . . . .  BAGL IN2  67  HLBC 0 .0  

. . . . . . . . . .  FOSTER1  65  HBC 2 .5  

' • - FOELSCHE 64  HBC 

. . . . . . . . . .  CRAWFORD 63  HBC 20  

6 .5  

' (CONLEV 
2 3 4 =0  162 )  

(BPZO) / (PZ+  P [ -  P /O )  

RB[ ETA INTO NEUTRALS/TOTAL IPI÷P2)  
R21 0.79 O.OB BUN[ATOV 67 OSPK 11167 
R2E 16K 0.705 0.008 BASIIE l l  CNTR MM SPECTROWETER 8/71 
R21 . . . . . . . . .  
R2t AVG 0.7058 0.0080 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.01 
R21 FIT 0,7090 0.0065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R22 ETA INTO (PIO 20AMMA)/TOTAL (PTI 
R22 [ 0 . 12 )  OR LESS CL=.g5 JACQUET 69 HLBC 6/70 
R22 O 0.003 OR LESS EL=.90 DAVYOOV BI ENTR P I -  P--->ETA N 1182" 

R23 ETA INTO MU+MU-/TOTAL (UNITS 10" * -5 )  (P12) 
R23 0 [ 2 . )  OR LESS EL=.95 WEHMANN 68 OSPK 4/68 
R25 E? 0.65 0.21 DZHELYA2 80 SPEC P I -  P--~ETA N 9181* 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

R24 ETA INTO MU+MU-PIOITOIAL (UNITS LO**-~.) ( P l ~ t  
R24 SINGLE PHGTON PROCESS FORBIDDEN BY E-PARITY 
R26 IS* I OR LESS WEHMANN 68 OSRK 4/68 
R2~ 0 .05 CR LESS EL=.90 DZHELYAD[ 81 SPEC E l -  P-->ETb N 1182" 

R25 ETA INTO MU+MU-12GAMMA [UNITS 1 0 . * - 5 l  ( P E 2 ) / ( P | )  
RZS (5.9) 12.2) HYbMS 69 OSPK 7/69 

R26 ETb INTO (PIO 2GANMA)I(3RIO + RIO 2GANM6) (PT)I IPZ÷PTI 
026 ( 0 . 1 )  (0 .31  K&NOF SKY TO CSPK 217[ 

R2T ETA INTO I P [ ÷  PI- I /TOTAL (UNITS 10"*-21 (P l5 )  E/73 
R27 VIOLATES P ~NB T INVARKANCE 
R2T O 0.15 CA LESS THALER 73 ASPK CUN. LEV. NOT GIVEN 6/73 

R28 ETA INTO (E+E-GAM~4A)/(PI+PI-PIO) (UNITS 10"* -21  (PB) / (P3 )  
R28 J 80 2.1 {).5 JANE2 75 OSPK 2/76 
R28 J VALUE EHbNGEO BY ERRATUM. 2/76 
R28 . . . . . . . . .  
R28 FIT 2.[1 0.50 FROM FIT (ERODE INCLUDES SCALE FACTOR OF [.Of 

R29 ETA INTO (E+ E-I/TOTAL (UNITS TO**-4) 1P16) 
R2B D 3. OR LESS CL=.90 DAVIES T~. RVUE 2/78 
R29 O DAVIES 74 EXTRACTS THIS INFORNATION FROM ESTEN 67. 2/78 

R30 ETA INTO (MU+ NU- GAMNA)/TOTbL (UNITS 1 0 , * - 4 )  (EL3) 2/79 
R3O lO0 [ 1 . 5 )  ( 0 .75 )  8USHNIN 78 SPEC REEL.BY OZHELYAI 80 2/79 
RSO bUD 3.1 O./e DZHELYA1 80 SPEC P I -  P-->ETA N 9 / 8 1 '  

R31 ETA INTO (MU+ MU- RIO GANNA)/TOT (UNITS 10"*-61 (PIT) 1 /82 .  
R3I 3, DR LESS EL=.90 DZHELYADI 81 SPEC E l -  P-->ETb N 1182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 ETA C-NONCONBERVING DECAY PARAMETERS 

RELbTED TEXT SECTION V[ C.[ 

61 LEFT--RIGHT bSYMMETRY PBRBMETER FOR Pie PI- RIO (UNITS [0~,*-2) 
At 1351 7 .2  2 ,8  BALTAY 66 08C 8/66 
Al  1300 5 .8  3 .~  CLPWY b6 HBC 8166 
Al 10665 (0.31 ( I .0 )  CNOPS 66 OSPK REPL BY MULLER 69 8/67 
Al 705 -6.1 4.0 LARRI BE 66 HBC 81bT 
61 G36800 ( l . 5 )  ( 0 . 5 )  GORHLEY3 68 ASPN b/68 
A[  10709 0 .3  1 . [  MULLER 89 OSPK 9 /89  
61 1138 - 1 . 4  3. CARPENTR TO HBC 6170 
A1 3~9 3.2 5.4 DANBURG TO {)BE 2/71 
Al  220K -0. {15 0.22 LAYTER 72 6SPK 8/72 

017~, b l  165K 0 .28  0.2b JANE[ 74 OSPK 
b( G GORMLBY~ 68 ASYMMETRY PROBABLY DUE TO UNMEASURED (E X 6) SPK. OH. 3/74 
81 G EFFECTS. NEW EXPTS. WITH (E X 81 CONTROLS OI~NT OBSERVE bSYMMETRY. 317'~ 
A[ . . . . . . . . .  
A[ AVG 0.12 0.17 AVERAGE (ERROR INCLUDES SCALE FbCTOR OF [ .0)  

62 LEFT-RIGHT ASYMMETRY PARAMETER FOR Pie El- GAMMA (UNITS 10**-21 
62 33 - 2 .  l T .  CRAWFORD 66 HBC 11/b6 

B/bT 62 -A. 8. LITCHF(EL bT ODE 
A2 N 1620 1.5 2 .5  HULLER 6B OSPK 9189 
62 7257 1.22 1.56 GORMLEY TO ASRK b/TO 
62 36K 0 ,5  0 .6  THALER 72 ASPK 8172 
A2 35K 1.2 0*6 J6NE2 74 OSPK 3/74 
62 N MULLBR bq IS SENSITIVE ONLY TO UPPER .6 OF GAMMb-RAY SPECTRUM. 
62 . . . . . . . . .  
62 AVG 0 .88  0.40 AVERbOE (ERROR INCLUOES SCALE FACTOR OF 1.01 

AS SEXTANT ASYMMETRY PARAMETER FOR Ple PI- PIG (UNITS IO*WI-21 
AS 1300 b .8  3 .3  CLPWY 66 HBC 12/7S 
AS 7OS -2*A  4 .0  LARRI BE 86 HBC 12178 
&S 37K 0 .5  0 .5  GORMLEY3 68 WIRE 12175 
AS 220K O.[O 0.22 LbYTER 72 ASPK 12/75 
AS [6SK 0.2{) 0.25 JbNE1 74 OSPK 12/75 
AS . . . . . . . . .  
AS AVG 0.19 { ) .16 bVBRAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

Aq OUAORbNT ASYMMETRY PBRANETER FOR El÷ P I -  RIO (UNITS EO*('-2I 
AQ 220K - 0 . 0 7  0.22 LAYTER T2 ASPK ].2/75 
AQ 165K - 0 . 3 0  0.25 JbNEl 74 OSPK 12/75 
AQ . . . . . . . . .  
60 AVG - 0 . 1 7  0.17 bVERAGE (ERROR INCLU{)ES SCALE FACTOR OF 1.01 

BET BETh FOR ETb TO RI÷ PI- GANMA. SENSITIVE T00-'WBVE CONTRIEUTION. 
BET ON/DCOS THETA = SIN**2 THET8 * (1 ÷ BETA * COS*.2 THETA) 12/75 
BET T280 - 0 . 0 6 0  0.065 GORNLEY 70 WIRE 18/T8 
BET L 0 , [ 2  0.06 THALBR T2 ASPK EZIT3 
BET 35K 0 .11 O. l l  JANE2 76 OSPK 12/75 
BET L AUTHORS OONT BELIEVE THIS TO INDICATE O-WbVE BECAUSE DEPENDENCE OF [ 2 / ? 5  
BET L BETA ON GAMMR ENERGY [NOONS[STENT WITH THEOR. PREDICTION. 12/75 
BET L COS*=W2 DEPENCENCE NAY bLSO COME FROM P AND F-NAVE INTERFERENCE. 12/T5 
BET . . . . . . . . .  
BET AVG 0.047 0,062 AVERAGE (ERROR INCLUDES SCALE FRCTOR OF 1.S) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 , 0 4 7  + 0 , 0 6 2  

ERROR SCALED BY 1 , 5  

~ ~ GHI~ 
• - J A N E 2  74 OSPK 0 ~ -  

+ - \ - - T H A L E R  72  ASPK 1 , 5  

. . . . . . . .  E Y ,  70  WIRE ' 2 , 7  

" / . . . .  , ~  4 .  5 

(CONLEV 
- 0 . 3  - 0 . 1  O. I 0 . 3  0 . 5  = 0 .  1 0 4 )  

BETA FOR ETA TO P I +  P 1 -  GAMMA 

14 ENERGY {)EPENDENCE OF ETA DALITZ PLOT 

UP RELATED TEXT SECTION V[ C,2 
UP THE FOLLOWING EXPTS FIT TO ONE OR MORE OF THE COEFFICIENTS 
OR A,8 ,C,O,  OR E ~OR ET8 TD PI+ E l -  PlO 
DP MATRIX ELEMEET*$2=L + btY + B$(Y* *2 I  + CsX + {)*(X*~21 + E*X*Y 
DP 1300 SEE TEXT SEE V[ C.2 CLPWY 66 HBC 
DP 705 SEE TEXT SEE v! C.2 LARRIBE 66 HBC 
OP 7170 SEE TEXT SEE VI C.2 ENOPS 68 OSEK 
OP 3TK SEE TEXT SEE Vl C.2 GORMLEY3 68 WIRE 
DP 526 SEE TEXT SEC Vl C.2 BAGLIN 69 HLBC 
DP t I 3B  SEE TEXT SEE Vl  C.2 CARPENTR TO HSC 
DP 349 SEE TEXT ~EC VI C.2 06N8URG TO {)BE 
DP 7250 SEE TEXT SEE VI Co2 GORRLBY 70 WIRE 
OP 220K SEE TEOT ~EC V[ C.2 LAYTER 72 ASPK 
DP ElK SEE TEXT SEE VE C.2 LAYTER 73 ASPK 

AO ALPHA PARAMETER FOR ETA TO 3 FIB 
AO MATRIX ELEMENT **2 = [ + 2*BLPHb*Z (SEE TEXT SEC VI C.3) 
AO 192 - 0 . 3 2  0.37 flAG[IN TO HLBC 

REFERENCES FOR ETA 

PEvsNER 61 

ALFF 62 
8ASTIEN 62 
C HRETIE N 62 
PICNUP 62 

BACCI 83 
CRAWFORD b3 

ALSO 86 
OELCOURT 68 

FOELSCHE 6~ 
KR6EMER b~ 
PAUL[ 66 

FOSTER/ 65 
FOSTER2 85 
FOSTER3 85 
PRICE 65 
RITTENBE 85 

ALFF-STE 68 
BALTAY 86 
CLPWY 66 
CNOPS 6b 
CRbWFORD 86 

DIGIUGNO 66 
GROSS~N 66 
GRUNHAUS 66 
JAMES 66 
JONES 68 
L~RRIBE 66 
WAHLIG 66 

8bGLINE 67 
BAGLIN2 6T 
BALTAYE 67 
BbLTAY2 B7 
BEMRORAD 67 

ALSO 

BILLING 67 
60WEN 67 
BUN[ATOV 6T 
CENCE 67 
ESTEN b7 

FELOMAN 67 
FLATTE 6T 
~LATTE2 
LITCHF[E 
PRICE 

ARNOLD 
BAZIN 
BULLOCK 
GORMLEY3 
WEHNANN 

8AGLIN 
ALSO 

HYAMS 
JACQUET 
ROLLER 

BAGLIN 
DUTTRAN 
CARPENT8 
COX 

ObNBURG 
OEVONS 
GORNLEY 

bLSO 
KbNOFSKY 
SCHMITT 

BASILE 
STRUGALS 
AGUILbR- 
BLOOD~R 
LAYTER 
THALBR 

LAYTER 
THALER 
8ROWMAN 
DAVIES 
JRNEE 
JANE2 
KENDALL 

JANE[ 
JbNE2 

ALSO 
MARTYNOV 
8USHNIN 

ALSO 

PRL 7 421 

PRL 0 322 
PRL 8 [14 
PRL 0 127 
POL 8 329 

PRL E[ 37 
PRL 10 546 
PRL l b  907 
PL T 215 

PR 136 B 1138 
PR 136 B ~96 
EL [3  351 

PR 138 8 652 
~tHENS 
THESIS 
aRL 15 123 
PRL E5 556 

RR [~5 1072 
PRL 18 1224 
PR l~g 1E44 
PL 22 546 
PRL 18 333 

PRL 16 TbT 
PR 146 993 
THESIS 
PR 142 896 
PL 23 3~7 
PL 23 600 
PRL 1T 22E 

PL 268 b37 
8bPS L2 587 
PRL 19 1495 
PRL 19 1698 
PL 258 380 

PEVSNER,KRAEMER,NUSSBAUM,RICHARDSON ÷ IJHU) 

ALFF,BERLEY,COLLEY,BRUGEER ÷ (COLU÷RUTGERS) 
BASTIEN, BERGE,OAHL,FEORC--LUZZI • (LRL( 
CHRETIEN+ (BRBN+BROWN~HJ&RV6RO+NIT+PAOOVA) 
E PICKUPtROBINSONtSALANT (CNRCeBNL) 

BACCI,PENSD,SbLVINI + (ROMb÷FR6S) 
F S CRbWFORO,LLOYO,FOWLER (LRL+DUREI 
E S CRAWFORO,L LLDYD,E FOWLER (LRLeOUKEI 
OELCOURT,LEFRANCnIS,PEREZ Y JORBA+ (ORSbY( 

H W FOELSCHE,H L KRAYBILL (YALE) 
~OAEMERtNAOBNSKY,FIELOS • [JHU~NWES÷NOOD( 
E PAULIeA MULLER (SACLAY) 

FOSTERoPETEOS,MEERtLOEFFLER 4 (NISC+PUROUEI 
FOSTEReGOOD,MEER (WISCONSIN) 
M.C.FOSTER (WISCONSIN) 
L.R.PRICE,F.S.CRAWFORO (LRL) 
RITTENBERG,KALBFLEISOH (LRL~8NL) 

6LFF-STEINBERGER,BERLEY÷ (COLUN8IA÷RUTGERS) 
• FRANZINI,KIM,KIRSCH÷(EOLURBIA÷STONY BROOK) 
COLUMBI6,LRL,PURDUE,WISCC~NSIN,YALE 
CNOPS,FINOCCHIAES,LASSALLE,+(CERN, ETH,SACL) 
E,S,CRbWFQRD,L.R.PRICE (LRL) 

UIGIUGNO,GIORGI,SILVESTRI+ (NAEL,TRST,FRAS] 
R GROSSMAN,L PRICE,F CRAWFORD (LRL( 
U.GRUNHbUS (COLUMBIA( 
F E JbMEStH L KRAYBILL (Y6LEeBNL) 
JONEStBINNIEtDUB~,HORSEY,NASON,(LOIC,RHELI 
LARRIBE,LEVEQUE,MULLER,PbULI,e (SbCL+RHBL) 
NAHLIG~SHIBATA,MBNNELLI (NITePISA( 

BbGLIN,BEZbGUET,OEGRANGE,+ (EPOL÷UCBI 
BAGLIN,BEZAGUET~OEGRANGE~÷ (EPOL+UCBI 
8ALTRY,FRbNZINItKIN,NEWNAN+ (COLU+RR&N} 
BALTAY~FRbNZIN)~KIM~NEWNAN÷ (COLU+STON( 
BEMRORbO,BRACCINI,FOAtLUBELSMEY÷(PISA,8ONN) 

PRIVATE COMMUNICATION 

PL 2SE 435 DILLING,BULLOCR,ESTEN,GOVAN,+ (LO~JO,OXFI 
PL 248 206 DOWENtCNOPS tF|NOCCHIAROt~ (CERN÷ETHeSACLI 
PL 25B 560 BUNIATOV,ZAVbTTINI,DEINET,÷ (CERN+KbRLI 
PRL 19 13q3 
PL 240 E1S 

PRL 18 868 
RRL 18 976 

67 PR 168 164E 
67 EL 2#B 486 
67 ERL 18 12{)7 

68 PL 278 466 
68 ERL 20 895 
68 PL 278 402 
68 PRL 21 402 
68 PRL 20 7~8 

6D PL 290 445 
TO NP B22 E6 
69 PL 2DE 128 
69 NC $8 743 
60 THESIS 

TO NP 822 66 
70 PRL 25 1358 
70 PR Ol 1303 
TO PRL 24 554 

70 PR 02 2564 
70 PR DE 1956 
70 PR 02 501 
70 NEVIS [81(THESIS) 
TO NC 68 613 
TO PL 328 638 

T[  NC 3b T96 
71 NP B27 429 
72 PR 06 29 
72 NP BB9 525 
72 RRL 20 3Eb 
78 PRL 29 313 

70 PR 07 2565 
73 PR 07 256g 
T6 PRL D2 [O6T 
74 NC 246 384 
74 RL 488 260 
T~ EL 688 265 
74 NE 2LA B8T 

75 EL 3~B 99 
75 PL EOB EO3 
76 PL (TC EE PU8L.) 
T6 SJNP 20 48 
T8 PL TOP E47 
78 SJNE 28 715  

CENCE,PETERSON,STENGERtCHIU+ IHAWAII÷LRLI 
÷GOVANeKNIGHT,MILLER~TOVEY÷ (LOUC+OXF) 

FELOMANvFRATIIGLEESON~HALPERN,e (PENN) 
SoN.FLbTTE ILRL) 
S.M.FLATTE bND C.G.WOHL (LRL) 
LITCHF1ELD,RANGbNeSEGbRtSNITH+(RHEL÷SACLBY) 
L.R.PRICE*FoS.CRAMFORO (LRL( 

+PATYeBAGLIN,EINGHAN÷ (STRB+MADR+EPOLeUCB) 
8AZIN,GOSHAW.ZbCHER~÷ (PRINCETON.OUEENS) 
÷ESTENeFLEMING,GQVAN,HENDERSON~ONEN÷ (LDUCI 
GORMLEY,HYMbN,LEE,NASH,PEOPLES÷ (COLU÷BNL) 
WEHRANN,ENGELSI÷ (HbRV+CASE+SLACeCORN÷NCGI) 

BBGLIN,BEZAGUET,÷ IEPOL,UCB,MA{)R,STR8) 
÷8EZbGUETt{)EGRANGEtNUSSET +(EPOLtMbOR,STRB( 
HYANS.KOCH,POTTER,VON LINDERN,+ (CERN. MPIN) 
JASQUET,NGUYEN-KHAC,HAATUFT÷ (EPOL~BERG( 
ARNAND NULLBR (STRE) 

eBEZAGUET,OEGRANGEeNUSSET÷ (EEOL÷NbDR~STRB) 
+KRE[SLER,N|SCHKE (PRIN) 
CARPENTER*8[NKLEY*CHAPMAN,COX,DBG&N+ (OUKEI 
COXvFORTNEY,GOLSON (DUKE| 

+ABOLINStOAHL,{)AVIEStHOCHt KIRZ,+ (LRL) 
+GRUNHbUS.NOZLOWSKItNEMETHY + (COLUeSYRA) 
GORNLEY*HYNAN,LEB.NASH.PEOPLES+ (COLU÷BNLI 
MICHAEL GORMLET (COLU( 
A. KANOFSKY (LEHI) 
÷BUNIATOV~ZAVATTENItOEINETe (CERNeKERLI 

÷BOLL(N[,O6LPIAZ,FRABETTI~ (CERN. BGNB,STRBI 
+CHUVILOIGEMESY,IVANOVSKAYS÷ (JINR( 
AGUILAR-BENITEZtCHUNG,EISNERtSbNIOS (8NL) 
BLDOOWORTH,JACKSON,PRENTICE,YOON (TORONTO) 
• bPPELeKOTLENSKItLEEeSTEINeTH&LER (COLU) 
÷APPBLIROTLENSKI,LbYTERBLBE,STEIN (COLUI 

÷bPPELvKOTLENSKI.LEE*STEIN~TEALER (COLU) 
÷bPPEL~KDTLEWSNI,LAYTER,LEEeSTEIN (COLU) 
÷DEWIRE,GITTELNbNtNANSON,LOH • (CORN÷PING( 
÷GUY,ZIb (81RM÷RHEL+SHMP) 
• JONESeLIBRANtONENePENNEY~ IRHEL+LONC÷SUSS) 
÷JONESeLIPMbNtOWENtPBNNEY+ (RHEL~LORC+SUSS) 
÷LANOU~NRSSIMOtSHAP|RO ÷ (BOOW÷BbRIeMIT) 

+GRANN|S,JONES,LIPNAN,ONEN + (RHEL÷LOWC) 
+GRANNIS,JONESeLIPRbN,OWEN • (RHEL~COWC) 
ERRATUM, M.R.JANEt PRIVATE COMNUNICATION. 
÷SALTYKOV,TbRASOV,UZHINSK[I (JINR) 
÷DZHELYAOINtGOLOVKINtGRITSUCK + (SERF( 
BUSHNIN,GOLOVKIN,GRITSUK,DZHELYbOIN÷ ISERP( 

12/75 
12/75 
12/75 
(2175 
E2/75 
121TS 
121T5 
Z2/78 
12175 
[2 /78  

12/75 
12 /75  



Stable Particles 
r/, K ~ 

ABRDSIMO 80 SJNP 31 195 ABRDSIMOV, ITINA,NISZCZ,EKHRINENKD+ (JINR) 
OZHELYAI 80 PL RCB 548  OZHELYAOIN,GDL]VKIN,KACHANOV + (SERPI  

ALSO 80 SJNP 32 5[6 (YF 32 99B) VIKTOROV, GOLOVRIN + (SERPI  
DZHELYA2 80 PL 97B 671 DZHELYADIN,GOLOVKIN,KACHANOF + (SERP| 

ALSO SO SJNP 32 518 (YF  32 I 002 I  VIKTOROV, GOLOVKIN + tSERP) 
DAVYDOV B1LNC 32 65 +DONSKOV,INYAKIN + ISERP+BELG*LAPP+CERN) 
DZHELYAD 8 I  PL I05B 239 DZHELYAOIN ,GOLOVKIN ,KONSTANTINOV + [SERP) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BASTIEN 62 PRL 8 114 BASTIEN,BERGE,DAHL,FERRC-LUZZI,MILLER÷(LRLI 
CARNONY 62 PaL 8 117  D gARMONY*A ROSENFELD,VAN DE WALLE ILRL) 
ROSENFEL 62 RRL 8 293 A ROSENFELD,D CARMONY,VAN DE WALLE (LRL) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * ,  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  , * * * * * * * *  * * * * * * * * *  * * * * * * * *  

IO CHARGED K1496,JP=0-] I =112  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

tO CHARGED K MASS IMEV) 

M 693.9 0.2 COHEN 57 RVUE + 
M 693.7 0.3 BARKAS 63 EMUL - 
M 493.78 0.17 

1 4 9 3 . 8 7 I  1 0 . 1 9 I  
M 4 9 3 . 6 9 I  O. OAO 
M 693.662 0.1q 
M 493.657 0.020 
M 493. 670 0 .029  
M 493.640 0.054 
M . . . . . . . . .  
M AVG 4R3.666 0.015 
M FIT 693.667 0.0IS 

............................................................ 

io  (K+) - (K--) MASS DIFFERENCE (MEV) 

DM F 1.5M -0 .032  0.090 FORD 72 ASPK +- 
DM F FORD 72 USES MIP I+ I -M IP I - )  = +28+--70 KEV. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GREINER 65 EMUL + VIA TAU DECAY 7166 
KUNSELMAN 71 CNTR REPL.BY KUNSELMANYg 10171 
BACKENSTO 73 CNTR - KAONIC ATOMS 1/73 
KUNSELMAN 74 CNTR KAONIC ATOMS 3 / T ~  
CHENG 75 CNTR - KAONIC ATOMS 6 •77  
BARKOV 79  EMUL E÷E-  - ->  K+ K -  7 / 79  
LUM 81 CNTR - KAONIC ATOMS 1 /82 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  3 / 6 2 "  

I0 CHARGED K MEAN LIFE (UNITS 10 " * -8  SECI 

T CHAR. K MEA~ LIFE 
T o ( 0 . 95 )  ( 0 . 36 l  (O .BS}  ILOFF 56 EMUL 
T D 52 (1 .60 )  ( 0 . 3 )  (0 .3 I  EISENBERG 58 ENUL 
T 1.21 0.06 0.06 BURROWES 59 CNTR 
T 0 33 (1 .38 )  10.26) (0.261FREOEN 60 EMbL 
T D 11 .25 I  { 0 . 22 I  (0 .17 )  BARKAS 61ENUL 
I 0 51 ( l . 2? I  (0.361 10.23) BHOWMIK 61 EMUL 
T 293 1 . 3 1  O. OB 0.08 NORDIN 6 1 H B C  - 
T 11 .2A )  ( 0 . 071  NORDIN 61RVUE - 
T 1,231 O . O l I  0,011BOVARSKI 62 CNTR ÷ 
T 1.2043 0.0038 FITCH 65 CNTR + K AT REST 
T 1.22E O . 0 1 l  FORD 67 CNTR + -  
T 1.2272 0.0036 LOBKOWICZ 69 CNTR + K IN FLIGHT 
T 3M 1.2380 0.0016 OTT 71CNTR + STOPPING K 
T D OLD EXPERIMENTS WITH LARGE ERRORS EXCLUDED FROM AVERAGING 
T 
T AVG 
T FIT 

6 1 7 2  
1 / 7 3  

6166 
8167 
9166 
2171 
2171 

1.2370 0.0032 0.0032 AVERAGE IERRDR INCL. SCALE FACTOR OF 2.4)  
1.2371 0.0026 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1 .9 I  

(SEE IDEOGRAM BELOW } 

070 0 75 

WEIGHTED AVERAGE = 0 ,8084  ± 0 .002 (  

ERROR SCALED BY 24 

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
reader' s c o n v e n i e n c e  only. The 

data were actually processed by a 

constrained fit program, which 

calculates its own values of x, 6x, 

and scale factor, which are differ- 

ent from the values shown here. 

....... OTT 71  CNTR 

+ . . . . .  LOBKOWlCZ 69  CNTR 

. . . . . .  FORD 67  CNTR 

• . . . . . .  F ITCH 65  CNTR 

. . . . .  BOYARSKI  62  CNTR 

. . . . .  NORDIN  61  HBC 

~ ~ BURROWES 59  CNTR 11 ,4  

' (CONLEV 
0 80  O 85  0 90  095  =0  003 )  

CHARGED K DECAY RATE  (UN ITS  10 " ' 8  SEC-1 )  

CH ISG 

0 .4  

7 .3  

37  

10 ( (g÷)  - IK - ) I /AVG. ,  MEAN LIFE DIFFERENCE (PERCENT) 

DT N THIS QUANIIT~ IS A MEASURE OF CPT INVARIANCE IN W. I .  

DT 0 .47  0 . 3 0  FORD 67 ENTR 
DT O. OgO 0,078 LOBKOWICZ 69 CNTR 
DT . . . . . . . . .  
DT AVG 0.I16 0 .093  AVERAGE (ERROR INCLUDES SCALE FACTOR DE 1.2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 / 6 T  
12 /TO  
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Data Card Listings 
For notation, see key at front of  Listings. 

10 CHARGED K PARTIAL OECAY MODES 

DECAY MASSES 
PI  CHAR. K INTO MU NEU K NO2 105÷ 0 
P2 CHAR. K INTO Pl PlO K Plg log÷ [3g  
P3 CHAR. K INTO P I  P I+  P I -  TAU 139+ 139+ 139 
P4 CHAR. K INTO Pl 2PIO TAd PRIME 139+ 134+ 136  
P5 CHAR. K INTO MU PIO  NEU K MU3 105+ 136+ 0 
P6 CHAR. K INTO E RIO NEU K E3 .5+ 136÷ 0 
07  K+ INTO P l+  P l -  E+ NEU K E+ 6 139÷ 139+  . 5+  0 
P8 K÷ INTO Of+  PI+  E-  NEU K E-  4 139+ 139+ . 5+  0 
P9 K+ INTO P I *  P I -  MU+ NEU R÷MU+ 4 139+ 139÷  105÷ 0 
P lO  K+ INTO P l  + PI+ MM- NEU K÷MU-- 6 139+ 139+  105+ 0 
Pll  CHAR. K INTO E NEU K E2 .5+ O 
Pl2 CHAR. K INTO MU NEU GAMMA K MU RAO 105+ O* 0 
P13 CHAR. g INTO PI  RIO GAMMA K PI RAD 139+ 136÷ 0 
P16 CHAR. K INTO Pl PI+  P I -  GAMMA TAU RAD 139+ 139+ 1396  0 
P15 CHAR. K INTO Pl E+ E- Pl E E 13q+ .5÷ .S 
Plb CHAR. K INTO o I  MU+ MU- PI ~AJ MU 139+ 105+ lOS 
P IT  CHAR. K INTO PI GAMMA GAMMA Pl GAW GAM 139+ o÷ 0 
PIE CHAR. K INTO PlO E NEU GAMMA Pl E NEU GAM 136÷ .5+ 0+ O 
P l 9  K+- INTO P I - ÷  E+- E+- Pl-+E÷-E+-- 139+ . 5 ÷  .S 
P20 CHAR. K INTO PI NEU NEU PI NEU NEU 139+ 0+ 0 
P21 CHAR. K INTO E NEU GAMMA K E2 RAD .5+ 0+ 0 
P22 CHAR. K INTO Pl GAMMA K PI  GAN 139÷ 0 
P23 CHAR, K INTO Pl 3GAMMA PI 3GAM 139÷ O+ O+ 0 
P26 CHAR. K INTO FIO RIO E NEU K E4 2RIO 136+ 134+ .5+ 0 
P25 K+ INTO P I -  E+ MU+ PI-E+MU÷ 139+ . 5+  E05 
P26 K+ INTO Pl÷ E+ Mlk- PI+E+MU- 139+ . 5+  105 
P27 CHAR. K INTO NU NEU NEU NEUBAR MU 3NEU 105+ O+ O+ 0 
P28 CHAR. K INTO PIO MU NEU GAMMA Pl NU NEU DAM 136÷ 105+ O+ 0 
P29 K+ INTO P l *  MU+ E- PI+MU+E- 139+ I 0 5 ÷  .5 
P30 CHAR. K INTO MU NEU E+ E- MU NEU E+E- 105+ O÷ .5+ .5 
R31 K÷- INTO M U-* NEU E*- E÷- MU-+ NEU 2 E*- 105+ 0+ .5+ .5 
P32 CHAR. K INTO NEU E E E NEU 3E O÷ .5+ .5÷ .5 
P03 CHAR.  K INTO E NEU NEU NEUBAR E 3NEU .5+  O+ O+ 0 
P34 Ke INTO NU+ NEU(E t  I05+ 0 

CHARGED K CONSTRAINED FIT 
OVERALL FIT OF MEAN LIFE, WIDTHS AND BRA~HING 
RATIOS USES 59 DATA POINTS TO DETERMINE SIX 
QUANTITIES, OVERALL FIT HAS CHISQ-78.0, MAIN 
CONTRIEUTION (13 .2 )  COMES FROM RE9 OF HAIDT 
71 (WE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS T IME)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I T T E D  P A R T I A L  D E C A Y  MODE B R A N C H I N G  F R A C T I O N S  

The ~ t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  t he  f i t t e d  p a r t i a l  decay m o d e  

b r a n c h i n g  t r a c t i o n s ,  P.  a s  Eol lows:  The  d i a g o n a l  e l e m e n t s  a r e  P.  ± 6P. w h e r e  

g P  = " '  z r ~  w h i l e  t he  o f f - d i a ~ o n a i  e l e m e n t s  a r e  the n o r m a l i z e d  c o r r e l a t i o n  z 
e i e n t s  @ P i g P j ) / ( g P i "  g P j ) '  F o r  the  d e f i n i t i o n s  of t he  i n d i v i d u a l  P i '  s e e  the  l i s t i n g s  

a b o v e ;  o n l y  t h o s e  P i  a p p e a r i n g  i n  the  m a t r i x  a r e  a s a u m e d  in  the  Eit to be n o n z e r o  and  

a r e  t hus  c o n s t r a i n e d  to add  to  t .  

P 1 P 2 P 3 P 6 P S P 6 
P 1 . 6 3 5 0 + - . 0 0 1 6  
P 2 - .  T384 .21E6+- .  0015 
P 3 - .  1925  - . 03~Z  . 0559+ - . 0003  
P 6 -. 1827 . 0 3 5 9  . 2061  .0173+-.0005 
P 5 - .  2705  - . 2 3 1 B  -.llBq -.3286 . 0320+ - .  0009  
P 6 - .  3391 - .  1386  . 1 5 0 1  . 0 2 6 3  . 212b  . 0 4 8 2 + - . 0 0 0 5  

F I T T E D  P A R T I A L  D E C A Y  MODE R A T E S  

The n,atrix below is the branching fraction znatrix above, transformed into rate 

s p a c e ;  i .  e,,  G i ~ i" i = l t o t a l P  i ,  in  a p p r o p r i a t e  u n i t s ,  i n  a n a l o g y  to t he  m a t r i x  a b o v e ,  

the d i a ~ o n a l  e l e m e n t s  a r e  G. • gG. w h e r e  BG i = ~ ) ,  w h i l e  the  o f f - d i a g o n a l  

e l e m e n t s  a r e  the  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i c i e n t s  (gG g G j ) /  6 0 . .  5Gj).  No te  t h a t ,  

b e c a u s e  of the e r r o r  in  l t o t a l ,  the  e r r o r s  and  c o r r e l a t i o n s  h e r e  a r e  not  d i r e c t l y  d e r i v a b l e  

f r o m  those above, 

6182 "  
4182 "  
6182 "  

G I G 2 G3 G 4 G 5 G6 
G I .5133÷-.0017 

2 -.3278 • |710+-.0013 
B - .  0997 -.OOB4 .0452+-.0002 

G 6 - .  lOBB .0496 .20R4 .0L60+- .  0004 
G 5 - .  1605 - .  l q73  -.123R - . 326B  • 0258+ - .  0007  
G b - . 1553  - . 0805  . 1532  . 03 [3  . 2198  .0390"-. 0006 

IO CHARGED K DECAY RATES 

WI CHAR. K INTO MU NEU (UNITS 10" .6  SEE-IT (G I I  
W1 5 [ . 2  0.8 FORD 67 CNTR +- 8167 
WI . . . . . . . . .  
WI FIT 51.33 0.17 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .2 I  

W2 CHAR. K INTO ¢I  PI+ PI -  (UNITS 10"'6 SEE-I) IG31 
W2 F (4.4q61 (0.0301 FORD 67 CNTR +- SEE NOTE F 8167 
W2 F 3,2M (4.B291 (0 .032(  FORD 70 ASPK SEE NOTE F l l l lO  
W2 4,511 0*020 FORD 70 ASPK SEE NoTE F l l / TO  
W2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70 
W2 . . . . .  . . . .  
W2 FIT 4.517 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 [ (K+} - [K - I ) IAVG. ,  DECAY RATE DIFFERENCE (PERCENTI 

DI DIFFERENCE IN K MU2 RATES ( (G I+ ) - {G I - I ) IGE  (PERCENT) 
D|  - 0 . 54  0 .61  FORD 67  CNTR 8 /67  

02 DIFFERENCE IN TAU RATES ( ( 03+ ) - ( 03 - ) I IG3  IPERCENTI 
D2 -0 .50  0.90 FLETCHER B70SPK 8/67 
02  F ( - 0 . 04 l  IO .211  FORD 6T CNTR SEE NOTE F 8 /67  
02  F 3 .2M (0 .10 I  (O . l ~ l  WORD 70 ASPK SEE NOTE F L1 /70  
02  F 0 .08  0 .12  FORD 70  ASPK SEE NOTE F 11170  
02  S ( -O .O21  (0 .16 I  SMITH 73 ASPK +- L1173  
02 F SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINEO WITH FORD 67. 
O2 S SMITH 73 VALUE OF 02 IS DERIVED FROM SMITH 73 VALUE OF D3. 11273 
02 . . . . . . . . .  
02 AVG 0.07 0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 



67 

Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
K i 

D3 
03 
03 
D3 
D3 AVG 

D4 DIFFERENCE IN K PI2 RATES 
04 0.8 1.2 

D5 DIFFERENCE IN K P[ MAD RATES 
05 24 0 .0  24 .0  
D5 4ODD [ . 0  4.O 
D5 2 4 6 1  0 .8  5.8 
DE 
D5 AVG 

DIFFERENCE IN TAU PRIME RATES (IG4+I-(G~-II/AVERAGE (PERCENTI 
180Z -1 .1  1 .8  HERZO 69 OSFK B/70  

0 .08  0.SB SMITH 73 ASPK +- II/73 

- 8 . 03  D.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

( (G2+ ) - IGE- I ) /AVERAGE (PERCENT) 
HERZO 6 9  OSPK 5 /70  

( (G IB+ I - (G I3 - } I /AVERAGE (PEREENTI 
EDWARDS T2 DSPK Pl  KE 5B-90 MEV 6/72 
ABRAMS 73 ASPK +- Pl KE 51-lOO MEV 3 /76  
SMITH 76 WIRE PI~KE 55 -90  MEV 11116 

0 .9  3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .Ol  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LO CHARGED X BRANCHING RATIOS 

R O OLD DATA EXCLUDED 

RI CHAR. K INTO {MU NEU)ITOTAL (UNITS IO**-Z) (P l )  
R1 0 ( 58 .51  ( 3 . 0 )  BIRGE 56 EMLLL + 
RI  0 (56 .9 I  ( 2 . 6 |  ALEXANDER 57 EMUt • 
R[  O OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 1171 
R I  62K 83 .24  0 .64  CHIANG 72 DSPK • l .  B4 GEVIC K+ 9172 
R1 . . . . . . . . .  
RE FIT 63.50 0 .16  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R2 CHAR. K INTO (P l  P[OI /TOTAL IUNITS 10"~-21  (P2 ]  
R2 D ( 27 .71  (2.7)  BIRGE 56 EMUL + 
R2 O {63 .2 )  ( 2 . 2 I  ALEXANDER 57 EMUL + 
R2 0 EARLIER EXPERIMENTS NOT AVERAGED 
R2 (21 .O I  I 0 . 6 )  CALLAHAN 65 HLOC SEE RIT 
R2 (21 .61  { 0 . 61  TRILLING b5 RVUE 6 /66  
R2 [6K 21.18 0.28 CH[ANG 72 OSPK + 1.84 GEVIC K~ 9 / 7 2  
R2 . . . . . . . . .  
R2 FIT 21.16 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .Ol  

R3 CHAR. K INTO [Pl Pl+ PI-)/TOTAL (UNITS IO**-2I  IF3) 
R3 0 ( 5 . 6 )  10.41 BIRGE 56 EMUL + 
R30  (6 .8 }  (0.4I ALEXANDER 57 EMUL + 
R3 0 ( 5 . 21  ( 0 . 3 l  TAYLOR 59 EMUL + 
R3 0 EARLIER EXPERIMENTS NOT AVERAGED 
R3 5 .7  0 .3  ROE 61HLBC + 9/66 
R3 2332 5.54 0 .12  CALLAHAN 64 HLBC + 
R3 040 5.1 0 .2  SHAKLEE 64 HLBC + 9 / 6 6  
R3 5.71 0 .15  DE MARCO 65 HBC 6166 
R3 44 6 .0  O. 4 YOUNG 65 EMUL + 616b 

10/70  R3 P 693 5 ,34  0 .2 [  PANOOULAS TO EMUL ÷ 
R3 C 2330 I5 .561  (0.201 CHIANG T20SPK + 1.84 GEV/C K+ 9/12 
R3 C THIS VALUE IS NQT INDEPENDENT OF EHIANG 72 RI ,R2 ,R4 ,RS~ AND R6 9 /72  
R3 R I NCLUOES EVENTS OF TAYLOR 59 .  
R3 . . . . . . . . .  
R3 AVG 5.52E 0 .098  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 )  
R3 FIT 5.588 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF [.11 

( S E E  IDEOGRAM BELOW I 

/ 
4 .5  5 .0  5 .5  6 .0  6 .5  7 .0  

CHAR.K  TO (P I  P I+  P I - ) / TOTAL  (UN  10"*-2) 

WEIGHTED AVERAGE = 5 .521  ± 0 .098  

ERROR SCALED BY I . 3  

Values above of weighted average, 
error, and scale factor are for the 
reader i s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values Of ~ 6~, 
and s c a l e  f a c t o r ,  which a r e  differ- 
e n t  from the values shown here. 

\ CH ISQ 

. . . . . . .  - . ~  - PANDOULAS 70  EMUL 

" - - - - J ~  - - YOUNG 65  EMUL I . 4 

DE MARCO 65  HOG 1 6 

\ . . . . . .  SHAKLEE 64  HLBC 4 .4  

F - - .  \ . . . . . .  CALLAHAN 64  HLBC 00  

- - 4 - - - - -  k C . . . .  ROE 61 HLBC 04  

=O .  127 )  

R4 CHAR. K INTO (Pl 2PIO|/IOTAL (UNITS 10,*-21 (R4)  
R6 0 (2 .1 )  IO .S )  BIRGE 56 EMUL + 
R6 O IZ ,21  (O .A I  ALEXANDER 57 EMUL + 
R40  l I . 5 |  ( 0 . 2 )  TAYLOR $9 EMUL • 
R~ O EARLIER EXPERINENT5 NOT AVERAGED 
R4 l . T  0 . 2  ROE 61HLBC + [ I / 6T  
R6 [ 08  1 .8  0 .2  SHAKLEE 64 HLBC 11 /67  
R4 P 198 1 .53  0 .11  PANOOUL&S 70 EMUL + lO/TO 
R4 1307 1 .84  0 .06  CHIANG 72 OSPK + 1 .84  GEVIC K÷ 9172 
R4 P INCLUDES EVENTS OF TAYLOR 59 .  
R4 . . . . . . . . .  
R4 AVG 1 .767  0 .07 [  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .4 )  
R6 FIT 1 .732  0.  065 FROM FIT  IERROR INCLUDES SCRLE FACTOR OF 1 .4 )  

(SEE IDEOGRAM BELOW ) 

R5 CHAR. K INTO IMU PIO NEUI/TOTAL (UNITS I O * * - 2 I  IPS I  
R5 0 (2.8)  IT.Of BIRGE 56 ENUL + 
RB 0 I5.9I ll.3I ALEXANDEM 57 EMUL + 
R5 0 12 .8 I  lO .A I  TAYLOR 59 EMUI + 
R5 O EARLIER EXPERIMENTS NOT AVERAGEO 
RO 2345 3 .33  O. I 6  CHI&NG 72 OSFK + 1 .84  GEVIC K+ 9 /72  
R5 . . . . . . . . .  
R5 FIT 3 .  I 97  0 .086  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7l 

WEIGHTED AVERAGE = 1 .767  ± 0 . 071  

ERROR SCALED BY 1 .4  

1 . 2  1 . 6  

CHAR . 

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r '  s c o n v e n i e n c e  o n l y .  The 
data w e r e  actually processed by a 
constrained fit program, which 
calculates i t s  own  values of x, 6z% 
and scale factor, which are differ- 
ent from the values shown here. 

CHISQ 

. . . .  GHIANG 72 OSPK 1 5 

. . . .  PANDOULAS 70 EMUL 4 6 

SHAKLEE 54  HLBC O 0 

" " " 61 HLBC O,  1 

G .3  

(CONLEV 
2 .0  24  =O  100)  

K INTO (P I  2P IO) /TOTAL  (UN I 0 " * - 2 )  

CHAR. K INTO (E PIO NEUIITOTAL (UNITS EO**-2) (P6] 
(3 .2 )  ( 1 . 3 (  BIRGE 96 EMUL • 
(5 .1 ]  ( 1 . 3 )  ALEXANDER 57 EMUL 

EARLIER EXPERIMENTS NOT AVERAGED 
5 .0  0 ,5  ROE 61HLBC • [ [ 167  

429 4.7 0 .3  SHAKLEE 64 HLBC ÷ [1167 
55 [6  4 .86  0 .10  CHIANO 72 OSPK 1.84 GEVIC K÷ 9 /72  

R6 
R6 O 
R6 0 
R6 0 
R6 
R6 
R6 
R6 . . . . . . . . .  
R6 AVG 4.849 0.098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .0 )  
R6 FIT 4.824 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.L) 

R7 CHAR. K INTO (PI2 ÷ MUZ)/TOTAL (UNITS 10"*-2) (P2÷PSI ILlbT 
R7 WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON 5C 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
R7 23.4 1.1 ROE 81HLBC + [1167 
R? 886 25.4 O.q SHAKLEE 64 HLBC ÷ 11167 
R? . . . . . . . . .  
RT AVG 24.60 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .4 I  
R7 FIT 26.31 0. I5 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I . I )  

R8 K+ INTO (PI÷ Ple E- NEUIITOTAL (UNITS I0 - * -7 )  IF8) 
R8 (2O.l OR LESS CL=.9S BIRGE 65 FBC ÷ 8/66 
R8 0 (6.9)  DR LESS CL=.95 ELY 69 HLEC + 10189 
R8 O (9 .O I  OR LESS EL=.95 SCHWEINBE 71HLBC + 9 /7 [  

R9 K÷ INTO (P ie  P I -  MU+ NEUI/TOTAL (UNITS 10 " * -5 )  (POI  
R9 L ( 0 . 77 l  ( 0 . 56 )  10 .501CL INE  65 FBC + 8 /66  

RIO K* INTO (P ie  P ie  MU- NEU(ITOTAL (UNITS 10 ,= -61  (R IO}  
RIO 0 3.0 DR LESS CL=.OS BIRGE 65 FBC ÷ 8/66 

R I I  CHAR. K INTO (E NEUI/TOTAL (UNITS lO* * -51  {P l L )  
R I I  (160.01 DR LESS CL=.9S BORREANI 64 HBC + [1/67 
RE[ 4 ( 2 . 1 )  ( 1 . 8 )  ( 1 . 3 )  BOWEN 87 OSPK ÷ 8167 

RI2 CHAR. K INTO (PI GAMMA GAMMA]/TOTAL (UNITS EO*~J--4| 
R12 IP171 
RI2 ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 2 /72  
RI2  I -O . l )  ( 0 . 6 )  CHEN 68 ODPK + T IF I )  60 -90  MEV 9170 
RE2 0 10.5} OR LESS EL=.90 KLEMS TI OSPK • TIPIIGT l i t  MEV 8171 
RI2 0 0 .35  DR LESS CL=.9O LJUNG 73 HLBC ÷ 6 - I 02 . [ [ 6 - [ 27MEV 9 /73  
RE2 0 ( - 0 . 421  ( 0 .52 I  ABRAMS TT SPED ÷ T IP I I LT  92 MEV 12177 

R13 CHAR. K INTO lPI PIG GAMHAI/TOTAL (UNITS IOe=-4l IP [3 I  
RIB O 18 (E .21  ( 0 . 71  CLINE 64 FEE ÷ Pie  KE S5-BO MEV 8 /66  
R[3 0 ( 1 . 91  CR LESS EL=.90 EMMERSON 69 OSPK PIe RE 5S-80 HEY [ 0 / 69  
R[3 M O I I .O I  DR LESS NALTSEV TO HLEC • P I÷  KE LT BB HEY 12/75  
R13 A2IO0 2 .7E 0 .19  ABRAMS 72 ASPK PI÷  KE 55 -90  MEV l i T3  
R13 O 24 ( 2 . 4 I  ( 0 . 8 l  EDWARDS 72 OSPK P I÷  KE 58 -90  NEV 8172 
RI3  L ( 1 . 5 I  ( t .  t l  ( 0 . 61  LJUNG 73 HLBC ÷ PI+ KE 55 -80  MEV 9 /73  
RIB L (2.61 ( I . 51  [ I . I I  LJUNG 73 HL6C + PI+ RE 55-90 HEY 9173 
R[3 OL 17 16.8| I 3.7| ( 2 . [ I  LJUNG 73 HLBC ÷ Pl+ KE B5-108NEV 9 /73  
R[3 246 I  2 . 87  0 .32  SMITH 76 WIRE ÷- PIe-KE 55 -90  MEV 11176 
RIB O ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGEU. 3 /78  
RIB M MALTSEV 70 SELECTS LOW P i t  ENERGY TO ENHANCE OIREGT EMISSION CONTR. 1 /76  
RI3  L THE LJUNG 73 VALUES ARE NOE INDEPENDENT. 9173 
RL3 A ABRAMS 72 OBSERVES DIRECT EMISSION OR. RATIO OF (L .56~0 .35 ) * | 0 " * -S  1173 
RIB A + -0 .5* t0* * -5  ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG BR. RATIO 1/13  
R 13 A OF (2 .55~0 . ] 8 ) * I  0~*-4. WE QUOTE THE SUM OF THESE OR. RATIOS. 1113 
R13 . . . . . . . . .  
R13 AVG 2 .75  0 .18  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .0 |  

R18 CHAR. K INTO (P ]  P I+  P I -  GAMMA)/TDTAL IUNITS [ 0 t * - 8 )  
RI4 [P141 
R14 l .O 0.4 STAMER 65 EMUL + EGAM GT ItMEV 8/66 

RE5 CHAR. K INTO (PI E÷ E-I/TOTAL (UNITS EO*$-BI (P l5 )  
RIB ! (2.65I  OR LESS EL=.90 CAMERINI 66 FBC + 8166 
RID I 4 . 4 )  CR LESS CL=.9O B IS I  67 08C ÷ IT /AT  
RE5 C (D .4 }  DR LESS CLINEI  b7 FEC I l l bT  
RIB E (O.B81CR LESS EL=.90 CLINE2 6T FOE ÷ 2174 
R[5 ( 32 .0 )  OR LESS EL=.90  8EIER 72 OSFK ÷ -  9 / 72  
RIB I t . T )  DR LESS EL=.90  DENCE T6 ASPK ÷ THREE TRACK EVTS 10174 
R15 (0 .27 )  GR tESS CL=.90 CENCE 76 ASPK • TWO TRACK EVENTS 10 /74  
RE5 C CLINE8 REPLACES CLINE1,  CL INEI  IS NOT FOR CL=,BO . 2 / 74  

R ib  CHAR. K INTO (P I  MU÷ MU-|ITOTAL I UNITS 10 " * -6 )  IP tA )  
R Ib  13 .0 l  OR LESS EL=.90  EAMERIN[ 65 FOE • 8166 
R16 Z .4  DR LESS CL=.90 B IS I  67 DAD ÷ 1L /67  

R17 CHAR. K INTO IP(  P IO I /TAU IP211 lP3 l  
RIT 134 3 .26  0 .36  YOUNG 65 EMUL + 8 /66  
ArT 1065 3 .96  0 ,18  CALLAHAN 66 FBC + 9 /66  
R[T . . . . . . . . .  
R[7 AVG 3 .84  0 .27  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) 
RIT FIT 3 ,T87  0 .036  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF | . 11  



Stable Particles 
K* 

68 

Data Card Listings 
For notation, see key at front  of  Listings. 

RIB CHAR. K INTO (P] 2PIOI/TAU (P~ ( / (PB )  
RL8 202T 0*303  D. D00 SIS( 65 H+HL + 8 /66  
RIB E7 0.393 0.099 YOUNG 65 EMUL BI66  
RE8 . . . . . . . . .  
RIB AVG 0 .3037  0 .0090  AVERAGE (ERROR INCLUDES SCALE FACTOR OF LoD) 
RL8 FIT 0 .3 [0O  0.0080 FROM FIT (ERROR INCLUDES SCALE FACTOR nF 1.3) 

Rlg CHAR. K INTO (MU PIO NEUI/TAU (PSI/ (P31 
RL9 8845 0 ,632  0 .835  B IS I  I 65 H+HL + 8 /66  
HI9  38 0 .90  0 .~6  YOUNG 6B EMUL 8166 
RL9 H 1505 [O .S IO)  ( 0 . 0171  EICHTEN 68 HLBC + L1 /68  
RI9 H1505 0.B03 0.019 HA[DT 7L HLBC + 12/70 
RIO H HAIDT TI IS A REANALYSIS OF E[CHTBN 6B* 
Rl9 . . . . . . . . .  
RI9 AVG 0*536  0 ,054  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.2) 
Rlq FIT 0o57B O.D16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O I  

(SEE IDEOGRAM BELOW ) 

_ _  J 
0 

CHARGED 

WEIGHTED AVERAGE = 0 .536  ± 0 .054  

ERROR SCALED BY 32  

Values  above of weighted  a v e r a g e ,  
e r r o r ,  and sca le  fac to r  a r e  for  the 
r e a d e r ' s  conven ience  only. The 
da ta  were  ac tua l ly  p r o c e s s e d  by a 
c o n s t r a i n e d  fi t  p r o g r a m ,  which 
ca l cu l a t e s  i t s  own va lues  of ~, 5~, 
and sca le  fac to r ,  which a re  d i f f e r -  
ent  f r o m  the va lues  s h o w .  he re .  

CH[SQ 

. . . . . . . . .  HA IOT  71 HLBC 31  

~ ~ YOUNG 6S EMUL 

. . . . . .  B [S I  1 65  H+HL  7 ,5  

105  

, ~ (CONLEV 
.6  1 .0  1 .4  =0 .00~ )  

INTO (MU P IO  NEU) /TAU 

R20 CHAR. K INTO (E RIO NEUIITAU (P6WIPB) 
R20 230 0.90 0.06 BORREANI 6~ HBC + 8156 
R20 37 o .go  0 .16  YOUNG 65 ENUL + 8 /66  
RZO 854 0,04 0.09 BELLOTT2 b7 HLBE 11167 
RO0 H 4385 [O.O46) (O.OZl) EICHTEN 68 HLBC + 11168 
RBO H43BS O,B50 0 .019  HAIDT 11 HLBC + 1Z/TO 
RZO 2827 0 ,856  0 .040  BRAUN 75 HLBC 12 /75  
RZO H HAIOT 71 IS ~ REANALYSIS OF EICHTEN 68. 
R 20 . . . . . . . . .  
ROD AVO 8.ABE O. OIB AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
REO FIT 0 .8633  O.O09B FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

R2I K÷ INTO (P I+  P I -  E+ NEU)/TAU (UNITS 10*~ -4 [  {BT } / (P3 I  
R2I 69 6 .7  1 ,8  BIRGE 6B FBC ÷ 8 /66  
R21 2E9 5 .83  0 .63  ELY 69 HLBC + I1168  
R21 500 T .36  0.6B BDURQUIN 71 ASPK 12/71 
REE IOE 7 .0  0 .9  SCHWEINBE 71 HLBC + 9171 
R21 3OK 7.21 0.32 ROSSELET T7 BPEC + 11 /77  
R21 . . . . . . . . .  
RBL AVG 6 .98  0 .26  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R28 K+ INTO {P I+  P I -  MU÷ NEUIITAU (UNITS 10 . * - 4 )  {PV)/(P3) 
R22 l ( 2 . 5 )  ARPROX GREINER 64 EMUL + 8166 
R82 7 E .57  1.55 BISI  67 DBC + 1116T 

R23 CHAR. K INTO (E PIO NEUI I [MUS+P[2 )  (UNITS IO*~ -2 ) (P6 I / [P l÷PO)  
R23 1679 8 .89  0 .21  CESTER 66 OSPK ÷ b l b7  
R23 011o 6 .16  0 .22  ESCHSTRUT 68 OSPK + 3168 
R23 W 5 .q2  0 .65  WEISSENBE 76 SPEC L/7B 
R23 W VALUE CALCULATED FROM WE[SSENBERO 76 KE3, KMU2. KPI2 VALUES 1178 
R23 w TO ELIMINATE DEPENDENCE ON OUR IgT~ TAU ANO TAU-PRIME FRACTIONS. 1178 
R23 . . . . . . . . .  

R23 AVG 6 .01  O. IB AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
RB3 PIT 5.6gB 0.067 FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

R84 CHAR. K IN IO  (PC PIO)/(MU NEU) (P2) I (P I }  
RB4 A~517 0.3B77 0.006B AUERBACH 67 OSPK * 1/74 
R24 IAOO 0 .305  0 .818  ZELLER 69 ASPK ÷ 10 /69  
R24 W 25K {0.32B) (O.OOS) WEISSENBE 74 STRC 7/T4 
R24 a 0.3355 0 .0057  WEISSENBE T6 SP~ ÷ 1 /78  
R84 A AUERBACH 87 CHANGED FRO~ .3253÷ - . 0065 .  SEE COMMENT WITH RATIO R26. 1174 
R84 W WEISSENBERG 76 REVISES WEISSENBBRG 74.  1 /78  
~24 . . . . . . . . .  
RZ4 AVD 0.3307 0.0051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1o2) 
R24 FIT 0.3337 0.0030 FROM FIT (ERROR INCLUDES SCALE FACTOB OF 1.01 

[SEE IDEOGRAM BELOW I 

RZS CHAR. K INTO (E PIO NEUII{MU NEUI (P6 ) I IP I )  
R25 A 295 0.0791 0.0054 AUERBACH 67 OSPK + 1174 
RZB 960 0 .0775  0.00B3 BOTTERI[ 68 ASPK + 5 /68  
R25 561 0.069 0 .006  GARLAND 6B OSPK + 4 /68  
R25 8BO 0.069 0.006 ZELLER 69 ASPK + 10/69 
RZB A AUERB&CH 67 CFANGED FROM .O797+-.OOB4. SEE COMMENT WITH RATIO R26. 1114 
ROB A THE VALUE .078B+-.0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF 3 /7~  
R25 A AUERBACH 67 R25 AND CESTER 66 R23. 3 /74  
R 25 . . . . . . . . .  
R85 AVG 0.0752 0.002~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0J 
R25 FIT 0.07S97 8.0009E FRD~ FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

R26 CHAR. K INTO (MU PIO NEU)/(HU NEU[ [PS ) / (P l }  
RZ6 A 307 0.0486 o. 0040 AUERBACH 67 OSPK ÷ 1 /74  
R26 G 424 0.0480 0.0037 G~RLAND 6B DSPK + 1/74 
R26 240 0 .054  0 .009  ZELLER 60 ASPK ÷ 1D/69 
R26 A AUER~ACH 67 CHANGED FROM .0602÷- .0046 BY EBRATUM WHICH BRINGS THE I /T6  
R26 A MU-SPECTRUM CALCULATION INTO hGREEMFNT WITH GAILLARD 70 APPENDIX B. 1/74 
R26 G GARLANO 6B CHANGED FROM .OSB÷-.O0~ IN AGREEMENT WITH MU-SPECTRUM 1/7~ 
R26 G CALCULAT[CN DF GAILLARO 7D APPENDIX B. LoG. BGNDRDM, PRIV*COMM.(731 I /T4  
R26 . . . . . . . . .  
R26 AVG 0.0~88 0.0026 AVERAGE (ERROR INCLUDES SCALB FACTOR OF 1.01 
R26 FIT 8.0503 0.00|~ FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.7) 

R27 
R87 
R27 
R27 
R27 
R27 

R28 
R2B 
REB 
ROB 
ROB 
REB 
R28 
ROB 

R29 
R89 
R29 
R 29 
R89 
R29 
R29 
R29 
R29 
R29 
R89 
REq 
R29 
R 29 
R89 
R29 
R29 
RB9 
R89 
R29 
R29 
R29 
R29 

RBO 
R30 
ROD 
R30 
RBO 
R 3O 
R30 
R3O 
R3O 
R30 
RBO 
R30 

831 
R31 
R31 

R32 
RB8 
R]2 
R32 
R32 
R32 
R38 
R32 
R32 

R33 
R33 
R33 

R34 
R34 
RB~ 
R34 

R36 
R36 

RBT 
R3T 
R37 
~37 

R38 
R3B 
RBB 

R39 
R80 
R39 

WEIGHTED AVERAGE = 0 ,3307  ± 0 .0051  

ERROR SCALED BY 12  

Values  above of weighted  a v e r a g e ,  
e r r o r ,  and sca le  f ac to r  a r e  for  the 
r e a d e r T s  conven ience  only. The 
data  w e r e  ac tua l ly  p r o c e s s e d  by a 

/ I / . . . .  t r a i ned  fi t  p rog  . . . . .  h i _ ¢ h  
ca lcu la te s  i t s  own va lues  of x, 5x) 

/ I / : : ~  ;rC°almet fhaeCtv°a]ue~h:~ awnr~:~fef, ey-  

/ I / CHISa 
! t ~ - / . . -  WEISSENSE 76 SPEC 0 . 7  

) / . ) .  \ . . . .  ZECLER 6 ,  ASPK 2 0  
j - - ~ - \  AUEROACH 67 osp~ o j_2 

' (CONLEV 
0 .  28  0 ,  30  0 .  32  0 . 34  0 .  36  0 38  =0 .  228  ) 

CHAR K INTO (P I  P IO ) / (MU NEU)  

CHAR. K INTO INU NEU)/TAU (P I ) / (P3 )  
R ~Z7 I lO .  BO) (O.B2)  YOUNG 65 EMUL ÷ 9 lAb 
R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
R TO ADO UP TO 1. ONLY YOUNG MEASURED MU2 DIRECTLY. 

FIT 11.364 0.072 FROM FIT 

CHAR. K INTO [E NEU)/(MU NEU) (UNITS lO**-SJ (P l I J / (P I )  
10 1.9 O.T 0,5 BOTTERILt 67 ASPK * l l /ST 

8 1 .8  0 .8  0 .6  MACEK 69 ASPK * 4 /69  
l i e  B.48 0.~2 CLARK 72 OSPK + 1 /73  
534 2 .37  0 .17  HEARD2 75 SPEC + 11 /75  
404 2 .51  0 .15  HE1NTZE 76 SPEC + 2 l i b  

AVG 8.42 0. I I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O)  

CHAR. K INTO (MU RIO NEU)I(E RIO NEU) (PS ) I iP6 I  
C1509 0 .703  0 .056  CALLAHAE 66 HLBC 6 /68  

5601 O.6B? O.OlT DOTTER[2 88 ASPK * 6 /68  
H 1398 (0 .604 )  ( 0 . 022 }  EICHTEN 68 HLEC 10 /68  
H (0 .506 l  ( 0 . 025 l  HAIDT 71HLBC + 12170 

D3488 0*698 0.025 CH[ANG 72 OSPK 1.84 GEV/C K+ 9/72 
L 554 0.105 0.063 LUCAS2 7B HBC DALITZ MRS ONLY L I /73  

B 158B (0 .608)  (O. OlGl BRAUN 75 HLBC + l l l b  
0 ,67  O. I8  WEISSENBE ?b SPEC + 11T8 

E ( 0 . 670 )  (0 ,01~1  HEINTZE 77 SPEC + 12 /77  
CCMMENTS 

C FROM CALLAHANL 68 WE USE ONLY THE MU31E3 RATI~ AND 00 NOT 
C INCLUDE IN T~B FIT THE RATIOS MUBITAU AND EBITAU, SINCE THEY SHOW 
C LARGE DISAGREEMENTS WITH THE REST OF THE DATA* 

H HAIDT 71 IS A REANALYSIS OF EICHIEN 6B. 
H 0 ONLY INDIVIDUAL RATIOS INCLUDED IN FIT {SEE RIg AND RZO], lLl@B 

CHIANG 72 HOg IS STATISTICALLY INDEPENDENT OF EHIANG 78 R5 AND B6. 9/72 
B L LUCAS 73 GIVES N(MU3)=S54+-T.GPCT. N(E3I=TBb+-3.1BCT. WE DIVIDE. 11/73 

B~AUN 75 VALUE IS FROM FORM FACTOR FIT .  ASSUMES MU-E UNIVERSAL(IT. 1176 
E HEINTZE T7 V~LUE FROM FIT TO LAMBDAO. ASSUMES MU--E UNIVERSALITY. 22 /77  

AVG O.GTq 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
FIT 0 .663  O. DiS FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.7) 

CHAR. K INTO (PIO E NEU GAMMAI/(PlO E NEU} {UNIIS 10"*-21 
[P18 ) I (PG)  

( i . 8 )  (O.B) BELLOTTI 67 HLBC ÷ BGAM GT 30NEV I I 167  
R 13 0.78 0.88 RDMANO Tl HLBC EGAM GT EOMEV 10171 

R (0 .53 )  (0 .22)  ROMAND TI HLBC • EGAM GT 30 NEV 9/73 
L 16 [O.~BI ( 0 . 20 [  LJUNG 73 HLBC + EGAM GT 30 MEV 9173 
L (8 .22)  ( 0 . 15 l  (O. tO)  LJUNG 73 HLBC + EGAM GT 30 MEV 917B 
L FIRST LJUkO VALUE IS FOR COS(ELECT-GAM~AIL.T.O.q, SECOND VALUE IS 9/7B 
L FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH RONANO. 9 /73  
R BOTH BOMANO VALUES ARE FOR COS(ELECT-GAMMA) BETW 0 .6  AND 0 .0 .  9/T3 
R SECOND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 9/73 
R WE USE LOWEST EGAM CUT FOR TABLE VALUE. SEE REMAND FOR EGAM DEPEND. 9/73 

K- INTO (P I÷  E- E-l/TOTAL (UNITS I 0 * * - 5 )  (P lV)  
TEST OF LEPTEN NUMBER CONSERVATION. 

(1 ,5 )  OR LESS CHANG 68 HBC 3168 

CHAR. K INTO (PI NEU NEU)/TOTAL (UNITS i0**-6) (PZO) 
C (1.41 CR LESS CL=.VO KLEMS 71 DSPK + T IP I )  LIT-127MEV 3/7~ 
C (0 .94 )  CR LESS CL=.90 CABLE 73 CNTR + T IP l )  60-10B MEV 2/7~ 

C [ 0 . 58 )  OR LESS CL=.9O CABLE 73 CNTR ÷ T(Pl)  60-127 MEV 21l~ 
L 0 (BT.O) ~r LESS CL=.9O LJUNG 73 HLBC + 9/73 

0.14 CR LESS CL=.go ASANO 81 CNTR + T (P I I  116--12TMEV 1182~ 
KLEMS 71 AND CABLE 7B ASSUME PC SPECTRUM SAME AS KE3 DECAY. 3/74 
SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 2/T4 

L LJUNO 73 ASSUMES VECTOR INTERACTION. 9173 

CHAR. K INID (E NEU GAMNA)/TOTAL (UNITS lO* t - 5 ( (P21 )  
M (7 .1 )  OR LESS MACEK 70 OSPK + PIE) 834 TO 2~7 L2170 
M ABOVE IS MEASUREMENF OF STRUCTURE-DEPENDENT DECAY CNLY. 

CHAR. R INTO [PI  GAMMAI/TOTAL [UNITS 10 " * -6 )  (P22) 
VIOLATES ANGULAR MOMENTUM CONSERVATION. NOT LISTED IN TABLES. 

K (4 .01 OR LESS CL=.90 KLEMS 710SPK ÷ 8171 
K TEST OF MCGEE OF SELLER(. NC 60A. 291(L969). 

CHAR. K INTO IP I  3GAMMAI/TOTAL (UNITS 10"*-4( (P23) 
3. O CP LESS CL=.VO KLEMS 71 OSPK + T (P I I  GT I17MEV B/71 

K + INTO (P [÷  PI+ E- NEUI I (PI+  P I -  E+ NEUI IUNITS lO*~ -4 l  (POl l (P IT  
0 [ [ 30 . )  cR LESS CL=.95 BOUROUIN 71ASPK 8176 

B 3 3 .6  CR LESS CL=.95 BLOEH 76 SPBC 8 /76  
B CORRESPONBS TO 3E10-4 AT CL= ,90 .  2 / 80  

CHAR. K INTO (PIO PIO E NEU[/KE3 (UNITS 10* * -4 )  (P24 } / [P6 )  
0 (3T.OI OR LESS CL=.gO ROMAND Tl HLBC + 12171 
2 3 .8  5 .0  1 .2  LJUNG 73 HLBC + 9 /73  

K + INTO (P I -  E+ MU+I/TDTAL (UNITS 10.*-8) (P25)  
K- INTO (P I÷  E- MU-)ITOTAL IS ALSO INCLUDED HERE 

(2 .8 )  OR LESS CL=.90 BBIER 72 OSPK +- 9172 
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RRO K+ INTO [PI+ E÷ MU-)ITOTAL (UNITS IO**-8) (P26) 
R4O K- I NTD (P I -  E- MU*I/TOTAL IS ALSO INCLUDED HERE 
RRO (1.4) OR LESS EL=.9O BRIER T~ OSFK +- 9/72 

R4E CHAR. K INTO (MU 3NEUI/TOTAL (UNITS IO*~-6) (P27) 
R41 P 0 6.0 OR LESS EL=.90 PANG 73 CNTB ÷ l / l i b  
R41 P PANG 73 ASSUMES MU SPECTRUM FROM NEU-NEU INTERACTION OF BARDIN TO. 3176 

R42 CHAR. K IN IO  (P IO MU NEU GAM)/TDTALIUNITS IO*~ -5 ) lP281  9 /73  
R42 0 6.1 OR LESS EL=.BO LJUNG 73 HLBC • EGAM GT 30 MEV 9173 

R43 CHAR. K INTO (E PlO NEU| / (P I  RIO) (P6 I / IPE I  
R43 L 786 O .22E  0.012 LUCAS2 73 HBC - DALITZ PRS ONLY L1173 
R43 l LUCAS T3 GIVES N( EB)=TB6+-3.[PCTt N(PIE)=3564~3. IPCT. WE DIVIDE. I1173 
R43 . . . . . . . . .  
R43 FIT 0.2280 O.OO31 FROM PIT (ERROR INCLUDES SGALE FACTOR OF [.II 

R44 CHAR. K INTO (P I  EP lO l / IP I  P lO l  IP4 ) l (P21  
R~ L 576 O.OBI O. OOS LUCAS2 73 HBC - DALITZ PRS ONLY 11173 
R44 L LUCAS 73 GIVES NIP) 2PIO)=ST4+-5.9 PET, NIPI2)=35644-3.1 PET. 11173 
R44 L WE QUOTE 0.5*NIP) 2PIOIINIRIEI WHERE O.S IS BECAUSE ONLY DALITZ I I I T3  
R44 L PAIR P IO 'S  WERE USED. 11173 
R44 . . . . . . . . .  
R44 FIT 0.08[9 0 .0022  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .3 l  

R45 CHAR. K INTO(MU NEU GAMMA)/TOTAL (UNITS [0 " * -3 )  (PIE) 7174 
R65 [2 5.8 3.5 WEISSENBE 76 SIRE ÷ E-GAMMA GT 9 MEV 7/74 

R46 CHAR. K INTO (Pl E* E-f l IRT÷ Pl -  E NEU) IUNITS 10**-3) (PtBI l IPT]  
R46 B 61 7 .0  1 .3  BLOCH 75 SPEC ÷ 11175 
R46 B BLOCH 75 QUOTES THIS RESULT MULTIPLIED BY OUR [974 KE4 BR.FRAC. 11275 

R4T CHAR. K INTO (E NEU GAN) I IE  NEU) (P2 [ ) / ( 01 I )  
R4T STRUCTURE DEPENOENT PART WITH + GAMMA HELICITY. 
R47 H 56 ( 1 . 05 )  (O. 2B) (0.301 HEARD[ 75 SPEC ÷ PIE)  236 TO 2~7 [1175 
R~7 H THIS VALUE IS INCLUDED IN THE SECOND HEINTZE 79 VALUE IN SEE.R54 L1175 
RAT H BELOW. 11175 

R48 K÷ INTO (PI+-MU-+Et)/(PIePI-E NEUI (UNITS IO* * -4 ]  IP25÷P26)lIP7} 11/76 
R48 D O 1.9 OR LESS CL=.BO OIAMANTBE 76 SPEC ÷ 11176 
R48 O DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR. RATIO. l l / 76  

R49 K÷ INTD IP I÷  MU÷ E - I I IP I÷P I -  E NEU) (UNITS 1De,,--4} IPZq l l (PT I  11176 
R49 D O 1.3 ER LESS CL=.90 DIAMANTBE 76 SPEC ÷ 11176 
R49 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR EBT5 KE4 BR RATIO. 11176 

RED CHAR. K INTO (MU NEU E+E-IIIPI+PI-ENEUI (UNITS I 0 , * - 3 )  IPBOllIPT) l l l Tb  
RSO 0 14 (3 .3)  (0.9)  DIAMANTBE 76 SPEC • MIEE) GT 160 11/76 
RSO D 16 27.  B. DIAMANTBE 76 SPEC ÷ EXTRAPOLATED BR [1176 
RSO D DIAMANTBE 76 QUOTES THESE RESULTS TINES OUR [9TB KE4 BR RATIO. I I176  
RSO O THE SECOND DIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO O 11176 
ROD O TO INCLUDE LCW MASS E PAIRS. 11176 

RS1 K÷-- INTOIP I -÷E~E+- I I IP I+P I -E  NEU) UNITSIEO$~-4I (P l9 l l IPT )  1 [17b  
AS[ TEST OF LEPTCN NUMBER CONSERVATION 
RSI O O 2.5 OR LESS CL=.9O OIAMANTBE 76 SPEC ÷ 11176 
R51 O DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 BR RATIO. l l / 7b  

RSZ K ÷ -  INTOIMU-÷ NEU E÷- E * - ) I IP I÷P I -E  NEU)(UNITS CO** -3 )  (P3 l ) / (P7 )  11176 
RS2 O O 0.5 OR LESS CL=.9O DIAMANTBE 76 SPEC + 11176 
RS2 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OOR [975 KE4 BR RATIO. [1176 

RS3 K+ INTO (NEU E+ E+ E - ) / IP I+P I -  E NEU) (UNITS 10 " * -21  (P32 ) / (P7 )  11176 
R53 4 0.54 0.56 0 .27  DIAMANTBE 76 SPEE * I l lT& 
R53 O DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. l l / 7b  

RS4 CHAR. K INTO (E NEU GAM)/INU NEU) (UNITS lO* * -5 l IP2 l l / (P [ )  
RS4 STRUCTURE DEPENDENT PART WITH ÷ GAMMA HELICITV 
R54 H 5 [  ( 2 . 33 )  ( 0 . 42 l  HEINTZE 79 SPEC ÷ 7179 
R54 H lOT 2.60 0 .36  HEINTZE 79 SPEC ÷ 7/T9 
RS4 H SECOND HEINTZE 79 RESULT IS FIRST COMBINED WITH HEAROI 75 RESULT 7•79 
R54 H FROM SECTION R47 ABOVE. 7 /79  

RS5 CHAR. K INTO (E NEU GAMI/TOTAL [UNITS 10"=-41 (P21)  
RS5 STRUCTURE DEPENDENT PART WITH - GAMMA HELICITV 
R55 H 1.6 OR LESS EL=.90 HEINTZE 79 SPEC ÷ 2182* 
R55 H IMPLIES IAXIAL VEC./VEETOR] AMPL. RATIO OUTSIDE RANGE - [ . 8  TO - .54 .  2182= 

R56 CHAR. N INTO (E NEU NEU NEUBAR)/ IE NEUI (P33 I / (P [ l )  7 / 79  
R56 0 3.8 OR LESS CL=.BO HE[NTZE 79 SREC * • 7•79 

RST K+ INTO (MU+ NEUIEI | /TOT&L IP34)  2182 "  
RAT 0 0.006 OR LESS EL=.9O LYONS 81HLBC 2OOGEV K÷ N.B. BEAM 2182* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note on Slope Parameter for K ÷ 3~ Decays 

As was discussed in Section VI B.1 of the 

text, for the 37 decays of the K mesons we list 

the slope parameter "g" which is defined, as in 

that section, by 

IMI 2 (s3-s O ) (s 3- S0~ 2 
1 + g m~ + hL~+ / 

~+ 

+ k + 
+ J 2 "''' 

m+ \ m+ / 
(i) 
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where 

s i = (PK-Pi)2 = (~-mi)2 - 2mET i (2) 

1 1 (m2+ 2+m2+m2) (3) 
s o = ~ ~ s i = ~ m I 

~K' ~i are the four-vectors for the K and the 

i th pion, and the index 3 refers (4) 

to the odd pion, i.e., the third pion 

in the decays listed below. 

We refer to the three possible charged decays as 

T, T' T ° , and : 

± K ± T ÷ ~±~±~ 

T,± ± K ÷ ~OzOz ± 

T o K 0 

The measurements of g vary considerably beyond 

the authors' quoted errors as can be seen in the 

ideograms associated with the GT+, GT-, and GTP 

K ± subsections of the Data Card Listings and the 

0 Listings. GT0 subsection of the K L 

There is no indication of a CP-violating 

asymmetry in K 0 decay as measured by the coeffi- 
L 

cient j given in subsection JT0 of the K 0 Listings. 
L 

The high-statistics T°-decay experiment of 

MESSNER 74 finds significant non-zero quadratic 

coefficients h and ko CHO 77, a lower-statistics 

T o experiment, obtains results in agreement with 

MESSNER 74 but can also obtain good fits with a 

linear term (g) only. The correlation between the 

linear and quadratic coefficients changes the CHO 

77 from 0.629± 0.017 (linear fit) to 0.681± gT0 

0 . 0 2 4  ( q u a d r a t i c  f i t ) .  A n o t h e r  e x p e r i m e n t ,  

PEACH 7 7 ,  d o e s  n o t  o b s e r v e  t h i s  c o r r e l a t i o n  a n d  i s  

i n  a g r e e m e n t  o n l y  w i t h  t h e  l i n e a r  f i t  o f  CHO 77.  

T h e r e  i s  some e v i d e n c e  f o r  a n o n - z e r o  k 
± 

c o e f f i c i e n t  f r o m  T e x p e r i m e n t s .  FORD 72 ( l . 5 M  

K ± - events) have studied + ~±~±~+ and find that the 

XE/DF goes from 1.38 to 1.20 for DF ~ 150 when the 

second order and CP-violation terms are added. 
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However, the authors state that since their Coulomb 

correction is larger than the experimental errors 

and is not well known, it is difficult to interpret 

these results. DEVAUX 77 also finds a non-zero k. 

Because of the above evidence for quadratic 

terms, and for consistency in our treatment of T 0 

and T ± decay, we now include in our averages only 

those T O and T ± experiments for which we have 

information on the three coefficients g, h, and 

k. Correlations prevent us from comparing fits 

which do not include these three parameters. For 

T '± decays we compile g and h only since no 

experiments measure k. 

Parametrizations 

In the literature other definitions of slope 

parameters have appeared. We have converted to the 

definitions of g, h, j and k in Eq. (i) from 

whatever experimental quantity has been reported. 

We give the conversion to the definition (i) for 

the most widely used parametrizations and tabulate 

the conversion factors for the reader's convenience. 

a) For analysis of charged K's and some K 0 

experiments, the expression often used is: 

]MI 2 = 1 + ayY +byY 2 +dyX +eyX 2 

with 

3T 3 - Q 
y - 

Q 

%/3 (TI-T 2 ) 
X 

Q 

Q = m K - m i 

The relevant formulae are: 

3 s3- So ~/~ $2-S 1 
Y = - - + 4 ,  X 

2 ~Q 2 ~Q 

wi th 

and 

7O 
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-Cy(ay + 2byA) 
= 

2 
] + ay~ + byA 

2 
Cy by 

= 

1 + ay~ + by~ 2 

Cy dy 
= 

(i +ay~+byA 2) 

2 
Cy ey 

= 

3(1 + ayA + by~ 2 ) 

wi th 

Cy 

2 
3 m + 

2 mKQ 

b) For the analysis of some K 0 experiments 

the expression used is 

m K 
IMJ 2 = 1 + 2a t ~ (2T 3 - T3max ) 

m+ 

(mK  2 2 
m 2 T3max) + b t \ ~+" / (2T3 - 

with 

T3max 

(m K -m3 )2 - (m I+m2)2 
= 

2m K 

The relevant transformations are 

s 3 - s O Q 
+ - (I+A) T3 2m K 3 

and 

with 

c t 

-2a t - btc t 

btct2 
i + atc t + 

b t 

btct 2 
1 + atc t + 4 

2m [2 1 = ---~ ~ Q(I+A) - T3max . 
m + 
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c) Other K 0 authors use the same form of 

matrix element as given in b) above with a linear 

term only, but define 

2 
Tma x = ~ Q 

The relevant transformation is then 

wi th 

- 2 a  u 
g - 

1 + auC u 

4m 
K 

c u = QA 
3~÷ 

d) Older K 0 analyses were done using 

T 3 
IM] 2 = i + a -- 

v m K 

The relevant transformation is then 

with 

-c a 
v v g - 

1 + d v a  v 

2 
m + 

c = 
v 2 

2m 
K 

and 

d = Q_9_ (I+A) 
v 3m K 

e) The CP-violating term in ''IMI 2 for ~+ 

~+~-~0 experiments has been parametrized in several 

ways. BLANPIED 68 and SCRIBANO 70 use the parame- 

trization given in (b) above with no quadratic term 

and with an additional CP violating term. BLANPIED 

68 parametrizes the CP-violating term as 

m K 
2OB @ (TI -T2) 

The relevant transformation is then 

gB 
J 

i + Cta t 

with c t as defined in (b) above. SCRIBANO 70 

parametrizes the CP-violating term as 

2 T1 -T2 

~3 ~s Tl2max 

Stable Particles 
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where Tl2ma x is the maximum kinetic energy of 

particle 1 or 2, the charged ~'s, given by 

(mK_ ml ) 2 _ (m 2 + m3)2 

Tl2max = 2m 
K 

The resulting transformation is then 

2 
m+ a s 

= 

(I + ctat) 
%/~ m K Tl2ma x 

SMITH 70 gives the asymmetry 

N - N + 

N + N + 

where N+ is the number of events with T 1 > T 2 and 

N_ is the converse. BLANPIED 68 gives the relation 

g B = ~/i.16 which allows us to use the transforma- 

tion to j given above for BLANPIED 68. 

For the reader's convenience we give a table 

of numerical values for Q, T3max , Tl2max, A, Cy, ct, 

c u, Cv, and dv, obtained using the masses from the 

current edition. 

± ,+ T o T T 

Q 74.97 84.17 83.57 

T3max 48.08 53.20 53.89 

Tl2ma x 48.08 53.99 53.12 

0.0000 -0.0790 0.0798 

Cy 0.7895 0.7032 0.7025 

c t 0.0962 -0.0769 0.3204 

c 0.0000 -0.2246 0.2272 u 

c v 0.0400 0.0400 0.0393 

d v 0.0506 0.0523 0.0604 

References 

See the reference sections of the K ± and < 

Data Card Listings. 

See also the review of T. J. Devlin and J.O. 

Dickey, Rev. Mod. Phys. 5_~i, 237 (1979), which 

contains an analysis of K +2~ and K+ 3~ data in 

terms of transition amplitudes with appropriate 

energy dependence. 
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I0 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION Vl  8.1 AND MINI-REVIEW ABOVE 

MATRIX ELEMENT SQUARED = i ÷ G*U  ÷ H'U**2 ÷ R'V**2 1179 
WHERE U : (S3 -SOI I IMRI * *2 )  AND V= IS I -S2 ) I IMP I * *2 )  I179 

GT+ LINEAR COEFFICIENT G FOR TAU DECAYS K+ - ->  P[+ PI÷ P [ -  I179 
GT+ SOME EXPTS USE DALITZ VARIABLES X AND Y. WE GIVE AY=COEFF OF Y l l 19  
GT÷ TERM AT RIGHT. SEE MINI-REVIEW ABOVE. t IT9  
GTeZL 5428 ( - 0 . 22 l  (0 .026)  ZINCHENNO 67 HBC + AY=0.2B+-,03 10/60 
GT÷ L 9996 ( - 0 .218 )  (O. OI6I BUTLER 68 HBC + AY=O.277+-.020 10/69 
GT÷ GLIB98 (-O.19B} (O. OtZ) GRAUMAN 70 HLBC * AY=0.228÷-.030 8•70 
GT+ TEOK -0 ,2157  0.0028 FORD 72 ASPK + AY=O.2736+-.OO35 1179 
GT+H 39819 - 0 .200  O, O09 HOFFMASTE 72 HLBC tlT9 
GT+ 825K -0 .2221  0,0065 DEVAUX T7 SPEC AY=0,2814÷-,0082 1179 
GT÷ L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3178 
GT÷ Z ALSO INCLUDES OBC EVENTS 
GT÷ G EMULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFFMASTER T2 t i l l  
GT+H HOFFMASTER 72 INCLUOES GRAUMAN 70 DATA, 1179 
GI÷ 
GT+ AVG -0 .2154  0*0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 4 I  

{SEE IDEOGRAM BELOW ) 

W E I G H T E D  AVERAGE = 0 , 0 1 2 2  ± 0 , 0 0 7 6  

ERROR SCALED BY 1 . 4  

C H I S Q  

• . . D E V A U X  77  SREC 0 8  

. . . .  HOFFMASTE 72 HLBC 2 . 3  

ORD 72 ASPK 1.1 

4.2 

( C O N L E V  
- 0 , 0 4  0 0 0  0 . 0 4  0 . 0 8  = 0 . 1 2 3 )  

QUAD.  C O E F F  H FOR K+ - - - >  P I +  P I +  P I -  

HI÷ QUADRATIC COEFF. H FOR K* - - >  PI+ PI÷ P l -  1179 
HI÷ T S O K  0,0187 0.0062 FORD 72 ASRK ÷ 1/79 
HT+ 39819 - 0 , 009  0.014 HOFFMASTE 72 HLBC + i179 
HT÷ 225K -0 .0006  0.0163 OEVAUX TT SPEC ÷ 1/79 
HT+ 
HT~ AVG 0.0128 0.0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ , 4 )  

ISEE IDEOGRAM BELOW l 

WEIGHTED AVERAGE = -0 .2154  ± 0 .0035  

ERROR SCALED BY 14  

CH ISQ 

• DEVAUX 77  SPEC 1 . 0  

" H O F F M A S T E  72 HLBC 2 . 9  

• FORD 72 ASRK 0 , 0  

4 . 0  

' ( C O N L E V  
- 0 , 2 4  - 0 . 2 2  - 0 . 2 0  - 0 . 1 8  = 0 . 1 3 5 )  

L I N .  ENERGY OEP.  FOR K+ TO P I +  P [ +  P I -  

NT÷ QUADRATIC COEFF. K FOR K÷ - ->  PI÷ PI÷ P I -  1/79 
RT÷ T S O K  -0 .0075  0.0019 FORD 72 ASPK ÷ 1/79 
K I t  39819 -O. OtO5 0.0065 HOFFMASTE TZ HLBC + 1179 
KT÷ 225K -0 ,0205  0.0039 OEVAUX 77 SPEC + 1/79 
KT÷ . . . . . . . . .  
KT~ AVG -0 .0101  0.0036 AVERAGE IERROR INCLU~F~ SCALE FACTOR OF 2 .1 l  

(SEE IDEOGRAM BELOW l 

GT- LINEAR COEFFICIENT G FOR TAU DECAYS K- - - >  P I -  P l -  Pie 
GT- FOR DEFINITION OF AY SEE NOTE IN SECTION GT+ ABOVE, 
GT- F 1367 ( - 0 . 220 )  [O.0351 FERRO-LUZ 61HBC - AY:0 .28+- .065  10169 
GT-ML ETT8 l -O .  I 90 I  ( 0 . 023 l  MOSCOSO 68 HBC AY=0.242÷-.029 10/69 
GT- 80919 - 0 . 1 9 3  O. OIO MAST 69 HBC - AY=0.246 +- .013  I179 
GT- T S O K  -0 .2186  0.0028 FORD 72 ASPK - AY=0.2770+-.0035 1/79 
GT- O 8IK ( - 0 . 199 )  (0.0081 LUEASI 73 HBC - AY=0.252÷-.011 10172 
GT- F NO RADIATIVE CORRECTIONS INCLUDED. 
GT- L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 3/78 
GT- M ALSO INCLUDES DBC EVENTS. 
GT- Q QUADRATIC DEPENDENCE IS REQUIRED BY KL EXPTS. FOR COMPARISON WE 1119 
GT- Q AV~AGE ONLY THOSE K+- EXPERIMENTS WHICH QUOTE QUADRATIC FIT VALUES. 1/79 
GT- 
GT- AVG -0 .2167  0.0066 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2 .5 l  

?2 
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WEIGHTED AVERAGE = - - 0 . 0 1 0 1  ± 0 .0034  

ERROR SCALED BY 2 .1  

- 0 . 03  - 0 . 02  - 0 . 01  

QUAD. COEFF.  K FOR K+ 

L ~ F  CHISQ 
- DEVAUX 77 SPEC ~2  

• HOFFMASTE 72 HLBC 0 .0  

ORD 72 ASPK I . 8 

9 . 0  

, (CONLEV 
0 . 0 0  0 . 0 1  =D 0 1 1 )  

- - >  P I+  P [ +  RI -  

HT- QUADRATIC CDEFF H FOR K- - - >  P I -  P l -  Pl+ [129 
HI -  50919 -0 .00 [  0.012 MAST 69 HBC - i179 
HT- 750K 0,0125 0.0062 FORD T2 ASPK 1179 
HT- 
HT- AVG 0.0097 0,0055 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0) 

KT- QUADRATIC COEFF K FOR K- - - >  P l -  P l -  PI+ 1119 
KT- 50919 -O,OI4  0.012 MAST 69 HBC - tiT9 
KT- 750K -0*0083 O. OOl9 FORD 72 ASPK L179 
KT- . . . . . . . . .  
KT- AVG -0 ,0084  O. OOL9 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.Ol 

DG ( {GT+ I - (GT - I ) I I (GT+ I+ (GT- ) )  [N PERCENT 
06 A NBN-ZERO VALUE FOR THIS QUANEITY INDICATES CP VIELATION 
OG 3.2M -0 .70  0.53 FORD 70 ASPK 111T0 

GTP LINEAR COEFFICIENT G FOR TAU PRIME DECAYS CHAR. K - ->  P[ RIO PlO. 
GTP UNLESS OTHERWISE STATED, ALL EXPTS INCLUDE TERMS QUADRATIC IN 
GTP I 83 -SO) f IMP I * *2 ) .  SEE MINI-REVIEW ABOVE, 
GTP K 1792 I 0 . 48 )  (0 .04)  KALMUS 64 HLBC ÷ 1/79 
GTP K 1874 {0 .586)  (0 .098)  B IS I  65 HLBC + ALSO HBE [179 
GTP 6048 0.544 0.0~8 OAVISON 69 HLBC ALSO EMUL t / 79  
GTP t Ig8 (0 .527)  (O,IO8) PANDOULAS 70 EMUL ÷ I179 
GTP 1365 0.67 0.06 AUBERT 72 HLBC + 1179 
GTP K 576 (0 .484)  (0 .084)  LUCAS2 73 HBC DALITZ PRS ONLY 1/79 
GTP 5635 0.630 0.038 SHEAFF 75 HLBC ÷ 1179 
GTP 2TK 0 .5 [0  0.060 SMITH 75 WIRE + L/79 
GTP L ~630 (0 .806)  (0.2201 BERTRAND 76 EMUL ÷ 1179 
GTP 3263 0.670 0.054 BRAUN 76 HLBC ÷ 1/79 
GTP K AUTHORS GIVE LINEAR FIT ONLY* 
GTP L EXPERIMENIS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
GTP 
GTP AVG 0.607 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .3 I  

ISEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 .607  ± 0 .030  

ERROR SCALED BY 13  

O. 4. O .'5 0 .  

C H I S O  

--BRAUN 76 HLBC ~ 3  

" - . S M I T H  75  WIRE 2 , 6  

. . . . .  S H E A F F  75  HLBC 0 . 4  

~ - - ~ -  AUBERT 72 HLBC 1 .1  

......... S O l  6 9 H L B C  1 7  

. . . .  ----D,~ 7.2 
(CONLEV 

07 0 . B  0 , 9  = O 1 2 7 )  

L [N .  ENERGY DEP,  FOR K TO P I  P IG  P IG  

HIP QUADRATIC COEFF H FOR CHAR K - ->  PI PIO PIO. SEE MINI-REVIEW ABOVE. 
HTP ~048 0,026 0,050 DAVISDN 69 HLBC + ALSO EMUL 
HTP L I98 (0 .018)  ( 0 . t 24 )  PANDOULAS TO EMUL ÷ 
HIP [365 -O .OI  0 .08 AUBERT 72 HLBE + 
HIP 5635 O,O4I 0.030 SHEAFF 75  HLBC * 
HTP 27K 0.009 0.040 SMITH 78 WIRE + 
HTP L 4639 (0,16~.) I 0 . 181 )  BERTRAND 76 EMUL ÷ 
HTP 3Z63 0 . [ 52  0.088 BRAUN T6 HLBO + 
HTm L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 
HIP . . . . . . . . .  
HTP AVG 0,034 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1179 
I179 
1179 
I179 
[179 
[179 
[179 
I179 
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± 0 
Note onKz3 and Ki3 Form Factors 

Definitions of the parameters ~+, ~(0), ~0' 

Ifs/f+I and IfT/f+I and a general discussion of the 

methods of analysis are given in Section VI B.2 of 

the text. 

This note describes the contents of the Data 

Card Listings for the two K 3 parametrizations, 

(I+, ~(0)) and (I+, ~0) , which were discussed in 

the text. Problems related to our data entries for 

individual, experiments are discussed and a compari- 

son of results is given. 

_K~3 Experiments 

The matrix element for K 3 decay, assuming a 

pure vector current, is given by Eq. (2) in Section 

VI B.2 of the text. Most experiments appear to be 

compatible with the assumption that f+ depends 

linearly on t and that f is constant. Only DALLY 
0 

72 (K 3 ) appears to require I ~ 0 (by about three 

standard deviations). A single data bin at low q2 

seems to be responsible. The effect is not observed 

in the high-statistics experiment of DONALDSON2 74 

(also K~3). 

~(0) Parametrization: ~ data from --4' + K~3 + 
decay are entered into the K- and K ° sections of 

L 
the Data Card Listings in subsection L+M. The 

corresponding ~(0) values are entered in subsection 

XIA, rIB, or XIC, depending on whether Method A, B, 

or C, discussed below and in the text, was used. 

The data cards contain the values, one-standard- 

deviation errors At+ and A~(0), as well as the 

correlation d~(0)/di+, all indicated on the e -I/2 

likelihood contour below. The correlations are 

given on the right side of the ~(0) data cards. 

+I 

O 
v 

k++ A k+ 

de (0) Slope , . ~  dX+ 

XBL- 7 4 3 -  2 6 8 2  

Stable Particles 
K ~ 

--~+' ~0 Parametrization: This parametriza- 

tion is used in recent K 3 analyses. TO facilitate 

comparison between experiments, we convert earlier 

experiments from the (l+,~(0)) parametrization to 

(~+,~0) whenever possible (i.e., when ~+ and ~(0) 

values, errors, and correlations are given). The 

transformation between these parametrizations is: 

10 = I+ + aT(O) , 

dE(0) ~ AI~ + a2A~ 2 
AI~ = (i + 2a d--~----' 

+ 

dl 0 d~(0) 
dl = 1 + a d---~-- ' 

+ + 

2 2 2 
where a = m /(m K-mr). The 10 value, the one- 

standard-deviation error AI0, and the correlation 

dl0/dl + are given in subsection L0 of the data 

cards. 

We also convert (i+,10) results into the (I+, 

~(0)) parametrization whenever possible so that 

subsection L0 is essentially equivalent to the three 

subsections XIA, rIB, and XIC. 

Individual analyses have used a variety of 

parametrizations. Problems arise when trying to 

express their results in terms of the parametri- 

rations used here. The discussion of these problems 

is divided into three sections corresponding to the 

three methods of analyses discussed in the text. 

Method A: Dalitz plot analyses and pion 

spectrum analyses usually determine I+ and ~(0) 

(or ~0) values, errors, and correlation. Such 

measurements are entered in the L+M, XIA, and L0 

subsections. They give rise to the error ellipses 

shown in Figs. 1 and 2. These are approximations 

to likelihood contours. 

Some analyses of this type fix I and determine + 

~(0), e.g., CARPENTER 66 and PEACH 73 (both K~3). 

We enter ~(0) and d~(0)/dl+ in the XIA section and 

give the fixed ~ value in the data card footnote. + 

The ~(0) error is parenthesized because it does not 

include the uncertainty in the value of ~ . These + 

results, transformed to ~0 measurements, give rise 

to bands in Fig. 2. These bands are also approxi- 

mations to the likelihood contours. The actual 

likelihood bands would not be straight. 
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Data Card Listings 
For notation, see key at front of  Listings. 

In some cases, we alter an error from its 

published value in order to obtain an error ellipse 

with a width which matches the error in ~(0) for 

fixed ~ • These adjustments are noted in the ~(0) + 

data card footnotes, e.g., for CALLAHANI 66 and 

HAIDT 71 (K + subsection XIA), where the published 

errors and correlation violate the constraint 

ICI~I < 1 on the normalized correlation coefficient 

C~< given by 

AX+ J~(o) 
cx~ = A~ dZ 

+ 

BIRULEV 81 (K° 3) gives a correlation d~0/d~ + 

which, while not unphysical, is so large that the 

resulting error ellipse is unreasonably narrow. 

As a result, in the fit to be discussed, BIRULEV 

81 would dominate even DONALDSON2 74 which has i0 

times the BIRULEV 81 statistics. To prevent this, 

we make the assumption dl0/d~, + = 0, giving the 

broad error ellipse shown in Fig. 2. 

In some cases, e.g., BRAUN1 73, the parametri- 

0.1 

X o 0 

-0.1 

0 0.1 
X+ 

-1/2.  
Fig. i. One-standard-deviation (e + ) likelihood 

contours in the (~+,i 0) plane for K 3. 

zation used is ~ , ~(0), ~(t*), where t* is the + 
weighted average of t with weighting according to 

the sensitivity to ~. In this case we do not use 

~(0). It is a badly determined parameter comparable 

to ~ or the slope of ~(t). Instead, we use 

~(0) = ~(t*) (i + l+t*) , 

d~(0) dE(t*) * 
d~ = ~ (i + ~+t ) + ~(t*)t* 

+ 

With the BRAUN1 73 values, ~ = 0.027, <(6.6) = + 

-0.34 ± 0.20, and d~(6.6)/dl = -14, we obtain + 

<(0) = (-0.40± 0.24) - 19(~+ - 0.027) ; 

or for their fitted + 

~(0) = -0.36 ± 0.40. 

= 0.025 ± 0.017, we get 

0.2 

0.1 

X o 0 

-0.I 

- 0 . 2  
0 0.1 

X+ 
Fig. 2. One-standard-deviation (e -I/2) likelihood 

contours in the (~+,~0) plane for K 0 ~3" 
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Stable Particles 
K* 

Method B: Branching ratio experiments cannot 

determine I+ and 6(0) simultaneously, but simply 

fix a relationship between them, given in Section 

VI B.2 of the text. Results are usually quoted as 

values of ~(0) at fixed I , We list these results + 

in subsection XIB, but we do not average them 

because the I+ values differ. Instead, we compute 

a combined result by using the relations in the 
+ + 

text and our fitted values of F(K~3)/F(Ke3) and 

F(K~3)/F(K~3), which include the branching ratios 

from these experiments. The branching ratios from 

our 1980 edition and the results for 6(0) and ~0 

evaluated at I+ = 0.030 are 

± 0 
K K L 

F(K 3)/F(Ke3) 0.663 ± .018(S:I.7) 0.695 ±.017 

~(0) -0.20 ± .15 (S=1.7) +0.08 ± .13 

d~(O)/dl+ -i1.9 -i0.3 

I +0.014 ± .012(S=1.7) +0.037 ±.011 
0 

d10/d~ + +0.04 +0.12 

The current (1982 edition) values differ only in 

the addition of the CHO 80 K ° branching ratio 
L 

measurement. We include their Dalitz-plot-analy- 

sis results in our overall form factor fit, and 

since their branching ratio measurement is not an 

independent result, we do not include it here. 

The scale factor S in the above table is the 

amount by which the error has been multiplied in 

order to compensate for discrepancies in the 

branching ratios. These ~0 results give rise to 

the K 3/Ke3 bands in Figs. 1 and 2. 

Method C: Polarization experiments measure 

(~(t)) , the weighted average of ~(t) over the t 

range of the experiment, where the weighting 

accounts for the variation with t of the sensi- 

tivity to ~(t). Such measurements are entered in 

subsection XIC. 

To reinterpret these results in the (i+,~(0)) 

p a r a m e t r i z a t i o n ,  we r e c o g n i z e  t h a t  t+  = 0 c o r r e -  

s p o n d s  tO ~(t) constant (always assuming X = 0) so 

that 

~(0) ]~ =0 E (~(t)) 
+ 

The correlation with I+ is given by the following 

relations (valid for small I ): + 

6(0) ~ <~(t)> ( I  + ;k+<m~>) , 

dl/ ~ (~(t)) 

(t/m 2) is the average value of t weighted by where 

the sensitivity to ~(t). These results, transform- 

ed to I 0 and d10/dl + values, are entered in sub- 

section LO and give rise to bands in Figs. 1 and 2. 

In Figs. 1 and 2, we do not include those 

polarization measurements for which d~(0)/dl + 

is not obtainable. Also we do not include the 

MERLAN 74 (K+3) polarization result because the 

signs of 6(0) and d~(0)/dl are opposite, whereas + 

the above equation requires them to be the same 

(since t > 0). 

Comparison of K 3 Experiments: Figures 1 and 

2 show the likelihood contours in the (I+,i 0 ) plane 
+ 

for K 3 and K ° respectively. 
+ ~3 

Most K Dalitz plot results (ellipses) shown 
U3 

are fairly consistent and appear to cluster between 

the K 3/Ke3 result and the polarization results of 

BETTELS 68 and CUTTS 69. However, the latest 

experiment, WHITMAN 80, finds larger values of I 0 

and ~ than most others. + 

The K ° results are even less consistent. The 
U3 

latest results, HILL 79, CHO 80, and BIRULEV 81, are 

not in very good agreement with the earlier high- 

precision experiment of DONALDSON2 74. 

X 2 fits to the results shown in Fig. 1 and 

Fig. 2 yield the following values for I+ and 10 . 

The corresponding values of 6(0) are also given. 
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+ K 0 
K~3 ~3 

1 + 

x 
0 

dl0/dl + 

×2/DE 

S 

~(0) -0.35 ±0.15" -0.ii + 0.09* 

d~(O)/dl+ -14. -14. 

+0.032 -+0.008* +0.034 -+0.005* 

+0.004 -+0.007" +0.025 -+0.006* 

-0.16 -0.16 

56/21 88/16 

1.6 2.3 

*All errors have been increased by the scale 
factor S = (X2/DF) ½ to take into account the 
discrepancies between measurements. 

In view of the large X2/DF, the fit results 

should be taken with a grain of salt. The largest 
2 + 

contributors to ~ in the K3 case are WHITMAN 80 

with 12, CHIANG 72 with 8.3, the polarization 

results, BETTELS 68 with 7.4 and CUTTS 69 with 

5.9, and the z spectrum result of ANKENBRANDT 72 

with 5.3. In the K ° H3 case the largest contribu- 

tors are the polarization results of SANDWEISS 73 

with 21, LONGO 69 with 14, and CLARK 77 with 8.4, 

and the Dalitz plot results of ALBROW 72 with 12, 

CHO 80 with i0, DONALDSON2 74 with 6.0, BIRULEV 81 
2 

with 5.8, and PEACH 73 with 5.8. All other X 

values were less than 5. 

The DONALDSON2 74 result 

0.030 i 0.003 + 

0.019 ± 0.004 
0 

clearly dominates the statistics in the K 0 D3 case. 

The l+ value is consistent with the Ke3 value of 

~+, and with the pole approximation 

i. 
f+(t) f+(0) 2 

-t mK* 

Their f0(t) extrapolates linearly to the Callan- 

Treiman point. It is less than two standard 

deviations from the Ku3/Ke3 result. 

The f 

Ke3 Experiments 

term of the matrix element [Eq. (2) text 

Section VI B.2] can be neglected for Ke3 because 

it is proportional to the lepton mass. The f+ term 

2 p ) 2 ,  
is usually assumed to be linear in t= q = (PK- 

the square of the four-momentum transfer, i.e., 

the effective mass of the lepton pair. We quote 

the linear coefficient h e (L+E on the data cards). + 

There has been some suggestion of departure from 

linearity [CHIEN 71 (K~3)= and Chounet, Gaillard, 

and Gaillard I -- Review] but no compelling evidence. 

The l+ results are fairly consistent and the 

average values are 

+ 
Ke3: ~+ = 0.0285 ± 0.0043 

K ° • ~ 0.0300 + 0.0016 (S = 1.2) 
e3" + 

where the K ° e3 error has been multiplied by the 

scale factor 1.2 to compensate for inconsistencies 

(see ideogram in K ° section L+E). 
L 

See also the excellent reviews of Gaillard and 
1 2 

Chounet, Chounet, Gaillard, and Gaillard, and 
3 

Pondrom. 
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IO CHARGED K FORM FACTORS 

RELATED TEXT SECTION V[ B.2 AND MINI-REVIEW ABOVE. 

IN THE FORM FACTOR COMMENTS* THE FOLLOWING ABEREV[ATIONS ARE USED. 
F+ AND F -  ARE FORM FACTORS FOR THE VECTOR MATRIX  ELEMENT.  
FS ANO FT REFER TO THE SCALAR AND TENSOR TERM*  
FO = IF * )  ÷ IF - ) eT / (MK* *2 -MP I * *2 )  
L+ t  L -  AND LO ARE THE L INEAR EXPANSION COEFFE .  DF  F÷ ,  F -  AND FO.  
L÷  REFERS TO THE XMU3 VALUE EXCEPT IN  THE KE3 SECT IONS.  
DX I /DL  IS  THE CORRELATION BETWEEN X l (O )  AND L*  IN  KMIJS. 
DLO/DL÷  IS  THE CORRELATION BETWEEN LO AND L*  IN  KMU3 .  
T = MOMENTUM TRANSFER TO THE P[ IN UNITS OF MPI * *2 .  
DP = DALITZ PLOT ANALYSIS 
PI = PI SPECTRUM ANALYSIS 
MU = MU SPECTRUM ANALYSIS 
POL= MU POLARIZATION ANALYSIS 
8R = KMU3/KE5 BRANCHING RATIO ANALYSIS 
~C = POSITRON OR ELECTRON SPECTRUM ANALYSIS 

= RADIATIVE CORRECTIONS 

XIA XIA = F - /F÷  IDETERMINED FROM SPECTRA) . . . . . . . . . . . . . . . . . . . . . . .  
XIA 76 (÷ | .B I  (0 .6 I  BROWN 62 XEBC + DP÷BR, L~=O I IT~  
XIA 87 (+0 .7 ]  ( 0 . 51  GIAEOMELL 64 EMUL + MU+BR RVUE, L*=O 1 /74  
XIA J ( - 0 . 08 )  IO .  TI JENSEN 64 XEBC OP÷BR(KMUB,REBI LIT4 
XIA 2648 (O. OI ( | . I )  ( 0 . 9 )  CRLLAHA! 66 FRBC ÷ W~J, L÷=O, T UNKN 1 /74  
XIA C 44~ ÷0 .12  0. g3 CALLBHAI 66  FRBC * p l ,  DX I IO t= -E7  1 /74  
X IB  T8  I -O .  S I  ( 0 . 91  E ISLER 68  HLBC ÷ P I ,L÷=O,NO DX IDL  l l 74  
X IA  K2041  -0 .3  0 .8  K IJEWSKI  69  OSPK P I ,  OX I /DL= -26  I / T6  
X IA  H3240  -1 .1  0 .56  HA IDT  T1HLBC ÷ BP,  DX I /OL= -29  1174  
x [A  A6OZ5  -0 .62  0 .28  ANKENBRAN 72  ASPK ÷ P l ,  OX I /OL= - |2  1 /76  
X IA  03480  ÷0 .45  0 .28  CH1ANO 72  OSPK * OP,  DX I /OL= - IB  1 /76  
XIA 01897 -0 .36  0 .40  BRAUNI 73 HLBC + gP, OX I /OL - -19  3 /74  
X IA  N 490  -O .B  O .B  ARNOLD 74  HLEC DP,  DX I /D l= -20  E l / 75  
XIA M6527 -0 .57  0 .24  MERLAN 74 ASPK + DP, OXIIOL= -9  3174 
XIA 9973 -0 .27  0 .25  WHITMAN 80 SPEC op ,  OX l lDL= - ]?  4 /82 '  
XIA . . . . . . . . .  
XIA AVG -0 .32  O. I5  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1 .E l  
XIA FIT - 0 . 35  O. L5 FROM FIT  (ERROR INCLUDES SCALE FACTDR OF 2.3J 5182" 

XIA F IT  DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 
XIA J JENSEN 64 GIVES L+M=L+E=- .020+ - . 027 .  OxIIOL UNKNOWN* INCLUDES I174  
XIA JC SHAXLEE 64  X IE IKMU3 /KE3 ) ,  L I T 4  
XIA CALLAHAN 66 TABLE i ( p I  ANAL) GIVES OX I IDL= I .TZ  - .  05 ) / ( ~ . 041= -17 ,  1174 
X IA  C ERROR RAISED FROM .80  TO AGREE WITH  DX IO= .37  FOR F IXED l + .  1174  
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XIA R KIJEWSKI 69 FIG. I7 WAS USED TO OBTAIN OXI /DL  AND ERRORS. [174  
XIA H HAIOT 7E TABLE 8 fOP ANAL) GIVES OXI IDL= ( -E . I +O .B l / ( . 050 - . 0291= -29 ,  [176 
XIA H ERROR RAISED FROM .SO TO AGREE WITH DXIO=.20 FOR FIXED L+. 1176 
X IA  A ANKENBRANDT 72 F IG .  3 WAS USED TO OBTAIN OX I lOL .  E/74 
XIA B CHIANG 72 FIG, IO WAS USED TO OBTAIN DXIIDL. [176 
XIA B FIT HAD L-=L+ BUT WOULD NOT CHANGE FOR L-=O. L.PONOROM,PRIV.COM.T6 l i t 6  
XIA 0 BRAUN~ 75 GIVES XI [T)=- .34+- .20,  DXI(TI IDL*=-I6 FOR L+=.02T, T=6.6. 8174 
XIA  D WE CALCULATE A B l E  XI (O (  ANO OXI (O I IDL~  FOR THEIR L '~ .025+ - . 0 [ 7  . 3 / 76  
XIA N ARNIT.D 76 FIG. 6 WAS USED TO OBTAIN XIA AND OXI IOL .  11175 
XIA M MERLAN 74 FIG.5 WAS USED TO OBTAIN OXIIDL. 3176 

XIB RIB = F-IF+ (DETERMINED FROM RMU31KE3) . . . . . . . . . . . . . . . . . . . . .  
X[B THE KMU31KE3 BRANCHIND RATIO FIXES A RELATIONSHIP BETWEEN XIIO) 1 /76  
XIB ANO L+. WE QUOTE THE AUTHORS X l (O )  AND ASSOCIATED L+ BUT DO NOT [176 
xIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE F IT  RESULT AND SCALE 1 /76  
KID FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 2176 
XIB FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 21T6 
KID FITTED KMU31KE3 RATIO (R29I, WITH THE EXCEPTION OF HEINTZE IT .  6182 "  
XlB ( -0 .171  ( 0 .751  ID ,99 I  SHAKLEE 64 XEBC + BR, L+=O 1176 
XIB (+0o61 (O .S)  BISI [ 65 HOE + BR, L+=O 1174 
XIB 500 (~O,B I  ( 0 . 6 )  CUTTS 65 OSPR + BR, L+=O [176  

EALLAHAt 66 FRBC + BR, L+=O L174 XIB 636 1+0 .6 )  [0 .6 )  
XI8 306 (+0 ,75 )  | O. BO) AUERBACH 67 OSPK + BR, L+=O 1176 
XIB B 5601 (-O.OB) IO. 15l BOTTERIL2 68 ASPK + BR,L÷=.02B+-.OO8 1174 
XIB E 1398 ( - 0 , 60 )  { 0 , 20 )  EICHTEN 68 HLBC + BR, SEE NOTE E 1176 
XIB 986 (+1 .05  ( 0 . 6 I  GARLAND 68 OSPK BR, L+=O 1/74 
XIB (+0.915 [O.  B2t ZELLER 69 ASPK + DR, L+= .023  1176 
XIB B (-0.35) (0.22) BOTTERIL 70 DSPK + BR,L+=.045+-.O[5 1176 
XlB E[505 (-0.81( I0 .27 I  HA|DT Tl HLBC + BR,L+=.O28,FIG. B 1176 
XIB 8825 ( O . O I  ( 0 . 15 )  CHIANG 72 DSPK BR,L+=.O3,FIG.IO 1174 
XIB H 55K -0.12 0.12 HEINTZE 77 CNTR + BR,L+=.029 3/78 
XIB . . . . . . . . .  
XIB FIT -0 .35  0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.31 5/82~ 

XIB FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 
XIB B BOTTERIL 70 IS REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. [17~ 
X[B E EICHTEN 68 HAS te=.023÷-.OOB, T=6, INDEP. DF L-. REPL. BY HAIOT 71. 2174 
XIB H CALCULATED BY US FROM LO AND L+ GIVEN BELOW. 3/78 

XIC XIC = F- /F+  (DETERMINED FROM NU POLARIZATION IN KMU31 . . . . . . . . . . . .  
XIC THE MU POLARIZATION IS A MEASURE DF XI IT ) .  NO ASSURPTIONS ON L+- 
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULD BE SPECIFIED. 
XIC IN L+,XI(O) PARAMETERIZATION THIS IS x I (OI  FOR L+=O. DXIIOL=XI*T. 
XIE FOR RAO, CORR. TO MUON POLARIZATION IN KMU3 SEE GINSBERG 71. 
XIC T 2[00 (+[.21 (2.6) ( [ . 8 )  BDRREANI 65 HLBC + POLARIZATION 8/67 
XIC T 500 BTWN -6 .0  ANO +E.7 DUTTS 65 DSPK + LONG, POL. [ 176  
X[C T 397 ( - 1 , 41  I I .B I  EALLAHAE 66 FRBC + TOTAL POLo 8/6T 
XIC T 2950 ( - 0 *7 )  ( 0 , 9 )  ( 3 . 31  CALLAHA1 66 FRBC + LONG. POE. 8162 
XIC B6000 - [ , 0  O.B BETTELS 68 HLEC + TDTAt POL. T=6. g [ /74 
XIC C3133 -0 .9S  0 .3  CUTTS 69 DSPK + TOTAL POL. T=6.0 1 /76  
X]C M 40K ( - 0 . 66 (  ( 0 . 27 )  MERLAN 74 ASPK + PQLtDX[1DL=+I ,7  3 / 76  
XIC DI585 -0 .25  1 .20  BRAUN 7B HLBC + POL* T=6.2  [ / 76  
XIC . . . . . . . . .  
x[C AVG -0 ,95  0 .21  AVERAOE (ERROR INCLUOES SCALE FACTOR OF {.Of 
XIC FIT -0.35 0 .15  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 2.35 5/82~ 

X[C FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS AEOVE. 
XIC T T VALUE NOT GIVEN. 
XIC B BETTELS 68 DXIIDL=XI~T=-L*O~6,9=-6,9 • 
XIC C CUTTS 69 T=4.0 WAS CALDULATEO FROM FIG.B. DXI/DL=XI~T=-.95~6=-3,8 . 1/74 
XIE M MERLAN T4 POLARIZATION RESULT (FIG.5) NDT POSSIBLE, SEE DISCUSSION [ /76 
XIC M OF ~LAR[ZAT(ON EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE. 11T6 
XIC D BRAUN 75 OXI/DL=X I~T= - . 25 *6 .2= -1 .0  . 1 /76  

lX l  IMAGINARY PART OF X( (TEST OF T REVERSAL) . . . . . . . . . . . . . . .  
TXl 2648 0.0 1.0 CALLAHA3 66 FRBC + MU 1/74 
[X I  397 +1 .6  [ . 3  CALLAHAI 66 FRBC + TOTAL POL. 1 / 76  
[X I  2950 0 .5  1 .4  0*5  CALLAHA1 66 FRBC LONG. POL, [174 
IX (  6000 -0 .1  O, 3 BETTEL S 68 HLBC + TOTAL POL. 1 /76  
[X I  3133 -0 .3  0 .3  0 .4  EUTTS 69 OSPK + TOTAL POL. F IG*7  [ / 76  
[ x [  20M -0 .016  0 .025  CAMPBELL 8E CNTR + POL. 1 /82~ 
IXI  . . . . . . . . .  
IX{ AVG -0,017 0,02S AVERAGE )ERROR INCLUDES SCALE FACTOR OF [*05 

L+M LAMBDA + (LINEAR ENERGY OEPENOENDE OF, F+ IN KRU3 DECAY( . . . . . . . . .  
L+M SEE ALSO THE CORRESPONDING ENTRIES AND FOOTNOTES IN SECTIONS XIA, 
L+M XIC, AND LO, 
L+M FDR RAD.COR. OF KMU8 DP SEE GINSBURG 70 AND BECHERRAWY 70.  3/74 
L+M 666 0 .0  0 .05  CALLAHA1 66 FRBC + Pl 1 /74  
L+M 204 [  0 . 009  0 .026  KIJEWSKI 69 OSPK + Pl 1 /74  
L+M 3240 0.050 0.018 HAIDT 71HLBC + OP [ /76 
L+M A4025 0 .024  0 .019  ANKENBRAN 72 ASPK + Pl l / T6  
L+M 3680 -0 .006  0,0[5 CHIANG 72 OSPK + DP 1/T6 
L+M 1897 0,025 0.017 BRAUN1 73 HLBC + DP 3/76 
L+M 490 0*025 0,030 ARNOLD 76 HLBC + DP 7 /74  
L~M 6527 0 ,027  0 .019  MERLAN 76 ASPK + DP 3174 
L+M 3973 +0 .0S0  0 .013  RH[TMAN 80 SPEC + OP 10 /81 ,  
L÷M . . . . . . . . .  
L+M AVG 0.0272 0*0072 AVERAGE )ERROR INCLUDES SCALE FACTOR OF [ . I )  
L+M FIT 0.032 0.008 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.35 5/82* 

L+M F IT  DISDUSSED IN  NDTE ON KL3 FORM FACTORS ABOVE. 
L+M A ANKENBRANDT 72 L+ FROM FIG.3 TO MATCH OXI/DL. TEXT GIVES .024* - . 022  l j 76  

LO LAMBOA 0 (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAYI . . . . . . . .  
LO WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XI(O) INTO 
LO VALUES OF LO US ING THE ASSDC[ATEO L+M ANG DX I /DL .  
LO N 666 +0*058 0,036 CALLAHA1 66 FRBC + P[,DLO/DL+=-O.87 1/76 
LO L 6000 -0 ,063  (0.026) BETTELS 68 HLBC P~L,OLO/Dt+=+.60 1176 
LO L 3133 -0 *056  (0 .0241  CUTTS 69 DSPK + 90L~OLO/OL+=+.69 1/16 
LOw 204E -0 .031  0 ,065  KIJEWSK[ 69 OSPK P [ ,OLO/OL+= - [ . lO  I / T4  
LOW 3260 -0 .039  0 .029  HAIOT 7 [  HLBC + OP,OLO10L+=-1.36 [ / 74  
LC N 6025 -0 .026  0 .013  ANKENORAN 72 ASPK PI,OLOFDL+=+O.03 1 /74  
LOW 3680 +0 .030  0 .014  CH[ANG 72 OSPK + OPtDLO/OL÷=-0 .2 [  1174 
LO D IOq7  -0.008 0,020 BRAUN( 73 HLBC + DP,DLO10L+=-0.53 1 /76  
LO 699 -0.060 0.060 ARNOLD 74 HLBC + DP,DtO/DL+=-O.62 7/74 
LOB ( -O .O [T (  (O .O [1 )  BRAUN 76 HLBC + KMU3/KE3 VS. T 11/75  
LO M 6527 -0.019 0.015 MERLAN 74 ASPK + DP*OLOfOL+=+O.27 3/24 
LO L 1585  +0.008 0.097 BRAUN 75 HL~ POL.DLO/DL+=+.G2 1/76 
LO H SSK +B.019 (0 .0101  HE[NTZE T7 SPED + BR,DLO/DL+=+O,03 12 /77  
LO 3973 +0 ,029  O. O I l  WHITMAN 80 SPEC DP,OLO/DL+=-0.3? 10 /81 "  
LO . . . . . . . . .  
LO AVG 0 .0032  0 .0099  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .T )  
LO FIT +0.006 0.007 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3( 5/82* 

LO FIT DISCUSSED IN NOTE ON KL5 FORM FACT.S ABOVE. 
LOW LO CALCULATEO 8Y US FROM XIOt  L+M, AND DX I /DL .  I / 7~  
LO L LO VALUE IS FOR L+=O.OB CALDULATED BY US FROM XID AND OXI/OL. 1176 
LO D THIS VALUE AND ERROR ARE TAKEN FROM BRAUN 75 BUT DORRESPONO TO THE 1 /76  
LO D BRAUNI T3 L+M RESULT. DLO/DL+ IS FROM BRAUN[ 73 DX|IOL IN X[A ABV. [ /T6 
LO B BRAUN 76  IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT OF L I /T5  
L O B  BRAUN1 73 (KMU3( AND BRAUN2 73 (KEB) FORM FACTOR RESULTS. I I / 75  
LO M MERLAN 74 LO AND DLO/OL+ WERE CALCULATED BY US FROM X IA ,  L+M. AND 3 /76  
LO M OX I /DL .  THEIR F IG .6  GIVES LO=-O.O25+-O, OE2 AND NO DLO/OL÷. 3 / 24  
LO H HE[NTZE 77 USES L+=0 .029+ -0 .003 .  OLO/OL+ ESTIMATED BY US. 12 /77  

Stable Particles 
K* 

LeE LAMBOA + )LINEAR ENERGY DEPENDENCE OF F+  IN KE3 DECAY( . . . . . . .  
L+E FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70. 3/74 
L+E 217 +0.036 0.065 BROWN 62 XEBC + PI,  NO RC 
L+E 607 -O.  OlO 0,029 JENSEN 66 XEBC ÷ P I ,  NO RC B/6T 
L+E 230 -0 .06  0 .05  BORREANI 64 HBC ÷ E+, NO RE 8 /67  
L+E 856 O.O4S 0 .017  O.OIB BELLOTT2 67 FEE ÷ OP, USES RC 11 /67  
L+E 1393 +0 .016  0 .0 [6  IMLAY 67 OSPK • DP, NO RC 8167 
L+E 515 +0°028 0 .013  0 .016  KALMUS 67 FBC + E+, P l .  NO RE 8 /67  
L+E 960 0 .08  0 .04  BOTTERIL[ 66 ASPK + E+, USES RC 6 /68  
L+E 90 -0.02 0.08 O.L2 EISLER 68 HLBC + PII  USES RE 6168 
L+E 1458 0 ,045  0 .015 BOTTERIL 70 OSPK PI, USES ~C 10169 
L+E 2707 0.027 0.010 STEINER 71HLBC + OP, USES RC 11 /7 [  
L+E 6OCT 0 .029  O. OI l  CHIANG 72 CSPK + DP, RC NEGLIGOLE 9 /72  
L÷E A O,O2T 0 .008  BRAUN2 7B HLBC ÷ OP, NO RC 3 /76  
L+E B {0.0251 (0.0071 BRAUN 76 HLBC + KMUBIKE3 VS. T [1175 
L+E A BRAUN2 ?B STATES THAT RC OF GINSBERG 67 WOULD LOWER L+E BY .002 BUT 3176 
L+E B A THAT RE OF BECHERRAWY OISAGREES ANO WOULD RAISE L+E BY .005 . [176 
L+E BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT I S NOT INDEPENDENT OF 11175 
L+E B BRAUNI 73 (KMU3) AND BRAUN2 73 (KEEl FORM FACTOR RESULTS, [[175 
L+E . . . . . . . . .  
L+E AVG 0.0285 0.0068 AVERAGE IERROR INCLUDES SCALE FACTOR OF [.05 

iS FSIF+ RATIO OF SCALAR TO F+ COUPLINGS FOR KEO DECAY(ABS. VALUEI . . . .  
FS (O.LB)  CR LESS EL=.90 BELLOTT2 67 HLBC L0/69  
FS (0.30) DR LESS EL=.95 KALMUS 87 HLEC + [0169 
FS (0 .23 )  DR LESS CL=,90 80TTERIL[  68 ASPK 8 /66  
FS 2707 0.16 0.03 0.04 STEINER T1HLBC + L+tFS,FTtPHI FIT 2172 
FS 6017 (0 . [3 )  OR LESS CL=.DO CHIANG 72 OSPK + 9272 
FS 2827 O. O0 O,10 BRAUN 75 HLBC + 12175 
FS . . . . . . . . .  
FS AVG 0. [25 O. ~4  AVERAGE )ERROR INCLUDES SCALE FACTOR OF [ .8 (  

FT FT/F+ RATIO (F TENSOR TO F+ COUPLINGS FOR KE3 OECAYIABS. VALUE)---- 
FT (0 ,581  CR LESS EL=.90 BELLOTT2 67 HLBC [0269  
FT E l , l !  CR LESS CL=.DB KALMUS 67 HLEC + IO/6B 
FT 10 .$8 )  OR LESS CL=.90 BOTTERILI 68 ASPK BIB6 
FT 2707 0.24 0.16 0.16 STEINER 71 HLBC ÷ L÷,FS,FTtPHI EIT 2172 
FT 4017 {0.755 CR LESS CL=.90 CH[ANG 72 DSPK + 9172 
FT 2827 0.07 0 .37  BRAUN 75 HLBC + [2/75 
FT . . . . . . . . .  
FT AVG 0.22 0 . [4  AVERAGE )ERROR INCLUDES SCALE FACTOR OF [,Of 

FTM FT/F÷ RATIO CF TENSOR T0 F+ COUPLINGS FOR KMU3 DECAY . . . . . . . . . . .  
FTM I585  0 .02  0 .12  BRAUN 75 HLBC 1276 

KE4 KE6 DECAY FORD FACTORS ARE GIVEN IN THE FOLLOWING PAPERS 
KE6 BASILE 71ASPK + 11 /75  
KE6 BEIER 73 OSPK + -  11 /75  
KE6 ROSSELET 77 SPED + 2 /80  

DIRGE 56 NC 4 836 
ILOFF 56 PR 102 927 
ALEXANOE 57 NC 6 478 
COHEN 87 FUND.CONS.PHYS. 
EISENBER 58 NC B 663 
BURRDWES 59 PRL 2 [ [ 7  
TAYLOR 59 PR [ 14  3S9 

FREDEN 60 PR 118 866 
BARKAS 61PR 126 1209 
BF~]WMIK 61 NC 20 BS7 
FERRO-LO 61 NC 22 1087 
NORDIN 61PR 123 2166 
ROE B[ PRL 7 346 
BOYARSKI 62 gR [28  2398 
BRORN 62 PRL 8 450 
8ARKAS 63 PRL 11 26 

BORREANI 66 PL 12 123 
CALLAHAN B4 PR 136 E 1463 
CAMERINI 66 aRL [3 3[B 
CLINE 66 aRL [3 [0[  
GIACOMEL 66 NC 34 1136 
GREINER 66 PRL 13 286 
JENSEN 66 PR [36  E143[  
KALNUS 66 PRL [3  99 
SHAKLEE 66 PR [36 B 1623 

DIRGE 65 PR 1395B3 1600 
BISI 65 NC T68 
B[SI [ 65 PR 139 B [068 
BORREANI 65 PR [ 60  B1686 
CALLAHAN 65 PRL 15 129 
CAMERINI 65 NC 37 1795 
CL[NE 65 PL I5 293 
CUTTS 65 PR 13B 8969 

DE MARCO 65 PR 160 B [430 
FITCH 65 PR [60 B IOBB 
GREINER 65 ARNS 15 67 
STAMER 65 PR 138 B 660 
TRILLING 65 UCRL [6473 

REFERENCES FOR CHARGED K 

BIRGE,PERKINS,PETERSONvSTURK,WHITEHEA ILRL) 
ILOFF,GOLDHABER,LANNUTTI,GILBERT + (LRL/ 
AtEXANDER,JOHNSTON,OCEALLAIGM [DUBLIN (NSTI 
+CROWE,DUMONO (ATOMICB INTER.+LRL+CIT) 
EISENBERG,KOCH,LOHRMAHN,NIKOLIC + (BERNI 
BURROWES,CALDWELL,FRISCH,HILL + IMIT) 
S TAYLOR,HARRIS,OREAR,LEE,BAUMEt (COLUMBIA) 

S C FREOEN,F C GILBERT,R B WHITE (LRL) 
BARKAS,DYER,MASON,NDRRIS,NICKOLS,SMIT (LRLI 
B BHOWMIK,P C JAIN,P C MATHUR (DELHI UNIV) 
FERRO-LUZZI,MILLER,MURRAY,RCSENFELD÷ (LRL) 
PAUL NORDIN JR (LRL) 
ROE,SINCLAIR,BROWN,OLASER + (MICH÷LRL) 
BOYARSKI,LOH,N[EMELA,RITSON (MIT)  
BROWN, KADYKeTRILLING,ROE+ (LRLIMICH} 
W H BARKAS,J N DYER,H H HECKMAN (LRL] 

G BORREANI,G RINAUDOtA WERBRCUCK (TURIN) 
A EALLAHAN,R MARCH,R STARK (WISCONSINI 
CAMERINI,ELINE,FRY,POWELL IWISCDNSIN+LRLI 
D CLINE, W F FRY [WISCONSIN) 
GIACOMELLI,MONTI,QUAPENI+ (BOLOONAtMUNICHI 
D GREINER, W OSBORNE, W BARKAS (LRL) 
JENSEN,SHAKLEE,ROE,SINCLAIR (MICH) 
+KERNANtPU,PONELL~ODHD (LPLtWISCl 
SHAKLEEtJENSENtROE,SINCLA[R (MICHI 

BIRGEtELY,GIDAL,CAMERINI,CLINE ÷ (LRL+WISC) 
BISI,BOMREANI,CESTER,FERRARO + (TORINO) 
BORREANI,MARZAR(-CHIESA,RINAUDO+ (TDRINO) 
BORREANI,GIOAL,RINAUOO,CAFORIO÷ (BARI,TORI) 
A CALLAHAN,D CCINE {WISCONSIN) 
÷CLINE,GIDAL,KALMUS,KERNAN (WISC+LRL) 
A CLINE,N F FRY [WISCONSIN) 
CUTTS,ELIOFF,STIENING [LRL) 

DE MARCO,GRDSSO,RINAUDO (TORINO÷CERN) 
FITCH,QUARLES,WILKINS(PR[NCETON+NT HOLYOKE( 
QUOTED BY BARKAS (LRL) 
STAMER,HUETTER,KOLLER,TAYLOR,GRAUMAN (STEV~ 
GEORGE H TRILLING tLRL) 

UPDATED FROM 1965 ARGONNE CONF., PAGE 5, 
YOUNG 65 UCRL [6862 eOH-SHIEN YOUNO (THESIS,BERKELEYI (CRL) 

ALSO 67 PR 156 1466 D-S YOUNG,W,Z,OSBORNEtW.H. BARKAS (CRL) 

CALLAHA1 66 PR [50  1153 CALLAHAN,CAMER[NI÷IWISC,LRL,RIVERSIOE,BAR[) 
CALLAHAN 66 NC 66A gO A D CALLAHAN [WISCONSIN) 
CESTER 6E PL 21 349 CESTER,ESCHSTRUTH.ONFILL+ (PRINCETON-PENNI 

ALSO 67 AUERO~CHt FOOTNOTE 1. 

AUERBACH 67 PR [BS [B05 +DOBBS,MANN,MCFARLANEtWHITE+ (PENN,PRIN) 
ALSO 76 PR 09 02 [6  ERRATUM 

BELLOTT[ 67 HEIDELBERG CONF BELLOTTI,PULLIA (MILAN( 
BELLOTT2 67 NC 52A [287  BELLOTT I ,F IORIN I ,PULL IA  iM ILAHI  

ALSO 66 PL 20 EgO BELLOTTI,FIORINhPULLIA÷ [MILAN) 
BISI 67 PL 258 $72 BIShCESTER,CHIESA,VIGONE ITORINO( 

BOTTERIL 67 PRL [9 982 BOTTERILL,BROWN,CORBETT,CULLIGAN + (OXFORD) 
ALSO 68 BOTTERIL 

BOWEN 67 aR 1S6 [51~ BOREN,MANN,MCFAPLANE,HUGHES+(PENN-PRINEETO) 
CLINE[ 61 HEIDELBERG CONF CLINE,HAGOERTY,SINDLETON,FRY+ (WISCONSIN) 
CLINE2 6T HERCEG NCVI TBL.4 O,CLINE,PROC.INTL.SCH.ON ELEM.PART.PHY$1CS 

FLETCHER 6T PRL 19 98 FLETCHER,BEIER,EOWRADS,+ (ILLINOIS) 
FORD 67 PRL [B 1216  +LEMONICK,NAUENBERG,PIROUE (PRINCETON) 
IMLAY 67 PR [60 [203 IMLAY,ESCHSTRUTH,FRANKL[N+ (PRINCETONI 
KALMUS 67 aR [$9  l iB?  KALMUS,KERNAN (LRL) 
ZINCHENK 67 RUTGERSITHESISI ZINCHENKO {RUTGERS) 



Stable Particles 
K ~, K ° 

BETTELS 68 NC 56A I I 06  
ALSO 71 HAIOT 

BOTFERIL 68 ~R 171 1402 
BOTTERII 68 PR 176 1661 
BOTTERI2 68 PRL 21 766 
BUTLER 6 8  UCRL-18420 
CHANG 68 PRL 20 810 

CHEN 68 PRL 20 73 
E[CHTEN 68 EL 278 886 
EtSLER 68 PR 169 1090 
ESCHSFRU 68 PR 1 E 5  IA87 
GARLAND 68 PR 1 6 7  1 2 2 5  
MOSCOSO 68 THESIS 

CUTTS 69 PR 184 1380 
ALSO 68 RRL 20 955 

D~VISON 6 9  PR 180 1 3 3 3  
ELF 69 PR 180 1319 
EMMERSON 69 RRL 23 303 

HERZO 69 PR 186 I403  
KIJEWSKI 6 9  UCRL-ISA33 THESIS 
LOBKOWIC 69 PR 185 IE76 

ALSO 66 PRL 1 7  548 
MAEEK 69 PRL 22 32 
MAST 69 PR 183 1E00 
ZELLER 69 aR 182 1420 

BDTTERIL 20 PL 31B 325 
FORD 70 PRL 25 1370 
GRAUMAN 70 PR OL 1277 

ALSO 69 PRL 23 787 
MA~EK 70 PR DI  12R9 
RALTSEV TO SJNP 10 678 
PANOOULA 70 PR 02 1205 

BASILE 71PL  3 6 B  619 
B~RQUI N Tt PL 36B 615 
HAIDF 7 1 P R  D3 lO  

ALSO 6 9  PL 298 6Nl 
KLENS T[ aR D4 6 6  

ALSO 70 PRL 24 1086 
ALSO 70 PRL 28 673 

KUNSELMA 7I PL 368 485 
OFT 7 1 P R  D3 52 
RDMANO 71PL 368 585 
SCHWEINB 7L PL 36B 246 
STEINEK 7 I  PL 8 6 B  521 

ABRAMS 72 PRL 20 II18 
ANKENERA 72 PRL 28 1A72 
AUBERT 72 NC 12A 809 
BEIER 72 PRL 29 6?8 
EHIANG 72 PR 0 6  1254 

CLARK 72 PRL 29 1274 
EDWARDS 72 PR 05 2720 
FORD 72 PL 38B 335 
HOFFNAST 72 NP 036 I 

AERANS 73 PRL 30 500 
EAEKENSI 73 PL 43R 43 I  
BEIER 73 ~RL 30 309 
BRAUNI T3 PL 4T~ 182 

ALSO 75 BRAUN 
BRAUN2 73 PL 4TB 185 

ALSO 75 BRAUN 
CABLE 73 PR DE 3807 

LJUNG 73 RR 08 1307 
ALSO 72 PRL 28 523 
ALSO 72 PRL 28 1287 
ALSO 6B PRL 2 3  3E6 

LUCASI 73 PR 08 719 
LLEAS2 ?S PR 08 727 
PANG 73 PR 08 1989 

ALSO 72 PL ~OB 699 
S ~ I T H  T3 NP B 6 0  f i l l  

ARNOLD 76  PR 09 1 2 2 1  
BRAUN 74 PL 518 3S3 
EENCE 74 PR 010 776 

ALSO 73 THESIS (UNPURL.) 
KUNSELMA 74 PR cq  2669 
MERLAN 74 PR D9 tOT 
WE(SSENB TA PL ABE 4T~ 

BLOCH 75 PL 568 201 
BRAUN 75 NR 889 210 
EHENG 75 NP A254 381 
HEARDI 75 PL 55fl 32R 
HEARDZ T5 PL SSB 327 
SHEAFF 78 PR 012 2570 
SMITH 75 NP B9 I  45 

BERTRAND 7 6  NP B I IA  387 
BLOCH T6 PL 60B 303 
BRAUN 76 LNC IT 521 
DIAMANTB 76 PL 62B ~E5 
HEINTZE 76 PL 60B 302 
SMITH T6 NP 8109 173 
WEISSENB 7 6  NP B115 55 

ABRAMS 77 PR 015 22 
DEVAUX 77 NP BI26 t l  
HEINTZE 77 PL TOE 682 
R O S S E L E T  77 PR D15 574 
8ARKOV 79 NP 8148 8 3  
HEINTZE T9 NP B 1 4 9  ~65 

WHITMAN 80 PR B21 ESE 
ASANO 8 I  PL 1078 1 5 9  
CAMPBELL 81PRL 67 1032 
LUM 81RR D23 2~22 
LYONS 81 ZPHY RiO 2 1 8  

AACHEN-BARI-BERGEN-CERN-EE~NIJMEGEN-ORSAY÷ 

EOFTERILL,BROWN,ELEGG~CORBETF ÷ (OXFORD) 
BOTTERILL,BROWN,CLEGG,CORBETT + (OXFORD) 
ROTTERILL,BROWN~ELEGG,CORBETT ÷ (OXFORD) 
÷BLAND,GOLDHABER,GOLOHABER~HIRATA÷ )LRLI 
CHANG,YODH,EHRLICH~ELANO÷(MARYLAND,RUTOERS) 

EHEN,CUITS,KIJEWSKI,STIENING * (LRL,NIT) 
AACHEN-BARI-CERN-EP-ORSAY-PAOOVA-VALENEIA 
EISLER,FUNG,MARATECK,REYER,PtANO (RUTGERSI 
ESCHETRUTH,FRANKLIN,HUGHES+(PRINEETON,PENN) 
+TSIPISeDEVONS,ROSEN+ (COLUMBIA,RUTG,WISC) 
M L NOSCOSO (UNIV PARIS ORSAYI 

÷STIENTNGeWIEGANO~OEUTSCH (LRL~MIT) 
CUTTS,STIENING,WIEGAND,DEUTSEH (LRL,MITI 
÷BACASTOW,EARKAS,EVANS,FUNG~PORTER÷ (UER) 
ELY,GIOAL~HAGOPIAN,KALMUS÷ (LOUC+WISC*LRL) 
EMMERSON,QUIRK )OXFOROI 

+BANNER,BEIER,EERTRAM,EEWARDS + (ILL) 
P K KIJEWSKI (LBL I  
+MELISSINOS,NAGASHINA~TEWKSBURY+ (ROCH~BNL) 
LOBKOWICZ.MELISSINqS,NAGASHIR+ (ROEH÷BNL) 
MAEEK,MANN,ME FARLANE~ROBERT$÷(PENN,TENPLE) 
÷GERSHWIN, ALSTON~ ARNJOST,BANGERTER* (LRLI 
ZELLER,HADOOEK,HELLANO,PAHL* (UCLA~LRL) 

+BRUWN,CLEGG,EORBETT,CULLIGAN* (OXF) 
+PIROUE,REMMEL~SM[TH~SOUOER (PRINT 
+KOLLER,TAYLOR,PANDOULAS+ (STEV,SETO,LEH|) 
+NOLLER,TAYLOR,PANOOULAS+ (STEV,SETO,LEHI)  
+NANN~MCFARLANE~ROBERTS (PENN) 
+RESTOVA,SOLODOVNIKOVA,FADEEV + ) J INR)  
÷TAYLOR*KOLLER,GRAUNAN + (STEV,SETO) 

+EREHIN,OIAMANT-BERGER,KUNZ÷ (SACL+GEVA) 
+BOYNOND,EXTERMANN~MARASCO+ (GEVA,SACL) 
AAEHEN÷BARI÷CERN÷EP+NIJNEGEN+ORSAY÷RABOVA÷ 
+(AACH,BARI,EERN,EPOL,NIJM,ORSAY,PAOD, TOR|I 
÷HILOEBRANO,STIENING (EHIC ,LRL)  
KLEMS,HILDEBRAND,STIENING (LRL,CHIC) 
KLEMS,HILDEBRAND,ST[ENING (LRL~CHIC) 

R. KUNSELMAN )WYOMING) 
OTT,PRITCHARD (LOOM) 
+RENTON,AURERT,BURBAN--LUTZ {BARI,CERN, ORSA) 
AAEHEN+BELGIUM+EERN+NIJMEGEN+PAOOVA COLLAR 
AAEHEN+BARI+CERN+EPOL÷ORSA÷NIJM+PADO÷TORIN 

÷CARROLL,KYC[A,LI,MENES~M[CHAEL + (ONL) 
ANKENBRANOT~LARSEN+ IBNL+LASL÷FNAL~YALEI 
• HEUSSE,PASEAUD,VIALLE÷ (ORSA÷BRUX÷EPOL) 
+BUEHHOLZ,NANN,PARKER (PENNSYLVANIA) 
• R3SEN,SHAPIRD,HANOLER,OLSEN+ (ROCH~WISC) 

÷EORK,EtIOFF~KERTH,NCREYNOLDS~NEWTON÷ (LBL) 
• BEIER,BERTRAM,HERZO, KOESTER + (ILL) 
+PIROUE~REMMEL,SMITH,SOUOER (PRINCETON} 
HOFFMASTER,KOLLER,TAYLOR+ (STEV÷SETO÷LEHI) 

÷CARROLL,KYEIA,LI~MENES,NICHAEL * (BNLI 
RACKENSTOSS,BANBERGER÷(CERN÷KARL+HEID÷STOH) 
• BUCHHOLZ~NANN~PARKER,ROBERTS (PENNI 
AACHEN÷BARI÷BRUSSELS+CERN COLLABORATION 

AACHEN+BARI+BRUSSELS÷EERN COLLABORATION 

÷H[LDEBRANO,PANO,STIENING (EEI÷LBL) 

O.LJUNG~D.ELINE IWISCI 
O.LJUNG )WISE) 
O.CLINE,D.LJUNG (WISE) 
CAMERINI,LJUNG~SHEAFF~CL|NE (WISE) 
LUEAS,TAFT~WILLIS (YALE) 
LUEAS,TAFT,WILLIS (YALE) 
÷HILDEBRAND,CABLE, STIENING (EFI÷ARIZ÷LBLI 
CABLE,HILDEBRAND,RANG,STIENING (EFI÷LBL) 
÷BOOTH~RENSHALL,JONES÷ (GLAS+CIVP÷OXF+RHELI 

C L ARNOLO,B P ROE,D SINCLAIR (RICH) 
+CORNELSSEN,MARTYN + (AA£H÷EARIeBRUX÷CERN) 
+HARRIS,JONES,NORGAO0 + (HAWA÷LEL~WISC) 
D B CLARKE (WISE) 
R.KUNSELMAN (WYOM) 
+KASHA,WANDERER,ADAIR÷ (YALE+BNL÷LASL) 
WEISSENBERG,EGOROV,NINERVINA + (ITEP÷LEBD) 

+BREHIN,BUNCE,OEVAUX+ (SACL÷GEVA) 
+CORNELSSEN,MARTYN÷ (A~H+BAR|÷BRUXeCERN| 
+ASANO,CHEN,DUGAN,HU, WU,HUGHES÷ (EDLUeYALEI 
÷HEINTZE,HEINZELNANN÷ (CERN+HEIOI 
÷HEINTZE,HEINZELMANN÷ iCERN*HEIOI 
N. SHEAFF (WISE) 
+80OTH,RENSHALL,JONES* (GLASALIVP+OXF+RHELI 

+SACTON + {BRUX+UBELeDUUC+LOUC÷WARS) 
÷BUNCE,OEVAUX~OIAHANT--BERGER+ (GEVA÷SACLI 
+MARTYN,ERRIQUEZ + (AAEH+BARI+BELG÷CERN) 
DIAMANT-BERGER~BLOCH,DEVAUX + (SAEL÷GEVA) 
+HEINZELMA NN~IGO-KEMENES,MUNDHENKE+ (HE ID I  
+BOOTH, RENSHALL*JONES÷ IGLAS÷LIVP+OXF÷RHEL| 
WEISSENBERG~EGOROV,NINERVINA+ (ITEP÷LEBD) 

+CARROLL.KYCIA,L[tMICHAEL~MOCKETT ÷ (BNLI 
+8LOCH,DIAMANT-BERGER,NAILLARD+ (SACL+GEVA) 
+HEINZELMANN, IGC--KEMENES,÷ (HEIO+EERN) 
+EXTERMANN*FISCHER,GUISAN + (GEVA÷SACLI 
+VASSERMAN,EOLOTOREV,KRUPIN÷ (NOVD÷K[AEI 
+HEINZELMANN,IGO-KEMENES÷ (HEID÷CERN) 

÷ABRAMS,CARROLL,KYCIA,LI÷ (ILLC÷BNL+ILLI 
• KIKUTANI,KUROKAWA,MIYAEHI÷ (KEK÷TOKY÷OSAK) 
+BLACK,BLATT,KASHA,SEHMIOT + (YALE+BNL) 
+NIEGAND,KESSLER,DESLATTES,SEKI÷ (LBL+NBS+) 
+ALBAJAR,MYAET (OXFI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

62 CERN EONF 371 BLOCK,LENOINARA~NONARI (NWES÷BOLOGNA) 
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Data Card Listings 
For notation, see hey at front of  Listings. 

BRENE 61NP 22 583 
DIRGE 6 3  PRL El 35 
ADAIR 66 PL 12 6T 
CAEIBBO 64 PL 9 3 5 2  

ALSO 64 PL 11  360 
ALSO 65 PL IR 72 

EABIBBO 66 BERKELEY CONF 33 
GINSBERG 67 PR 162 15TO 
WILL IS  67 HEIDELBSRO 273 
CRONIN 68 VIENNA CCNF 24 I  
HAIBT 2 6 9  PL 29R 696 

BARDIN 70 PL 328 121 
BECHERRA 70 PR D1 1452 
FEARING 70 PR 03 54E 
GAILLARD 70 CERN 70 -16  
G[NSBERG 70 PR 01 229 

GINSBERG 7 I  PR 04 2893 
CHOUNET T2 PL 4C 199 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRENE,EGARDT,GVIST (NORDI 
BIRGE,ELY, GIOAL,CAMERINI + (LRL*WISC*BARI) 
ADAIR,LEIPUNER (YALE,BNLI 
CABIBBO, MAKSYMOWICZ (EERNJ 
EABIBBO,NAKSYNOWICZ (CERN) 
CABIBBOtMAKSYNOWICZ )CERNI 

CAR|BBO (CERN) 
EDWARD S SINSBERG (U .  MASS BOSTON) 
W J WILLIS -RAPPORTEUR TALK (YALEI 
RAPPORTEUR TALK (PRINCETON( 
+ (AAEH,BARI,EERNtEPOL,NIJR,ERSA*PADO,TORI) 

BARDIN,BILENKY,PONTECORVO (JINR! 
T.BECHERRAWY (ROCH) 
• FISEHBACK~SMITH (STON÷BOHRI 

K GAILLARD~ L M CHOUNET (CERN+ORSA) 
E S GINSBERG ( l IT  HAIFA) 

E S GINSBERG (M(T| 
(PHYS. REPTS. ICHOUNET~2~GAILLARO(ORSA~CERN) 

r ~  I [  NEUTRAL K i k98 , JP=O- )  [=112 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i i  NEUTRAL K MASS (MEV) 

M 498.1 0.4 CHRISTENS 6~ OSPK 
M 2223 497 .66  0 .33  KIN 68 HBC KO FRON PBAR P 6 /66  
w 4500 498 ,9  0 .5  BALTAY 66 HBC KO FROH PEAR P 6/66 
M Age.44 0.80 FITCH 67 OSPK 11 /67  
M . . . . . . . . .  
M AVG 497.87 0.32  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5l 
M FIT 497 .67  0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l o l l  3 /88~  

(SEE IOEOGRAN BELOW I 

WE IGHTED AVERAGE = 497 .87  :E 0 .32  

ERROR SCALED BY 1 .5  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  r s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  ac tua l l y  p r o c e s s e d  b y  a 
constrained fit program, which 
calculates its own values of ~, 5~ 
and scale factor~ which are differ- 

e n t  f r o m  t h e  v a l u e s  s h o w n  he re . cH  I SO 

..... ~ .... F ITCH G70SPK O ~  

I ~ "BALTAY 66 HBC 4 . 3  

. . . . . . . . . .  ~ " K [M  65  HBC 1 .7  

I . . . .  - - \ - . C H R I S T E N S  64  OSPK 0 . 3  

7 . 0  

(CONLEV 
496 .5  497 .5  498 .5  499 .5  500 .5  =0 .072 )  

NEUTRAL  K MASS (MEV)  

11 (KO) - (K+ - )  MASS DIFFERENCE (HEV) 

3 .9  0 .6  ROSENFELD 59 HBC - 
5 . 6  1 .1 CRAWFORD 59 HRC ÷ 

D 9 3 .90  0 *25  RURNSTEIN 65 HBC - 
O 7 3 , 7 1  0 . 3 5  K I N  6 5  HOE - K- P TO KO N 6 /68  
0 41T 3 .95  0 .21  HILL  68 ORE ÷ K÷O TO KOPF 3168 
D . . . . . . . . .  
0 AVG 3 .92  O. IA AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
O FIT 4 .01  0 .13  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF I . I I  3 / 82 *  

CRAWFORD 89 PRL 2 112 
ROSENFEL 59 DRL 2 110 
CHRISTEN 64 RRL 13 138 
8URNSTE) 65 RR 138 0 895 
KIM 65 PR 140 E 1336 

BALEAY 66 PR 142 932 
FITCH 67 PR 164 IT l l  
H ILL  68 ~R 1 6 B  1 5 3 4  

REFERENCES FOR NEUTRAL K 

CRAWFORD~ERESTI,GOOD,STEVENSONvTIEHO ILRL I  
A H ROSENFELD,F SOLNITZeR O TRIPP (LRL)  
EHRISTENSON,CRONIN,FITCHtTURLAY (PRINCETONI 
R A BURNSEEINtH A RUEIN (MARYLAND) 
U K KINmL KIRSCH,D MILLER (COLUMBIA) 

BALTAYtSANOWEISStSTONEHILL + (YALE÷BNL) 
FIFCHtROTH,RUSS.VERNON (PRINCETON( 
HILLtROBINSON,SAKIET,CANTER (BNL, CARNEGIE] 
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Data Card Listings 
For notation, see key at front of Listings. 

12 SHORT-LIVED NEUTRAL K (498 ,  JP=O- I 1=1/2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 KOS MEAN L IFE (UNITS lO*~ - lO  SECt 

T KOS MEAN L IFE (PRE-1971 EXPERIMENTSI 
T O 90 ( l ,O7 )  IO .13 l  10 .131BOLDT 58 CC 
T 512 O. 9A O, OB 0 .05  CRAWFDRD 59 HBC 
T O 63 (1 .OOI  (O. I 8 l  ( 0 . 18 I  BOWEN 60 CC 

O OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAOE, 6168 T 
T 378 0 .94  0 .05  0 .05  BERTANZA 62 H8C 
T SO3 0 .87  O.OS CHRETIEN 63 HLBC 
T 845 0 ,86  O.O~ KREISLER 64 OSPK 
T 0 .866  0 .016  ALFE-STEI 66 OSPR 9166 
T 572 0 .90  0 .06  O,OS AUERBACH 66 OSPK 8 /67  
T 6500 0 .92  0 .04  BALTAY 66 HBC 6/G6 
T 8 10.9040 (O*024 I  BOTT-8ODE 66 OSPK 9 /66  
T SOOO 0 ,843  0 .013  K1RSCH 66 HBC 6 /66  
T 1 9 9 9 4  0 .856  0 .008  DONALD 68 HEC 6 /68  
T H 2OOOO 0 .8~2  0 .009  HILL  68 DEC 11172 
T . . . . . . . .  
T AVG 0:8641 0 .0065 0.0065 AVERAGE (ERROR INCL. SCALE FACTOR OF 1,01 

T KOS MEAN L IFE  IPOST- IR71EXPERIRENTSl  
T THESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE TABLE 
T VALUES OF THE KOS MEAN L IFE AND RATES. 
T H 5DK 0 ,8958  O. OOAS SKJEGGEST 72 HBC 1173 
T F 21T3 (0.8670 ( 0 . 024 )  FACKLER 73 OSPK E1/70 
T 6M 0 ,8937  0 .0048  GEWENIGER 74 ASPK 3 /74  
T C 0 .8913  0 .0032 CAR[THERS 75 SPED 7 /7S 
T 26N 0 .881  0 .009  ARONSON T6SPEC 11 /76  
T . . . . . . . . .  
T AVG 0 .8923  0*0022 0 .0022  AVERAGE {ERROR INCL.  SCALE FACTOR OE [ . 01  
T FIT 0.8923 0.0022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

CCMMENTS 
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE L1/72 
T H (0.865+-0*0091 BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA÷- .  1L/72 
T H SKJEGGESTAU 72 AND HILL  68 GIVE DETAILED DISCUSSIONS OF SYSTENAIICS 
T H 8 ENCOUNTERED IN THIS TYPE DF EXPERIMENT. 
T KOS ~EAN L IFE NOT THE PRIMARY QUANTITY NEASURED IN THIS EXPTo b/68 
T C F FACKLER 73 DDES NOT INCLUDE SYSTEMATIC ERRORS. 11 /73  
T CARITHEBS 75 VALUE IS FOR KDL-KOS MASS DIFFERENCE Gtt=.SBA8+-oO02I .  1 | / 75  
T C THE OM DEPENDENCE OF THE TOTAL DECAY RATE (INVERSE MEAN LIFE( IS II/?S 
T C GAMRA(KOS)= ( (1 ,122~ ,OOA)÷ .16 * IDM- .S3A81 /DM le IO~10  /SEE.  11/75 
T C VALUE WOULO NOT CHANGE WITH OUR CURRENT DM=.53Ag+-*O022.  2 / 76  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E2 KOS PARTIAL DECAY MODES 

OECAY MASSES 
PI  KOS INTO PI+  P I -  139+ 139 
P2 KOS INTO PIO RIO L34+ E34 
P3 KOS INTO MU+ MU-- 105+ 105 
P4 KOS INTO E+ E- . 5 .  ,5  
P5 KOS INTO PI+ Pl- GAMMA 139+ 139+ 0 
P6 KOS INTO GARMA GAMMA O+ 0 
P7 KOS INTO 3P[O 134" 134+ I 34  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 KOS BRANCHING RATIOS 

RI  KOS INTO IP I+  P I - I / TOTAL  (P l l  
R1 0 .68  OoOA CRAWFORD 50 HBC 
RI  0 . 70  0o08 CULUNBIA 60 HBC 
RI  U (0 .740 )  ( 0 . 028 )  ANDERSON 62 H8C ' 
RIU S44T 0 .670  O.O[O DOYLE 69 H8C PI- P TO LAR KO 1 /76  
81 U ANDERSON RESULT NOT PU8LISHEO, EVENTS ADOED TD DOYLE SAMPLE 2/71 
RI . . . . . . . . .  
RI  AVG 0 .6710  0 ,0096  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 0 )  
RZ EIT D.6861 0 .0024  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1.10 

R2 KOS INTO (RIO PIO)/TOTAL {PBI 
R2 0.27 0.11  CRAWFDRD $9 HBC 
R2 0 .26  0 .06  8AGLIN 60 HLBC 
R2 0 .30  0 ,035  BROWN 61HL8C 
R2 |066  0 .33S 0o01A BROWN 63 HL8C 
82 lEE 0 . E 8 8  0.021 CHRETIEN 63 HL8C 
82 . . . . . . . . .  
82 AVG 0 .318  O. OI~ AVERAGE (ERROR INCLUDES SCALE FACT~ OF 1.30 
82 FIT 0*3138 0*0024 FROM FIT (ERROR INCLUDES SCALE EACTOR OF 1.11 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 . 3 1 6  ± 0 .014  

ERROR SCALED BY 1 .3  

5 O 25 0 . 3 5  0 4 5  

KOS INTO (PIO P lO t /TOTAL 

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  I s c o n v e n i e n c e  on.ly, T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  of ~,  6x~ 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o w n  h e r e .  

CHISO 

. . . . . .  CHRETIEN 63 HLBC 1 .8  

. . . . . .  BROWN 63  HLBC 1 .8  

. . . . . .  BROWN 61 HLBC 0 .2  

~ i  -BAGL IN  BO HLBC 0 .9  

- CRAWFORD 59  HBC 

4 .7  

, , (CONLEV 
0 . 55  =0 .  195 )  

Stable Particles 
r: 

R3 KOS INTO IP I+  P I - ) / (B lO  PIO) (P l l / IR2 l  
R3 N 267 (2 .12 I  (O.  I T I  BOZORI 69 HLBC 5170 
83 G 3016 I 2 , 285 !  10 .0551 GORBI 69 OSPK K*N TO KDP 5 /69  
R3 3700 2. IO 0 .06  MORF1N 69 HLEC K÷N TO KOP 10 /69  
R3 G 7944 2 .282  0 .043  NOFEETT 70 OSPK K+N TO KOP 2172 
R3 B 6150 2 . 2 2  0 . 0 9 5  BALTAY 71HBC K-P TO KO +NEUTRALS 12/71  
R3 A 3068 2 .E2  O. lO AL ITT I  72 HBC K÷P TO P I÷  P KO 6/72 
R3 6380 2 .22  0 .08  NORSE 72 DRC K÷N TO KOP 2172 
RS N 701 2 .10  0 .11  NAGY 72 HLBC K+N TO KOP 1173 
R3 4799 2 .16  0 .08  HILL  73 DEC K+O TO KO P P 9173 
RB 16K 2 .188  0 .094  COWELL 74 OSPK P I -  P TO LAN KO 7175 

EVERHART 76 NIBE P I -  P TO LAM KO 11 /76  R3 1315 2.11 0 .09  
R3 N NAGY 78 IS A FINAL RESULT WHICH INCLUDES DOZDKI 69. 11178 
RB G MOFFETT TO IS A FINAL RESULT WHICH INCLUDES GOBBI 69. 2172 
83 B THE DIRECTLY NEASURED QUANTITY IS KS TO PI+PI-IALL KOBAR=.3~5*-.OO5 1217| 
R3 A THE DIRECTLY MEASURED QUANTITY IS  KOS TO P I÷  P I - /ALL  KO=.345÷-.OO5 6 /72  
R3 . . . . . . . . .  
83 AVG 2.197 0 . 0 2 6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R3 FIT 2.186 0 . 0 2 5  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 

R4 (KOS INTO Rl÷ P l -  PIO, CP VIOLATINGII(KOL INTO PI+ PI- PlOl 
R4 TEST DF CP VIOLATION - SEE TEXT SECTION VI B.3A FOR DEFINITIONS 
R4 CPT ASSUMED VALID - ( I .E* REIAI=O) - ONLY (IMA)**Z QUOTED HERE 
R4 C 18 ( 3 .  BI DR LESS CL=.OO ANDERSON 65 HBC 10 /69  
84 ( 0 . 651  OR LESS CL=.RO 8EHR 66 HLBC 8 /66  
84 C C 53 (1.7I ER LESS CL=.DO WEEPER TO HBC 8 /70  
R4 71 IO .81  OR LESS CL=.90 WEBBER 70 HBC 8170 
R4 99 ( L . 2 I  GR LESS CL=.90 CHD Tt  DEC At71 
84 J 98 I I ,O I  OR LESS CL-.OO JAMES 71HBC 6 /71  
A4 M SO IT.21 DR LESS CL=.95 MEISNER 71 HOE CL=.q NOT AVAIL. 2/71 
84 J 180 ( 0 .66 l  CR LESS CL=.OO JAMES 72 HOD 1173 
R4 99 ( 1 . 21  OR LESS CL©.9O JONES 72 OSPK 10172 
R4 BE4 0 .82  OR LESS CL=.9O METCALF 72 ASPK 2176 
84 148 (0 .71 )  ER LESS CL=.9O MALLARY 73 OSPK RE IA I= - .OS+- .17  8 /73  
R4 192 11 .20  DR LESS CL=,90 BALDOCEOL 75 HLBC 12/?S 
R4 C SECOND WEEPER TO VALUE IS FIRST VALUE COMBINED WITH ANDERSON 65. 
R4 J JAMES 72 IS A FINAL RESOLT WHICH INCLUDES JAMES 7I* 11173 
84 M THESE AUTHORS FIND REALIAI= 2.75+-.6S, ABOVE VALUE AT REIA)=O 2171 

R5 KOS INTO (RU÷ MU-I/CHARGED (UNITS TO*t-B) IP3II(PII 
85 (10 .01  08 LESS CL=.OO BOTT-BODE 67 DSPK 8/67 
R5 (20.00 OR LESS CL=.DO BDHM 6g OSPK 2171 
85 ( l .  OT) ER LESS CL=.90 HYANS 69 OSPK 10168 
R5 S (32 .6 |  OR LESS CL=.RO STUTZKE 69 OSFK 5 /69  
85 O. OA7 CR LESS CL=.90 GJESOAL 73 ASPN 7173 
R5 S VALUE CALCULATED BY US~ USING 2 .3  INSTEAD OF L EVENT, 50 PERC.EL 

86 KOS INTO (P I÷  P I -  GAMMA)/ [P I÷  P I - I  (UN . lO~ -3 I  (PS l / iP l )  
8ELLOTTI 66 HBC PG GT 50 NEV/C 10 /69  R6 27 NO RATIO GIVEN 

R6 ID 3.3 1.2 WEEPER 70 HBC PG GT SO MEV/C 10/69 
R6 8 2.8 0 ,6  8URGUN 13 HBC F~ GT 50 MEV/C 11/T3 
R6 C 29 (3.0) {O .6 l  8OBISUT 74 HLBC PG GT 40 MEV/C 12175 

2 .68  0 .15  TAUREG 76 SPED PG GT SO REV/C 6171 86 T 
R6 8 BURGUN 73 ESTIMATES THAT DIRECT EMISSION CONTRIBUTI(~4 IS .3÷-.6 • 11/70 
86 C BOBISUT 76 NET INCLUDED IN AVERAGE BECAUSE PIGAMNAI CUT DIFFERS. 1176 
R6 C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESS, CL=.95. 1/76  
86 T TAUREG 76 FIND DIRECT EMISSION CONTRIE LT .06~CL=,90. 6177 
86 . . . . . . . . .  
R6 AVG 2 .70  0 .14  AVERAGE (ERROR INCLUDES SCALE FACTOR OE [ *O I  

87 KOS INTO IE+ E-I/CHARGED (UNITS 10"*-50 { PAII|Pll 
87 SO.O OR LESS CL=.90 BOHM 69 OSPK 2 /T I  

R8 KOS INTO 2 GAMMAITOTAL (UNITS 10=~-3 I  IP61 
R8 R 0 (21 .00  OR LESS CL=.90 BANNER 69 CSPK 12171 
R8 R o { 2 . 2 )  OR LESS CL=.9O REPELLIN 710SPK 12/71  
R8 R 0 (0.710 OR LESS CL=.OO BANNER 72 OSPK 8 /72  
R8 0 12 .O l  OR LESS EL=.90 MORSE 72 OBC 2172 
88 0 0 .4  OR LESS CL=.9O BARMIN2 73 HLBC 2 /78  
R8 R THESE LIMITS ARE FOR MAXIMUM INTERFERENCE IN KS-KL TO 2 GAMMAS 1217[ 

89 (KOS INTO Pl+ PI- PlO, CP CONSERVINGII(KOL INTO PI÷ PI- PlOt 
RD 384 (0.42I OP LESS CL=.gO METCALF 72 ASPK 11472 

RID (KOS INTO 3PIOtCP VIOLATINGIZIKOL INTO 3PlOI 
810 SEE COMMENTS UNDER BRANCHING RATIO 84 
810 22 (1 ,2 )  CR LESS EL=.90 BARMIN1 73 HLBC IL /73  
RIO G 0.28 ER LESS EL=.90 GJESDAL 74 SPED I t / IS  
RIO G GJESOAL 74 USES K2PI~ KNU3 AND KE3 DECAY RESULTS AND UNITARITY. I 1 / 75  
RIO G CALCULATES A~S(ETAOOOI=.26+-.20. WE CONVERT TO CL=.9O UPPER LIMIT. 11/75 

REFERENCES FOR KOS 

B~DT 58 PRL 1 150 E BOLOT,D 0 CALOWELL,Y PAL (MITT 
CRAWFORO 59 POt 2 266 CRAWFORD,GRESTI,OOUGLASS,GOOU,TICHO * (LRLI 

BAGLIN 60 NC [B 1 0 4 3  BAGLIN,8LOCH,BRISSON,HENNESSY + (EPOLI 
BOWEN 60 OR EI9  2030 BOWENeHARDY,REYN~DS*SUN,MOORE+ (PRIN÷BNLI 
COLUMBIA 60 ROCH CDNF 721 M SCHWARTZ ÷ (COLUMBIA) 

BROWN 61NC 19 1155 8ROWN,BRYANT,BURNSTEIN,GLASERvKADYK÷ (MICH) 
ANDERSON 62 CERN CONF 836 J A ANDERSON,F S CRAWFORO ÷ (LRL| 
BERTANZA 62 PREPRINT 0108 BERTANZA,CONNOLLY,CULWICK,EISLER * (RNL) 

UNPUBLISHED, BUT RECERTIFIED BY AUTHORS, AUGUST 66 ,  

CHRETIEN 63 PR 131 2 2 0 8  CHRETIEN* iBPANDEIS÷BROWN+HARVARD* MITt 
BROWN 63 PR ISO 769 8ROWN, KADYK,TRILLINO,ROE + (LRL*MICH| 
KREISLER 64 PR 135 8 1074 M KREISLER,O OVERSETH.J CRONIN (PRINCETONI 
ANDERSON 65 

ALFF-STE 66 
AUERBACH 66 

ALSO 65 
BALTAY 66 
BEHR 66 
BELLOTTI 66 
BDTT-BOD 66 
KIRSCH 66 

BDTT-BOO 67 
DONALD 68 
HILL  6B 

8ANNER 69 
BOHM 69 
BOEOKI 69 
DOYLE 69 
GOBEI 69 
HYAMS 69 
MOSF[N 6G 
STUTEKE 69 

PRL 14 478 

aL 2E 595 
PR 149 1052 
AUERBACH 
PR 142 932 
PL 22 540 
NC 4BA 737 
PL 23 277 
PP 147 ~39 

PL ZAB 1~6 
PL 278 58 
°R 171 141~ 

*CRAWFOR,GOLDEN,STERN,BINFORD ÷ (LRL÷WISC) 

ALFF-STEINBERGE~,HEUEB,KLEINKNECHT + (CERN) 
AUERBACH,DO80S,LANDE,MANN, SCIULLI÷ (PENNI 

BALTAY,SANDWEISS,STONEH[LL + (YALE*ENL) 
BEHR,8RISSON,BETIAU÷ (EPOL,MIL&,PADD,ORSAYI 
÷BULLIA, BALDC--CEOLIN ÷ (MILAN+PADUA) 
80TT-BODENHAUSEN,BE 8DUARD + (CERN) 
L KIRSCH,P SEHNIOT (DOLUM31AI 

BOTT-BOOENHAUSEN,DE BDUARO, CASSEL+ (CERN) 
OONALO,E0WARDS,NISAR÷ (L IVP,CERN, IPNP,COEFI  
HILL, R~INSON,SAK|TT + I8NL,C ARNEGIE) 

PR 188 2033 ÷CRONIN.LIU,~ZLCflER (P8INCETONI 
THESIS A.  BOHM (AACHI 
PL 308 698 ÷FENYVES,GDM80SI,NAGY,SURANYI÷ (BUDAREST) 
UCPL 1813q-THESIS J*C.  DOYLE (LRLI  
PRL 22 6E2 GOBB[~GREEN,flAKEL,MDFFETT,ROSEN÷(ROCHESTER) 
PL 298 521 eKOCH,POTTER,VON LINDERN, LORENZ÷ CERNIMPIM) 
PRL 28 660 MORFINeSINCLAIR (RICH)  
PR 177 2009 ÷ABASHIAN, JONES,MANTSCH,DRR,SMITHIILLINDIS( 



Stable Particles 
0 0 Ks, K L 

MOFFETT 70 
WEBBER 70 

ALSO 69 

BALTAY 71 PRL 27 1678 
ALSO 71NEV[S -187  THESIS 

CHO • l  PR D3 L557  
JAMES 71PL 35B 265  
MEISNER 71PR D3 59 
REPELL IN  •1  RL 36B  6C3 

ALITTI 72 PL 39B 568 
BANNER 72 PRL 25 237 
JAMES 72 NP B4q 1 
JONES •2 NC 9A E51 

BETCALF 7g PL 40E  TC3 
MORSE 72 PRL 28  388  
NAGY •2  NP 84•  94 

ALSO 69 PL 308  4~8  
SKJEGGES 72 NP B48 343  

BARMIN I  73 PL 46B 465  
BARMIN2 73 PL 47B 463 
BUROUN 73 PL 46B  4R1 
FACKLER 73 PRL 31 847 
GJESDAL 73 PL 44B  217  
HILL 73 PR 08 1290 
MALLARY 73 PR D7 Ig53 

BOBISUT 74 1NC Ii 646 
COWELL •4  PR 010 2083 
GEWEN[GE 7~ PL %88 487 
GJESDAL •4 PL 52B f i g  

BALOOGED •5 NE 2BA 6E8 
CARITHER 75 PRL 3 4  1244 
ARONSON •6 NC 32A 23E 
EVERHART 76 PR 014 661 
TAUREG 76 PL 65B 92 

BIRGE 60 ROCH EONF 601  
MULLER 60 PRL 4 41B 
FI•CH 6 1 N C  22 1 1 6 0  
GOOD 6 1 P R  124 1223 

CRAWFORD 62 CERN CONF 827 
AUERBACH 65 PRL I 4  I92 
TRILLING 65  UCRL I 6493  

BAPS 15 E12 +GOBBI,GREEN,HAKEL,ROSEN (ROCHESTER) 
PR 01 1967 ÷SOLMITZ,CRAWFORD,A15TON-GARN30ST (LRL) 
UCRL E9226 IHESIS B R WEBBER (LRL) 

+8RIDGEWATER,EOOPER,CERSHWIN,HABIBI+ (COLUI  
WILLIAM A. COOPER ICOLUMBIA) 
+DRALLE,CANTER,ENGLER,FISK+ (CARN~BNL+CAS~I 
÷MONTANE•~PAUL,PAULI+ [CERN÷SACL÷OSLO) 
÷MANN,HERTEBACH,KOFLER + (MASA÷BNL÷YALEJ 
+WOLFF,CHOLLET,GAILLARU,JANE÷ (ORSAeCERN) 

J ALITTI ,E LESQUOY,A MULLER (SACLAY) 
+CRONIN,HOFFMAN,KNAPP,SMOCHET (PRINCE•ON) 
+MONTANET,PAUL,SAETRE+ (CERN+SACL÷OSLO) 
+ABASHIAN,GRAHAM, MANTSEH,ORR,SMITH÷ ( I LL )  

+NEUHOFER,NIEBERGALL+ [CERN+IPN÷WIENI 
eNAUENBERG,BIERMAN,SAGER+ (COLO+PRIN+UMD) 
+TELBISZ,VESZTERGOMBI (BUDAPEST( 
BOZOKI,FENYVES,GOMBOSI,NAGY+ (BUDAPESTI 
SKJEGGESTAD,JAMES,MONTANET÷(ESLOeCERN÷SACL) 

+BARYLOV,DAVIDENKO,DEMIDOV+ (ITEP) 
÷BARYLOV,DAVIDENKO,DEMIOOV+ { ITEPI 
+8ERTRANET,LESQUOYoMULLER, PAULI÷(SACL÷CERNI 
+FRISCH,MARTIN, SMOOT,SOMPAYRAC (MITE 
+PRESSER,STEFFEN,STE[NBERGER+ (CERN+HEIDI 
+SAKITT, SAMIOS,BURRIS,ENGLER+ [BNL+CARN} 
+8[NNIE,GALLIVAN,GDNEZ,PECK,SCIULLI÷ (CITI  

+HOZITA,MATTIOL[,PUGL[ERIN (PAOOI 
+LEE-FRANZINI,ORCU••,FRANZINI ÷ ISTDN+COLU) 
GEWENIGER,GJESDAL,PRESSER+ (CERN+HEIDI 
+PRESSER,STEFFEN,STEINBERGER + (CERN+HE[O)  

BALUO-CEOL[NtBOBISU•,CALIMANI÷ (PAOO÷WISC) 
CARITHERS,MODIS,NYGREN.PUN + (COLU+NYU) 
÷NCINTYRE,ROEHRIG ÷ (WISC÷EFI+UCSD÷ILLC) 
eKRAUS,LANOE,LONG,LOWENSTEIN + (PENNI 
+ZECH,OYDAK,NAVARRIA+ (HE[D+EERN+OORT) 

PAPERS NOT REFERRED TO IN OAT~ CARDS 

R W B[RGE,P P ELY + (LRL+WISCONSIN) 
MULLER,BIRGE,FOWLER,GOOD,PICCIONI÷(LRLeBNL) 
V FI•EH,P PIROUE,R PERKINS (PRIN÷LASL) 
GDDD,MATSEN,MULLER,PICCIONI + (LRLI 

F S CRAWFORD [LRL )  
AUERBACH,LANDE,MANN, SCIULLI,UTO + (PENNI 
GEORGE H TRILLING (LR l l  

UPDATED FROM 1965 ARGONNE CONF., PAGE 1 1 5 .  

13 LONG-LIVEO NEUTRAL K(4q8, JP=O-) I=112 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 (ROLl - (KOS) MASS DIFFERENCE 
WE GIVE (KOL-KOS MASS DIFFERENCE I HBARI IN UNITS OF ED**|O SEC-E 

D TX (2 .20)  [O. OSl FITCH 61CNTR 
D x (O. B4l (0.291 [0.221GOOD 61MLSC 
D TXC (1.023 (0.231 CAMERINI 62 HLBC 8 /b7  
O TX (0.551 ( 0 . 24 |  AUBERT 65 HLBC 6166 
O x IO°261 (0 .361  (O.26IBALO0-CEO 65 HLBC ASSUMES CP CONS. 
0 TXA I 0 . 64 )  (O. I g l  CHRISTENS 65  OSBK 6166  
D TX TO.TO) ~R LESS FITCH 65 OSPK CF. MEISNER 66 7/66 
O v 130  10.893 IO.  IS l  VISHNEVSK 6S OSPK CU AND AL REGEN 816• 
O X (0 .51%1  (0 ,0391  ALFF-STEI 66 OSPK 6 /66  
D X 84 10.423 (0 .24 I  (0.361BALOO-CEO 66 HLBC KO+N INTO HYPER. 8167 
0 B 10 .5311  10 .027 )  BOTT-BODE 66  OSPK C REGEN 91a6 
D TX TT (0 .58 )  (O .  IT I  CAMERINI 6 6  HBC, DBC KO+N IN•O HYPER 8167 
O N 72 I+0 .64 )  (O. IB) CANTER 66  DBC KO SCATTER IN 02  11 /66  
D X 05  ( 0 . 62 )  IO .  IO)  ( 0 . 16 }  CHANG 66  HBC KO+P INTO HYPER. 8 /67  
D x ( 0 . 811  (0.171 FUJ I (  66 OSPK IRON REGENERA•OR 9166 
D X 59  ( 0 . 7A )  ( 0 . 3%1  MEISNERI 66  HBC 6166 
D + SIGN FAVOREO MEISNER2 66 HBC 9 /66  
D X (O .OB)  (0.163 JOVANOVIC 66 OSPK C+URANIUM REGEN. 11166 
O TX 136 ( +0 .641  ( 0 .191  CANTER 67  DBC KO+D INTO HYPER. 11167 
D X (0 .65)  (O . I l l  MISCHKE 67  DSPK 11 /67  
0 X 590  (0.593 (O . I g l  BALATZ 68 OSPK AL REGENERATOR 3 /68  
D X 10.520) ( 0 .  0441 CARNEGIE 68 HBC GAP ME•HOD 3/68 
D • x  (00 .987)  10,046I  qELHOP 68  OSPK ST.STEEL REGEN 6 /68  
D 8x lO.547P I0 .0241  BOTT-BOOE 69  OSPK C REGEN 1 / 7 1  
o FX (0.5551 10 .0201  FAISSNER 69  ASPK REGEN IN CO 10/69 
D 0.542 O.0O6 CULLEN 70  CNTR 1171 
D R (0 .5A2)  1 0 .  OO6l ARONSON 70  ASPK GAP METHOD 117I 
D X (0 .481)  10.052) (O.OT53BALATS 71 OSPK 9111 
O R lO*5391 (O.OOTI CARNEGIE 7[ ASPK GAP ME•HOD 8171 
D TH l 1 9  ( 00 .673  10 .1%I  H ILL  71 DEC 10171 
O S 1757  (0 .55T )  ( 0 . 0381  FACKLER 73 OSPK 1 1 / 7 3  
0 0 .5340  0 .0030  GEWENIG3 7% SPEC GAP METHOD 11175  
D 0.5334 0.0040 GJESOAL 74  SPEC CHG ASYMMETRY 11/75 
D . . . . . . . . .  
0 AVG 0*534g 0.0022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

ECMMENTS 
O X NO ATTEMPT HAS BEEN MADE TO CORREC• OLDER EXPERIMENTS WITH LARGE 11178 
D X ERRORS FOR THE SUBSEQUENT CHANGES IN THE KOS MEAN LIFE OR IN ETA~-. 2 / • 6  
D T A KOS MEAN LIFE OF 0.862 10 " * -10  SEC WAS USED IN CENVERTING THE 1 /71  
O • MASS DIEFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLU•E 1/71 
o T UNITS. VALUES NOT BEARING THIS FOOTNO•E EITHER WERE GIVEN IN 1 /71  
D T ABSOLUTE ONIIS OR WERE CONVERTED USING THE AUTHORS' VALUE DF THE 1171 
D T KOS MEAN L IFE .  1171 
D C CAMERINI 62 VALUE CHANGED FROM 1.7 (SEE TABLE 1 OF CAMERINI 66 I  8 / 67  
D A CHRISTENSDN 65 CORRECTED FOR IN•ERFERENCE BY FITCH 65 FOOTNOTE. 1 /71  
O V V ISHNEVSKY 65  NOT CORRECTED FOR INTERFERENCE EFFECTS, 3 /68  
D N CANTER 66 ERROR IGNORES UNCERTAIN•Y OF PHASE SHIFTS. THESE EVEN•S 10171 
D N ARE USED IN  F ILL  71 .  10111 

B BOTT-BODENHAOSEN 69  IS A REEVALUATION OF BOTT-BODENHAUSEN 66 .  1 / 71  
E FAISSNER 69 HAS ADDNL. SYS•EMATIC ERROR LESS •HAN TWO PERCENT. I171 

D R ARONSON 70  AND CARNEGIE 71 USE KOS MEAN LIFE=.B62+-.OD6 E-IO SEC. 11/75 
D R WE HAVE NCT ATTEMPTED TO ADJUST •HESE VALUES FOR THE SUBSEQUEN• 2 /76  
0 R CHANGE IN THE KOS MEAN LIFE OR IN ETA+-. 2176  
0 H HILL  71 PRIMARY RESULT IS THAT BM IS POSITIVE. 10171 
D H THE MAGNIIUOE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOU• O.12 I 01 / I  
D S NOT AVERAGED BECAUSE ERROR IS LARGE AND SYS•EMATICS NO• DISCUSSED. 2 / • 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8O 

Data Card Listings 
For notation, see key at front of  Listings. 

13 KOL MEAN LIFE (UNITS lO**-B SECT 

T KOL MEAN LIFE 
T 34 B.l 3.2 2.4 BARODN 58 CNTR 
T ASSUMED DS=DQ AND DELTA I=112 CRAWFORD 59 HBE 
T 15 5.1 2.4 1.3 DARMON 62 FBC 
T 5 .3  0*6 FUJI I  64 OSPK 
T l •O0 6 . 1  1.5 1.2 ASTBURY3 65 CNTR 
T 5 . 1 5  O.14 DEVLIN 67 CNTR 
• L (5.OJ (0 .5 )  LOWYS 67 HLBC 
T O.4M 5 . I 54  0 .044  VOSBURGH 72 CNTR 2171 
• L SUM OF PARTIAL DECAY RATES. 
T . . . . . . . . .  
T AVG 5 . I 58  0.042 0.042 AVERAGE (ERROR INCL, SCALE FACTOR OF I .O)  
• FIT 5.183 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  OI 

13 KOL PARTIAL DECAY MODES 

OECAY MASSES 
PI KOL INTO 3PIO TAU 0 PRIME 134+ I34+ 134 
P2 ROE IN•O PI+ P l -  PIO TAU O 139+ 139+ 134  
P3 KOL INTO Pl MU NEU•RINO KL MU3 |39+ lOS+ 0 
P4 ROt IN•O Pl E NEU•RINO KL 13 139+ .50 o 
P5 KOL [N•O P|÷ P I -  KL PI+ P I -  139÷ I39 
P6 KOL INTO ML+ MU- KL 2MU 105+ 105 
P7 KOL INTO E+ E- KL 2E .5e .5 
P8 NOL INTO E MU KL EMU .5÷ 105 
Pg KOL INTO TWO GAMMAS KL 2GAMMA De O 
PlO KOL INTO P I+  P I -  GAMNA KL PIe-G 139+ 139÷ 0 
PI1  KOL INT0 OlD PIO KL 2 P I 0  134+ 134  
P12 KOL IN•D Pl E NEU GAMMA KL E3GAM 139+ .S+  O+ 0 
PI3 MOL INTO PlO TWO GAMMAS KL P[2GAMMA 134÷ O+ 0 
P14 KOL INTO E÷ E -  GAMMA KL 2EGAM .S+ .Se 0 
PI5 KOL INTO MU+ NU- GAMMA KE 2MUGAM lOB÷ 105÷ O 
P Ig  KOL INTO MU+ PU- P lO KL 2MUPIO 105+ I 05+  134  
PI7 KOL INTO PI÷ P l -  E+ E- RL 2PI2E I~+  139÷ .50 .5 
P IB  KOL IN•O PlO P le -  E--+ NEU KL 2PIENEU 134÷ 139+ .5+ o 
P lg  KOt IN•O [P I  MU ATOM) NEU KL (PIMUINEU 
PZO KOL INTO E+ E- PIO KL 2EPIO .fie .50 134 

NEU•RAL K CONSTRAINED F I •  
OVERALL FIT OF MEAN LIFE,  WID•HS AND BRANCHING 
RATIOS USES 65 DATA POIN•S TO DETERMINE SIX 
QUANTITIES. OVERALL F I •  HAS CHI-SQUAREO=69.9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I T T E D  P A R T I A L  D E C A Y  MODE BRANCHING F R A C T I O N S  

The m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  for  the  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  Pi' a s  f o l l o w s :  The d i a g o n a l  e l e m e n t s  a r e  P ± EP i w h e r e  

6P i = __~@PiSPi),  w h i l e  t he  o f f - d i a ~ o n a l  e l e m e n t s  a r e  the n o r m a l i z e d  c o t  r e l a t i o n  

c i e n t s  <SPiSPj>/ (SP  i • 6Pj ) .  F o r  the  d e f i n i t i o n s  o l  the  i n d i v i d u a l  P.  s e e  the  l i s t i n g s  

above ;  o rdy  t h o s e  P a p p e a r i n g  in  the  m a t r i x  a r e  a s s u n a e d  in  the  f i t  to he  n o n z e r o  and  

a r e  t h u s  c o n s t r a i n e d  to add  to 1. 

P I P 2 03  P 4 P 5 P l l  
P I .214•+-.0099 
P 2 - . 6528  • 1239+-.0020 
P 3 - . 8542  .4813 . 271 |÷ - .  0042 
P 4 -.9100 .%705 .6138 • 38•3÷-. 0055 
P 5 -.4362 .5~71 ,3159 . 3366  . oogo+ - .  ODD1 
P I I  . 2289  - . 1623  - . 2104  -.22%3 - . IDO l  .ooog+-.OOD2 

3 1 7 8  
3 / 7 8  

F I T T E D  P A R T I A L  D E C A Y  MODE R A T E q  

The m a t r i x  b e l o w  i s  the  b r a n c h i n g  f r a c t i o n  m a t r i x  a b o v e ,  t r a n s f o r m e d  in to  r a t e  

s p a c e ;  i . e , ,  G i ~ F i = l t o t M l P i ,  in  a p p r o p r i a t e  u n i t s .  I n a n M o g y t o  the  n , a t r L x a b o v e ,  

the  d i a ~ o n a l  e l e m e n t s  a r e  G. ± 6G. w h e r e  6 G  = ~ @G.6G ) ,  w h i l e  the  o l f - d i a g o n a l  t 1 1 1 
e l e m e n t s  a r e  the n o r m a l i z e d  c o r r e l a t i o n  c Ù e f f i c i e n t s  @G g O j ) / ( g G . I  z " 6 G ? .  No te  t h a t ,  

b e c a u a e  o l  the e r r o r  in  l t o t a l ,  the  e r r o r s  and  c o r r e l a t i o n 6  h e r e  a r e  not  d i r e c t i y  d e r i v a b l e  

f r o m  t h o s e  a b o v e .  

g I G 2 G 3 G 4 g 5 O i l  
G I .0414+-.0090 
G 2 - .  gT51 .0239+-. 0004 
G 3 - . 6% lO . 6554  . 0523÷ - .  0009  
G 4 - . 6 •40  . 5245  . 6600  . OT4 •+ - .  OOEE 
G S - .  3291 . 5 6 9 6  . 3 5 6 5  . 3 7 7 3  . OOOg+-. DO00 
GI I  . 23 •7  - .  1238 - . 1650  - . 1 •36  - . 0854  . OOG2÷-.OOOO 

I3 KOL DECAY RA•ES 

W1 KOL INTO PIO PIO PIO (UNITS 10t*6 SEC-I) ( 01 I  
W1 54  5 .22 1.03 0.84 BEHR 66 HLBC ASSUMES CP 
Wl . . . . . . . . .  
wL FIT 4 .14  0 .90  

W2 
W8 
W2 
W2 
W2 
W2 
W2 J 
W2 
W2 J 
W2 
W2 
W2 
W2 
W2 J 
W2 
wg 
W2 

8 /66  

FROM F IT  [ERROR INCLUDES SCALE FACTOR OF 1 ,7 l  

KOL INTO P I÷  P I - -  PO (UN ITS  10 . . 6  SEE- I )  (G2 I  
18 B .26  0 . • •  ANOERSON 68  HBC 8 /66  
16  1 .6  0 .6  FRANZ IN I  65 HEO 6 /66  

i36 2.62 0.28 0 .2 •  BEHR 66 HEBE ASSUMES CP B166 
53 2 .20  0.35 WEEBER •0 HBC ASSUMES CP L01•1 
99 2 . • 1  D. 28 EHO 71 DBC ASSUMES CP 42•1 
98 ( 2 . 5 )  (0.3) JAMES • 1HEC ASSUNES CP 61•1 
50 2. I 2  0.33 MEISNER 71 HBC ASSUMES EP 10191 

180  2 .35  0 .20  JAMES 72 HEC ASSUMES CP 1 /73  
192 2.32 0.13 0.15 BALOOCEOL 78 HLBC ASSUMES CP I I • 6  

IN THE OVERALL FIT THIS RATE IS WELL DETERHINEO BY THE MEAN LIFE AN 
THE BRANCHING RATIO R2. FOR •HIS REASON THE DISCREPANCY BETWEEN •HE 
W2 MEASUREMENTS DOES NO• AFFEC• THE SCALE FACTOR OF •HE OVERALL FIT 
JAMES •2 IS A FINAL MEASUREMENT AND INCLUDES JAMES 71. 11173 

AVG 2.$4 O. IE AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
F I •  2.391 0.0%1 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.23 

(SEE IDEOGRAM BELOW I 



8i 

Data Card Listings 
For notation, see key at front of Listings. 

KOL RATE INT( 

WEIGHTED AVERAGE = 2 . 3 4  ± 0 . 1 1  

ERROR SCALED BY 1 .2  

i Values above of weighted average, 
e r r o r ,  and s c a l e  factor a r e  for t h e  
r e a d e r '  s c o n v e n i e n c e  o ~ y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c ~ a t e s  i t s  o w n  v a l u e s  of  ~ 6 ~  
a n d  scale f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t f r o m  t h e  v a l u e s  s h o w n  h e r e ,  

C H I S Q  
. . . . . . . .  BALDOCEOL 75 HLBC ~ -  

. . . . . . .  JAMES 72 HBC 0 . 0  

. . . . . .  M E I S N E R  71 HBC O , 4  

. . . . . . .  CHO 71 DBC 1 . 7  

. . . . . . .  WEBBER 70 HgC 0 . 2  

. . . . . . .  BEHR 66 HLBC 1 . 0  

. . . . . .  FRANZINI 65  HBC 5 , 5  ~ DERSON 65 HBC ~ . 9  

' ( C O N L E V  
4 6 = 0 . 1 7 7 )  

P I +  P l -  P I O  ( 1 0 ' * 6  5 E C - 1 )  

W) KOL INTO of E NEUTRINO (UNITS I0.*6 SEE-l) (GBI 
N3 7 .52 0,85 0.72 AUBERT 65 HLBC DS=OQtCP ASSUMED 8/67 
W3 620 7.81 0.56 CHAN 71HBC 2172  
W3 
W3 AVG 7.71 0 . ~  AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.Ol 
W3 FIT 7 .47 0.11 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.3)  

W4 KOL INTO CHARGED {3-BODY) (UNITS 10*'6 SEE-I f  (G2~'(;3÷041 
N4 98 15.1 1.D AUERBACH 66 CSPK 8167 
W4 
N% FIT 15.10 0.21 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I ,R)  

W5 KOL INTO LEPTENIC IKMU3÷KE3) (UNITS 10" '6  SEE-I |  (G34G41 
W5 D 109 9.85 1.15 1.05 FRANZINI 65 HBC 2172 
W5 C D 335 ( 1 0 . 3 I  ( 0 . 8 )  HILL 67 DRC K*N TO KO 6 8167  
W5 393 11.6 0.9  EHO 70 DEC K÷N TO KOP 10170 
W5 D 252 13.1 1.3 WEOBER 71HBC K- P TO KOBAR N 2 •72  
W5 ~ 410 12.4 0.7 BURGUN 72 HBC K÷F TO KOPPI+ 1/73 
N5 126 8.47 1.69 MANN 72 HBC K- P TO KO8AR N 9/72 
W5 C CHO 70 INCLUDES EVENTS OF HILL 67 
N5 O ASSUMES DS=DQ RULE 
W5 . . . . . . . . .  
W5 AVG l f ° 60  O. b5  AVERAGE /ERROR INCLUDES SCALE FACTOR OF 1 .5 |  
W5 FIT 12.70 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)  

(SEE IDEOGRAM BELOW ) 

l o  

KOL RATE INTO KMU3 + KE3 

W E I G H T E D  AVERAGE = 1 1 , 6 0  ± 0 . 6 5  

ERROR SCALED BY 1 , 5  

Values above of weighted average, 
A error, and scale factor are for t h e  

reader = s convenience O~y. The 
1 data w e r e  actually processed by a 

constrained f i t  p r o g r a m ,  w h i c h  
calculates its o w n  values of ~ 6~ 
and scale factor, which are differ- 
ent from t h e  values shown here. 

~ r ~ _ l l  I OHISQ 

. . . . . . . . .  MANN 72 HBC 

- . - B U R G U N  72 HBC 1 . 3  

- W E B B E R  71 HUG 1 . 3  

. . . . . . . .  CHO 70  DBC O . 0  

' ~ ' ( C O N L E V  
14 1B = 0 . 0 7 2 )  

1 0 " ~ 6  S E O - 1 )  

W6 KOL INTO OI MU NEUTRINO UNITS 10**6 SEE-I) (G3I 
W6 19 4.5A 1o2% 1,08 LOWYS 67 HLBC 
W6 
W6 FIT 5.232 0.086 FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 KOL BRANCHING RAT10S 

RI KOL INTO (PIO PIO PIOI/CNARGEO (P I I I IPZ+P3+PB I  
R1 24 0 .24  0.08 ANIKINA 64 ED 6/66 
RZ 549 0 . 2 5 1  0.01% BUDAGOV 68 HLBC ORSAY MEASUR. 10168 
RI 44~ 0.277 0.021 8UDAGOV 68 HLBC EC. OOLYTEC.MEAS 10168 
R1 29 0 .31 0.07 0106 KULVUK|NA 68 EC 2171 
R1 . . . . . . . . .  
RI AVG 0.260 0.011 AVERAGE iERROR INCLUDES SCALE FACTOR OF l . O I  
Rt F[7 0.2?4 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 , 7 |  

Stable Particles 
o KL 

R2 KOL INTO IF {+  P l -  PIOI/CHARGED (P2I/ IP2+F3÷PB) 
R2 59 0.185 0.038 ASTIER 6 [  CC 8166  
R2 79 0.151 0.020 ADAIR 64 HBC 8166 
R2 75 0,157 0.03 0°04 LUERS 64 HBC 8166 
R2 66 0 .15  0 .03 O.O~ ASTBURYI 65 CC 8166 
R2 326 0.159 0.015 ASTBURY2 65 CO 6/66 
R2 566 o. 178 0.017 GUIDDNI 65 HBC 6266 
R2 1720 (0 .1443 (O.OOBI HOPKINS 65 HUE SEE HOPKINS 69 (}166 
R2 126 0.162 0.015 HAWKINS 66 HBC 6/66 
R2 0.161 0.005 HOPKINS 67 HfiC 8167  
R2 1402 0.167 0.016 KULYUKINA 68 CC 2171 
R2 1590 0.1605 0.0038 ALEXANDER 13 HUE 1/74 
R2 3290  0°146 0 .004  DRBNDENBU 70 HBC 1/74 
R2 558 0.159 0.010 EVANS 73 HL8C 1173 
R2 6499 0.163 0.003 CHO 77 HUE 11/77 
R2 . . . . . . . . .  
R2 AVG 0.1587 0.0024 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I . S l  
R2 FIT 0.1584 0.0020 FROM ~IT (ERROR INCLUDES SCALE FACTOR OF 1.23 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 . 1 5 8 7  ± 0 , 0 0 2 4  

ERROR SCALED BY I .3 

Values above of weighted average, 
e~ror, and scale factor are Eor the 
reader j s convenience only. The 
data were a c t ~ l l y  processed by a 
constrained fit p rogram,  which 
calculates its own values of ~, 8~, 
and scale factor, which are differ- 
ent from the values shown here. 

CHISO 

. . . . . . . . .  CHO 77 HBC 2 , 0  

. . . . . . . . .  EVANS 73  HLBC 0 . 0 

- } ' -  . . . . . . . . . . .  BRANDENRU 73 HBC 1 0 1  

. . . . . . . . . .  A L E X A N D E R  73 HBC 0 . 2  

. . . . .  R U L Y U K ] N A  68  C0  0 , 3  

. . . . . . .  HOPK IN5 67 HBC 0 . 2  

. . . . . . . .  HAWKINS 66 HBC 0 0 

I . . . . . .  GU IDONI 65  HBC 1.3  

. . . . . . . . .  ASTBURY2 65 CC 0 . 0  

. . . . . . .  ASTBURY1 65  CC 

~ ,  . . . . .  LUERS 64  HBC 

. . . . . .  ADAIR 64 HBC 

-ASTIER 61 CC 

1 4 , 2  

" I ( C O N L E V  
0 10 0 14 0 . 1 8  O , 2 2  0 , 2 6  = 0 , 0 7 7 )  

K0L  INTO ( P [ +  P I -  P I O ) / C H A R G E O  

R3 KOL INTO IF [  MU NEUTRINOI/CHARGED (P3)/ (R2+P3÷P4I 
R3 C 251 (0 .356 )  (0.071 LUERS 64 HBC 
R3 C 172 (0.391 [0.081 (0o l01ASTBURYt 65 CC 7/66 

2 / 7 I  R3 C 330 (0 .335 )  (0 .055 )  KULYUK[NA 68 CC 
R3 C THIS HOPE NOT MEASURED INDEPENDENTLY FRON R2 AND R4 
R3 . . . . . . . . .  
R3 FIT 0.3A66 0.0028 FROM FIT 

R4 KOL INTO ( P I E  NEUTRINO)/CHARGED (P4D/IP2+P3+PB) 
R4 24 0.46 O . | l  NEAGU 61CC 2178  
R4 153 0.487 0.05 LUERS 64 HBC 
R4 202 0 .46 O. OB O.IO ASTEURYI 65 CC 7/66 
R4 500 0.498 0.052 KULYUKINA 68 CC 2171  
R4 . . . . . . . . .  
R4 AVG 0.485 0.052 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . C )  
R4 FIT 0.4951 0.0029 FROM FIT IERROR INCLUDES SCALE FACTOR OF L.O) 

R5 KOL INTO ( P I E  N E U I / ( ( P I  E NEUI+(PI MU NEU#) (PB)I IP3+PB) 
R5 320 0.4t5 0.120 ASTIER 61CC 
RS 
R5 FIT 0.5882 0.0032 FROM FIT (ERROR INCLUOES SCALE FACTOR OF E.01 

R6 KOL INTO (PI÷ Pl- PIOIITDTAL (P2I 
R6 
R6 . . . . . . . . .  
R6 FIT 0.1239 0.0020 FROM FIT 

R7 KOL INTO (LEPTON Pl NEUTRINOI/TOTAL (PB÷PR) 
R7 
R7 
R7 FIT 0.6585 0.0087 FROM FIT 

R8 KOL INTO 12 G~MMAI/TOFAL IUN. 10. * -41  (PDI 
Re C I I . 3 3  (0 .61 CRIEGEE 66 OSPK 8/66 
R8 32 6 .7  2.2 TODOROFF 67 DSPK REPL. CRIEGEE66 11 /68  
R8 K 33 ( 7 . 4 )  ( 1 . 6 l  CRONIN [ 67 OSPK 11167 
R8 90 5 .5  1. E KUNZ 68 OSPK NORM.TO 3PI(C*NI 2/71 
RE 23 ~.5 I.O ENSTRDM 7t OSPK KOL 1.5-9 GEVIC 2172 
RE R 5 .0  ( 1 . 0 )  REPELLIN 710SPK 11171 
R5 B 4.5% 0.8~ BANNER2 72 OSgK 8172 
R8 8 THIS VALUE USES IEOO/E+-)**2=I.05+-O.14. IN GENERAL, S|3R8 = 8/72 
R8 6 ( A . 3 2 ~ 0 . 5 5 ) * ( 1 0 * ~ - 4 ) * { ( E 0 0 1 E ÷ - ) * * 2 I .  8/72 
R8 R ASSUMES REGEfl 8NPL IN COPPER AT 2GEV IS 22 MS. TO EVALUATE 11171 
R8 R FOR A GIVEN REGEN A~Pt AND ERROR, MULTIPLY BY IREGEN AMPL I22MB, * *2  I L / 7 |  
RE C CRIEGEE 66 REPLACED BY TODDROFF 67 11168 
RE K CRONINI 67 REPLACED BY KUNZ 68.  2/71 
RE 
R8 AVG 4.89  0.54 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.03 
R8 R2I BELOW GIVES (4.82÷-.5231-4. COMBINED AVG ( 4 . 8 5 ~ - . 3 7 1 E - 4 .  4182" 

R9 KOL INTO (PI+ PI-I/CHARGED (UNIT 10**-31 (PS)IIP2+PB÷P~) 
R9 0 45 {2.01 (0.63 CHRISTENS 64 OSPK ETA ÷-  = 1 .95~-0 .20  2176 
R9 0 54 ( 2 . 0 8 )  { 0 . 3 5 l  GALBRAITH 65 OSPK ETA +- = 1 .99÷-0 .16  2176  
R9 D 11.93) (0.261 8ASILE 66 OSPK ETA * -  = [.92÷-0.13 2176 
R9 O (1 .9~3 )  10.080) 8DTT-BOOE 66 DSP~ ETA * -  = I .DS÷-O.O4 2/76 
R9 M 4200 (2 .60 )  (O. OTI MESBNER 73 6SPK ETA +- = 2 .23÷ -0 .05  6/73 
R9 O OLD EXPERIMENTS EXCLUDED FROM F IT .  SEE SUBSECTION E÷- RELDW FOR 2/76 
R9 0 AVERAGE E~A÷- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2176  
R9 M FROM SAME ~ATA AS RZ7 MESSNER 73,BUT WITH DIFFERENT NORMALIZATICN. 6173 
R9 . . . . . . . . .  
R9 FIT 2.5B9 0 . 0 6 0  FROM FIT 



Stable Particles 
0 KL 

RIO KOL INTO (El MU NEUIIIPI E NEU) (P3 I / (PA I  
RlO 0.BI  0.19 ADAIR 64 HDC 6166 
RIO 0 .82  0 .10  DEBOUARO 67 OSPK L l / 6?  
RIO 273 0.7 012 HAWKINS 67 HBC 8 /67  
RIO 0.81 0.08 HOPKINS 67 HBC 8 /67  
RLO 770 0 .71  0 .05  BUDAGOV 68 HLEC 10/68  
RIO K [ 0 . 67 )  (O.  I 3 l  KULYUKINA 68 CE 3 /76  
RIO B 569 10.71) {0.04) BEILLIERE 60 HLBC 10169 
RLO 1309 (0 .6481  (0 ,030 ]  EVANS 6D HLBC REEL. BY EVANS 73 1/73 
RIO 3548 0.68 ODDS BASILE 70 OSPK 10/70 
RID 6700 0 ,761  0 .044  BRANOENBU 73 HBC 1 /74  
RIO 1309 0 .662  0.030 EVANS 73 HLBC 1/73  
RIO 1OK 0.662 0 .037  WILLIAMS 74 ASPK [0174  
RIO 33K 0.702 0 .011  CHO BO HBC 2/82* 
RIO K KULYUKINa 68 RIO IS NOT MEASURED INDEPENDENTLY FROM RB AND R4. 1/74 
RIO B BEILL{ERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUDAGDV 68 
RIO . . . . . . . . .  
RIO AVG O.700E 0.0093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.O) 
RIO FIT 0.700I 0.0092 FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1.01 

RLI KOL INTO (MU~MU-I/CHARGED {UNITS tO** -6 )  (P6)l{P2÷PB÷P4) 
Rtl ( lO0.OI  DR LESS ANIKINA 65 CC 6166 
RIE 1250.01 CR LESS CL=.90 ALFF-STEI 66 OSPK 9 /66  
RLI {2.0# CR LESS CL:.90 BOTT-BOOE 67 OSPK 8167 
RI1 {35.0) OR LESS CL=.90 EITCH 67 OSPK 3/68 

RI2 KOL INTO (El*  P I -  GAMMAIITDTAL {UNITS 10"*-3 )  (El01 
R12 115.0) OR LESS ANIKINA 65 CC 6 2 6 6  
RI2 0 15.01 OR LESS BELLDTTI 66 HLBC GAM RE 40-130 MV 8/67 
RI2 i {3 .0{  OR LESS NEFKENS 66 OSPK GAM KE 120 MEV 6/66 
R12 (0.4)  OR LESS CL=.90 THATCHER 68 OSPK GAH KE 20-170 MV 2171 
R12 (3.2} ~R LESS EL=.90 BOBISUT 74 HLBE GAM KE GT ~O MEV 12/75 
RI2 D 24 (0.0621 (0.021) DDNALDSE 74 SPEC tOIT4 
R12 (0.86) ER LESS ELf.90 WOO 74 SPEC 12/75 
RI2 H 516 (0.0156) (O.OOlb} CARROLL2 80 SPED ÷-OGAM KE GT 20 MEV L2180* 
RE2 J 546 |O.028gl (O.O02BI CARROLL2 80 SPEC +-0 I 2 /80 ,  
RI2 N1062  0.0441 0.0032 CARROLL2 8O SPEC +-OGAM KE GT 20 MEV 12/80" 
RI2 H D USES KOL TO PI+PI-PlO/ALL KDL DECAYS = 0.126 [0/74 
RI2 INTERNAL BREMSSTRAHLUNG COMPONENT ONLY. 12/80' 
RE2 J DIRECT GAMMA EMISSION COMPONENT ONLY* 12180* 
RI2 K BOTH COMPONENTS. USES ROt TO El÷El-RIO/ALL KOL DECAYS = 0 .1239  . 12180* 

RIB KOL INTO (E÷ E-l/CHARGED {UNITS 10"*-6) {P7 I / (P2~PB~P4 i  
R13 (EOOO.0) OR LESS ANIKINA 65 CC 6/66 

{ 200 .0 }  ER LESS CL=.go ALFF-STE| 66 OSPK 6 /66  R 13 
R13 (23.0I  DR LESS CL=.OO 80TT-BOOE 6T OSPK 8167 

R16 KOL INT~ (E MUI/CHARGED (UNITS 1 0 " * - 4 )  (PB) / (PE+P3÷P4)  
RI4 110.0) OR LESS ANIKINA 65 CC 6 / 6 6  
RI4  ( I .O I  OR LESS CL=.RO CARPENTER 66 OSPK 8 /66  
R[6 (O . I )  OR LESS CL=.DO BDTT-BOOE BT OSPK 8/67 
R14 0 .08  OR LESS CL=.gO FITCH 67 OSPK 3 /68  

RIB KOL INTO (E÷ P I -  NEUI / {E -  PI÷ NEUI 
RI5 0 97 { 0 . 90 )  {0 .181  NEAGU 6 1 C E  
R[5 0 { [ . 01 )  ( 0 . 16 )  LUERS 64 HBC 8166 
RI5 0 606 (0.DgJ {0.023) KULYUK|NA 66 CC 9/66 
RIB 0 1539 11 .06 l  ( 0 . 05 )  VERHEY 66 OSPK 8167 
RI5 0 LOW PREEISIDN EXPTS NOT AVERAGEO. FOR MORE PRECISE VALUE. 
RI5 O SEE SIBA2 IN THE CP VIOLATION SECTION BELOW. 

RI5 KOL INTO (MU÷ PI -  NEU)/(MU- El+ NEUI 
RIb IM 1 . 0 0 8 1  0 .0027  DORFAN 67 OSPK 11161 
RE6 SEE ALSO SI3A2 AND SI3AL IN THE EP VIOLATION SECTICN BELOW. 2171 

R17 KOL INTO (PlO PlO)/TOTAL (UNITS 10*=-31 (P i t )  
RE7 C 7 ( 1 .21  { 1 . 5 I  ( 1 . 2 ]  CRIEGEE 66 OSPK 7 /66  
RI7 E CRIEGEE EXPT NOT DESIGNEO TO MEASURE 2 PIO DELAY MODE 
R17 G 189 (2 .5 )  {O .B I  GAILLARD 69 OSPK E00=3 .6+ -0 .6  5169 
RI7 G LATEST RESULT DE THIS EXPERIMENT GIVEN BY FAISSNER 70 RE9 1/71 
R 17 ......... 
RI7 FIT 0 .98  0.19 FROM FIT 

RIB KOL INTO (3PIOI I (PI+PI-PIO) (P1 )F (PE)  
RIB 188 2 .0  0.6 ALEKSANYA 68 FBC 9186 
RIB 1010 1.8B D. 13 BUDAGOV 68 HLBC I0 /68  
RI8 883 ( [ . 65 l  {O. OTI BARNIN2 72 HLDC ERROR STAT. ONLY 3176 
R18 . . . . . . . . .  
R18 AVG L.BI O. L3 AVERAGE {ERRQR INCLUDES SCALE FACTOR OF 1.Ol 
R18 FIT 1 .T3  0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR DF 1.71 

Rt9 KOL INTO (2P IO) / { 3P IO I  {UNITS 10 " * -2 !  (P t I I / (PE )  
RIO C 109 (1 .801  [ 0 . 3 I I  ERONIN I 6T DSPK ETAO0=4.9÷-0 .5  8 /67  
R19 C {1.BE( (0.181 CRONIN 2 6T DSPN ETAO0=3.92÷-O.3 I I / 6T  
R19 C CRONIN2 IS FURTHER ANALYSIS OF CRON[N1 .NOW BOTH WITHDRAWN 1L/68 
R19 NO EVENTS SEEN BARTLETT 68 CSPK SEE EO0 BELOW I I / bB  
RL9 5T 0.46 0.1E BANNER 69 USPK ETAO0=2,2÷-0 .3  2 /T2  
RID R 133 ( l . 31 )  (O .3L I  CENDE 69 OSPK ETAO0=3 .7~O.5  L0 /69  
Rt9 29 0 .37  0.08 BARMIN 70 HLBC ETAO0=2.02÷-0.23 I2/TO 
RI9  30 0 .32  0. t 5  BUOAGOV 70 HLBC ETAO0= I . q~ -0 .5  10 /70  
RL9 F IT2 0.00 0.30 FAISSNER 70 OSPK ETAO0=3.2÷-0.5 12/70 
RI9 R 180 L.2E 0 .30  REY 76 ~SPK ETAO0=3.8~-0 .5  6176 
RI9 F FAISSNER 70 CCNTA|NS SAME 2P10 EVENTS AS GAILLARD 6R RE7 
RID R CENCE 6R EVENTS ARE INCLUDED [N REY T6. L/T7 
R 19 . . . . . . . . .  
RL9 AVG 0.437 0.092 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.61 
R19 FIT 0*437 D .085  FROM FIT (ERROR INCLUDES SCALE FACTOR OF [.ST 

(SEE IDEOGRAM BELOW I 

R20 KOL INTO JP I÷  P | - ) / (KE3  * KMU3{ {UNITS 10 " * -31  (PS I / (P3÷P41  
R 20 0 309 (2.E 1) (Oo 26) DEBOUARO 67 OSPK ETA~=2.00~-Oo09 2/76 
R20 0 525 ( 2 .35 }  ( 0 . 191  FITCH 6T OSPK ETAe- f f iL .q4+-O.08 2 /?6  
R20 2703 3 .04  O. I 4  OEVOE 77 SPEC ETA~=2 .25÷ -Oo05  I 1 / 77  
R20 G OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E÷- BELOW FOR 2/T6  
R20 Q AVERAGE ETA÷- DF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2/T6 
R 2O . . . . . . . . .  
R20 FIT 3.076 0.075 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L*OI 

82 

Data Card Listings 
For notation, see key at front of  Listings. 

WEIGHTED AVERAGE = 0 .437  ± 0 .092  

ERROR SCALED BY I 6 

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  ) s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  ac tua l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  values o f  x ,  6~,  
and scale factor, which are differ- 
ent from the values shown here. 

CHISQ 

I REY  76 OSPK 66  

/i~ I I . . . .  FAISSNER 70 OSPK 214  

. . . . . . . . .  BUDAGOV 7 0  HLBC 0 6 

. . . . . . . . . .  BARMIN 70 HLBC 0 7 

/ T ' ~  . . . . . . . . . .  NER 69  OSPK 1 0 . 4  0 l 0 

' (CONLEV 
--0 . ~ 0 , ~ I . ~ 2 l S =0 +03S ) 

KOL INTO (2P IO) / (BP IO)  ( 10 ' ' - 2 )  

R21 KOL INTO (2GANMA{ / I3  P{O! {UNITS EO**-31 (PO)F(P1)  
R2L L6 2.5 O.T ARNOLD 68 HLBC VACUUM OECAY 11/68 
R21 BANNER 60 IS NEW EXPT. NOT TO BE CDNF WITH R8 DE CRDNINI 67 2/72 
R21 LE5 2 *44  0 .68  BANNER 69 OSPK 11 /68  
R2L 28 2.15 0.43 BARMIN ? t  HLBC B /T [  
R2[ ......... 
R2L AVG 2.24 0.22 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R22 KOL INTO (MU÷NU-I/ (El*El I (UNITS IO*t-61 (PE)/{P5I 
R22 O 1140.1 OR LESS CL=o?O FDEIH 69 SPEC 5 /70  
R22 0 { [ 8 . I  DR LESS CL=.9O DARRIULAT 70 SPEC L[/7O 
R22 A 0 ( I .SBl  OR LESS CL=.90 CLARK 71SPEC 2/76 
R22 C 9 5.8 2.3 1.5 CARITHERS 73 SPEC 
RB2 F 3 4°2 5. I 2.6 FUKUSHIMA 76 SPEC 

2 /76  
2 /76  

R22 15 4.0 1.4 0.9 SH~HET 70 SPEC 7179 
R22 A CLARK 7L LIMIT RAISED FROM t . 2  E-Oh BY FIELD 74 REANAtYSIS. 2/76 
R22 A NOT IN AGREEMENT WITH SUBSEQUENT EXPTS. SO NOT AVERAGBD. 2116 
R22 E CARITHERS 73 ERRORS ARE AT CL=O.6B. W.CARITHERS. PRIV.COMM. I979. 2/76 
R22 F FUKUSHIMA 76 ERRORS ARE AT EL=90 PERCENT. 2/76 
R22 . . . . . . . .  

R22 AVG 4.4T 0.05 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R23 KOL INTO {E+ E- I / (P t÷P I - I  {UNITS IO* * -S I  {P71 / IPS )  
R23 0 (IO.O) OR LESS EL=.qO FOETH 69 ASPK 5/TO 
R23 0.10 OR LESS CL=.DO CLARK 71ASPK 6 / I t  

R28 KOL INTO (E MUI/ (PI~PI- I  (UNITS IO**-SI  ASPK {PB)I(PS) 
R24 A (O.IOl DR LESS EL=.90 CLARK TI  6/?1 
R28 A POSSIBLE (BUT UNKNOWN( SYSTEMATIC ERRORS. SEE NOTE A IN R22 ABOVE* 4/82" 

RZS KOL INTO (P IE  NEU GAMII(KL E31 (UNITS I0 " * -2 )  (PI21/(P3) 
R2S IO 3.3 2 .0  PEACH 71HLBC GAM KE GT IS  MEV 6 /71  

RE6 KOL INTO (PIO TWO GAMMASI/(3PIO) (UNITS tO=*-3) IP I3 I I (P l )  
R2b O [ * [  OR LESS CL=.9O BANNER 69 OSPK 2/T2 

R27 KOL INTO (P I+  P I - I / TAU  {UNITS 10 " * -21  (P5 | / (P2 ]  bIT3 
R27 4200 1.66 0.04 MESSNER 73 ASPK ETA ÷- = 2.23 6/73 
R2T . . . . . . . . .  
R2T FIT 1.635 0.065 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0l 

R2B KOL INTO (E+  E-  GAMMAI/TOTAL {UNITS 10=* -5 )  (P141 
R28 B 0 {2.71 OP LESS CL=.OO BARMINt 72 HLBC B/74  
R28 E 4 1 .74  0 .87  CARROLL| 80 SPEC ÷ -0  12/60= 
R28 B USES KOL 10 3PIO/TOTAL=O.214 . 
R28 C USES KOL TO P I+P I -P IO /ALL  KOL DECAYS = 0 ,1230  • [ 2180 " .  

R29 KOL INTD (MU÷ MU- GAMMAI/TOTAL {UNITS EOe'l~-6) (PLS) 12/T5 
R29 D IT .  E l i  DR LESS CL=.9O DONALDSB T4 SPEC 6177 
R29 E I 0 . 28  0 ,28  CARROLL[ BO SPEC ~ -0  12 /80 )  
R20 O USES KOL TO P I÷P I - -P IO IALL  KOL DECAYS = 0 .E26  . 6 / 77  
R29 C USES KOL TO P |+p I I p IO /ALL  KOL DECAYS 0.1239 . I21BO) 

R30 KOL INTO (MU+ NO- PIOilTOTAL (UNITS 10"*-51 (El6) 12/75 
R30 D (5 .66 l  DR LESS EL=.90  DONALDS3 74 SPEC 6477 
R30 D O 0 . [ 2  OR LESS EL=.90 CARROLL[ 80 SPEC L2/BO* 
R3O D USES NOL TO PI÷PI-PIOIALL MOL DECAYS = 0 .126  . 6/77 
R30 C USES KOL TO PI+PI-PIOIALL KOL DECAYS = 0. I239 . I2/BO* 

R31 KOL INTO {PI tPI-E÷E-)  /TOTAL {UNITS 10=*-6l (PETI 12176 
R3I  { 30 . )  OR LESS ANIKINA 73 STRC 3478 
RB1 0 B.8E DR LESS 0L= .90  DONALDSON 76 SPEC 6 /77  
R3I D USES KOL TO P I+P I -P IO /ALL  KOL DECAYS = 0o126 • 6 /7T  

R32 KOL INTO (PIO P I~  E-÷ NEUI/TOTAL (UNITS tO~-B I  |PlBi 12475 
R32 D 12 .2 (  OR LESS Ct= .9O OONALDS3 74 SPEC 6 /77  
R32 L6 0 .062  0 .020  CARROLL3 80 SPEC 9181 .  
R32 D DONALDSON3 T4 USES KOL TO P I÷P I -P IO /ALL  KOL DECAYS = 0 .126  . 6 / 77  

R33 KOL INTO (P l  NU ATOMI NEU/TOTAL {UNITS IO*~ -T (  (P I g l  6 / 77  
R33 18 SEEN COOMBES 76 WIRE 6 /77  

R38 KOL INTO (E÷ E-  PIOI /TDTAL {UNITS t 0 * * - 6 !  {P201 
R34 C O 2 .3  CR LESS EL=.90 EARROLLI 80 SPEE 12/80= 
RS4 C USES NOL TO P I÷P I - -P IO /ALL  KOL DECAYS = 0.  I 239  . I 2 / 80 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
o KL 

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION V[ B . I  AND MINI-REVIEW DN SLOPE PARAMETERS 
IN THE CHARGED K SECTION OF THE DATA CARD L IS I lNGS ABOVE 

MATRIX ELENEN1 SOU&RED = l + G~U • H*U*~2 + J*V • K=V**2 
WHERE U=[S3-SO)I(MP[e~21 AND V=(S[-SZJ/(MPI+~2] 

GTO LINEAR COEFFICIENT G FOR KL - ->  Pie P I -  PIO MATRIX ELEMENT SQUARED 
GTO Q 79 ( 0 , 5 5 ]  ( 0 . 2 3 )  ADAIR 64 HBC AV=--7,6 ÷- l .T  3/T1 
GTO Q 77 ( 0 .$1 )  ( 0 . 20 )  LUERS 66 HBC AV=-7 .3  +-  1 , 6  3 /71  
GTO D 66 ( 0 .32 ]  ( 0 . 13 )  AST8URYt 65 CC AV=-S.5  1 .5  3 /71  
GTO Q 310 (0 ,51 )  ( 0 . 09 )  AST8URY2 6S CE AV=- (7=3 + .6  - . 8 (  3171 
GTO Q 280 (0 .64 ]  (O.  IT)  ANIKINA 66 EC AV=-- (8 .2 • . 9  - 1 . 3 )  B/TL 
GTO Q 126 ( 0 . 7 0 )  ( 0 . 1 2 )  HAWKINS 66 HBC AV=-8 .6  ~ 0 *7  3 /7 [  
GTO Q [350  (0.649) (0=064 ]  HORKINS 6T HBC AT=-0.296 +-  ,018 10/69 
GTO Q I I 9B  (0 .428 ]  ( 0 , 055 )  NEFKENS 67 OSPK AU=-O.204 + -  ,02S 3 /7 [  
GTO 0 2RA6 (0 .400 I  [ 0 . 0~5 ]  BAS[LE2 68 OSRK AT=-0 .18B +-  .020  3/7E 
GTO Q 2VK (0 .6501  (0 .012 )  ALBROW 70 ASPK AY=-O .858+ - .O IS  1/Tg 
GTO QE 36K (0 *503 )  ( 0 . 0Z2 ]  BUCHANAN 70 SPEC AU=-0 .278  +-  . 010  2 /T6  
GTO 0 4400 (0 .664 )  ( 0 . 056 )  SMITH TO GSPK AT=-0 .306  • - 0 . 024  1/79 
GTO Q 180 [ 0 . 501  [ 0 . [ 1 (  JAMES 72 H8C 1 /73  
GTO Q 1486 (0 .60B ]  10 .B43)  KRENZ 72 HLBC AT=-O*ZTT ÷ -  . 018  1 [ / 72  
GTO Q 384 (0 .688 )  ( 0 . 0T4 )  METCALF 72 ASPK AT=-O.31 +-  .OS U /T2  
GEO Q (0 .612 )  { 0 . 032 )  ALEXANDER T3 HBC 2176 
GTO Q 3200 (0.731 (0.04) RRANDENBU 73 HBC 1 /76  
GTO DC 20K (0,6[g)  (0.027) BISI T4 ASPK AT=-0*282 +- .DZ[ [G/74 
GTO 507K 3 .67T  0 .010  MESSNER T6 ASOK AY=-0 .917 • - . 015  7/75 
GTO Q 192 (0 .69 (  ( 0 . 0T }  BALDOCEOL 75 HL8C [ 2 /75  
GTO Q 56K (0 .5R0 )  ( 0 . 022 (  RUCHANAN TS SPEC AU=-O,2TT + -  .010  7#75 
GTO H649g 0.68[ 0.0Z4 CHD T7 HOC 1L/T7 
GTO 4709 0 .620  0 .023  PEACH 7T HEC l l / T7  
GTO Q QUADRATIC DEFENDENCE REQOIRED BY SOME EXPERIMENTS (SEE SECTIONS 
GTO Q HTO AND KTO BELOWI. CORRELATIONS PREVENT US FROM AVERAGING RESULTS 
GTO Q OF FITS NOT INCLUO[NG G, H, ANO K TERMS. 
GTO B BUCHANAN 70 RESULT REVISED BY 8UEHANAN 75 TO INGLUCE RADIATIVE COR, 2 /76  
GTO B AND TO USE MERE RELIA8LE KL MOM.SPECT. OF 2NO EXPT.(HAD SAME BEAM(, 2/76 
GTO C 8 [S [  T6 VALUE COMES FROM QUADRATIC FIT WITH QUAD. TERM CONSISTENT I I / 75  
GTO C WITH ZERO. GTO ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED. LI/7S 
GTO . . . . . . . . .  
GTO AVG 0*670 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.61 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE - 0 . 670  ± 0 ,014  

ERROR SCALED BY 16  

- - -PEACH 

- - - C H O  

SNER 

055  0+60  0 .65  . 70  0 .75  

TAU 0 SLOPE PARAMETER FOR KOL 

CHISQ 

77  HBC 4 .  7 

77  HBC 0 . 2 

74  ASPK 0 5 

(CONLEV 
0 .60  =0 .066 )  

HTO QUADRATIC EOEFF. H FOR KL - ->  P I +  PI -  RIO MATRIX ELEMENT SQUAREU 
HTO Q 29K (-O.OZ[) (O,OZB] ALBROW TO ASPK 1/79 
HTO Q 4600 (O. OABI 10 .052 ]  SMITH TO OSPK 1179 
HTO 509K O,DT9 0 ,00T MESSNER 74 ASRK 3 /78  
HTO 6699 0 ,09S 0 .032  CHO 77 HBC 3178 
HTO 4709 0 ,048  0 .036  PEACH 77 HBC 3178 
HTO SEE NOTES IN SECTION GTO ABOVE. 1 /79  
HTO . . . . . . . . .  
HTO AVG 0 .0T86  0 .0067  AVERAGE (ERROR [NELUDES SCALE FACTOR OF Z.O( 

NTO QUADRATIC COEFF. K FOR KL - ->  Pie P I -  PIO MATRIX ELEMENT SQUARED 
KTO S09K 0 .009T  0 .0018  NESSNER T~ ASPK 3 /T8  
KTO 6699 0 .024  0 .010  CHO TT HRC 3/T8 
KTO 6T09 -0 .008  0 .012 PEACH TT H8C 3 /78  
KTO . . . . . . . . .  
KT0 AVG 0.0098 0.0018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0) 

JTO LINEAR COEFF. J FOR KL - -> PI÷ P I -  RIO IS LISTED UNDER CP VIOLATI(~ 11T9 
JTO PARAMETERS 1N KOL DECAYS. 1 /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[B KOL FORH FACTORS 

RELATED TEXT SECTION V[ 8.2 AND MINI-REVIEW ON FORH FACTORS 
IN THE CHARGE8 K SECTION OF THE DATA EARO LISTINGS ABOVE. 

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED. 
F ~  AND F -  ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT. 
FS ANO FT REFER TO THE SCALAR ANO TENSOR TERM. 
FO = (F~]  • (F - I *T / {MK*~2 -MP[ * *2 )  
L + ,  L -  ANO LO ARE THE LINEAR EXPANSION COEFFS. OF Fe, F- AND FO. 
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS. 
DX I IDL  IS THE CORRELATION BETWEEN x [ ( o )  AND L •  IN KMU3. 
DLO/DL• IS THE CORRELATION BETWEEN LO ANO L+ IN KMUB. 
T = MOMENTUM TRANSFER TO THE P[ IN UNITS OF MP[~2. 
DP = DALITZ PLOT ANALYSIS 
P] P( SPECTRUM ANALYSIS 
MU = HU SPECTRUM ANALYSIS 
ROL= MU POLARIZATION ANALYSIS 
BR = KMUS/KEB 8RANCHING RATIO ANALYSIS 
~C = POSITRON OR ELECTRON SPECTRUM ANALYSIS 

RADIATIVE CORRECTIONS 

XIA X l k  = F - IF+  (DETERMINED FROM SRECTRA) . . . . . . . . . . . . . . . . . . . . . .  
X IA  A1361 +L .2  (O.  BI CARPENTER 66 OSPK DP, DX I /OL - - [ 8  1176 
XIA B 3140 ( - 5 . 0 )  ( 0 . 6 (  8ASILE 70 OSPK GP+ INDEP OF L+ 1176 
X IA  C 16K ( - 0 . 68 )  ( 0 . | 2 ]  ( 0 . 20 )  CHIEN 70 ASPK OP, DX I IOL= -26  l I T6  
X IA  D9086 - I ,S  O,T ALBROW 72 ASPK OPe OX I IDL= -28  I I TR  
X IA  C 16K (+0 .50 )  ( 0 . 61 )  DALLY 72 ASPK BPe OXI IOL  UNKN, 1 /16  
X IA  E[385 -1 .DO (0 .65 )  PEACH 73 HLBC OR. OXI IDL=-2O 1174 
X IA  F I .AM -0 .11  O. 07 DONALDS2 76 SPEC OP, OX I /OL= - IT  11 /70  
XIA G 32K -0.25 0.22 BUCHANAN 75 SPEC DR, DXIIDL=-5.9 2176 
XIA H 16K +0 .13  0 .23  H ILL  79 SIRE DR, OX I /OL - -20  6182 "  
XIA H 16K ÷0,26 0.16 CHO BO HBC OR, OXI/DL=-I3 6/82* 
XIA  1150K -0 .10  0 .09  8IRULEV 81SPEC OP, DX I /DL= -12  4 /821  
XIA . . . . . . . . .  
XIA AVG -B.OT6 0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .2 )  
X IA  FIT - 0 . 1 I  O. Og FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 2 ,3 )  SI82" 

XIA FIT O[SCUSSED IN  NOTE ON KL3 FORM FACTORS IN K~  SEE. OF DATA CDS. 
X IA  A CARPENTER 66 X I (D I  IS FOR L+=O. DX I IOL  1S FROM F IG .  0 .  ] l i e  
X [A  fi BASILE TO IS INCOMPATIBLE HITH ALL OTHER RESULTS. AUTHORS SUGGEST l l T6  
XIA B THAT EFFICIENCY ESTIMATES MIGHT 8E RESPONSIBLE. [17R 
XIA C EHIEN 70 ERRORS ARE STATISTICAL ONLY. OXIlOL FROM FIG.A. I ITA 
XIA C DALLY 72 IS J REANALYSIS OF CHIEN TO, THE DALLY T2 RESULT IS 1/76 
XIA C NOT COMPATIBLE WITH ASSUMPTION L-=O SO NOT INCLUDED IN OUR FIT, 2116 
XIA C THE NON-ZERO L -  VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY 1 /76  
XIA C DALLY 72 COME MAINLY FROM A SINGLE LOW T BIN (F IGS . [ , 2 ) .  1116 

1 / 7 6  XIA C THE (F • ,X I )  CORRELATION WAS IGNORED. 
XIA C WE ESTIMATE FROM FIG. 2 THAT FIXING L-=O WOULD GIVE XIIO)=-I.A+-O.B 1116 
XIA C AND WOULD ADD tO TO CHI SQUARED. DXI/OL IS NOT GIVEN. 1176 
XIA O ALBROW 72 FIT HAS L- FREEI GETS L-=-.OBO+-.O60 OR LAM=+. IS+. IT- , I I ,  1/76 
XIA E PEACH T3 GIVES XI0=-.95÷-.65 FOR L÷=L-=.025 • THE ABOVE VALUE IS 1174 
XIA E FOR L-=O. K.PEACH, PRIVATE COHMUNIDATION(IgT61. 117~ 
XIA F DONALDSON2 76 GIVES X I= - . I I + - . 02  NOT INCLUDING SYSTEMATICS. ABOVE 11/75 
XIA F ERROR AND DXI/DL WERE CALCULATED BY US FROM LO AND L÷ ERRORS (WHICH 11175 
X IA  F INCLUDE SYSTEMATICS) AND DLOIDL+. 11175 
X IA  G BUCHANAN TS IS CALCULATED BY US FROM LOv Le AND OLO/OL+ BECAUSE 2 /76  
XIA G THEIR APPENDIX A VALUE - . 20+ -22  ASSUMES X I (T (  CONSTANTI I .E .  L -=L+ .  2 / 76  
X IA  H H ILL  79 AND CHO 80 CALCULATED BY US FROM LO, Let  AND OL01BL+. 6 / 82=  
XIA I 8IRULEV 81 ERROR, DXI/OL CALC, BY US FROM LO, L• .  OLOlDL+=O USED. 9/82* 

XIB X I8  = F - /F÷  (DETERMINED FROM KMUB/KEB) . . . . . . . . . . . . . . . . . . . . . .  
Xl8 THE KNUBIKE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI(O] 1176 
X IB AND L+. WE GL~TE THE AUTHORS Xl(O) AND ASSOCIATED L+ BUT 00 NOT I /T6 
XIB AVERAGE BECAUSE THE L+ VALUES DIFFER. THE F IT  RESULT AND SCALE 1 /76  
XIB FACTOR GIVEN IN THE NOTE ON KL3 FORM FACTORS IN THE K~  SECTION OF 2 /76  
X I8  THE DATA CARDS ARE NOT OBTAINED FROM THESE X IB  VALUES. INSTEAD 2176 
XlB THEY ARE E8TAINED DIRECTLY FROM THE AUTHORS KNU3/KE3 BRANCHING 2/76 
XIB RATIO VIA THE FITTED KMUBIKE3 RBTIO (RIO). 2176 
XIB 389 (+[ .E)  ( I . 1 )  ADAIR 64 HBC BR, L+=O 1/16 
XI8 (+0.66( (0 .9 l  (1,3}  LUERS 66 HBC BR, L+=O 1 /76  
XIB (+0.2) (0 .8)  ( I . 2 l  KULYUKINA 68 EC 8R, L+=O [ / 76  
XIB 569 ( • 0 . 45 l  ( 0 . 28 )  5EILL IERE 60 HLBC BRt L+=D I17A  
X I8  E 1309 ( - 0 . 22 l  ( 0 . 50 ]  EVANS be HLBC 1176 
XIB 3S68 ( - 0 . 5 )  (O .S ]  BASILE 70 OSPK BR, L+= .02  1 /76  
XIE 6700 (0,5)  (0 .6 ]  8RANOENBU 70 H8C EReL+=.O[9+-.O[3 1/76 
XIB EIB09 ( - 0 . 08 ]  ( 0 . 2S )  EVANS 75 HLBC BR, L+=.O2 1176 
XIB . . . . . . . . . .  
XI8 FIT -O . i [  O. Oq FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5182" 

x I8  FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K~  SEE. OF DATA COS. 
XIB E EVANS 73 REPLACES EVANS 69. 1/76 

XIC XlC = F-IF+ {CETERMINED FROM MU POLARIZATION IN KMU3) . . . . . . . . . . .  
XIC THE MU POLARIZATION IS A MEASURE OF X I IT ) .  NO ASSUMPTIONS ON L+- 
XIC NECESSARY, T (WEIGHTED BY SENSITIVITY TO XlO( SHOULD BE SPECIFIED, 
XIC IN L+,XI(O] PARAMETERIZATION THIS IS Xl(Ol FOR L+=O. DXIIOL=XItT. 
XIC FOR RAO. CORR. TO MUON POLARIZATION IN KMUB, SEE GINSBERG 73,  2 /TZ 
XIC T 2608 ( -1 .2 )  (0.51 AUER8ACH 66 OSPK POLARIZATION 8 /67  
XIC T L 6BE ( - 1 , 6 )  ( 0 . 51  ABRAMS 68 DSPK POLARIZATION 5 /69  
XIC -1 .81  0 .$0  0 ,26  LONGD 6R CNTR POL. T=3=3 1 /76  
XIC SZ,2M -0 .385  O. IOS SANOWEISS T3 CNTR POL,OXI10L=-6  C/T6 
XIC H2OTK •0 .178  0 .105  CLARK 77 SPED POL,OX[ /DL=+.68 I l l l T  
xIC . . . . . . . . .  
XIC AVG -0 .17  0 ,28  AVERAGE (ERROR 1NCLUDES SCALE FACTOR OF 3 .9 )  
X l [  FIE -O,ZI 0.09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.31 5182e 

XIE FIT DISCUSS ED IN NOTE ON KLB FORM FACTORS IN K+- SEE. OF DATA COS. 
XIC T L T VALUE NOT GIVEN. I /T6 
XlC LONGO 69 1=3.3 CALC, FROM DXI/DL=-6.0 (TABLE l ]  DIVIDED BY X I= - l .B I  1 /76  
X[C S SANDNEISS 73 IS FOR L+=O AND T-O. l i T6  
XIC H CLARK 77 1=+3 .80  OX I /DL=X I (T ) *T= .178*3 *BO=+ .68  • 11 /77  

IX l  IMAGINARY PART OF XI (TEST OF T REVERSAL] . . . . . . . . . . . . . . .  
IXI  -0 .2  O. 6 ABRAMS 68 OSPK POLARIZATION 10/69  
IXI  -0 .02  O. OB LONGO 69 CNTR POL. T=3.3 [ [ 169  
IX I  2 . 2M  -0.060 0.065 SANDWEISS 73 CNTR POLL T=O 1176 
IX I  S2.2M -0 .085  0 ,066  SANDWEISS 73 CNTR POL,T=O 12179 
[X I  C2OTK 0 .35  O*BO CLARK TT SPEC POLl T=O 11177 
IX[ (0.012) (0,026) SCHMIDT 79 CNTR REPL,BY MORSE 80 I217R 
IXI  12M 0.009 0.030 MORSE 80 ENTR POLARIZATION I0 /81"  
[X I  S SANOWEISS 73 VALUE CORRECTED FROM VALUE QUOTED IN THEIR PAPER DUE 121T9 
]X I  S TO NEW VALUE OF RE(X I ) .  SEE FTNOTE 6 OF SCHMIDT 79 ,  12 /79  
IX l  C CLARK 77 VALUE HAS ADDITIONAL XIO DEPENDENCE +O. B IORE(X IO ] *  ( I / I T  
IX (  . . . . . .  
IX I  AVG -O,O20" " 0 .022  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

L÷M LAMBDA + (LINEAR ENERGY OEPENOENCE OF F +  IN KMU3 DECAY] . . . . . . . . .  
L÷M SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION XIA AND LO, 
L•M FOR RAD.COR, OF KMUO DP SEE GINSBURG TO AND 8ECHERRAWY TO. B176 
L•M 16K 10 .07 )  10 .02 )  CHIEN 70 ASPK REPL. BV DALLY 72 I / TA  
L+M A9086 0 .085  O.OE5 ALBROW 72 ASPK DP 1 /7A 
L+M I6K (0 . l iB  10 .06 )  DALLY 72 ASPK DP 1 /16  
L+N 82K 10.046] (0.008) ALSREEHT 76 WIRE REPL. 8Y BIRULEV 81 11/75 
L+M 1.6M O. O30 0 .003  DONALDS2 76 SPEE DP [O I7A  
L+M 3BK O. OA6 0 ,080  BUCHANAN 75 SPED DR 9 /75  
L•M IBRK  (0 .0337 )  ( 0 , 0035 ]  DZHOROZHA 77 SPED REPL. BY BIRULEV 81 [2179 
L+M I6K 0.028 O. OI |  HILL 79 STRC OR 12179 
L+N 16K 0 .028  0,010 CHO BO HBC DP 2/821 
L+M 150K 0 .0627  0 .0066  BIRULEV 81 SPED DP 1 /82 "  
L÷M . . . . . . . . .  
L÷M AVG 0 .0347  0 ,0069  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2=1) 
L•M FIT 0 .036  0 .005  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2 .3 )  5182"  

L+M FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K~  SEE. OF DATA CDS. 
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Data Card Listings 
For notation, see key at front of  Listings. 

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO TN KMU30ECAY) . . . . . . . . . .  
LO WHEREVER POSSIBLE, WE HAVE CONVERTEO THE ABOVE VALUES OF x [ (O l  INTO 
LO VALUES OF LO USING THE ASSOCIATED L+M AND DXI/DL. 
LO L I371 ~0.08 (0 .07 }  CARPENTER 66 OSPK DP,DLO/OL+=-0.54 
LO L B - 0 .140  ( 0 . 043 )  (O.022}LDNGO 69 CNTR POL.OLO/DL~=*.~9 
LO 3140 ( - 0 . 3 3 3 )  (0.0341 
LO A C 9086 -0.O43 0.052 
LO 16K ( -0 .067 )  I 0 . 227 )  
LO R 6700 (+0.081 (0 .08 )  
L O P  1885 - 0 . 0 6 0  (0 .038 )  
LO L 2.2M -0 .018  (0 .009 )  
LO 82K (+0 .024)  ( 0 . 0 1 [ )  
LO E 1.5M +0.019 0.004 
LO F 32K +0.025 O.Olg 
LO L 207K +0.047 (0.0091 
LO 47K (+0.0485)  (0 .0076)  
LO 16K +0.039 0.010 
LO 14K +0.050 0.008 
L O G  E4K (0 .061 )  (0.0081 
LO H 1 5 D R  0.0341 0.0067 

BASILE TO OSPK DP,OLOIDt+=+I. 
ALBROW ?2 ASPK OP,OLO/DI+=-I.39 
DALLY 72 ASPK OP.DLO/UL+ UNKN* 
BRANDENBU 73 HEC BR,L+=.OIq+-.O|3 
PEACH 73 HLEC DP,DLO/DL÷=-O.71 
SANDWEISS 73 CNTR PQL,DL01DL+=+.89 
ALBRECHT 74 WIRE REPL. BY B[RULEV 81 
DONALOS2 74 SPEC DP,DLO/OL+=-0.47 
BUCHANAN 7E SPEC DP.DLO/OL+=÷O.5 
CLAR~ 77 SPEC POL,OLO/DL~=I.0b 
DZHOROZHA 77 SPEC REPL. 8Y BIRULEV 81 
HILL 79 STRC DP,DLO/DL*=-0.87 
CHO 80 HBC DP,DLOZDL+=-O.11 
CHO 80 HBC BR, L+=O.OB8 
BIRULEV 81SPEC Da. OtO/DL÷=? 

LO 
LO AVG 0.0279 D.0057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9)  
CO FIT 0.025 0.006 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2,31 

LO FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K~-- SEE. OF DATA COS. 
LO L LO VALUE IS FOR L+=O.O3 CALCULATED BY US FROM XIO AND OXI/DL.  
LO B BASILE 70 LO IS FDR L*=0. CALCULATED BY US FROM X[A WITH OXIIDL=D. 
LO B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 
LO B THAT EFFICIENCY ESTIMATEB MIGHT BE RESPONSIBLE. 
LO A ALBROW 78 LO IS CALCULATED BY US FROM XIA,L+ AND DX[1DL. THEY GIVE 
LO A L0=- .043+- .039 FOR L-=O. WE USE OUR LARGER CALCULATED ERROR. 
LO C DALLY 72 GIVES F0=1.20+- .35,  L0=- .080+- .272 ,  LOPRIME=-.OD6+-.085, 
LO C BUT WIIH A DIFFERENI DEFINITION OF LD. OUR QUOTED LO IS HIS LO/FO. 
LO C WE CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (LO,EO) CORRELATIONS. 
LO C SEE ALSO NOTE C IN SECTION XIA.  
LD P PEACH 73 ASSUMES L+=D.025. CALCULATED BY US FROM XIO AND DXIOlDL*. 
LO R FIT FO~ LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 
LO R KMU31KE3 RESULT FROM THIS EXPERIMENT. 
LO E DONALDSON2 74 DLOlDL+ OBTAINED FROM FIG. 18. 
LO F BUCHANAN 78 VALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 
LO F DLOlDL+ WAS OBTAINED BY PRIVATE COMMUNICATION. C.BUCHANAN, I976 .  
LO G CHO 80 BR RESULT NOT INDEPENDENT OF THEIR DP RESULT. 
L0 H BIRL~EV BI GIVE S DLOIDL+=-I.St GIVING AN UNREASONABLY NARROW ERROR 
LO H ELLIPSE WHICH DOMINATES ALL OTHER RESULIS. WE USE DLOZDL+=O. 

L+E tAMBDA + (LINEAR ENERGY DEPENDENCE OF F÷ IN KO E3 DECAY) . . . . . .  
L+E FOR PAD.COP. OF KE3 DP SEE GINSBURG 67 AND BEEHERRAWY TO. 
L+E 153 +0.07 0.06 LUERS 64 HBC DP, NO RC 
L+E 577 +0.15 0.08 FISHER 65 OSPK DR, NO RC 
L+E 762 -0 .01  0.02 FIRESTONE 67 HBC DR, NO RE 
L+E 531 + O . O I  0.015 KADYK 67 HBE E, PI .  NO RC 
L+E 240 +0.08 O. 10 0.08 LOWYS 67 FBC Pl 
L+E TO00 0.02 0.013 ARONSON 68 OSPK Pl 
L+E 4800 +0.023 0.012 8ASILE 68 DSPK OP, NO RC 
L*E 42K 0.023 0.005 BISI  TI ASPK OP 
L+E I6K O. O5 O. OI CHIEN 71ASPK DR, NO RC 
L+E 1910 0.022 0.014 NEUHOFER 72 ASPK PI 
L+E 8600 0.045 0.014 ALBROW 73 ASPK OP 
L+E 1871 0.019 0.013 BRANDENBU 73 HBC Pl TRANSV. 
L+E 2171 0.040 0.018 WANG 74 OSPX DP 
L+E 25K 0.0270 0.0028 BLUMENTHA 75 SPEC DP 
L+E 24K 0.044 0.006 BUCHANAN 75 SPEC OP 
L+E 4BK (0.0321 (0 .0042]  BIRULEV 76 SPEC REPL. BY 8[RULEV 81 
L+E 500K 0.0312 O.OO25 GJESOAL 76 SPEC DP 
L+E E IZK 0.025 O. OO5 ENGLER 78 HBC DP 
L+E L8K 0.0848 0.0044 HILL 78 STRC DP 
L+E 26K (0.07861 10.0049) BIRULEV 79 SPEC REPL. BY BIRULEV 81 
L+E E I9K I 0 . 029 I  (O. OOOl CHO 80 HBC DP 
L÷E 74K 0,0306 0 . 0 0 3 4  BIRULEV 81 SPEE DP 
L+E E ENGLER 78 USES UNIQUE KE3 SUBSET OF CHO 80 EVENTS AND 1S LESS 
L+E E SUBJECT TO SYSTEMATIC EFFECTS. 
L+E . . . . . . . . .  
L+E AVG 0.0300 O.OOI6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

(SEE IDEOGRAM BELOW I 

W E I G H T E D  AVERAGE = 0 . 0 3 0 0  ± 0 . 0 0 1 6  

ERROR SCALED BY 1 . 2  

i C H I S Q  • B IRULEV 81 SPEC ~ 0  

H I L L  7B STRC 1 . 2  
-ENGLER 78 HBC 1 . 0  
C J E S D A L  76 SPEC 0 2  
- B U C H A N A N  75 SPEC B , 4  
• B L U M E N T H A  75  SREC 1 1  
-WANG 74 OSPK 0 7  

. . . . . . . .  BRANDENBU 73 HBC 0 . 7  
. . . . . . . . . .  ALBROW 73 ASPK 1 . 1  

. . . . . . . . . .  NEUHOFER 72 ASPK O 3 

. . . . . . . . .  CHIEN 71 ASPK 4 0  
~ I  . . . . . . . . . . . .  B lS [  71 ASPK 2 .0  

- ~  . . . . . . . . . . .  BAS ILE  68  OSPK 0 ,3  
. . . . . . . . . .  ARONSON 68 OSPK 0 .6  

. . . .  LOWYS 67 FBC 

. . . .  KADYK 67 HBC 1 . 8  
. . . . . . . .  F IRESTONE 67 HBC 

• "F ISHER 65  OSPK 
- -  . L U E R S  6 4  HBC 

2 0 . 6  
- 0  ? 0 . 0  0 .  1 0 . 2  O 3 0 4  ( C O N L E V  

L A M B D A +  FOR KE3 DECAY OF KOL = 0 . 1 1 2 )  
FS FSIF÷ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAYIABS. VALUEI . . . .  
FS ( 0 . 1 5 )  OR LESS CL=.6B NULYUKINA 67 CC 10188 
FS 5600 ( 0 . 1 9 )  ER LESS EL=.95 ALBROW 73 ASRK 8178 
FS 25K (O.O4l OR LESS CL=.6B BLUMENTHA 75 SPEC 7V75 
FS 48K (0 .07 ]  OR LESS CL=.6B BIRULEV 76 SPEC SEE ALSO BIRULEV Bl [ / 78  
FS 18K (O.095IOR LESS EL=.95 HILL 78 STRC 6/78 

FT FT/F+ RATIO CF TENSOR TO F+ COUPLINGS FOR KE3 DECAYIABS. VALUEI - - - -  
FT ( I . O )  CR LESS CL=.68 KULYUKINA 67 CC 10169 
FT 5600 ( I . O I  OR LESS EL=.95 ALBRON 73 ASPK 9/73 
FT 25K 10.23) DR LESS EL=.68 8LUMENTHA 75 SPEC 7/75 
FT ~8K I 0 . 34 I  CR LESS CL=.68 BIRULEV 76 SPEC SEE ALSO 8IRULEV 81 1/78 
FT IBK (0.401 OR LESS EL=.95 HILL 78 STRC 6178 

FTM FT/F* RATIO OF TENSOR TD F+ COUPLINGS FOR KMU3 DECAY(ABS. VALUEI- - -  
FTM (0 .12)  ( 0 .  I2)  81RULEV 8I SPEC 2 /82*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1/74 
1/74 
1/74 
1174 
1/74 
1174 
I / 7q  
I I 7 4  
I I 7 4  
1/74 
1/74 
2 /76 
2/76 

11175 
2176 
2176 
4182" 
4182" 
4182~ 

3/74 

8/67 
8167 
8/67 
8/67 
5/69 
O16B 

12171 
61Z[ 
1/73 
9/73 
1174 
7/74 
7175 
7/75 
1178 
1 1 7 1  
7/79 
6/78 

10181* 
2182.  
1 / 8 2 .  
2 / 8 2 *  
2 / 8 2 .  

13 CP V I O L A T I O N  PARAMETERS IN KOL DECAYS 

RELATED TEXI  SECFION V[ B . 3  AND M I N I - R E V I E W  BELOW 
1 / 7 4  
1/74 . . . . . . . . . . . . . . . . .  13 CHARGE ASYMMETRY IN TAU DECAYS . . . . . . . . . . . . . . . . . . . .  
1/74 
1/74 JTO COEFF nF IERM (S1-S2) I IWPI2)  IN MATRIX ELEMENT DEFINED &T BEGINNING 
1/74 JTO OF SECTION DTO ABOVE. SEE ALSO MINIREVIEW ON SLOPE PARAMETER5 IN 
1/74 JTO CHGD K SECTION AND TEXT SIC. V l  B . [ .  THIS SECTION REPLACES CHARGE 
1174 JTD ASYMMETRY PARAMETER SECTION(A) IN THE 1978 AND EARLIER EDITIONS. 
1174 JTO 2 3 8 K  O. OOI O. OO4 BLANPIED 88 i179 

I I / 75  JTO 3M O.DOt3 0.0009 SERIBANO 70 IIZ9 
10174 JTO 4400 0.0 0.017 SMITH 70 OSPK I179 
B176 JTO 6499 0.001 0.011 CHO 77 I179 

I [ 177  JTO R709 -0 .001  0.003 PEACH 77 }/78 
[ 2 / 7 9  JTO . . . . . . . . .  
12179 JTO AVG O.DOI[O 0.00084 AVERAGE IERROR INCLUOES SCALE FACTOR OF 1.0) 
2/B2~ 
2182. . . . . . . . . . . . . . . . . . .  13 CHARGE ASYMMETRY IN LEPTONIC DECAYS (PEREENTI . . . . . .  
41BZ* TEXT SECTIOM VI B.3 C 

SUEH ASY~MEIRY VIOLATES EP • IT IS RELATED TO REALIEPSILONI. 
5182~ 

AL KOL INTO (MU+PI-NUI-IMU-P[+NU)I(MU+PI-NUI+IMU-PI÷NU) (PERCENT) 
&i D IM (0 .403)  I0 .10~}  DORFAN 67 OSPK DERIVED FROR RIG 11/67 
A[ 0 IM 0.57 0.17 PACIOTTI 69 OSPK 1/73 
At 7.7M 0.278 0.051 PICCIDNI 72 ASPK 1/73 
A[ 4 . IM 0.60 0.14 MCCARTHY 73 CNTR 6/73 
A[ ISM 0 .0 [3  0.029 GEWENIGI 74 ASPK 7/74 
A[ D PACIOTTI E9 IS A REANALYSIS OF DORFAN 67 AND IS CORRECTED FOR 1/73 
A [D  MU+ MU- RANGE DIFFERENCE IN MCCARTHY 72. 1/73 
At . . . . . . . . .  
AI AVG 0.319 0.038 AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1.81 

(SEE IDEOGRAH BELOW I 

WEIGHTED AVERAGE = 0 . 3 1 9  ± 0 . 0 3 8  

ERROR SCALED BY 1 . 5  

CHISQ 

. . . .  GEWEN[G1 74  ASPK O 0  

. .MCCARTHY 73  CNTR 4 . 0  

PICCIONI  72 ASPK 0 ,6  

RACIOTT I  69  OSPK 

4 .7  

. . . .  (CONLEV 
0 . 0  0 2  0 . 4  0 . 6  O B 1 0  = 0 . 0 9 ¢ )  

CHARGE ASYMMETRY FOR KL - - >  MU P [  NU 

AB KOL INTO (E+PI -NUI - IE-PI+NU) I (E+PI -NU)÷(E-PI+NU)  (PERCENT) 
A2 8 IOM (0 .224 )  ( 0 . 036 )  BENNETT 67 CNTR 11/67 
A2 B TOM 0.246 O, OB9 SAAL 69 CNIR [Ol7O 
AE TOM 0.346 0.033 MARX 70 CNTR [0170 
A2 600K 0 .36  0.18 ASHFORD 72 ASPK 2/72 
A2 40M O.Bt8 0.038 FITCH 73 ASPK 12/73 
A2 34M 0.36 !  0.018 GEWENIGE 74 ASPK 7174 
A2 B SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 . . . . . . . . .  
A2 AVG 0.333 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OJ 

At KOL INTO I I L * ) - I L - ) } / ( I L * ) + I L - ) )  (COMBINED AE AND A2) (PERCENTI 
AL B tOM 0.246 0.059 EAAL 89 CNTR KE3 2/71 
AL O [M 0.57 0.17 PACIOTTI 6g DSPK KMU3 1173 
AL tOM 0.346 0.033 MARX 70 CNTR KE3 2171 
AL BOOK 0.36 O. lB ASHEORD 78 ASPK RE3 2/72 
AL 7.7M 0.8T8 0.051 PICCIONI 78 ASPK KMU3 1/73 
AL 4OM 0.318 0.038 FITCH 73 ASPK KEG 12173 
AL 4 . IM  0 .60  0. I4 MCCARTHY 78 CNTR KMU3 6/73 
AL 33M 0.333 0.0S0 WILLIAMS 73 ASPK KMU3÷KEO I2 /73  
AL [SM 0.313 0.029 GEWENIDt 74 ASPK KMU8 7/74 
AL 34M 0.381 0.018 GEWEN[GI 74 ASPK KE3 7/74 
AL SEE FOOTNOTES IN SECTIONS A[ AND A2 ABOVE. 1173 
AL 
AL AVG 0.030 0,012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O I  

~3 PARAMETERS FOR KOL INTO 8PI DECAY . . . . . . . . . . . . . . . .  
TEXT SECTION VI B.3 

ETA+- = A(KL TO P I ÷ P I - I / A ( K S  TO PI+P I - )  
ETAOO AIKL TO PIOPIOIIA(KS TO PIOPIOI 

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELDW ARE THE RESULTS 
OF A FIT TO ETA+-, ETAOO AND ETAOOIETA+- RESULTS. THE VALUES LISTED 
BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE 
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X DO NOT ENTER 
THE F I I  AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER 
THE FIT VIA THE QUANTITY ACTUALLY MEASURED - -  BRANCHING RATIOS 
R9, R2O AND R27 (ETA~) AND PIT AND R19 (ETAOO(. THESE 8RANOH[NG 
RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT KL AND KS 
MEAN LIVES TO OBTAIN PI PI RATES. THE ETA+- AND ETAOO VALUES OBTAINED 
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME 'GKLIGKS'.  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
K 

EOS (ETAOO)**2 = (A(KL TO 2PIOI/A(XS TO 2PIOIISw'2 (UNITS EO**-B) - - -  
LOS X 0 ( - 2 . 1  (T .  OI BARTLETT 68 OSPK 10169 
LOS X 57 {6o9)  ( 1. Z) BANNER 69 OSPK 2/T2 
LOS XR 133 ( l k , . l )  ( 3 . 6 )  CENCE 69 OSPK 10/69 
FOB XF 180 { 1 3 . |  ( 6 .  I GAILLARO G9 OSPK 10/69 
LOS x 29 ( 4 . 0 8 )  (0 .91 BARMIN TO HLBC 12/T0 
LOS X 30 {3 .81 I  11 .9 (  BUDAGUV TO HLBC 10170 
LOS C 8 .7  3 .T  [HOLLET 70 OSPK GO MEG.*¢ GAMMAS 2/72 
LOS XF 172 ( 9 . 9 }  { 3 . A )  FAISSNEM TO OSPK 12/70 
EOS C 56 T.~. 2.0 WOLFF T1 OSPK CU RFO.,AG&MMA8 12/71 
LOS XR 150 (14.  E) { 3 . 4 )  HEY T60SPK B/T6 
EOS 5.43 0 .84 CHRISTEI 79 ASPK 12/70 
EOS X x 5.1 1.0 GKL/GKS 82 RVUE BR SCALE FACTOR©E.S %/82$ 
LOS SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+- AND ETAO0. 
LOS R CENCE 69 EVENTS ARE INCLUDED IN REY 76. [ / TT  
LOS F FAISSNER 70 CONTAINS SANE 2@[0 EVENTS AS GAILLARO 69 
LOS C CHOLLET TO GIVES ETAOO-I1.2B+-O.24)t[MEGEN AMFL.BGEV/C CUI/IOOOOMB 2/72 
BUS C WOLFF 71 GIVES ETAOO={1.13e-O.I2{e(REGEN AMFL.2GEV/C CU)/tOOOOMB 2172 
LOS C WE COMPUTE BOTH ETAO0~*2 VALUES FOR (REGEN AMPL,2GEV/C CUI '2#* -BN8.  2172 
EOS C THIS REDEN ARRL RESULTS FROM AVERAGING OVER FAISSNER 69, 2/72 
LOS C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOER ET AL. 2/72 
EOS C PL 2TB SgA I1968) AND THE DATA OF BALATS 71. (FROM H. FAISSNER, 2/72 
LOS C PRIVATE COMMUNICATION) 2172 
EOS F FAISSNER TO CONTAINS SAME 2PIO EVENTS AS GAILLARD 69 
EOS . . . . . . . . .  
LOS AVG 5 .58  0.60 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)  
LOS FIT 5~61 0.38 FROM FIT (FRROR INCLUDES SCALE FACTOR OF 1.11 A/82~ 
EO0 THIS FIT VALUE CORRESPONDS TO ETAO0=2.3Z5÷-O.OB2 ¢/82e 

E+- ETA*- = A(KL TO P I ~ P I - i / A i K S  TO P I ÷ P I - )  UNITS 10*~-B . . . . . . . . . .  
E+- X 65 ( 1 . 9 5 )  ( 0 . 2 0 )  CHRISTENS 6¢ OSPK 2/T6 
E+- X 54 { 1 . 9 9 )  ( O . t 6 )  GALBRAITH 65 OSPK 2/76 
E +- X I I . 9 2 )  ( 0 . 1 3 )  BASILE 66 OBPK 2/76 
E+-- X { 1 . 9 5 )  [O.C~) BOTT-BOOF 66 OSFK 2/Tb 
E+- X (2.001 (O.091 OEBOUARO 87 OSPK 2/76 
E+- X {1.991 ( 0 . 0 8 )  FITCH 6T OSPK 2/76 
E+- AX ( t . 9 5 )  { 0 . 0 3 }  GKLIGKS 71 MVUE EXPTS. BEFORE TI 2 /76 
E ~  A AVERAGE OF ABOVE EXPERIMENTS. THESE ARE EXCLUOEO FROM THE OKL/GKS, 1/80 
Be-- A AVERAGEt AND FIT VALUES BELOW SINCE THEY DO NOT AGREE WITH MORE 1/80 
E¢-- A RECENT PRECISE ANO IN PRINCIPLE SUPERIOR EXPERIMENTS. 1/80 
E ~  X 6200 (2.231 (O. OS) MESSNEM TB ASPK 11/75 
E ~  2 .30 0.035 GEWENIG2 T6 ASPK 8/T~ 
E+- X 2703 ( 2 . 2 5 )  (O.OS) OEVOE 77 SPEC 11/77 
EA-- Z.BT 0.12 CHR ISTE2 79 ASPR 12/79 
Ee-- X 2.255 0.029 GKL/GKS 82 RVUE BM EXP. AFTER 71 A/82$ 
E+- X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA t-- AND ETAO0. 
E ~  . . . . . . . . .  

+- AVG 2.2T3 0.022 AVERAGE {ERROR INCLUDES SCALF FACTOR OF 1.01 
E ~  FIT 2 .276 0.022 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 .0 l  6/82( '  

ER RATIO OF ETAO0 OVER ETA+- 
ER IZA 1.03 O. OT BANNER1 72 CSFK 8172 
ER 167 1 .00 0.08 HOLDER 72 ASPK 8/72 
ER C [1.00I ( 0.091 CHRISTI1 T9 ASPK 2/80 
ER C NOT INOEPENDENT OF EL-- AND LOS VALUES WHICH ARE INCLUDED IN F IT .  2 /80 
ER . . . . . . . . .  
ER AVG 1.013 O. ON6 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01 
ER FIT 1.023 0.036 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1)  6/E2~ 

FA- -  PHASE OF ETA ~-  (DEGREES) . . . . . . . . . . . . . . . . . . . . . . . .  
F~-- THE DEPENDENCE OF THE PHASE ON THE KDL-KOS MASS DIFFERENCE 
F ~  IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BBLUWt WHERE OM IS 
F+- {MASS DIFF.IHBAR) IN UNITS l O t t l O  S I C - [ .  WE HAVE EVALUATED THESE 
F+- MASS DEPENOEACES USING OUR APRIL 1982 VALUE, OM-O.53.99+-O.O022 
F~  TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE 
F÷- REGENERATOR PHASE FR IN THE COMMENTS BELOW. 
F+- O {AS.OI {BO.O) FITCH 65 OSFK BE MEGEN 11/67 
F+- 0 [ 3 0 . 0 )  ( 6 5 . 0 )  FIRESTONE 66 HBC 11/67 
F ~  O (TO.OI { 21 .0 I  BOTT-BOOF GT OSPK C REGEN 11/67 
F'P-  O [ 2 5 . 0 )  ( 3 5 . 0 I  MISCHKE 67 OSPK CU REGEN 7/68 
F+- 0 OLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUDE[ IN AVERAGE. 2/76 
Fe- N {51 .0 )  [ 1 1 . 0 }  BENNETT2 68 CNTR CU REG. USES 8/68 
F ~  C 59.2 10.0 BENNETT 69 CNTR CU MEGEN 2/71 
F ~  B .98.3 12.0 BOHM 69 OSPK VACUUM REGEN 2/71 
FA- F 65.2  7 ,4  FAISSNER 69 ASPK CU REGEN 2/71 
F ~  J ¢0.6 4 .2  JENSEN TO ASPK VACUUM REGEN 2/71 
F ~  O FT.2 1Z.O BALATS 71 OSPK GU MEGEN 9/71 
F+- P 86.2 6.E CARNEGIE 72 ASPK CU REGEN 1/73 
Fe-- G 66.5  1.8 GEWENIG2 74 ASPK VACUUM REGEN 3/T'~ 
F+- H A5.5 2 .8  CARITHERS 75 SPEC C REGEN 7/75 
F ~  61.T 3 .5  CHRI STE2 79 ASPK 12179 
F+- . . . . . . . . .  
F÷- AVG ~4.6 1.2 AVERAGE {ERROR INCLUDES SGALE FACTOM OF E.O) 
F÷- FIT A4.6 1.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  ~/82 ~ 

CORMENTS 
F+-  N BENNETT 69 IS A REEVALUATION OF BENNETT2 68. 11169 
F+- C BENNETT 69 USES MEASUREMENT OF I F ÷ - I - I F H I F I  OF ALFF-STFINBERGER 66. 2/71 
FA-- C BENNETT 69 F4 - -= {3~ .9+ -10 .0 )÷  69~{ON-.SNSI DIG. F M ~ A D . 9 ~ S . 6 0 E G .  2/71 
F~- B 80HM 69 F + - ' ( 4 1 . 0 ÷ - I 2 . 0 ) ÷ % T D * ( O M - . 5 2 6 )  OEG. 2/71 
F÷- F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROF IN REGENERATOR PHASE, 11/69 

+-  F FAISSNER 69 F+ -©{kD .3÷ -T .4 )÷205* (OM- .585 )  DEG. F R ~ A 2 . T + - 5 . 0  DES. 2/71 
F~  J JENSEN TO F~-=(62 .4÷-A .OI÷576~ [DM- .SB8(  DEG. 2/71 
F~  0 BALATS 71 F+-= (39 .0+-12 .0 I+198* (OM-- .546)  DEG. F M ~ 4 3 . 0 ~ 4 . O  DE3. 9/71 
F~  P CARNBGIE 72 F~- IS INSENSITIVF TO DM. FM=-56.2+-5 .2  DES. 1/73 
F~  G GEWENID2 TA F + - = I * 9 . 6 + - - l . 0 ) + 5 6 5 * { D M - . 5 4 0 )  OEG. 3/7~ 
F~-- H CARITHER 75 F'l--=[RS.5÷-2.R)÷221et'(OM-.53"98) DIG. F R ~ 0 . 9 ~ 2 . 6  DEG. 11175 

FO0 PHASE OF ETA O0 ( O E G R E E S )  . . . . . . . . . . . . . . . . . . . . . . . . .  
FO0 FIRST GUAORANT PREFERRED GOBBI 69 OSPK 11/69 
FOG C 51.0 30 .0  CHOLLET 70 OSPK CU REG.,~ GAMMAS 10170 
FOD W $6 38.0  25.0  WOLFF 71 O$PK CO REG.,~ GAHMAS 12/71 
FQO . . . . . . . . .  
FQO AVG N3.3 I 9 . 2  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)  
FOD SS.T 5 .8  CHRISTEI 79 ASPK 12/79 
FOD C C~LLET 70 USES REGENERATOR PHASB FM--645.5÷-4.A DEG. 1/78 
FOG W WOLFF TE USES REGENERATOR PHASE FM=-A8.24--3.5 DIG. 1/73 
FOU . . . . . . . . .  
FDO FIT 8~.5 8 .3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 6/82 t 

OF PHASE DIFFERENCE FO0 - F÷- (OBGREESI . . . . . . . . . . . . . . . . . . . . . . .  
OF B T.6 t 8 . 0  BARBIELLI 73 ASPK 7173 
OF C (12.61 16.21 CHRISTIE 79 ASPK 2/80 
OF B INDEPENDENT OF REGENERATOR MECHANISM+DMtAND LIFETIMES. 7 /78 
OF C NOT INDEPENDENT OF F i -  AND FO0 VALUES WHICH ARE INCLUOEO IN FIT. 2/80 
OF . . . . . . . . .  
OF FIT 9 .8  5 .6  FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)  / t /82 (' 

Superweak Model Predictions for In00/q+_1 , ~+_, and Re£ 

In terms of the parameters defined in the text, 

Sec. VI Bid), the superweak model I predicts that 2 

[ n o o l n + _ 1  = 1 , 

R e ~ =  I%_1 1 +  

The latter two expressions and the values of the 

x0 11 S mass difference Am = (0.5349 ± 0.0022) × 10199 

0 = sec , the K S mean life T S (0.8923 ± 0.0022) × i0 -I0 

sec, and the magnitude of the K 0 + ~+~-/K 0 + ~+Z- 
L S 3 

amplitude ratio lq+_l = (2.274±0.022)× i0- , all 

from the current edition, result in the predictions 

that 

~+- = ~00 = (43.67 ± 0.14) ° 

and 

Ree = (1.645 ± 0.016) × 10 -3 

The above predictions can be compared with the 

experimental values 

Inoo /n+_ l = 1 . 0 2 3 ± 0 . 0 3 6  

~+_ = (44.6±1.2) ° , 

~00 = (54"5±5"3)0 ' 

Ree = (1.621±0.088) xl0 -3 , 

where Re£ has been computed using the relation 

Ree : 7 IX12 ' 

and our ~ent values of the charge asymmetry 

0 
parameter for leptonic K L decay 6 = (0.330± 0.012)% 

and the AS=-AQ amplitude (Rex, I~) = (0.009 ± 0.020, 

-0. 004 ± 0. 026) . 

The supe~eak predictions are in agreement with 

the data except for the measured value of ~00, which 

is two standard deviations a~ve the prediction. 

This results pri~rily from the CHRISTENSONI 

79 measurement ~00 = (55.7 ± 5.8) ° . 
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Stable Particles 
o K~ 

13 x = (DS=-DO AMPL[TUDEI/(DS=+DQ AMPLITUDE) 

RELATED TEXT SECTION V[ B.~ 

REX REAL PART DF X 
REX C [52 0 .06  O. IB 0 .~  BALDO-CE 65 HLBC K* CHARGE EXCHNG LI/~7 
REX [96 0,035 O*IE 0 , I 3  AUBERT 65 HLBC K* CHARGE EXCHNG LI /6? 
REX F [09  -0.08 0 .16  0.2S FRANZINI 65 HBC PBAR P ~ | / 62  
REX |16  0 . [ 7  O. lb  0 . 35  FELPNAN 67 OSPK P l -P  TO KO LMBDA I I / 67  
REX N 335 (0.17) [O.LOI HILL 87 DBC K*D YIELDS KOPP E l /B?  
REX B (0 .03 i  ( 0 . 03J  BENNETT1 68 CNTR T/E8 
REX 12i 0.09 0,07 0.09 JAMES 6B HBC PBAR P B /69  
REX B -0.020 0.025 BENNETT 69 CNTR CHAR ASYM÷ CU EE 10/69 
REX 686 0.09 0. I~ 0 . [ 6  L[TTENBER 69 DSPK K+N TO KOP ~ /~9  
REX N 2E5 0 . I 2  0.09 CHO 70 OBC K÷D TO KOPP 10/70 
REX U 222 I 0 . 06 )  (0 ,071  ( 0 .08 )  BURGUN 71HBC K+P TO KOPPI÷ 2 /72  
REX 252 0 .2S  0 .07  0 ,09  NEBBER 71HBC K-P TO KBAR N [ 0 / 69  
REX U ~ lO 0 .03  0 .66  0 .06  BURGUN 72 HBC K÷P TO KOPP[+ l /BB  
REX [26  0 .26  0 . [ 0  O . l ~  MANN 72 HBC K-P TO KOBAR N 9 /72  
REX G 3~2 ( -0 . I31  IO. IE) MANTSCH 72 OSPK KE3 FROM KO LMB 2/72 
REX G lO0 (O.04} (0 .  I0) (O.[3) GRAHAM 72 DSPK KMU3 FROM KO LNB 2/72 
REX G 4~2 -O,0B 0.09 GRAHAM 72 OSFK PI-P TO KO LNBDA 2/72 
REX [7S7 -0.008 0.044 FACKLER 73 OSPK KE3 FROM KO 9 /73  
REX 1367 -0 .03  0 .07  HART T3 OSPK KID FROM KO LMB 2 /74  
REX [079  -0.070 0 ,036  M&LLARY 73 OSPK RE3 FROM KO LN • 6/23 
REX 472~ 0.04 0.03 NTEOERGA 74 ASPK K+P TO KOPPI+ 7/76 
REX 79 0.10 0.18 0 . [ 9  SMITH 75 WIRE RI-P TO KO LMBDA B/TO 
REX C 8ALDO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 1 [ / 67  
REX F FRANZTNI 65 GIVES X AND THETA.FGR REX ~ND IMX SEE SCHMIOT 67 .  11/67 
REX N CHO ?0 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 10/70 
REX U 8URC~JN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 7 I .  11/73 
REX B BENNETT 69 IS A REANALYSIS OF BENNETTI 6B. [0/69 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2/72 
REX G MANTSCH 78.  2 / 72  
REX . . . . . . . . .  
REX AVG 0.009 0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.~) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 .009  ~ 0 .020  

ERROR SCALED BY 14  

CHISQ 

SMITH  75  WIRE  

. . . . .  NIEBERGA 74  ASPR 1 ,1  

. . . . . . . . .  MALLARY 73  OSPK 4 .8  

. . . . . . . . . . .  HART  73  OSPK 0 .3  

. . . . . . . . . . .  FACKLER 73  OSPK 0 .1  

. . . . . . . . . . .  GRAHAM 72  OSPK 0 .4  ~i~ii . .  M~N~ 7~ HBC 4 . 4  

I ~  .......... BURGUN 72  HBC 0 .1  

/ I I .  I . . . .  WEBBER 71 HBC 9 .1  

. . . . . .  L ITTENBER 69  OSPK 03  

. . . . . . . . . .  BENNETT 69 CNTR 1 ,3  

- - - JAMES 68  HBC 1 .0  

~ F E L D M A N  67  OSPK 

~ ~  . . . . . . .  FRANZ IN I  G~ HBC 

. . . . .  AUBERT 65  HLBC 0 .0  ~ BALDO-CE  65  HLBC 

24 .6  
- 0 . 4  0 . 0  04  08  (CONLEV 

REAL  PART  OF X (DELTA  S = -DELTA  Q AMP)  =0 .017 )  

IMX IMAGINARY PART OF x (ASSUMES MIKLI-MIKSI POSITIVE - -  SEE $130)  
IMX C L52 -0.~6 0.32 0 , [ 9  BALOO-EE 65 HLBC K÷ CHARGE EXCHNG 3168 
IMX [96 -0.21 O. i I  0.15 AUBERT 65 HLBC K÷ CHARGE EXCHNG 8/68 
IMX F [09  ~0.24 0.40 0.30 FRANZINI 65 HBC PBAR P 3 /68  

FELONAN 67 OSPK PI-P TO KO LMBDA I l lE7  IMX 1 [ 6  O.O 0.25 
IMX N 335 (-0.20) (O. IO) HILL 67 DBC K÷D YIELDS KOPP [1267 
IMX I 21  ÷0 ,22  0 .97  0 .29  JAMES 68 HBO PBAR P 5 /69  
IMX 686 -O . I I  O. IO O . [ I  LITTENBER 69 OSPK K+N TO KOP 4/69 
IMX U N 215  - 0 . 08  0 .07  CHO 70 OBC K+D TO KOPP 10 /70  
IMX 222 lO . [ 2 l  10.081 lO.OD) BURGUN 71HBC R÷P TO KOPPI~ 2 /72  
IMX 252 O.D 0 .08  WEBBER 7 I  HBC K-P TO KBAR N 10 /69  
IMX U ~ lO 0,07 0.06 0.07 BURGUN 72 HBO Kep TO KOPPI+ 1/73 
IMX I 26  0 .2~  0 , [ 5  0 . 12  MANN 72 HBC K-P TO KOBAR N 9 /72  
IMX G 342 (-0.04) 10,16) MANTSCH 72 OSPK KE3 FROM KO LMB 2172 
IMX G tO0 {0 . [2 )  (0.[71 (0.[61 GRAHAM 72 OSPK KMU3 FROM KO LMB 2/72 
IMX G 442 0 .05  0 . I 3  GRAHAM 72 OSPK P I - P  TO KO LRBDA 2 / 7 2  

[MX 1757 -0 .017  0 .060  F&CKLER 73 OSPK KE3 FROM KO 9 /73  
INX I 367  0 ,09  0 .07  HART 73 DSPK KE3 FROM KO LMB 2 /74  
INX 1079  0. [07 0.092 O.OT~ NALLARY 73 OSPK KE3 FROM KO LM ÷ 6/78 
IRX 6726 -0 .06  0 .05  NIEBERGA 7~ ASPK K÷P TO KOPPI~ 7 /74  
IMX 79 -O. IO 0.16 O.t9 SMITH 75 WIRE PI-P TO KO LMBOA 8/76. 
IMX C BALDO-CE 6B GIVES x AND THETA.CONVERTED BY US TO REX AND IMX. [ [ / 67  
IMX F FRANZINI 65 GIVES X AND THETA.FOB REX AND IMX SEE SCHMIOT 67. I l l 6T  
IMX N FTNOTE IO OF HILL 67 SHOULD READ +O.5B, NOT -O.BB (PRIV.COMM.). 3/6B 
INK N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. IOITO 
IMX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71. I 1 / 7 ]  
[NX G SEC(]NO GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2/72 
IMX G MANTSCH T2. 2 / 72  
INX . . . . . . . . .  
IMX AVG -0.004 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF / . I f  

REFERENCES FOR KOL 

BARDON 58 ANP 5 [56  M BARDON,K LANOE,L LEDERNAN ICOLUMBIA÷BNL( 
CRAWF~D 59 PRL 2 36[ CRAWFORO,CRESTI,~UGLASS,GOOD + (LRLI  
ASTTER 6[ AIX CONF I 227 ASTIERtBLASKOVIC,RIVET,SIAUD + (EPOLI 
FITCH 6[ NC 22 [160 V FITCH,P PIROUE*R PERKINS [PR|NCETONI 
GOOD 61 PR 124 1229 GOOD,MATSEN,MULLER,PICC[ONI~POWELL ÷ (LRLI  
NEAGU 6L PRL 6 552 NEAGU,OKONOVtPETROV,ROSANOVA,RUSAKGV (J INR I  

ALSO 6 I  JETP I3  L I38  NYAGU,OKONOV,PETROV,ROZANOVAtRUSA~OV ( J INR I  

CAMERIN[ 62 PR I28 362 CAMERINI*FRY,GAI~S,B[RGE,EL¥ + (WISC+LRLI 
DARMON 62 PL 3 57 J DARMON,A ROUSSET,J SIX (EPOL) 

ADAIR 64 PL 12 67 R K AOAIR,L B LE[PUNER [YALE~BNLI 
ALEKSANY 6~ DUBNA 2 lOB ALEKSANYAN,ALIKHANYAN,VARTAZARYAN÷ (EREVANI 

ALSO 6A JETP [9 1019 ALEKSANYAN~ (LEBEDEV+MOS ENG PHYS÷EREVANI 
ANIKINA 64 JETP [9 A2 AN[KINAtZHURAVLEVA÷ [GEORG ACAD SC[~ DUBNAI 
CHRISTEN 6~ PRL [3 138 CHRISTENSON,CRONIN,FITCH,TURLAY (PRINCETON) 
FUJI) ~6 DUBNA 2 146 FUJII,JOVANOVICH,TURKOT+ [BNL,MARYLANO,NIT) 
LUERS 6~ PR I33  B [276 LUERS~MITTRA~WILL[S,YAMAMOTO [BNLI 

8 6  

For notation, 

ANIKINA 65 JINR P 248B 
ANDERSON 65 PRL 14 675 
ASTBURYE 65 PL IE 80 

ALSO 65 HELV.PH.AC.39 523 
ASTBURY2 65 PL [B 175 
ASTBURY3 83 PL [8 178 

AUBERT 65 PL [7 59 
ALSO 67 LOWYS 

BALO0-CE 65 NC 38 684 
CHRISTEN 65 PR [60 B 75 
FISHER 65 ANL 7130 83 
FITCH 6S PRL IS 73 

FRANZINI 65 PR I40 B 127 
GALBRAIT 65 PRL IR 383 
GUIDON[ 65 ARGONNE CCNF 49 
HOPKINS 65 ARGONhE CONF 67 
VISHNEVS 65 PL 18 339 

ALFF-STE 66 PL 21 595 
ANIKINA 66 SJNP 2 B39 
AUERBACH 66 PRL IT 980 
AUERBACH 66 PR 149 1052 

ALSO 63 PRL E4 [ 9 2  
BALDO-CE 66 NC 451 733 
BASILE 66 BALATON OONF 

BEHR 66 PL 22 540 
BELLOTTI 66 NC ~SA 737 
BOTT-BOD 66 PL 23 277 
CANER[N[ 66 PR ISO 1160 
CANTER 60 PRL 17 942 
CARPENTE 66 OR 162 871 
CHANG 66 PL 23 702 

CRIEGEE 66 PRL 17 iSO 
FIRESTON 66 PRL I6  556 
FIRESTON 66 PRL IT 116 
FUJ I I  66 PRL [B 253 

FUJ I )  66 IS THE CORRECTED 
HAWKINS 66 PL 21 23B 

ALSO 67 PR 156 I644  

JOVANDVI 66 PRL 17 1075 
~ULYUKIN 66 BERKELEY 28 
HEISNERI 66 PRL 16 R78 
ME[SNER2 66 PRL 17 692 
NEFKENS 66 PL 19 706 
VERHEY 66 PRL [ 7  669 

BENNETT 67 PRL E9 993 
BOTT-BOO 67 PL 2AB [ 9 #  
BOTT-BDO 67 PL 24B 43B 

ALSO 66 PL 20 E[2 
ALSO 66 PL 23 277 

CANTER 67 THESIS 

CRONIN [ 67 PRL [8  25 
CRONIN 2 67 PR[NC CONF(II/ATI 
DEBOUARD 67 NC 52A 662 

ALSO 65 PL 15 58 
DEVL[N 67 PRL 18 5~ 

ALSO 68 PR 169 I065  

DORFAN 67 PRL [9  gBT 
FELOMAN 67 PR [ 55  I 61 l  
FIRESTON 67 PRL IB 176 
FITCH 67 PR 16A [ I LL  
HAWKINS 67 DR 156 ~44~ 
HILL  67 PRL 19 668 

HOPKINS 67 PRL 19 1B5 
KAOYK 67 PRL 10 SgT 
KULYUKIN 67 PREPRINT 
L OWYS 67 PL 248 75 
MISCHKE 67 PRL 18 138 
NEFKENS 67 PR 157 1233 
TODORDFF 67 THESIS 

ABRAMS 68 PR IT6 I 603  
ARNOLD 68 PL 286 56 
ARONSON 68 PRL 20 287 

ALSO 69 PR [75 1708 
BALATZ 68 PL 268 320 
BARTLETT 68 PRL 21 5~B 

BASILE 68 ~L 26B 542 
BASILE2 68 PL 28B 58 
BENNETTI 68 PL 27B 244 
BENNETT2 6B PL 278 248 
BLANPIED 68 PRL 2| 1650 
BUDAGOV 68 NC 57A i e2  

ALSO 68 PL 280 215 

CARNEGIE 6B PRINC TRA4 THESIS 
JAMES 68 NP B8 365 

ALSO 68 PRL 2 I  2~7 
KULYUKIN 68 JETP 26 2O 
KUNZ 68 THESIS IPU 46 I  
MELHDP 88 PR 172 ~813 
THATCHER 88 PR 176 1674 

BANNER 69 PR [8B 80B3 
ALSO 68 PRL 21 I103 
ALSO 68 PRL 2 [  I IO7  

BEILL IER 69 PL 30B E02 
BENNETT 69 PL 2DB 3 IT  
BOHM 69 NP B9 60B 

ALSO 68 PL 2TB 021 

BOTT-BOD 69 CERN 69-~ 329 
CENCE 69 PRL 22 I2[0 
EVANS 69 PRL 23 ~27 
FAISSNER 6~ PL 30B 206 
FDETH 69 PL 308 282 

GAILLARD 69 NC S9A 453 
ALSO 67 PRL IB  20 

GOBBI 69 PRL 22 685 
LITTENBE 69 PRL 22 654 
LONGD 69 PR Ie t  IB08  
PACIOTTI 69 THESIS,UCRL [ 9 4 4 6  
SAAL 69 THESIS 

Data Card Listings 
see key at front of  Listings. 

AN[KINA,VAROENGA,ZHURAVLEVAtKOTLYA~ (OUBNAI 
ANOERSON,CRAWFORDeGOLOEN, STERN + (LRL÷WISCI 
ASTBURY,FINOCCHIARO, BEUSCH + (CERN÷ZURICH) 
M PEPIN 
ASTOURY,MICHELINI,BEUSCH + (CERN÷ZURICH) 
ASTBURY,MICHELINI,BEUSCH + (CERN+ZURICHJ 

AUBERT,BEHR,CANAVAN,CH~UNET÷ (EPOL÷ORSAYI 

BALDO-CEOLIN,CALIMANI,CJAMPOLILLO ÷ [PADOJ 
CHRISTENSDN,ERONIN,EITCH,TURLAY [PRINCETON) 
FISHER,ABASHIAN,ABRAMS,CARPENTER÷ ( I LL (  
FITCH,ROTH,RUSS,VERNDN [PRINCETON) 

FRANZINI,KIRSCH,PLANO ÷ (COLUMBIA+RUTGERS) 
GALBRAITH, NANNING, JONES÷ (AERE+BRIS÷RHELI 
+BARNES,FOELSCHEtFERBEL,EIRESTO~ (BNL+YALEI 
H W K HOPKINS,BACON,EISLER (VANO÷RUTGERSI 
VISHNEVSKY,GALANINA,SEMENOV * ([TEPI 

ALFF-STEINBERGER,HEUER,RUBBIA ÷ (CERNI 
ANIKINA, VAROENGA, ZHURAVLEVA÷ [JINRI 
AUERBACH, MANN,MCFARLANE,SC[ULLI (PENN( 
AUERBACHeDOBBSILANDE,MANNtSCIULL[+ (PENNI 
÷LANDE,MANNtSCIULLI~UTO,WHITEtYOUNG [PENNI 
BALDO-CEDLIN,CAL[MANI,CIAMPOLILLD+ (PADUA] 
BASILE,CRONINtTHEVENET * ISACLAY) 

+BRISSON,BALDO-CEOL[NtAUBERT÷ (PADO, EPOLI 
BELLOTTI,PULLIA,BALOC-CEOL[N÷[MILAN,PAOUAI 
BDTT-BODENHAUSEN,DE BOUARD,CASSEL÷ ICERNI 
EAMERIN[,CLINEtENGLISH~FISCHBEIN+WISCONSIN 
eCHO,ENGLER,FISK,HILL + (CARNEGIE÷BNL) 
CABPENTER,ABASHAN~ABRAMS, FISHER (ILLINOIS) 
CHANG,BASSANO,KIKUCHItDCDD~ [SYRACUSE,BNL) 

÷FOX,FRAOENFELDER,HANSOR,MDSCAT÷ (ILLINOIS) 
FIRESTONE,KIN, LACH,SANDWEISS$ (YALE,BNLI 
FIRESTONE,KI~,LACH,SANDWEISS* {YALE,BNLI 
FUJ[ItJOVANOVICH,TURKOTtZORN (BNL~MARYLANDI 
VALUE GIVEN BY JOVANOVICH* 66 
C J B HAWKINS {YALE( 
C J B HAWKINS (YALE( 

JOVANOVICH~FUJ[I,TURKOTtZORN +{BNL+UND÷MITI 
KULYUKINA,MESTVIRISHVILI,NEAGU, PETR÷ (J INR [  
G W MEISNER,B B CRANFORDvF CRAWF~D [LRL) 
G MEISNERtB CRAWFORO,F CRAWF~RD [LRL I  
NEFKENS,ABASHIAN,ABRANS,CARPENTER÷ I I LL I  
VERHEY,NEFKENS,ABASHIAN÷ TILL) 

BENNETT,NYGREN,SAAL,STEINBERDER ÷[COLUMBIAI 
BOTT-BODENHAUSEN~DEBOUAPD, CASSEL + (CERNI 
BOTT-BODENHAUSEN,OEBOUARD,OEKKERS÷ (CERN) 
BOTT-BODENHAUSEN,DEBOUARD, CASSEL÷ (CERNI 
BQTT-BDOENHAUSEN,OEBOUARD,CASSEL÷ (CERNI 
J.M. CANTER [CARNEGIEI 

÷KUNZ,RISK,WHEELER IPRINCETONI 
÷KDNZ,RISK,WHEEtER (PRINCETONI 
DEBOUARD,DEKKERS,JOROAN,NERMOD + ICERNI 
DE BOUARD, DEKKERS,SCHAPFF÷ (CERN+ORSA÷MPIMI 
DEVLINtSOLOMON,SHEPAROeEEALL~ (PRIN÷UMD) 
SAYER,BEALL,OEVLIN,SHEPHARD+ [UNO+PPA÷PRINI 

OORFAN,ENSTROMtRAYMONOtSCHWARTZ ÷(SLAC÷LRL) 
FELDMAN,FRANKEL,HIGHLANO,SLOAN (PENN( 
FIRESTONE,KIM,LACHtSANDNEISSt* (YALEtBNLI  
FITCH,ROTH,RUSS,VERNDN [PRINCETON] 
C J B HAWKINS (YALEI 
HILL~LUERS,ROBINSON,CANTER÷ (BNL,CARNEGIEI 

HOPKINS, BACON, EISLER (BNLI 
KADYK,CHAN,DRIJARO,OREN~SHELOON (LRLI 
KULYUKINA÷MESTVIRISHVILI+NEAGU ÷ (JINRI 
LOWYS,AUBERTtCHOUNET,PASCAUO~ (EPOL,ORSA) 
MISCHKE,ABASHIAN,ABRAMS+ (ILLINOIS) 
÷ABASHIAN, ABRAMStCARPENTER,FISHER÷ (ILLD 
JOHN A TDDOROFF [ILLINO[SI 

÷ABASHIANtMISCHKEtNEFKENS,SM[TH+ ( [ LL INOIS I  
ARNOLO.BUD AGOV,CUNOY.AUBERT+ (CERN~ORSAYI 
S.H.ARONSON, K.W.CHEN (PR[NCETDNI 
S H ARONSONt K W CHEN (PRINCETON) 
BALATZ,BEREZIN,VISHNEVSKY,GALANINA÷ (ITEP) 
BARTLETT,CARNEGIE,FITCH~ (PRINCETON) 

BASILE,CRONIN,THEVENET,TLn~LAY÷ (SACLAYI 
÷CRONIN,THEVENET,TURLAY~ZYLBERAJCH÷ISACLAYI 
BENNETT,NYGREN, STEINBERBER+ ICOLUMBIA+CERN) 
BENNETT,NYGREN,STEINBERGER÷ [COLUMBIA÷CERNI 
BLANBIEO,LEVIT,ENGELS÷ [CASE÷HARV+MCGII 
BUDAGOV,BURMEISTER,CUNDY+ (CERN,ORSA.IPNPI 
+CUNDY,MYATT,NEZRICK÷ (CERNtORSA,EPOL) 

R.K.CARNEGIE (PRINCETON( 
F JAMES[ H BRIAND (IPNP,CERNI 
HELLANO,LONGO,YOUNG (UCLA,MICHI 
KULYDKINA,MESEVIRISHVILI,NEAGU+ (JINR) 
P F KUNZ [PRINCETON) 
MELHOP MURTY BOWLES~BURNEET~ (LA JOLLAI 
THATCHER,ABASHIAN, ABRANS,CARPENTER ÷ [ I LL I  

+CRONINpLIU~PILCHER (PRINCETON) 
BANNER,CRONIN,LIU, PILCHER (PRINCETON) 
BANNER CRONIN,LIU,PILCMER IPRINCETON[ 
8EILLIERE,BOUTANGgLIMON (EPOLI 
÷NYGREN,SAAt~STEINBERGER+ ICDLU,BNLI  
÷DARRIULAT,GROSSO, KAFTAf~V~ ICERNI 
BOHN, DARR]ULAT,GROSSO,KAFTANOV ICERNI 

BOTT-BODENHAUSEN,DE BOUARO,CASSEL÷ ICERNI 
CENCE,JDNES,PETERSON,STENGER÷ [HAWAII,LRLI 
EVANS,GOLDEN,MUIR,PEACH* (EDINBURGHvGERNI 
+FOETHeSTAUDEtTITTEL÷ (AACH,CERN,TORII 
+HOLDER,RAOERMACHER ÷ (AACHEN,CERNtTORINO) 

÷GALBRAITH,HUSSRI,JANE+ (CERN. RHEL,AAEHENI 
~KRIENEN,OALBRAITH,HUSSR[~ (CERN÷RHEL÷AACHI 
+GREEN,HAKEL,MOFFETT,ROSEN,GDZ~ (ROCH÷RUTGI 
LITTENBERG~FIELD,PICCIONI,WEHLHOP÷ (UCSD) 
N J LONGO, K K YODNG,J A HELLAND IMICH,UCLAI 
M A RACIDTTI (LRL) 
H J SAAL (COLUMBIAI 
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Data Card Listings 
For notation, see key at front of Listings. 

ALBROW 
ARONSON 
BARMIN 
BASILE 
BUCHANAN 

ALSO 

BUOAGOV 
ALSO 

CHIEN 
ALSO 

CHO 
ALSO 

CHOLLET TO PL 3 [B  65B 
CULLEN 70 PL 32B 523 
DARR[ULA TO PL 33B 2~9 
FAISSNER 70 NC TOA 57 
JENSEN TO THESIS 

ALSO 69 PRL 23 61B 

MARX 70 PL 32B 21g 
ALSO 70 THESIStNEVIS I 79  

SCRIBANO 70 PL 32B 22~ 
SMITH TO PL 32B 133 
WEBBER 70 PR D1 1967 

ALSO 69 UCRL [9226 THESIS 

BALATS T1SJNR E3 53 
BAPMIN T[ PL 35B 604 
81ST 7 [  PL 36B 533 
BURGUN T1 LNC 2 l IAR  
CARNEGIE TI  PR D4 1 
CHiN T[  LBL-350 THESIS 

CH[EN TI  PL 35B 26 [  
ALSO 72 DALLY 

C HO 71 PR D3 1557 
CLARK 7L RRL 26 166T 

ALSO TO UCRL (9709-THESIS 
ALSO 7 [  UCRL 20266-THESIS 
ALSO 74 SLAC-PUB-1498 

ENSTROM 7I PR D4 262~ 
ALSO 70 THESIS (SLAC 1251 

HILL  7 [  PR D4 7 
JANES 71PL  358 265 
MEISNER 71 PR D3 59 
PEACH 71PL 35B 35E 

RERELL[N 7 [  PL 36B 603  
WEBBER 71PR D3 64 

ALSO 6B PRL 21 498 
ALSO 69 UCRL 19266-THESIS 

WOLFF 7I PL 36B EE7 

ALBROW 72 NP BA~ I 
ASHFORD T2 PL 38B ~7 
BANNER[ 72 PRL 28 EES7 
BANNER2 72 PRL 29 23T 
BARM]N[ 72 SJNP E5 636 
B ARNIN2 72 SJNP I 5  63B 
BL~GUN 72 NP BBO E94 
CARNEGIE 72 PR 06 2335 

DALLY 72 PL 41B 647 
ALSO TO CH[EN 
ALSO TE CHIEN 

GRAHAM 72 NE 9A [BE 
HCLDER 72 PL 40B [41 
JAMES 72 NP B49 [ 
KRENZ T2 LNC 4 213 

MANN 72 PR D6 137 
RANTSCH T2 NC 9A E60 
METCALF 72 PL 40E 703 
NEUHOFER 72 PL ~ IB  E42 
PISCI~I T2 PRL 2g IA[2 

ALSO T4 PR D9 293g 
VOSBURGH T2 PR D6 IB3A 

ALSO TE PRL 26 866 

A~BROW 73 NP BSB 22 
ALEXANDE 73 NP B6B 30 [  
ANIKINA 73 P[-T539 COM. J|NR 
BARB)ELL 73 PL 43B 52R 
BRANDENB 73 PR G8 197B 
CAR[THER 73 ORL 31 IC25 

ALSO 7S PRL 30 1336 
EVANS 73 PR D7 38 

ALSO 69 PRL 23 42T 

FACKLER 73 PRL OI 847 
FITCH 73 PRL 3[ IS24 

ALSO 72 C00-3072-[3 
HART 73 NR B66 317 
MALLARY 73 PR 07 1553 

ALSO 70 PRL 25 E214 

MCCARTHY 73 PR DT 687 
ALSO 72 PL ~2B 291 
ALSO 71 THESIS LBL-550  

MESSNBR TB PRL 30 876 
PEACH TB PL 6BB A6[  
SANOWEIS 73 ~RL 3D 1GC2 
WILLIAMS 73 RRL 3 [  1521 

ALBRECHT 74 PL 48B 393 
BISI 7~ PL SOB SC4 
BODISUT T6 LNC | [  666 
OONALDSI 74 PRL 33 554 

ALSO 74 OONALOSO~ 0 
ALSO T6 DONALDSON 

DONALDS2 74 PR og 2960 
ALSO T3 RRL 3 I  337 

DONALDS3 74 SLAC IB4-THESIS 
ALSO 76 DONALOSON 

GEWEN[G[ T~ PL 48B EBB 
ALSO T4 CERN INTo REPT. 

GEWENIG2 T4 PL 4BB ABT 
ALSO 74 PL 5BB |19  

GEWENIG3 74 PL 52B E08 
GJESDAL 76 PL B2B ~[3 

70 PL 33B 516 +ASTON, BARBER,BIRD, ELL[SON + (MCHS+DARE) 
TO PRL 25 lOS7 +EHRLICH,HOFER,JENSEN+ (EF I , I LLC ,SLAC)  
TO PL 33B 377 +BARYLON,BOR[SOV,BYSHEWA+ ( [ TEP ,J INR)  
T0 ~R D2 78 +CRONIN,THEVENT~TURLAY~ZVtBERAJCH + (SACL) 
70 PL BSB 6B3 +ORICKEV~RUON[CK~SHEPARD+ (SLAC,JHU~UGLA) 
RRIVATE COMMUNICATION, Bo COX~ FEB. 71 

70 PR D2 8EB +CUNDY,MYATT,NEZRICK+ (CERNt ORSA,EROL) 
68 PL 28B 215 ÷CONOY,MYATT,NEZRICK~ ICERN,ORSA,EPOLI 
TO RL 33B E27 C-Y.CH[EN~COXeETTLINGER + IJHU+SLAC+UCLA) 
PRIVATE COMMUNICATION, B, COX, FEB. 71. 
TO PR D[ B 0 3 1  ~DRALLE,EANTER~ENGLER,F[SK÷ (CARN~BNL,CASE| 
67 PRL 19 66B HILL~LUERS,ROBINSON,SAKITT + (BNL,CARN) 

+GA[LLARD,JANE,RATCLIFFE,REPELLIN + (CERN) 
+DARRIULAT,DEUTSCH,FOETH + (AACH,CERN,TORI) 
+FERRERO~GROSSO,HOLOER + (AACH, CERN~TORI) 
+REITHLER~THOMEtGAILLARO+ (AACH, CERN,RHELI 
D .A .  JENSEN (EF I )  
JENSENtARONSON~EHRLICH~FRYBERGER+ (EFI~ILLI 

+NYGREN,PEORLES,STEINBERGE+(CCA-U,HARV,CERNI 
JAY MARX (COLUMBIA) 
+MANNELLI,PIERAZZINI,MARX+ (RISA,COLU,HRRVI 
+WANG,WHATtEV,ZORN,HORNBQSTEL (UMO,BNL) 
+SOLMITZ,CRAWFORO, ALSTO~GARNJOST (LRLI 
B R WEBRER (LRL) 

+BEREZIN,VISHNEVSKII,GALANINA÷ ( ITEP)  
+BARYLOV,VESELOVSRY,DAVIOENKO~ l I TER)  
+DARRIULATIFERRERO,RUBBIA+ (AACH,CERN,TDRI) 
+LESQUOY,MULLER,RAULI+ (SACL+CERN+OSLO) 
+CESTER~F[TCH~STROVINK~SULAK (PRINI 
J.HTONG-SING CHAN (LBL) 

+COX~ETTL[NGERtRESVANIS+ (JHU, SLAC,UCLA) 

+DRALLEtCANTER,ENGLER~FISK+ (CARN,BNL~CASE) 
+ELIOFF,FIELO,FRISCH,JOHNSON,KERTH+ (LRL) 
ROLLANO JOHNSON (LRL) 
HENRY FRISCH (LRL) 
R.C.FIELD (SLAC) 

+AKAVIA,COOMBES,[~RFAN+ (SLAC,STAN) 
J E ENSTROM (STANFORD) 
+SAKITTtSKJEGGFSTAO~CANTER+ (BNL,CARN,CASE) 
+NONTANET,PAUL,PAULI+ (CERN+SACL+OSLOI 
+NANN,HERTZBACH~KOFLER ÷ IMASA+BNL~YALE) 
+EVANS,NUIR,EUOAGOV,HOPKINS÷ (EOIN,DERN) 

+WOLFFtCHOLLET,GAILLARD,JANE~ (ORSA,CERN] 
+SOLMITZ,CRAWFORD, ALSTO~GARNJOST (LRL) 
WEEBER,SOLMITZ~CRAWEORD, ALSTO~ARNJOST(LRLI 
B R WEBBER (LRL) 
+CHOLLET,REPELLIN,GAILLARD+ (ORSA,CERN) 

+ASTON,BARBER,BIRO,ELLISON+ (MCHS+OAREI 
+BROWN,NASEN,MAUNG,MILLER,RUDERMAN+ (UCSDI 
÷CRONIN~HOFFMAN,KNAPP,SHDCHET (PRINCETON) 
+CRONIN,HOFFMAN,KNAFP,SNOCHET (PRINCETON) 
+DAVIDENKO,OEM[DOV,OOLGOLENKE÷ l I TER)  
+BARYLOV,OAVIOENKO,DEMIOOV+ ( ITEP ]  
+LESOUOY,MULLER,PAULh+ {SACL+CERN+OSLO) 
+CESTER~FITCH,STROVINK,SULAK (PRINCETON) 

+[NNOCENTI~SEPRI,CHIEN~COX+ ISLAC+JHU+UCLA) 

+ABASHIAN, JONES,MANTSCH,DRR÷ [ I LL+NEASI  
+RADERMACHER,STAUOE+ (AACH+CERN+TORI) 
+MONTANET, RAUL,SAETRE+ (CERN+SACL+OSLO) 
÷HOPKINStEVANS,MUIR~PEAOH (AACH+CERN+EDIN) 

+~OFLER,ME)SNER~HERTZEACH÷ (MASA÷ENL*YALE) 
+BBASHI&N,GRAHAM,JONES,ORR+ I I LL+NEAS)  
+NEUHOFER,NIEBERGALL+ (CERN+IPN÷WIEN) 
+N)FBERGALt~REGLER~STIFR+ (CERN÷ORSA+VIEN) 
+COOMBES, DONALDSON,OORFAN, FRYBERGER÷ ISLAC) 
PICCIONI,DONALDSON + (SLAC+UCSC+COLG) 
+DEVLIN,ESTERLING,GOZ,BRYNAN + (RUTG,MASA) 
VOSBURGH,DEVLIN,ESEERLING, GOZ ÷ (RUTG,MASAI 

+ASTON,BARBER,BIRO, ELLISON+ INCHS÷DARE) 
ALEXANOER~BENARY*BOROWITZ,LA~DE+(TELA+HE(O) 
+BALASHOV,BANNIK + IJINR) 
DARBIELLINhOBRRIULAT,FAINBERG+ (CERNI 
BRANDENBURG~JOHNSON,LEITHttOOS+ (SLAC) 
CARITNERS,NYGREN,GOROON+ (COLU+BNL+CERN) 
CARIFHERS~MODIS,NYGREN,PUN+ (COLU÷CERNtNYU) 
+MUIR~PEACH,BUOAGOV+ (EOINBURGH+CERN) 
EVANS,GOLDEN,MUIR,REACH+ {EOINBURGH+CERN) 

+FRISCHtMARTIN, SMDOT,SOMPAYRAC (MIT] 
+HEPPtJENSEN,STROVINKtWEBB (PRINCETON) 
R*C.WEBB [THESIS) (PRINCETON) 
+HUTTON,FIELD,SHARP,BLBCKMORE+ (CAVE+RHEL) 
+BINNIE,GALLIVAN,GOMEZ~PECK,SCIULLI + (C (T I  
SCIULLI,GALLIVAN,BINNIE,GOMEZ * (CIT) 

+BREWER~BUONITZ,ENTIS,GRAVEN,MILLER+ (LRL) 
MCCARTHY,BREWER,BUONITZ,ENT)S,GRAVEN+ I LBL I  
R.L.MCCARTHY (LOLI 
+MORSE,NAUENBERG,HITLIN + [COLO+SLAC+UCSC) 
+EVANS,MUIR,HOPKINE,KRENZ (EDIN+CERN+ABCH} 
÷SUNDERLAND,TURNER,WILLIS,KELLER (YALE+ANL] 
+LARSFN,LEIPUNER,SAPF,SESSOMS+ (BNL+YALE) 

OUBNA+BERLINeBUOAPEST+PRAGUE+SERPUKH÷SOFIA 
BTSI,FERRERO (TORT) 
+HUZITA,MATTIOLI,PUGLIERIN IOADO) 
OONALOSON,HITLIN,KENNELLY,KIRKDy + (SLAC) 

DONALOSON,FRYBERGER,HITLIN,LIU+ (SLAC+UCSCI 
OONALDSON,FRYBERGER,HITLINtLIU~ (SLAC*UCSC) 
GREGORY J.  DONALDSON (SLACI 

GEWENIGER,GJESDAL,RAMAE,PRESSER+(CERN+HEID) 
VERA LUTH (THESIS-INT. MEET° T4-4)  (HEID) 
GEWENIGER,GJESDAL,RRESSER + (CERN÷HEIDI 
GJESOAL,PRESSER.STEFFEN + (CERN+HEIOI 
GEWENIGER, GJESDBL, PRESSER+ (CERN+HEID) 
+PRESSER,KANAE,STEFFEN+ [CERN~HEIDI 

Stable Particles 
o D* Kt,, 

MESSNER T~ PRL 33 IGSB +FRANKLIN,NORSE,NAUENDERG+ )COL0+SLAC+UCSCI 
NIEBERGA 74 PL 49B [B3 NIEBERGALL,REGLER,STIER + ICERN÷ORSA+VIEN) 
WANG 74 PR 09 540 +SMITH,WHATLEYtZORN,HORNBOSTEL (UMD+BNL) 
WILLIAMS 14 PRL 33 2AO +LARSEN,LFIPUNER,SAPP,SESSONS + (BNL+YALE) 
WOO 74 LNC 1o 38 *BUCHANAN,PEPPER (UCLA) 

BALDOCEO 75 NC 2BA 688 BALDO-CEOLIN,BOBISUT,CALIMANI+ (PAOO+WISCI 
BLUMENTH 75 PRL 34 164 BLUMENTHAL~FRANKEL,NAGY + (PENN+CHIC+TENP) 
BUCHANAN 75 PR OI I  4S7 +DRICKEY,PEPPER,RUONICR + I L~LA+SLAC÷JHU) 
CARITHER 7S PRL 36 [244  CARTTHERS, MODIS,NYGREN,PUN + (COLU+NYU) 
SMITH 75 UCSD THESIS-UNPUB JAMES G. SMITH )UCSO) 

BTRULEV 76 SJNP 24, 178 
COONBES 76 PRL 3T 269 
OONALOSO 76 PR D[4 2BOW 

ALSO 74 SLAC (8A-THESIS 
FUKUSHIM 76 PRL 36 3AB 
GJESDAL 76 NP BlOW l I B  
REY 76 PR DL3 1 [6 [  

ALSO 69 CENCE 

C NO T7 PR 015 5B7 
CLARK T7 PR DIS 553 

ALSO TS LBL-427E THESIS 
OEVOE T7 PR D16 565 
DZHOROZH 77 SJNP 26 47B 
PEACH T7 NP BIZT 39g 

ENGLER T~ PR DIE 623 
HILL 78 PL 73B 483 
BIRULEV 79 SJNP 29 778 
CHRISTEI 7R PRL 43 1209 
CHRISTE2 79 PRL 43 1212 
H ILL  79 NP B I53  39 
SCHM]DT 79 PRL 43 $56 
SHOCHFT 79 PR Dig lgGS 

ALSO 77 PRL 3q 59 

CARROLLI BO PRL 44 525 
CARROLL2 80 PRL 46 529 
CARROLL3 BO PL 96E 4C7 
C HO 80 PR D22 2688 
MORSE 80 PR 021 ETSO 
BIROLEV B[ NP BEE2 [ 

ALSO BO SJNP 3t  622 

ALEXANDE 62 PRL 9 69 
JOVANOV[ 63 BNL CONF 42 
STERN 64 RRL I2 459 
BEHR 6S ARGONNE CONF 5g 
NESTVIRI 65 JINR P 2449 
TRILLING 65 UCRL E6~T3 

+VESFERGOMBI,VOVENRO,VOTRUBA,GENCHEV+(JINR] 
+FLEXER,HALL~KENNELLYtKIRKBY + (STAN÷NYU) 
OONALOSON,HITLIN,KENNELLY,KIRKBY,LIU+(SLAC) 
GREGORY J .  DONALDSON (SLAC) 
FUKUSHIMA,JENSEN,SURKO,THALER÷ (RRIN+MASA~ 
+KAMAE,PRESSER,STEFFEN + (CERN+HEID) 
+EENCE,JONESvRARKER ÷ (NDAM+HAWA÷LBL) 

+DERRICK,LISSAUER,NILLER,ENGLER+ (ANL+CARN) 
+FIELOtHOLLEY,JQHNSON,KERTH,SAH,SHEN [LBL) 
GILBERT SHEN ILBL) 
*CRONIN,FRISCH,GRDSSO--FILC HER+ IEFI÷ANL) 
DZHORDZHADZE,KEKELIDZE~KRIVORHIZHIN* {JINR) 
+CAMERON + (BGNA+EDIN+ELAS÷P[SA÷RHEL) 

÷KEYESTKRAEMER,TANAKAtCHO+ (CARN÷ANL) 
+SANITT,SNAPE,STEVENS+ (BNL+SLAC÷SBERI 
~VESTERGOMBI,GVAKHARIYA,GENCHEV~ ( J INR I  
CHR[STENSON,GOLOMANtHUMMELIROTH+ (NYU) 
CHRISTENSON,GOLDMAN, HUMMEL,ROTH~ (NYU) 
+SAKITT,SNAPE,STEVENS÷ (BNL+SLAC+SBER) 
+BLATT,CAMRBELL,GRANNAN+ (YALE+OWL) 
+LINSAY,GROSSO-RILCHER,FRISCH+ (EFI+ANL) 
SHDCHET,LINSAY,GROSSO-PILCH ER,+ (EF I÷ANL)  

+CH[ANG~KYC IA,LI,LITTENEERGwMARX+( BNL÷ROCHI 
+CHIANG,KYCIAtLI,LITTENBERG,MARX÷IBNL~ROCHI 
+CHIANG,KYCIA,LI,LITTENBERG,MARX÷(BNL÷ROCH| 
+DERRICK,MILLER~SCHLERETH, ENGLER+IANL÷CBRN) 
+LEIPUNER,LARSEN,SCHMIDT,BLATT÷ (BNL*YALE) 
+OZHORDZHADZE,GE~HEVtGRIGALASHVILI÷ ( J INR ]  
BTRULEV,VESTERG~MBI,GENCHEV + (JINRI 

PBPERS NOT REFERRED TO IN DATA CARDS 

G ALEXANDER,S ALMEIDA~F CRAWFORD (LRL) 
JOVANOVIC~FISEHER, BURRIS + (BNL+MARYLAND) 
STERN,BIN~ORD,LINO,ANOERSON + (WISC+LRL) 
BEHRtBR[SSON,BELLOTTI÷ IEROL,MILA,PADD) 
MESTVIRISHVILI,NYAGU,PETROV,RUSAKOV+ (JINR) 
GEORGE H TRILLING (LRLI  

UPDATED FROM tg6S ARGONNE CONF*, PAGE I[5, 

GINSBERG 67 PR 162 1570 EDWARD S G|NSBERG (U. MASS BOSTON) 
RUBBIA 6T PL 24B 50[ C.RUBBIA,J.STEINBERGER (CERN+COLU) 

ALSO [ 66 PL 20 207 ALFF-STEINBERGER,HEUER,KLE)NKNECHT+ (CERNI 
ALSO 2 66 PL 2I BOB ALFF-STEINBERGERtHEUER,KLEINKNECHT+ (CERN) 
ALSO 3 66 PL 23 IBT C.RUBBIA,J.STE[NBERGER (CERN~COLU) 

SCHMIDT 67 NEVTS 16OITHESIS) P. SCHMIDT (COLUMBIA) 

CRONIN 6B VIENNA CCNF P.2BE CRONIN,RAPPORTEORS T A L K  (PRINCETON) 
BECHERRA 70 PR D[ 1452 T BECHERRAWY (ROCH) 
GINSBERG 70 PR D[ 229 E S GINSBERG ( l IT H~IFA) 
HEUSSE 70 LNC 3 44g +AUBERT.PASCAUO,VIALLE (DRSAY) 
GINSBERG 73 PR DR 3887 E S GINSBERG, J SMITH (MIT÷STON) 
KLEINKNE 76 ARNS 26 [ K. KLEINKNECHT (DORT) 

* * * * *5  *5 ' *55 * * *  5 . * *~ *~ * *  5~5 . * * * . 5  * . 5= * * * * *  55 * * * * * *5  $~5 . * * . 5 .  * 5 * *5 *$ *  
5 ~ 5 . . 5  5 ~ * ~ 5 5 5  = ~ 5 5 ~ 5 5 . *  * ~ = * * * t 5 *  * * * * * * * * =  * *= t5=55*  *= *~e=*=5  * *~55555  

F ~  Bl CHARGED D(IB6g,JP=O-) )=i f2 

FOR A RECENT REVIEW SEE TRILLING B! 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 [  CHARGED D MASS (MEV} 

M 5O( IBT6.  I (15o) PERUZZI 76 SNAG +-  K-÷RI~PI~- I / T7  
M ([BTA*l (5. )  OOLDHARFR T7 SMAG +- O0,O+ RECOIL SPC [21T7 
M P ( [B6B .3 I  TO.?) FERUZZI 77 SMAG +-  E+E- 3.TTGEV ECM 121T? 
M (1874 .1  ( I I . )  PICCOLO 77 SMAG +-  E+E-4 .03 ,4 .A IECM 1178 
M P ) I 86B .4 ]  ( 0 °5 )  SCHINOLER 8 l  SMK2 + -  E+E- 3.TTGEV ECN l iB25  
M P [R69 .4  0 .6  TRILLING 81RVUE + -  E+E- B,77GEV ECN I 1825  
M P PERUZZ[ 77 AND SCHINDLER B[ ERRORS DO NOT INCLUDE THE 0 .13  PERCENT [ / 8E*  
M P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CAL|ERATION. TRILLING 81 11825 
M P USES THE HIGH PRECISION PSI AND PSI-PRIME MEASUREMENTS OF I 182 .  

P ZHOLENTZ 80 TO DETERMINE THIS UNCERTAINTY AND COMBINES THE I1825 
M P PERUZZI 77 AND SCHINOLER B) RESULTS TO OBTAIN THE VALUE QUOTED. 1182= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3[ CHARGED D MEAN LIFE (UNITS lO~* -L3  SEE) 

T (B . )  OR LESS CL=.DO ARMENISB T9 HYBR NEU P -->DIMUONS • I /DO 
T 4 2.5 2.2 I . I  ALLASIA BO EMUL NEU W)OEBAND 121B[= 
T A (I0.41 (3.9) 12.9) 8ACINO BO OLEO E+E- 3.77 GEV ECM [1815 
T 5 I 0 . 3  10 .5  4 .1  USHIDA BO EMUL NEU WIOEBANO I 2 /B I$  
T B 8 (4.4) AOAMOVICH 8[ EMUL GAR NUC--> 11825 
T C I (2.21 (2.3) (iDOl BALLAGH BI HYER FNAL t5FT, NU HE-HE LIB25 
T D 9 B.2 4.5 2.5 ABE 82 HYBR SLAC GAM P 19.5 GEV 218Z* 
T E 70 g.5 3. [  1.9 ALBINI 82 SILl CERN GAM ST 2182= 
T F 7 16.5) I4.7) (2.El REUCROFT 82 F~BR El -  P, P P 4182~ 
T A USE S THEORETICAL RATE O TO (K E NEU(= [ . 4 * IO* * I I  SEC~=~-[ . I /B i t  
T B 4DA~VICH BE VALUE ESTIMATED WITHOUT Ik~ORMATION ON O MOMENTUM . I1825 
T C BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 1182" 
T C O CONTAIN 00 OR D~, EACH WITH EQUAL NUMBERS OE SEMILEPTONIC DECAYS. L/BE5 
T ABE 82 CANNOT RULE OUT F+- INTERP., OR ON 2 EVTS. LAMBOAIC+ INTERP. 2182= 
T E ALBINI 82 ASSUMES O MOMENTUM IS El2 BEAM MOMENTUM. 2182" 
T F CERN NAI6 (LEBC-FHS) EXPT. PRESENTED AT MORIONO CONF. 82. 4182" 
T . . . . . . . . .  
T AVG g. I  2.2 1.5 AVERAGE (ERROR INCL. SCALE FACTOR OF [.Of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
D*, D o 

31 CHARGED D PARTIAL DECAY MODES 

DECAY MASSES 
PI  D+ INTO K-  PI+ P[+ 403+ I39+ 130 
P2 D+ INTO KOBAR P[+  Ag7+ 139 
P3 0+ INTO P I÷  PI+ PI-  139+ 139+ 189 
P4 D+ INTO P I+  K+ K- 139+ 493+ 403 
P5 D+ INTO K+ P I+  P [ -  493+ 13g+ 130 
R6 0+ INTO E+ NUE .5÷ 0 
P7 D÷ INTO E+ ANYTHING 
P8 D÷ INTO K-- ANYTHING 
P9 G+ INTO KOBAR ANYTHING + KO ANYTHING 
RIO D÷ INTO K÷ ANYIH ING 
PLI  D+ INTO K* (802)OBAR PI+  Bgl+ 139 
P[2 D+ INTO KOBAR P[+ PIO 697+ 139+ [34  
P I3  D+ INTO KOBAR P I+  PI+ P I -  497+ 139+ 130+ I 39  
P I4  D+ INTO K -  PI+ PI+  PI+ P [ -  493+ 139+ 130+ 139+ 
PIB 0+ INTO P I+  PIO 139+ 134 
P I6  0+ INTO KOBAR K+ ~07+ 403 
PIE O+ INTO KOBAR RHO+ 697+ 769 
P19 O+ INTO ETA ANYTHING 

D- MOOES ARE CHARGE CONJUGATES DF THE AE~]VE MODES 

31 CHARGED D BRANCHING RATIOS 

RI 0+ INTO (K- PI+ PI+IITOTAL (P I )  
R I  85 0.030 0.010 PERUZZI 77 SNAG E+E- 3.TTGEV ECM [2117 
R[  239 0 .083  0 .015  SCHINOLER BI  SNK2 E+E- 3 .771GEV ECM 1182. 
R[ 
RI AVG 0.046 0.011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

R2 D+ INTO (KOBAR P I+ I /TOTAL  ( P 2 l  
R2 17 0.015 0.006 PERUZZI 77 SNAG E+E- B.77GEV ECH 12177 
R2 36 0.023 0,007 SCH[NDLER 81 SMK2 E÷E- 3.771GEV ECM L182" 
R2 . . . . . . . . .  
R2 AVG 0.0184 0.0066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  Ol 

R3 D+ INTO (KOEAR P I+ ) / (K -  P [+  P I+ l  (P211 (P l )  
R3 P 0.65 OR LESS EL=* 90 PICCOLO I77 SNAG +- E+E- 4.03GEV ECM 12/77 
R3 P OBTAINED FROM SIGMA*BR VALUES OF TABLE . 12177 

R4 0+ INTO (P I+  PI+ P I - ) / (K -  PI+ PI+ )  (P311 (P I )  
R4 P O.O8 OR LESS EL=.90 PICCOLO 77 SNAG +- E+E- 4.O3GEV ECN [2177 
R4 [O.OB4IOR LESS CL=.FO SCHINDLER 8 [  SMK2 E+E- 3.771GEV ECM 1182" 
R4 P OBTAINED FROM SIGMA~BR VALUES OF TABLE I *  12/77 

R5 D+ INTO (P I+  K+ K - ) I IK -  P ]+  P I+ I  (P4 I I [P I )  
R5 P (0 .151  OR LESS CL=.90 PICCOLO 77 SNAG +- E+E- 4.03GEV ECM 12 /77  
R5 O. I4  OR LESS CL=.90 SCHINDLER 81SMK2 E+E- 3.771 GEV ECH 1182" 
RS P OBTAINED FROM SIGMA*BR VALUES OF TABLE I .  12137 

R6 0+ INTO (K+ PI+ P I - I / (K -  P I+  P [+ I  (PS I I IP I )  
R6 P 0 .05  CR LESS EL=.90  PICCOLO 177 SNAG +-  E+E- 4.03GEV ECM [2 /77  
R6 P OBTAINED FROM SIGMA*BR VALUES OF TABLE . 12177 

R7 (0+ INTO E+ HUE)/(D+ INTO E+ ANYTHING + DO INTO E+ ANYTHING) 
R7 0 .10  OR LESS CL=,90 BRANDELIK 77 DASP E+E- 3 .99 -4 .08  GEV L2 /77  

RB D+ AND DO INTO (E+ ANYTHINGII(TOTAL Q+ AND DO) 
RB MEASURED AT THE PSI(3772I. THIS GIVFS A WEIGHTED AVERAGE OF 2182" 
R8 D+ (64 PET.] AND DO ($6 POT.) BRANCHING FRACTIONS. 2/82* 
RB 0 .07E 0 .028  FELLER 78 SNAG E+E- 3 .772  GEV ECH 2178 
RB (O. IZ] (0.02) BAEINO 78 OLEO REPL. BY BACINO 79 3/78 
R8 A (0 .081  ( 0 .015 )  BACINO 70 OLEO E+E- 3 .772  GEV ECM 4 /82 *  
R8 A NOT INDEPENDENT OF BACINO BO R13(D+I  AND R I3 (DO) .  4 1 8 2 .  

R9 Q+ INTO (K -  ANYTHING} (PB) 1179 
R9 3 0 . I 0  0.07 VUILLEMIN 78 SNAG E+E- 3.772 GEV ERR I179 
R9 26 0.19 0.05 SEHINDLER 81 SMK2 EeE- 3.77[ 5EV ECH 1/82. 
Rg 
RR AVG O.[BO 0.063 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

RIO 0+ INTO (KOBAR ANYTHING ÷ KO ANYTHINGI/TOTAL (Pg) 1/79 
RIO 3 0 .39  0.29 VUILLEMIN 78 SNAG E+E- 3 .772  GEV ECM I179 
RIO 15 0 .52  O. IB SCHINDLER 81SMK2 E+E- 3 .771GEV ELM 1 /82~ 
RIO . . . . . . . . .  
RIO AVG 0.48 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.OF 

R I [  0+ INTO (K+ ANYTHINGI/TOTAL (P IO I  
R I I  2 0 . 06  0 .06  VUILLEMIN 78 SNAG E+E- 3 .772  GEV ECM L /79  
R | I  12 0 .06  0 .04  SCHINOLER 81SMK2 E+E- 3 .77 I  GEV ECN L182"  
RI1 
RI I  AVG 0 .060  0 .033  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

R12 D+ [NTO (K* ISq2)OBAR P I+ I /TOTAL  (P I I t  
R[2 92 EVENTS SEEN DR1JARD 79 SFM + P P,ECM=S3 GEV 7179 
RIB 0 .037  OR LESS CL=.gO SCHINDLER B l  SMK2 LeE-  3 .77L  GEV ECM 1182e 

R13 D+ INTO (E+ ANYTHINGI/TOTAL (PT) 
H I3  [ 0 . 2201  (0 .044 )  (O.0221BACINO BO DLCO E+E-- 3 .77  GEV ELM 6182 .  
RI3 23 (0 .168 )  ( 0 . 064 )  SCHINDLER 81SMK2 LeE- 3 .771GEV ECM 6182 "  
R13 0,19 0 .04  O.O3 TRILLING 81RVUE BEST ESTIMATE 4182 .  

R14 O+ INTO (KOBAR P I+  PIOI /TOTAL (P l2 )  1 / 82 .  
R14 10 0 .129  0 .084  SCH[NOLER 81SMK2 E+E- 3 .77 I  GEV ECM [282 *  

HI5 0+ INTO [KOBAR P I÷  PI+ P I - ) / TOTAL  (P13)  1 /82=  
R15 21 0 .084  0 .035  SCHINDLER Bl  SMK2 E+E- 3 .771GEV ECM 1 /82 "  

RI6 D+ INTO (K -  PT+ PI~ P ie  P I - I I TOTAL  (P141 1 /82 "  
RIB O.04I OR LESS CL=.RO SCHINOLER 81 SMK2 E+E-- 3.771GEV ECM 1182. 

RI7  G+ INTO (KOBAR RHO+)/TOTAL IP lBJ  l i b2 *  
RI7 S (O .O [6 )CR MORE CL=.gO SCHINOLER 81 SMK2 E+E- 3 .771GEV ECM 1182" 
HIT S SCHINOLER 81 USE TRIANGLE RELATION FOR AMPLITUDES BO -->KOBAR RHO0, 1182" 
817 S 00 - ->K -  RHO+ AND D+ -->KOBAR RHO+. AND THEIR 0+100 LIFETIME RATIO. 1182"  

H I8  D+ INTO [P I+  P[O)/ (KOBAR P I+ l  (P tB I l (P2 l  1 / 82 "  
HI8 0.30 OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ELM I182* 

H I9  D+ INTO (KOBAR K+I / IKOBAR P ]+ I  (P IA ) / IPZ )  1 / 8 2 .  
RI9 6 0 .25  0 .15  SCHINOLER 81SNK2  E+E- 3 .771GEV ECM 1 /82 "  

R2I D+ AND DO INTO (ETA ANYTHINGI/ ITOTAL D+ AND COl  
R2I  B (0 .02 )  OR LESS BRANOELIK 7R OASP E+E- ECM=4.O3GEV 1 /82 "  
R21 O . I 8  OR LESS PARTRIDGE 81CBAL  E+E-  EEN=3.T7GEV 1 /82e  
R2I  B BRANOELIK 79 RESULT BASED ON ABSENCE OF ETA SIGNAL AT 4 .03  GEV. 1 /82 "  
R21 B PARTRIDGE 81 OBSERVE SUBSTANTIALLY HIGHER ETA CROSS SECTION AT 6 .03 .  1182" 

88 

Data Card Listings 
For notation, see key at front of  Listings. 

GOLDHABE 76 PPL 37 255 
PFRUZZ[ 76 PRL 37 560 
WISS 76 PRL 37 1531 

BRANDELI 77 PL 708 3B7 
GGLDHABE 77 PL BEE 503 
PERUZZI 77 PRL 30 1301 
P[CCOLO 77 PL 70E 260 

BACINO 78 PRL 40 67 I  
FELLER 76 PRL 40 276 
VUILLEMI 78 PRL 4 I  11~9 

ARHENISE 79 PL Ebb i15 
BACIND 79 ORL 43 1073 
BRANDELI 70 PL 80B 812 
DRIJARO 79 PL 816 850 

ALLASIA 80 NP BI76 I3  
BACINO 80 PRL 45 329 

REFERENCES FOR CHARGED B 

GOLDHABER,PIERRE,ABRAMS,ALAM+ (LBL+SLAC} 
+PICCOLO,FELOMAN,NGUYEN,WISS+ (SLAC+LBLI 
+GOLDHABER,ABRAMS,ALAM, EDYARBKI+ (LBL+SLACI 

BRANOELIK + (AACH+CESY+FANB+MPIM+TDKY) 
GOLDHABER,WISS,ABRAMS,ALAM + (LBL+SLACI 
+PICCOLO,FELOMAN+ ISLAC~LBL+NWES+HAWA) 
+PERUZZI,LUTH,NGUYEN,WISS,ABRAMS+ISLAC+LBLI 

+BAUMGARTEN,BIRKWOOD + (SLAC+UCLA*UCI) 
• LITKEtMADARAS,RONAN+ (LBL+SLAE+NWES+HAWAI 
VUILLEMIN,FELDNAN + (LBL+SLAC+NWES+HAWA} 

+ERRIQUEZ+ (BARI+CERN+EPOL+MILA+ORSA) 
+FERGUSON,NODULM~N÷ IUCLA+SLAC+UCI+STONI 
BRANOELIK+ IAACH~CESY÷FAMB+MPIM+TOKY) 
+FISCHER,GEIST+ (CERN+CDEF+HEIO÷KARLI 

(ANKA+L[BH*CERN+DUUC+LOUC+KEYN+PISA+RDNA~) 
+FERGUSON+ (UCLA+StAC÷STAN÷UCI+STONI 

USH[DA 80 PRL 45 lOB3 (AICH+FNAL+KOBE+SEOU+NCGI+NAGD+OSU÷OKAY+) 
ZHOLENTZ BOPL 96B 214 +KURDADZE,LELCHUK,NISHNEV.NIKITIN+ (NOVOI 

ALSO 81 YAO.PHYS.34 IA71 EHDLENTZ * INOVO) 

ADAMOVIC 81 PL 99B 271 ADAMOVICH+IPHOTON--EMUL ,OMEGA-PHOTON CDLLS.] 
BALLAGH B[ PR 024 7 +BINGHAM+ {LBL+UCE+FNAL+HANA+WASH+NISCI 

ALSO 80 PL 80B 423 BALLAGH + (LBL+UCB+FNAL+HAWA+WASH+WISCI 
PARTRIDG B) PRL 47 760 PARTRIDGE,PECK+ (CIT+EARV+PRIN+STAN+SLAC) 
SCHINDLE 81 PR D25 7B SCHINDLER.ALAM,BOYARSKY + (SLAC÷LBL) 
ABE 82 RRL (TO BE PUBL.I(SLAC HYBRID FACILITY PHOTDN COLLABORATION) 
ALB[NI 82 PL [[OB 33q ALBINI+ (FRAS+MILA+PISA+RONA+TORI+TRSTI 
REUEROFT 82 CERNIEP/OgOSRISR S.REUCROFT (MORIOND CONF| (EEBC-EHS COL[RE) 

REVIEWS 

B ARBAROG 78 LBL-8537 A.BARBARO--GALTIERI (ER ICE 1978) (LBL) 
WOJCICKI 78 SLAC-PUE-2232 S.WOJCICKI (SLAC SUMMER INST.19781 (SLACI 
KIRKBY 79 SLAC-PUB-2419 J.KIRKBY (LEPTON CONF. BATAVIA, 1979)(SLACl 
TRILLING 8I PRPL 75 57 G.H.TRILLING ILBL+UCBIJ 

r ~  32 NEUTRAL 0 (1865 , JP=0 - )  I=112 

FOR A RECENT REVIEW SEE TRILLING BI  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL D MASS (MEV) 

M 234 (1865 .  I ( 15 . I  GOLOHABER 76 SNAG K Pl  AND R 3PI 1177 
M I1863.) ( 3 . )  GOLDHABER 77 SNAG DOVE+ RECOIL SPE 12417 
M P ( I 863 .3 )  (O. g l  PERUZZI 77 SMAG E+E- 3.7TGEV ELM 12 /77  
M (1868 . )  ( I I . I  PICCOLO 77 SNAG E+E-8 .03 t4 .41ECM I178  
M 64 ( I 850 .1  ( 15 .1  BAtTAY 78 HBC NEU NUCL.KOPIPI 1/79 
M A 94(18S4,1 (6.1 ATIYA 79 SPEC GAM NUC-->DO DOBAR 12179 
M 1(1866 .1  (B . }  ADAMOVICH 80 EMUL GAMMA NUC-->DOBAR + 2 /80  
M 238([863.0] 12.5) ASTON 80 OHEG GAPMA P-->DOBAR 1218I* 
M A 143(I860. l ( 2 . )  AVERY BO SPEC GAMMA NUC-->D*+ 12/81= 
M A 35(1869. I ( 4 . )  AVERY BO SPEC GAMMA NUC-->D*+ 12 /8 I~  
M I ( [ 847 .  I ( 7 .  l FIORINO 81 EMUL GAMMA NUC-->DOBAR + 1182~ 
M P (1863 .81  ( 0 . 5 )  SCHINDLER 81SMK2 E+E- 3.7TGEV EEM 1182"  
M P 1866 .7  0 .6  TRILLING 81 RVUE + -  E+E- 3.77GEV ELM 1182 .  
M P PERUZZl 77 ANO SCH[NOLER 81 ERRORS DO NOT INCLOGE THE 0 .13  PERCENT 1 /82=  
M P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CALIBRATION. TRILLING 81 1 /82 *  
M P USES THE HIGH PRECISION PSI ANO PSI-PRIME MEASUREMENTS OF 1182* 
M P ZHGLENTZ BO TO DETERMINE THIS UNCERTAINTY AND COMBINES THE 1 /82 "  
H P PERUZZI 77 AND SCHINOLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 1/82" 
M A ERROR DOES NOT INCLUDE POSSIBLE SYSTEMATIC MASS SCALE SHIFT, l / 8 I *  
H A ESTIMATED TD BE LESS THAN 5 HEY. 1181" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 (0÷ - )  - IOO) MASS DIFFERENCE (MEVI 

ON A S.O O.B PERUZZI 77 SNAG +-  E+E- 3.TTGEV ECM 3 /78  
DM A 4.7 0.3 SCHINDLER EI SMK2 ~- E+E- 3.77GEV ELM 1/82" 
OM A NOT INDEPENDENT OF 0+- AND DO MASS MEASUREMENTS. 3178 
DM 

OM AVG 4.74 0.28 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ).Of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note on the D o Lifetime 

The D o lifetime is a subject of uncertainty, 

with the problems of inconsistent experimental 

results not yet resolved. Earlier results, pri- 

marily using emulsion targets, reported lifetimes 

of the order of i ×10 -13 sec or less. The e + - e 

collidlng-beams results indicate a charged/neutral 

D lifetime ratio of 3 or possibly much larger (sub- 

ject to some theoretical uncertainties). Many of 

these results are characterized by relatively large 

quoted errors, and the most recent experiments sug- 

gest that the D o lifetime lies in the range 

2-7 ×10 -13 sec. Tbe observation of individual 

events with proper lifetimes of the order of 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
D o 

20 xlO -13 sec suggests that the mean llfe may 

indeed be longer than first thought, perhaps com- 

parable to  t h e  D ± l i f e t i m e .  The p o s s i b i l i t y  o f  
0 0  

t h e r e  b e i n g  2 l i f e t i m e s  i n  t h e  manner  of t h e  KS-KI~, 

or  o f  t h e r e  b e i n g  more t h a n  one  t y p e  o f  m a s s i v e  

w e a k l y - d e c a y i n g  n e u t r a l  p a r t i c l e ,  h a s  b e e n  d l s -  

cussed, but there is no solid evidence. 

02 NEUTRAL O MEAN LIFE (UNITS 10"5-13 SECI 

T (8 .0 I  CR LESS CL=.90 ARMENISE 79 HYER NEU P --~OINUONS + 1/80 
T I 10.226)  AOAHOVICH 80 EHUL INCL IN AOAgOVIEHBL 2180 
T E 3 (O.EBI (0.571 ( 0 . 2 5 )  ALLASIA BO EMUL NEU NIOEEAND 12/81~ 
T C ( 2 ~ t )  OR LESS CL=.gS 8ACIND 8O DLCO E~E- 3.TT GEV ECM 1/81~ 
T G T ( [ . 0 0 1  ( 0 . 5 2 )  ( 0 . 3 1 )  USHIDA 80 ERUL INCL. IN USHIDA E2 12/81~ 
¥ F B (0 .5E)  ( 0 * 8 )  ( 0 . 2 (  ADBMOVICH BI EMUL CER~SPS GAgRA NUCL l / g g ~  
T H 1 {O .LA)  AOANOVIE BE EH~  DERN-$PS GARMg NULL 4/92~ 
T H 1 I g . 6 |  Gg (7.51 gOAROVI2 BI EHUL CERN-SPS GAMMA NUCL 4/80~ 
T B 2 (Z.8) (2.21 ( i . 3 }  BgLLRGH 81 HYOR FNAL EBFT~ NU NE-H2 1/82, 
T A I 12.1)  AOEVA 81HYBR LEEC CEgN-SPS P I -  P 1/825 
T A I ( 5 . 9 (  ADEVB 8E HYBR LEEC CEPN-SPS RI -  P L/82~ 
T 5 3.1 2 .0  1.6 FUDHI E1EMUL CER~EPS P I -  NUC 1/025 
T 11 6 .7  3. E 2.0 ALE 82 HYER SLAC GAM P 19.S GEV 2/820 
T D G 8 (2.L) ( | . 3 )  (0.7} REUCROFT 82 HYBR PI- P, P P 4/80* 
T 16 2.3 0 .8  O.S USHIDA 82 EMUL FNAL NU, gNU WIOEBND 2/82* 
T E gLLASIg 80 gSSUMES NO LONG-LENGTH LOSSES. V[SIEILITY PROBLEMS IN 4/82¢ 
T E THE EMUL. 6/825 
T C USES THEORETICgL RATE D TO (K E N E U I = I . 6 ~ I O * * l l  SECt'S-1 . l / 8 L *  
T F AOA~VIDH 01 ASSUMES NO LONG-LENGTH LOSSES. 4 /Bg*  
T H ADAMOV]CH2 8E HAS NO CORRECTION FOR DETECTION EFFICIENCY. 4 /02*  
T E gALLAGH E1 VALUE ~OTED HERE ASSUMES THgT ALL OILEPTON EVENTS l / 8 g *  
T B CONTgIN 00 OR D+, EACH WITH EGUAL NUMBERS OF SEHILEPTDNIC DEC~YS. 1/82~ 

A ADEVA 31 FIRST AND SECOND VgLUES ARE PROPER LIFETIMES OF DO &NO ADO 1/Bg* 
A FROM SINGLE EVENT. DETECTION EFFICIENCY LOW FOR LIFETIMES l O ~ * - I 3  E/Bg* 

T A SEC OR LESS. 1 /B2.  
T 0 CERN NAI6 (LEBC-EHSI EXPT. PRESENTED A7 RDR[END CCNF. 82.  4/80~ 
T G USH[OA 82 HOVE 3 SEMI-LEPTON[C DECAYS NOT INCLUDED IN THIS NUMBER. 4 /8~*  

G gUT BELIEVEO TO HAVE MUCH bONGER LIFETIHES. SUPEPCEOEE USHIDA 80. AgB25 T 
T . . . . . . . . .  
T AVG 4.8 2.4 L.5 OVERAGE (ERROR INCL. SCALE FACTOR DF 1.6) 

(SEE IDEOORAN BELOW } 

W E I G H T E D  AVERAGE = 0 , 2 1 0  ± O . O B O  

ERROR SCALED BY 1 6  

A 

. . . . .  U S H [ D A  

- 0  2 0 2  0 6  1 0 

N E U T R A L  D DECAY RATE ( U N I T S  1 0 " * 1 3 S E C - 1 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 (CHARGED OI/(NEUTRAL O} MEAN LIFE RATIO 

TR FROM RATIO OF D÷ TO DO SEMILEPTONIC BRANCHING FRACTIONS 
TR ( g . 3 )  OR MORE CL=.95 BACINO BO DLCO E÷E- 3.77 OEV ELM 
TR ( 3 . 1 I  14.6 I  I t . g (  SCHINOLER 81 SMK2 E÷E- 0.77 GEV ECN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL O PARTIAL DECAY MODES 

CH [ SO 

8 2  EMUL 3 7 

32  HYBR 1 . 1 

81 EMUL 0 2  

5 . 1  

( C O N L E V  
=O 079)  

DECAY MASSES 
Pl DO INTO K- PI÷ 493÷ tO9 
P2 00 INTO K- PI+ PI+ El- 493÷ 139+ I g g +  139 
P3 O0 INTO KOB&R PI* El- 497+ 139, I09 
P6 DO INTO KOEgR R[+ P [ -  HI÷ P I -  497" 139" 139÷ 139" 
PS 00 INTO Pie  P I -  L39÷ 139 
P6 00 INTO K~ P [ -  (VIA DOBAR) 493+ 100 
P7 DO fNTO K*  K -  493+ 49g 
P8 00 INTO K- El+ PIG 693+ 109+ 104 
P9 00 INTO KOBAR PIO 497÷ I34 
PlO DO INTO E+ gNYTHING 
PLI 00 INTO K- ANYTHING 
Plg 00 INTO K÷ gNYTHING 
P13 00 INTO KOSAR ANYTHING ÷ KO ANYTHING 
P[4 00 INTO K$(8921-  Pl~ 8911 139 
Pig O0 INTO K5(892}0 PlO 8R1÷ 134 
P16 00 INTO K- RHO+ 6q3÷ 769 
PIT DO INTO KOBAR RHO0 AqT~ 76q 
PI8 00 INTO H i -  H I -  HI÷ Pie 139. 1 3 ~  139+ 139 
Pig 00 INTO UNFITTEO MODES (KEEPS FIT RGH. HAPPY) 
P20 O0 INTO K-- HI÷ PIO PrO 493÷ L39~ 134÷ 13~ 
P2L O0 INTO ETA ANYTH|NG (SEE CHARGED 0 SECTION R21) 

BOBAR MODES ABE CHARGE CONJUGATES OF ABOVE NODES 

1 /82"  
1/E2" 

F I T T E D  P A R T I A L  D E C A Y  M O D E  B R A N C H I N G  F R A C T I O N S  

T h e  ~ t r i x  b e l o w  im d e r i v e d  l r o r n  t h e  e r r o r  m a t r i x  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n a ,  P i '  &s f o l l o w s :  T h e  d i a g o n a l  e l e m e n t s  a r e  P'I ~ 8 P .  w h e r e  

6 P  i = _ _  ~ i  ) , w h i l e  t h e  o f f - d i x g o n M  e l e m e n t e  a r e  t h e  n o r r a a l i z e d  c o r r e l a t i o n  c o e t f i -  

c l e n t s  ( 6 P i S P j ) / ( E P  i - CP j ) ,  F o r  t h e  d e f i n i t i o n 8  of t h e  i n d i v i d u a l  P i '  s e e  t h e  l i s t i n g s  

a b o v e ;  o ~ y  t h o s e  P i  a p p e a r i n g  i n  t h e  m a t r i ~  a r e  a s s u m e d  i n  t h e  f i t  to  be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  to  I .  

P L  R 2  P 3  P S  R T  PIP 
P L .02~0+- ,0039 
P 2 . 2 1 5 1  . 0 4 5 3 4 - . 0 1 9 6  
P 3 . IT6S .0375 .0421+- .00T7 
P 5 .335R .0721 ,0585 .O008÷-.O00A 
P 7 .520¢ .1120 .0908 .1765 .0027+- ,  0008 
PL9 - . 5 0  TB - , E 2 3 4  - . 5 3 6 ~  - . i Q O 6  - . O 0 1 I  . 8 8 S O ~ - . O l b B  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 NEUTRAL 0 gRgNCHING RATIOS 

R1 DO INTO ( K -  PI+)/TOTAL ( P I I  
RI 130 0.022 0.006 PERUZZI 77 SNAG E,E- B.TTGEV EEN 12/E7 
RE 263 0.000 0.006 $CHINDLER 81SMK2 E÷E- 3.771 GEV ECM 1 /82"  
RI . . . . . . . . .  
RE AVG 0.0260 0.0062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.D} 
RL FIT 0.02A0 0.0009 FROM FIT (ERROR INCLUOES SCALE FACTOR OF [ .O ]  

R2 00 INTO (K- El÷ P I ÷  RI-)ITOTBL (P2} 
R2 64 0.032 O. O l [  PERUZZI 77 SNAG E÷E- B.77GEV ECH [ 2 / 1 7  

gCHINOLER 81SNK2 E÷E- g .771GEV ECM l i e g e  R2 |85 0.O85 0.021 
Rg . . . . . . . . .  
R2 AVG 0.063 0.022 AVERAGE (ERROR INCLUDES SCALE FgCTOR 0 F 2 . 2 )  
R2 FIT 0.0@5 0.013 FROM FIT (ERROR INCLUDES SCALE FBCTOR OF I .A )  

R3 DO INTO (KOBAB El÷  PI- I ITOTAL IF31 
R3 g8 0.060 0.013 PERUZZI 77 SHAG E÷E- 3.T7GEV ELM L2/T7 
RB 32 O,03B 0.012 SCHINOLER g l  SHKg E÷E- 3o771GEV ECH 1/82e 
g3 . . . . . . . . .  
R3 AVG 0.0389 0.0088 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.Ol 
03 FIT O.OA2I 0.0077 FROM E l i  (ERROR INCLUDES SCALE FACTOR OF l . C )  

R4 00 INTO { K -  P l t  PI÷ P [ - I / ( K -  PI÷) ( P 2 t / ( P l |  
RA P 216 2 .2  0 ;8  PICCOLO 77 SNAG E+E-6.03,4.ALECR L2/TT 
R4 P THIS CHANNEL OOR[NATEO BY K- P l t  RHOO ( 8 5 ~ 1 5  PERCENTI. 12/77 
R4 P K* El÷ E l -  ANO K -  A2+ CONSISTENT WITH O~ K$ RHDO FRAO IS 0 . 1 + - 0 . 1  • 12/77 
R4 
R4 FIT 1.89 0.55 FROM RIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

Rg 00 INTO |ROBgR E l÷  P I - I / i K -  PI+]  IPB I / (P1 }  
R5 1 1 6  2 .8  1.0 PICCOLO TT SHAG E+E-4.03vA.@IECM 12/77 
R5 3S L.T 0.8 AVERY gO SPEC OAMMA NUC-->DS÷ 12/81*  
R5 . . . . . . . . .  
R5 AVG 2 .13  0.62 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  
R5 FIT 1.75 0.09 FRDM LIT (ERROR INCLUDES SCALE FACTOR OF L.OI 

R6 00 INTO ( E l ÷  P I - I / ( K -  El÷) ( P S I / ( P l l  
R6 0.0T CR LESS CL=.90 PICCOLO 77 SNAG E÷E- 4.03 GEVECM I2177 
R6 0.033 0.015 ABRAMg 7q SHK2 E+E- 3.TTGEV ECM L2/TR 
Rb . . . . . . . . .  
RE FIT 0.033 0.015 FROM FIT (ERROR INCLUOES SCALE FACTOR OF l .O !  

gT 00 INTO IK+ K - I / ( K -  PI÷J ( P T I / ( P 1 }  
RT 0 .07 CR LESS CL=.90 PICCOLO TT SHAG E÷E- 4.0BGEV Egg 12/T7 
RT 0.110 0.030 ABRAMS 79 SHK2 E+E- 3.7TGEV ECR 12/79 
R7 . . . . . . . . .  
R7 FIT 0.113 0 . 0 3 0  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0l 

R8 DO INTO (K÷ El-- VIg DOBARI/IK- P[÷ ÷ K+ P I - )  (PE I / (P I÷P6 )  
g8 THIS IS THE DO-OOBgR MIXING LINT T 
RB 0.16 OR LE Sg EL=.90 FELOMAN 77 SNAG ~ ÷  T0 00 El+ B/TT 
R8 (O. IB )  DR LESS CL=.90 GOLDHABER 77 SHAG 12177 

Re DO INTO (K -  PI+ PIOI/TOTAL (PEt 
RR 7 0 .12 0.06 SCHAgRE 78 SNAG E+E- 3.77 GEV L/T8 
RO 37 O.OE5 0.032 SEHINOLER 81 gMRE E+E ~ 3 .7710EV EDM 1 / 8 2 ,  
R9 . . . . . . . . .  
RO AVG 0.093 0 . 0 2 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} 

RIO DO INTO (KOgAR PIO)/TOTAL (Pg} 
RIO 10.06) OR LESS CL=.90 SEHARRE 78 SNAG E+E- 3.77 GEV 1/78 
RIO 8 0.022 0.011 SCHINOLER 81SMK2 E~E~ 0.771GEV ECH 1 / 8 2 ,  

RIg 00 INTO (KOBAR ANYTHING + KO ANYTHINGI/TOTAL (PEg) 
RI2 8 0.E7 0.2E VUILLEMIN 78 SNAG E~E- 3.772 GEV ELM I179 
RI2 i 3  0 .29 0.11 SCHINDLER 81 SHK2 E+E- 3 .771GEV ECM 1/82"  
RI2 . . . . . . . . .  
R[2 AVG 0.33 0.I0 OVERAGE (ERROR INCLUDES SCALE FACTnR OF L.O] 

RI3 00 INTO (E÷ ANYTHING{/TOT&L (RIO) 
RIB 0 0 .04  DR LESS CL=.95 BACINO 80 OLEO E+E- 0.77 GEV EEH 4 / 8 2 *  
RI3 t2 0.055 0.037 SCHINDLER 81SHK2 E+E- 3 .771GEV ELM ~ / 8 2 "  
At3 
RIB EST " "O:O;  "OR ZE;S" CL=.go OUR ESTIMATE 4 / 8 2 *  

RE4 00 INTO ( K 5 ( 8 0 2 ) -  PI+I/TOTAL (R14) 1 /82*  
R[4 05 0.034 0.01¢ SCHINDLER 81SMK2 E÷E- ~ .T7 t  GEV ECW 1182" 

RIg 00 INTO (K*(8S2}O PIO}/TOTAL (P Ig )  L /82*  
RIg 6 0.014 0.023 0 .014 SCHINOLER 8I  gNK2 E÷E- 3 .7710EV ECM 1182" 

RI6 00 INTO ( K -  RHO÷I/TOTAL (P IL l  1 / 8 2 t  
RI6 31 0.072 0.030 0.031SCHINOLER 81SMK2 E÷E- 3 .7710EV ECM 12820 

RLT DO INTO (KOBBR R HOOI/TOTAL (P lT I  1 /82"  
R17 l 0 . 0 0 1  O.OOb 0.001SCHINDLER 81SNK2 E÷E- 3.771GEV ELM l/B2* 

RIB DO INTO ( P I -  P I -  PI+ P I + I I I K -  PI÷ PI+ P I - I  ( P I B ] / { P 2 |  [2825 
RI8 0 .21 OR LESS CL=.90 SCHINOLER 81EMK2 E+E- 0 .77 I  GEV ECM 1 /82"  

Rig O0 INTO (K- 6hYTHINGI/TOTAL ( P i l l  1 /82"  
RE9 19 O.gS 0. L0 VUILLEMIN 78 SMAG E+E- 3.772 GEV ELM 1/79 
KIT l g l  0.55 0.11 SCHINDLER 81 SHK2 E÷E- 3.771GEV ECR l / B 2 *  
R19 . . . . . . . . .  
RL9 AVG 0.440 0.100 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3}  

R20 00 INTO (K~ A~YTHING)/TOTAL (P121 5182" 
R20 2E O.Og O.OB SCHINDLEP Bl SHK2 E÷E- 3 .771GEV EER 1182" 

R21 00 INTO (K~ ~I~ PIO PIO)/TOTAL (P20} 1182" 
R2i l SEEN ADEVg 81HYBR P l -  P-->DO OOBAR 1/82¢ 



Stable Particles 
D °, F*, B p 

GOLDHABE 76 PRL 37 255 
FELDMAN T7 PRL 38  1313 
GOLDHABE 77 PL 69 f l  503  
PERUEE( 77 RRL 39  1301 
PICCOLO T7 PL 70B 260  

BALTAY 78 PRL 41 73 
SCHARRE 7B PRL 40  74 
VUICLEMI 78 PRL 4[  1149 
ABRAMS 79 PRL 43  481 
ARMENISE 79 RE 86B 11f i  
ATIYA 79 PRL 4B 4 1 4  

AOAMOVIC 80 PL 89B 427  
ALLASIA BO NP B176 13 
ASTON 80 PL 94B 113 
AVERY 80 PRL 44 [BOq 
BACIND 80 PRL 45  32q  
USHIDA 80 PRL 4 5  1049 
ZHOLENTZ 80 PL 96B 214 

ALSO 81YAD. PHYS.36 1471 

ADAMOVIC 8 I  EL 90B  B7 [  
ADAMOVI2 B l  DESY-L-TRANS-260 

ALSO BO AOAMOV(EH 
ALSO 81 F IORINO 

ADBVA 81PL lOEB 285 
BALLAGH B/ PR D24 7 

ALSO BO PL BOB 4B3 
FIORINO B[ LNC 30 166 
FUCHI Bl LNC 31 1~9 
SCHINDLE Bl PRO E4 7B 

REFERENCES FOR NEUTRAL O 

GOLOHABERtPIERRE,ABRAMStALAM+ (LBL+SLAC( 
+PERUZZI,PICCDLO,ABRAMS,ALAH + [SLJC÷LBL) 
COLDHABERoWISS,ABRAMS.ALAM ÷ (LBL+SLAC( 
÷P[CCOLO, FELDMAN÷ (SLAC+LBL÷NWES*HAWA( 
+PERUZZI,LUTH.NGUYEN.WISS,ABRAMS÷(SLAC÷LBL( 

+EAROUMBALIS,FRENCH,HIBBS,HYLTON÷(EOLU+BNLI 
+BARBRRO-GALTIERI + (SLAC÷LBL+NWES+HAWA( 
VUILLEMIN, FELOMAN * (LBL+SLAC÷NWES+HAWA( 
÷ALAM,DLOCKER,BOYARSKI+ (SLAC+LBL( 
+ERRIQUEZ+ (BARI+CERN÷EPOL+M(LA+ORSA) 
+HOLMES,KNAPR,LEE÷ (COLU+[LL+FNALI 

ADAMGVICH+(PHOTON-EMULtOMEGA--PHOTON COLLS.) 
(ANKA+L(BH+CERN+DUUC+LOUC÷KEYN+PISA+ROMA+( 

+(BONN+CERN+EPOL+GLAS+LANC+MCHS÷LALO+LPNP÷) 
÷WISE,BUTLER[GLADDING+ ([LL÷FNAL+COLUI 
+FERGUSON÷ (UCLA+SLAC+STAN+UCI÷STON) 

(RICH÷FNAL+KOBE+SEOU÷MCOI÷NAGO÷OSU÷ORAY÷) 
+KURDADZE.LELCHUK,MISHNEV,NIK(TIN÷ (NOVO( 
ZHOLENTZ ÷ (NOVOJ 

AOAMOVICH÷tPHOTON-EMUL,CMEGA-RHOTON COtLS.I 
(PISMA JETF B4 477)(PHOT. EMUL.,OMEGA-PHDT.( 

+AGUILAR-BENITEZ + (LEBC-EHS COLLABORATION( 
+BINGHAM÷ ILBL+UCB+FNAL+HAWA+WASH÷NISC( 
BALLAGH ÷ (LBL+UCB+FNAL÷HAWA÷WASH+WISE( 
FIORINO+ IEHOTON-EMULv OMEGA-PHOTON CDLLS.) 
+HOSHINO.MIYANISH(+ (NAGO*AICH÷TOKY÷YOKO) 
SCHINOLER, ALAM,BOYARSKY ÷ (SLAC+LBL) 

ABE 82 PRL ITO BE PUBL.((SLAC HYBRID FACILITY PHOTON COLLABORATION( 
REUCROFT B2 CERNIEP/O?OOR/SR S.REUCROFT (MORIONO CONFI (LEBC-EHS COLLAB( 
USHIOA B2 PRL 48 844 IAICH÷FNAL+KOBE÷SEOU+MCGI+NAGO÷OSU÷OKAY÷J 

QUANTUM NUMBER DETERMINATIONS NOT REFERREO TO IN THE DATA CARDS 

NGUYEN 77 PRL 39 262 ÷WISS.ABRAMS,ALAM,BOYARSKI÷ (LBL÷SLACI3 

REVIEWS 

BARBAROG 78 LBL -B537  A.BARBARO-OALTIERI IERICE 1078) (LBL) 
WOJCICKI 78 SLAC-PUB-2232 S.WOJCICKI (SLAC SUMMER INST.1978( [SLACI 
KIRKBY 79 SLAC-PUB-2419 J.NIRKBY )LEPTON CONF. BATAVIA, 1970 ) (SLAC(  
TRILLING 8I PRPL 75 57 G.H.TRILLING (LBL÷UCB(J 

F ~  B4 F÷-[BOBO,JP= ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34  F+-(2020( MASS (MEV) 

M B 6(2030.) (80o) DRANDELIK 77 DASP ÷-  E+E- ECM=RGEV 12177 
M B 6 2030. 60. BRANDELIK 79 DASP E÷E- ECM=4. kBGEV /1DO 
M 1 2017 .  25 .  AHMAR 80 HYBR ÷ NEU WIDEBAND 9 /81~  
M 1 2026. 56. USHIDA OO EMUL FNAL NU WTOEBAND 2182" 
M 1 2089. 121. USHIOA 80 EMUL ÷ FNAL NU WIOEBAND 2182. 
M A ~00 2020 .  22 .  ASTON 81 OMEG ÷ -  GAMMA P-->F + 1 /82 "  
M B BRANDELIK 77 EVENTS INCLUDED IN BRANDELIK 70 VALUE. I/DO 
M A ERROR QUOTED BY ASTON BI IS 10 MEV STAT AND <20 MEV SYST. I IBZ* 
M . . . . . . . . .  
M AVG 2021.1 15.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i . o )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 F÷-(BO20( MEAN LIFE (UNITS 10"*-13 SIC) 

T 2 B.24 2 .7B  1.05 USHIOA 80 EMUL NEU HIDEBANO 12 /B [ *  
T 1 (1 .4 ]  AMMAR BO HYBR ÷ NEU NIDEBANO I IB2 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3~ F~(2OBO) PARTIAL DECAY MODES 

DECAY MASSES 
P[  F+ -  INTO ETA E l÷ -  548÷  139  
P2 F÷-- INTO ETA ANYTHING B4B÷ O 
P3 F+ -  INTO ETA P I÷ -  P I+  P I -  54B÷ | 37+  139÷  139 
P4 F÷ -  INTO ETA PR[ ME P I~  PI+ PI -  957+ 139+ 139+ 139 
P5 F÷ -  [NTO RHO+- PHI 769÷1019  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 F÷ - [ 20201  BRANCHING PATIOS 

R/ F+- INTO (ETA P I~ ) / (ETA ANYTHINGI (P I l l (R2 )  
R1 A 6 (0 .091  [ 0 , 061  BRANDELIK T9 OASP EeE-  ECM=4.ABGEV ~ /B2~  
R I  A DENOMINATOR INCONSISTENT WITH PARTRIDGE BI  (CRYSTAL BALLI 4182 "  

R2 F+- INTO ETA PI+- Ple PI -  iP3I  1 1 8 2 .  
R2 300  SEEN ASTON B l  OMEG GAMWA P--->F + 1 /82 "  

B3 F÷-- INTO ETA PRIME PI+- P[+ Pl -  (PR( l lB2*  
R3 50  SEEN ASTON B/ OMEG GAMMA P- ->F  + l iD2 *  

R4 F+- INTO RHO+- PHI IPB)  1182 "  
R4 30  SEEN ASTON2 81 OMEG GAMMA P- ->F  t 1182. 

9O 

Data Card Listings 
For notation, see key at front of  Listings. 

BRANDEL[ 77 PL 70B 132 
BRANDELI 79 PL BOB 4IE 
AM~AR 80 aL 94B t iE 
USHIOA 80 PRL 45 1053 
ASTON 8t PL IOOB gl 
ASTON2 Bl  NP BZBg 20B 
PARTRIDG B1 PRL 47  760  

TRILLING 81PRPL  75 57 

REFERENCES FOR F÷- (2OBO)  

BRANOELIK ÷ (AACH÷DESY+PAMB+NPIM÷TOK¥] 
BRANOELIK÷ (AACH~CESY÷~AMB÷MPIM÷TOKYJ 
÷ (KANS÷FNAL÷SERP+ITEP~CRAC÷JINR÷WASH÷( 

(AICH÷FNAL÷KDBE+SEOU÷MCG[~NAGO÷OSU÷OKAY+( 
[BONN÷CERN÷EPOL÷GLAS÷LAN(]÷MCHS÷LALO÷LPNP÷| 
(BONN÷CERN÷EPOL÷GLAS+LANC÷MCHS+LALO~LPNP÷( 

PARTRIDGE,PECK÷ (CIT~HARV÷PRIN+STAN÷SLAC*) 

REVIEWS 

G.H.TRILLING (LBL÷UCB( 

* * * * * *  * * * * * * * * *  $ * * * * * * * *  * * * *~ * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * *~* *  

.................. : i  : : : :  : T 1 : i  ..................... " ~ l  r (520 , 

GEE ALSO THE LISTING FOR BOTTOM HAORON SEARCHES. 
hEEDS CONFIRMATION, NOT ENTERED INTO TABLE. 

3g B MASS [MEVI 

M 5140 TO 5290 ANDREWS BO CLIO UPSIL(RS) THRESHOLD 4/82* 
M 5275 OR LESS FINNOCCHI BO CUSE UPSIL(RS( THRESHOLD 4/82.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 B PARTIAL DECAY MODES 

DECAY MASSES 
P[ B INTO ELECTRON ANYTHING 
P2 B INTO MUON ANYTHING 
P3 B INTO E+ E- JNYTHING 
P4 D INTO MU+ MU- ANYTHING 
P5 B INTO KAON ANYTHING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3g B BRANCHING FRACTIONS 

R1 B INTO (ELECTRON ANYTHING)/TOTAL (P l )  
R 1 A O. 13 O. 042 BEBEK 81 CL IO  O IR  ECT E AT UPS [4S ]  4 / 82~  
R( A THE STATISTICAL AND SYSTEMATIC ERRORS ARE EACH ÷-0°03. 4/82.  
R1 B 0.136 O. 039 SPENCER 81 CUSB DIRECT E AT ORS(@S( 4182~ 
R I B THE STAT[STICAL AND SYSTEMATIC ERRORS ARE +-0.028 AND ~0 .03 .  41BE* 
RI AB THE ELECTRON ENERGY SPECTRA IN BOTH BEDEW 81 AND SPENCER 81 CAVOR 4/B2. 
R1 AB B-T~C OVER E-TCT-U QUARK TRANSITIONS. 4/82~ 
R[ . . . . . . . . .  
RX AVG 0.133 0.029 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O( 

R2 B INTO (MUON JNYTHING)ITOTAL (RE( 
R2 0.096 0.036 CHADWICK 81 CLIO DIRECT MU AT UP(4S( 4182. 

R3 B INTO (E+ E- ANYTHING)/TOTAL (P3) 
R3 0 .05  DR LESS CL=O.O0 BEBEK B I  CL IO  E+ E- AT UPS IL I4S I  4 /B2 .  

R4 B INTO (MU÷ MU- RNYTHINGI/TOTAL (PA l  
R4 0.017 OR LESS CL=0.90 CHADWICK Bl CLIO E+ E- AT UPSIL[RS) 4/B2= 

R5 B INTO (KAON ANYTHINGI /TOTAL  (PS I  
RS C SEEN BRODY B2 OLEO KADNS AT UPSIL(AS( 4 /82 "  
R5 C ASSUMING UPSILON(RSI - -> DBBAR. A TOTAL OF 3.38+-0o34÷-0.88 KAONS 4/8E= 
R5 C PER UPS(LON(4S( DECAY IS FOUND (THE SECOND ERROR IS SYSTEMATIC). IN 4182*. 
R5 C THE CONTEXT OE THE STANDARD B-DECAY MODEL, TH IS  LEADS TO A VALUE 6182 "  
R5 C FOR (B-QUARK - ->  C-QUARKI/(B-QUARK - -> ALLI OF 1 .09~0.33÷-0.13.  6/82" 

REFERENCES FOR BOTTOM MESON B(5200] 

ANDREWS BO PRL 4B 219 + (CORN+HARV÷ITHA÷SYRA÷RDCH+RUTG÷VAND( 
FINOCCHI BO PRL 45  222  F(NOCCHIARO.GIANNINI,+ (STON÷COLU÷LSU( 
BEBEK Bl  PRL 46  B4 + (HARV÷ITHA÷SYRA÷RC~CH+RUTG÷VAND÷DORNI 
CHADWICK Bt  PRL 46  BB +GANDI÷(ROCH+RUTG÷SVRA÷VAND÷CORN÷HARV~ITHA( 
SPENCER B t  aRL 47  TTt  ÷F INOCOHIARO,÷  (STON÷COLU÷LSU+MPIMI 
BRODY 82 PRL 48  IOTO ÷CHENt÷(SYRA+VANOeCORNe(THA÷HARV÷ROCH÷RUTG( 

FP l  16 PROTON[OBO,J=E /2 (  I =112  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON MASS (MEVI 

M (93B*256 )  ( 0 . 005 )  COHEN 85 RVUE 7 /66  
M (938 .2892 )  ( 0 . 00521  TAYLOR 69  RVUE USING NEW E IH  7170  
M g3B .2796  O. OO2T COHEN 73 RVUE 3 / l ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 ANT(PROTON MASS (MEV( 

H I  938 .3  0,5 BAMBERGER 70  CNTR 12 /T9  
M1 93B*179 O. OB8 HU 78  CNTR EXOTIC ATOMS 12179  
M[  938 .229  0 .049  ROBERSON 77  C NTR 12 /79  
M I  938°30  0 .13  ROBERTS 78  CNTR 6178  
M[  . . . . . . . . .  
M [  AVG 938.216 0 .036  AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
p,  n 

16 RROTDN MEAN LIFE / 3RRNEHING FRACTION (UNITS YEARS) 

BARYON CONSERVATION WOULD BE VIOLATED BY A FINITE PROTON MEAN LIFE. 
(SEE ALSO NEUTRON--BNTINEUTRON OSCILLATIONS IN NEUTRON SECTION BELOk 
FOR ANOTHER TEST OF BARYON CONSERVATION.| 
LIMITS QUOTED RRE PARTIAL MEAN L IFE  FOR PROTON OR 00UNO NUEtEON 
OECAY NODE SHEHN AT RIGHT. 
SEE ALSO THE REVIEWS 8Y REINES AND SCHULTZ, SURVEYS IN HIGH ENERGY 
PHYSICS I ,  80 (1980); GOLOHABER. LANGAOKERv SLANSKY, SCIENEE 280, 
B3E I t 980 ( ;  00LOHAOER 
ZlB ( [ 98 I )  • 

T H 1 [ .AE201 CR MORE 
T H ( t . 6822 )  ER MORE 
T H (6. E233 CR MORE 
TT H (3 .  8233 CR MORE 

H M (4 .  E261 CR MORE 
T H M (9 .  E271 CR MORE 
T H M (6 .  E2BI DR MORE 
T H M 11o2E30) CR MORE 
T (3 .  E23) ER MORE 
T (1o38201 CR MORE 
T L ( 2 .  E301 BR MORE 
T (1 .8E23 )  OR MORE 
T L M (6 .  E30) ER MORE 
T L (E. E30) CR MORE 
T 11.8E30)  CR MORE 
T 0 11.2BE30)CR MORE 
T C 2 (3 .  E3 I I  ER MORE 
T C ( [ . 5E30 )  CR MORE 
T K 2 8. E3C CR MORE 
T H 
T M 
T L 
T L 
T C 
T C 
T K 
T K 
T K 

AND SUL&K. COMMENTS NUCL. PART* PHYS. EO, 

GOLDHABER 56 TH232 NUC-->ANYTHING 
BRINES 56 CNTR NUC-->CHGO ANY 9/81~ 
REINES 87 CNTR P - ->  CHGO ANY 9 /81 .  
FLEROV 58 TH232 NUC-->ANVTHING 
BACKENSTD 60 CNTR NUC-->MU RNY 
GIAMATI 62 CNTR P - ->  MU GAMMA 918 [ *  
KROPP 65 CNTR P - ->  MU GAMMA 
GURR 87 CNTR P - ->  NU GAMMA 
DIX 70 OEUT P --> ANYTHING 9/81= 
BERGAMASC 76 CNTR P - ->  CHGD ANY [2/75 
REINES T6 CNTR NUC-->MU ANY [21T5 
EVANS 77 TEl30 NUC-->ANYTHING 9 /8 I *  
LEARNEO 79 ENTR NUC-->MU ANY 9 /81 .  
LEARNED 79 CNTR kUJC-->ANYTHING 12 /79  
COMS)K BO ENTR NIJC-->NU RNY 6782 • 
ALEKSEEV 81 CNTR ~C-->ANYTHING 2/82~ 
CHERRY 88 CNTR N(JC-->MU ANY 1 /82 "  
CHERRY 81 CNTR NUC-->ANYTH|NG 1 /82 "  
KR[SHNA3W 81CNTR NUC-->ANYTHING 1 /82=  

CONVERTED TO MEAN LIFE BY DIVIDING HALF-LIFE BY LN(21=.693 . 
REFERENCE ALSO GIVES LIMITS FOR OTHER W~3DES. WE GIVE HIGHEST LIMIT. 
FIRST LEARNER 79 VALUE SUPERCEOES REINES 76. SECOND LEARNED T9 
VALUE IS FIRST TIMES 8.F.=.E5, A GRBND UNIF. GAUGE THEORY ESTIMAEE. 
CHERRY 81 SEE (2+-21 EVENTS ABOVE 8ACKGROUNO. SECONO CHERRY 81 1/82~ 
VALUE IS FIRST TIMES 8.F.=.05, A GRAND UNIF. GAUGE THEORY ESTIMATE. I182= 
KRISHNASWAMY 81 SEE 2 EVENTS IN FIOUCIAL VOLUME OF DETECTOR. 1/82= 
TENTATIVE MEAN LIFE ASSUMES 8oE. * EFF. =0.5 IFROH~JT) • 1182~ 
WE OUOTE THEIR TENTATIVE MEAN L IFE  AS A LOWER L IM IT ,  1 /82~ 

16 ANTIPROTON MEAN LIFE I BR. FRACTION (UNITS HOURS} 

LIMITS SHOWN ARE PARTIAL MERN LIFE FOR MODE SH(]WN AT RIGHT. 

(3 .3E -83  CR MORE Ct= .9S GANGULI 18 HBC PBAR-->ANYTH1NG 6 /78  
( 3 2 , }  ER MORE BREGMAN 78 ICE PBAR-->ANYTHING 7/79 
( ITO0.  l ER MORE EL=.90 BELL 79 ICE BBAR-->E- RIO I /BO  
(1.  EL I )  CR MORE GOLDEN 79 SPEC PBAR-->ANYTHING 12/79 

8REGMAN 78 STEREO ANTIPROIDNS IN ICE STORAGE RING AT CERN BS HOURS. 7179 
BELL 70 STORED ANTIPROTONS IN ICE STORAGE RING FOR IO DAYS. l/DO 
GOLDEN 71 VALUE INFERRED FROM P8AR/P RATIO IN COSMIC RAYS. 12/79 

T1 
Tl 3 
TI E 
T1 G 
T} 
F [  
T I  G 

16 PROTON MAGNET. MOMENTIEIZHP) 

WM (2.79276)(0.00002) COHEN 65 RVUE 
MM I2 .792782  S.OOOOIT) TAYLOR 69 RVOE USING NEW E/H 7 /70  
MM 2 .7928656  .OOOOOll COHEN 73 RVUE 3174 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 ANTIPROTON WAGNFTIC MOMENT (EIZMP) 

( -1 .81  (1.2)  BUTTON 62 CNTR 
[-2.83) (0.103 FOX 72 CNIR 11ITS 
{ -2 .8103  (0 .056 l  ROBERTS 76 CNTR 7175 
-2 .79 I  O.OZI HU 75 CNTR EXOTIC ATOMS [2179  
-2 .817  0 .068  ROBERTS 78 ENTR 6178 

OLD EXPERIMENT WITH LARGE ERROR. NOT RVERAGEO. 
ROBERTS 76 IS REANALVSIS OF FOX T2 DATA. REPLACES OLD FOX VALUE. 7175 
ROBERTS 7B IS i REANRLYSIS OF ROBERTS 76.  6 / 78  

-2.795 O. Olg AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O I  

10169 
1 /78  

2780 
2 /80  
2 /80  

M MI 0 
M MI R 
MMI R 
HM[ 
MMI O R 
MMI 
MMI R 
MMI R 
MM1 
WMI AVG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON ELECTRIC DIPOLE MOMENT IUNITS 10 . * - 23  E CM) 

FORBIDDEN 8V BOTH T (NVARIANCE AND P INVARIANCE 

EDM 10 17BO. )  I gO0 . )  HARRISON 69 M8R 
EOM (55000 . )  CR LESS KHRIPLOVI 76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 PROTON ELECTRON CHARGE DIFFERENCE (UNITS El 

DQ 0 1 .0E-21 OR LESS OYLLA 73 NEUTRALITY OF SF6 
DQ D RSEUMES THAT Q(NEUTRON)=Q(PROTDNI-Q(E-). SEE OVLLA 73 EOR A 
DQ D SUMMARY OF EXPERIMENTS ON THE NEUTRALITY OF HATTER. 

REFERENCES FOR PROTON 

GCLDHAEE 56 PR 96 1157 FNDTE2 GOLOHABER,REINES,CDWAN (LASL~BNLI 
REINES 56 PB 96 LIST REINE$tCOWANvGOLOHABER (LASL~BNL) 
FLEROV B8 SOV PHYS DOK 3 79 FLEROV,KLDCHKOV,SKOBRIN,TERENTEV iUSSR) 
REINES 57 PR I 09  E09 REINES,COWAN,KRUSE (LASLI  
BACKENST 60 NE 16 769 BACKENSTO3StFRAUENFELDER,HYANS + (CERNI 

BUTTON 62 PR 187 [2R7 J BUTTON,8 MAGLIE (LBLI 
GIAMATI 62 PR 126 2178 GIAMATI.REINES ICASEI 
COHEN 65 RMP 3T 837 ÷OUMOND (N.AMER.AVIATION SCIENCE CENT.,CITI 
KROPP 65 PR 1378 7AO W R KROPP,F REINES (EASEl 
GURR 67 PR 130 1321 GURR, KROPP,REINES,MEYER (CASE,JOHANNESBURGI 

HARRISON 69 PRL 22 1263  HARRISON,SANDARS,WRIGHT )CLARENDON OXFORDI 
TAYLOR 69 RMP RI 315 ÷PARKER,LANGENBERG )PRIN*UCI~PENN) 
8AMBERGE 70 PL 33e 233 BAMBERGER,LYNEN,PIEKARZ* (NPIH~CERNeKARL) 
OIX 70 THESIS CASE F E OIX tEASEl 
FOX 72 PRL 29 IS3 ÷BARNES,EISENSTEIN÷(BNL÷CARN*VPI~WILL~WYOM) 
COHEN 73 J.PHYS.CHEM.REF.OATA 2,  P.663, E.R.COHENwB.N.TAYLOR 
OYLLA 73 PR A7 1826  H .F*OYLLA,  J .G .K ING (MIT) 

BERGAMAS 76 LNC 11 636 BERGAMASCOtPICCHI (TORI~FRAS) 
REINES 76 RRL 32 A93 +CROUCH (UCI+EASEI 
REOERTS 76 PRL 33 [ 18 [  ~COX, EEKHAUSE+ {WILL+VPI÷CARN÷WYOM+CIT~BNL) 

ALSO 75 PR DI2 1232 ROBERTS,COX + (WILL+VPI÷CARNA~WYOM÷CIT÷BNL( 
HU 75 NP A256 603 +ASANQ,CHEN,CHENG, OUGAN+ ICOLU÷YALE) 

KHRIPLOV 76 JETP ~ 25 
EVANS 77 SCIENCE IRT 989 
ROBE8SON 77 PR EL6 I065  
BREGHAN 78 PL 78B 17A 
GANGULI 78 PL T68 130 
ROBERTS 78 PR D[7  358 

BELL 79 PL 868 215 
GOLDEN 70 PRL 63 1196 
LEARNED 79 PRL 43 037 
COWSIK 80 PR 022 2206 
ALEKSEEV 8E JETPL 33 651 
CHERRY 81PRL  47 15G7 
KRISHNAS BE PL 1088 339 

I.B.KHRIPLOVICH (NUC.PHYS.INST.,SIBERIAI 
• STEINBERG (3NL÷PENNI 
+KING~KUNSELMAN÷ (WVON'~CIT~CARN÷VPI*W[LL) 
÷CRLVETTItCARRONtCITTOL|NIHAUERtHERR+(CERN| 
÷MRLHOTRAeRAGHAVANvSUBRAMANIAN • (T IFR)  
B. L. ROBERTS (NILL~RHEL| 

+CALVETTI.CARROfltCHANEY,CITTOLIN~ (CERN) 
+HORAM.MAUGER~BADHWARgLACY+ (NASA~PSLLI 
÷REINES,SONI lOCI) 
R.EOWSIK,V.S.NARASIMHAN (T[FR)  
+BANATBNOV,BUTKEVICH,VOEVDDSKII ÷ (LEN I )  
+DEAKYNEILANOE,LEE,STEINBERG + (PENN*BNL) 
KRI~HNASWAHI,MENON~MONOAL÷ (T[FR÷DSKC+TORY) 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN FHE DATA CARDS 

KALQGERO 76 PRL 37 1037 KALOGEROPOULOS*EHIUeSUDARSHAN (SYRA+TEXA)P 
FRANKLIN TT PR 016 DlO JERROLD FRANKLIN (HA(F IR 

17 NEUTRONIR39,J=l /23 I = l / 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 NEUTRON MRSS (MEV) 

M T ( 930 .5527 )  ( 0 . 0082 )  TAYLOR 60 RVUE USING NEW EIH T/TO 
M T 937 .3738  0 .0027  COHEN 73 RVUE 3 / 7 6  
M T THESE DETERMINATIONS OF NEUTRON MRSS NOT INDEPENDENT OF 7 /70  
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW. 7 /70  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IT ) N E U T R O N )  - (PROTON) MASS DIFFERENCE (MEV) 

D M 11 .2036A1 (0 .00007 )  WATTAOCH 63 RVUE 3 /71  
D 1 .293629  B.000036 COHEN 73 RVUE 3 /76  
D N WE HAVE CONVERTED MATTAUCH NEUTRON-HYOROGEN MASS DIFFERENCE TO 3 /7 [  

M NEUTRON-PROTON MASS O1FFERENOE USING CURRENT VALUE OF ELECTRON MASS 3 /71  
M AND R HYDROGEN BINDING ENERGY OF 13 .6  EV. 3 /71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IT NEUTRON MEAN LIFE (UNITS 10e~3 SECI 

THE MEASUREMENT OF THE NEUTRON MEAN L IFE BY SOSNOVSKII 59 HAS 
SEEN DISCARDED SINCE 1. IT DISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISIENSEN 67 .  2 ,  THE VALUE OF GB/GV DE- 
RIVED FROM THE NEW VALUE OF THE MEAN L IFE AGREES WELL WITH THE 
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA. 

T A I [ . 0131  (0 .0263  SOSNOVSK[ 59 PILE 7 /68  
T ( 0 . 935 ]  ( 0 . 0163  CHRISTENS 67 P ILE REPL BY CHRISTENS72 3 /68  
T 0 .918  0.016 CHRISTENS T2 PILE 6 /72  
T A ( 0 .877 )  (O.OOBI BONDARENK 78 PILE 8 /81=  
T 0 .937  0 .018  BYRNE 80 PILE 2 /82=  
T 0 .875  O.ORB KOSVINTSE BO PILE 10181"  
T B ( 0 . 9833  (O.OEOI WILKINSON 80 RVUE INFERRED VALUE 5182~ 
T A THE RESULTS CF BONDSRENKO 78 AND SOSNOVSNI 50 ARE IN SIGNIFICRNT 5182~ 
T A DISAGREEMENT WITH THE TWO OTHER PRECISE DIRECT MEAN LIFE MEASURE- B/82* 
T A MENTS AND THE INFERRED VALUE GIVEN BY WILKINSON 80. WE EXCLUDE B/820 
T A THESE EWO RESULTS FROM THE AVERAGEt AS IS RECOMMENDED BY 5182~ 
T A WILKINSON 80 .  5 / 82 *  
T B WILKINSON 80 VALUE INFERRED FROM N DECAY ANGULAR CORRELATIONS. B/82* 
T 
T AVG 0 .923  0 . 0 [ [  O.OII AVERAGE (ERROR INCL. SCALE FACTOR OF [.03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 NEUTRON MAGNETIC MOMENT IMAGNETONS,93R.2 HEVI 

MM ( - [ .R I3 IAB  0.0000661 COHEN 56 RVUE 7166 
MM I - 1 . 9130421 !  O.0OO00OBB) GREENE TT NRS REPL. BY GREENE 79 3 /78  
MR -1 .9130618R  0 .00000088  GREENE 79 MRS 12179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 NEUTRON ELECTRIC DIPOLE MOMENT (UNITS IO~* -E3  E ON) 

FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE 

EDN M [-20.)  (30. )  MILLER 67 HRS 1/78 
EDM ~26. 39 .  SHULL 67 EMIR l l l B  
EDM N (30 . )  ER LESS DRESS 68 HRS ABSOLUTE VALUE 1 /78  
EDM ($ . )  CR LESS BAIRD 69 MRS INCLUDED IN DRESSTB I0169 
EOM - Z. 39 .  APOSTDLFS 70 NRS 1178 
EON 0 .32  0 ,75  DRESS 73 MRS < IO~ t -E3  (CL=.803 6 /73  
E DH 0 .06  O . [B  DRESS TT MRS < 3 E-2A {EL= .90 )  6 / 77  
EDM A 0°060  O,OT5 ALTAREV 79 MRS < 1 .6E -26  (CL=.DO) 10 /81=  
E DM A 0.02[ 0.026 ALTAREV 81 MRS < 6 E-2E IEL=.90) 2/82* 
E ON M DRESS 68 INCLUDES DATA OF MILLER 67 .  [ / 78  
EON A ALTAREV 79 AND BE USE OLTRACOLO NEUTRONS. 6182 "  
EDM . . . . . . . . .  
EDN AVG 0.023 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 NEUTRON CHARGE 

SEE SECTION DG IN THE PROTON DATA CARD LISTINGS ABOVE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 NEUTRON PARTIAL DECAY MODES 

DECAY MASSES 
DECAY MASSES 

PI  NEUTRON INTO PROTON E- ANTI(NUE) 938+ .5÷  O 
R2 NEUTRON INTO PROTON NUE RNTI(NUE) 938~ O÷ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[7 NEUTRON BRANWCHING RATIOS 

RI  NEUTRON IN7Q (PROTON NUE ANTI(NUE)I / (PROTON E- ANTI(NUEI (P2 I / (P l )  
RI  FORBIDDEN BY CHARGE CONSERVATION 
R1 S (3. E-[7)OR LESS SUNYAR 60 CNIR RBBT-->SR87M÷NEUTRL 2/80 
RI (3. E-19)OR LESS NORMAN T9 CNTB R887-->SR87M÷NEUTRL 2/80 
R( 9. E-24 OR LESS BARA8ANOV BO EMIR GATI-->GE71 ÷ ANY 2/82* 
R( S WE HAVE CONVERTED SUNYAR 60 MEAN LIFE LIMIT FOR IN - ->  P ÷ NEUTRLSI 2/80 
RI  S AS OESORIBEO IN NORMAN 79. 2/80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
n, A 

92 

Data Card Listings 
For notation, see key at front of  Listings. 

I7 LIMIT ON NEUTRON-ANTINEUTRON OSCILLATIONS 

NAN MEAN TIME FOR N-ANTIN TRANSITION IN VACUUM (UNITS SEC.) 
NAN A {I.EB) CO MORE CHETYRKIN 8I 1/82, 
NAN A ESTIMATE BASEL ON DA7A FROM NUCLEON STABILITY EXPERIMENTS. CONTA(NS 1/82(" 
NAN A REFERENCES TO EARLIER ESTIMATES AND DISCUSSIONS. SEE ALSO 1/82(" 
NAN A NOHAPATRA 82. 1/82 • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IT NEUTRON BETA DECAY PARAMETERS 

RELATED TEXT SECTION V) 0 .1  

AV GA/GV (SEE TEXT FOR SIGN CONVENTION) 
AV C [ - [ . 2 S O l  [ 0 .066 )  CONFORTO 87 RVUE SEE NOTE C BELOW 
AV EP ( - 1 . 2 3 )  ( 0 . 0 1 )  CHRISTENS 67 CNTR N DECAY FT VALUE 11/68 
AV P I-1.22) (0.08) GRIGOREV 68 CNTR E-NEU ANG CORREL I0471 
AV P ( - 1 , 2 6 )  (0.02) CHRISTENS 70 ENTR PE,NEUT SPIN CORNEL 10171 
AV EP (-1.271 I0.025) EROZOLIMS 71CNTR REPL. BY EROZOLIMST9 10171 
AV EP ( -1 .2391  (0 .011 )  CHRISTENS 72 CNTR N DEC.÷ FT VALUE 1/78 
AV P ( - 1 . 2 6 3 I  (0 .016 )  KROPF 78 RVUE N DECAY ALONE 1173 
AV P - 1 . 2 5 0  0.009 KROPF 70 RVUE N OEC.+ FT VALUE 1/73 
AVE [ -1 .2SOl  (0.0061 OOBROZENS 78 CN7~ REPL. BY STRATOWA 78 12/75 
AV K - 1 . 2 5 3  0.021 KROHN 75 CN7R PE.NEUT SPIN CORREL l / I T  
AV ( - 1 . 2 6 8 )  [ 0 .015 )  EROZOLIMS 77 CNTR REPL.BY EROZOL[MS79 l i T 8  
AVE - I . Z f i 9  0.017 STRATONA 78 CNTR PROTON RECOIL SPELT 2/82(" 
AVE -1.261 0.012 EROZOL)MS 79 CNTR PE,NEUT SPIN CORNEL [0/8I(" 
AV C CONFORTO 6T CCMBINES FREE NEUTRON DATA TO IRAT. REPL. 8Y KROPF 73. I/7B 
AVE THESE EXPERIMENTS MEASURE 7HE ABSOLUTE VALUE DF GA/GV ONLY L0/71 
AV P KROPF 70 VALUE 08TAINEO 8Y FITTING ALL DATA THROUGH 1972. I / T8  
AV K KROHN 75 PAPER G( VES -Lo258* ' - .015  INCLUDING EVENTS OF CHRISTENS TO. E/78 
AV K THE VALUE QUOTED ABOVE IS DERIVED FROM HIS A,BASED ON NEW EXRT ONLY 1/77 
AV . . . . . . . . .  
AV AVG -1.2546 0.0060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

F PHASE ANGLE DF GA RELATIVE TO GV {DEGREESI 
F P I I T 5 . )  { ] 0 .  I BURGY 60 CNTR POLAR. NEUTRONS 6/77 
F P 1198. I ( 2 7 . )  CLARK 60 CNTR POLAR.  NEUTRONS 6/77 
F C 1176.11 (6 .61 CONFORTO 6T RVUE 11/68 
F P (LB I .S I  (1 .81  EROEOLINS TO CNTR POLAR. NEUTRON 10/69 
F P [80 .1  1.0 KROPF 70 RVUE N DECAY 1/73 
F 180.80 0.63 EROZOLIMS 76 CNTR POLAR.  NEUTRONS 6/T7 
F (80.  IN 0.22 STEINBERG 76 CNTR POLAR.  NEUTRONS 6/77 

EROZOLIMS 78 CNTR POLAR.  NEUTRONS 7/T9 F 17?.T1 0.38 
F Cp CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967o REPL. BY KROPF 70. I / T3  
F KROEE 78 VALUE OBTBINEO BY FITTING ALL DATA THROUGF I872o L/7B 
F . . . . . . . . .  
F AVG L80.11 0.17 AVERAGE IERROR INCLUDES SCALE FACTOR OF I.Ol 

DI THREE--VECTOR CCRRELATiON COEFFICIENT 7/76 
01 01 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY 7/76 
01 PLANE IN BETA DECAY, SHOULD 8E ZERO IF T-INVARIANCE NOT 7/76 
D( VIOLATED. SEE TEXT SIC Vi 8.  7/76 
Dr - 0 . 0 [  0. OL EROEOLINS TO CNTR POLAR. NEUTRONS 7/76 
Dr E - 0 .  0027 O. 0050 EROZOLIMS 7A CNTR POLAR.  NEUTRONS I2/81(" 
DI E - 0 . 0 0 1 [  0 .00 [7  STEINBERG 76 CNTR ~ L A R .  NEUTRONS 12/B1* 
00 +0.0022 O. 0030 EROEOLIMS 78 CNTR POLAR. NEUTRONS T/79 
D{ E EROZOLINSKII 78 SAYS ASYMMETRIC PROTON LOSSES AND NON-UNIFORM OEAM 12/81" 
D( E POLABIZAT]ON NAY GIVE SYSTEMATIC ERROR UP TO 0°000,  THUS INCREAS(NG 12/8I(" 
81 E THE EROZOLIMSKII 76 ERROR TO 0.000 • STEINBERG 76, 76 ESTIMATES 12/81(" 
OL E THESE SYSTEMATIC ERRORS TO RE INSIGNIFICANT IN THEIR EXPERIMENT. 12/818 
01 . . . . . . . . .  
D( AVG -0.0007 0.0016 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.01 

C(~tEN $6 PR 106 280 
SOSNOVSK 59 3ETP 9 717 
BURGY 60 PR 120 1820 
CLARK 60 CJP 88 6DE 
SUNYAR 60 PR 120 871 

MATTAUCH 65 NP 67 I 
CHRISTEN 67 PL 260 11 
CONFORTO 67 APAH 22 15 
MILLER 67 PRL 18 381 
SHULL 67 PRL I9 386 
DRESS 68 PR 178 1200 
GRIGOREV 68 SJNP 6 239 

BAIRD 69 PR 179 1285 
TAYLOR 69 RMP 61 375 
APBSTOLE 70 RRP 15 363 
CHRISTEN T8 PR CI 1693 
ERBEOLIN 70 SJNP IT 583 

ALSO PL 278 557 

EROZOLIN 71JETPL 10 2S2 
CHRISTEN 72 PR 00 162B 

REFERENCES FOR NEUTRON 

V N COHEN, C08NGOLB, DANSEY IBNL+HARVARDI 
SOSNOVSKII,SPIVAK,PROKOEEV • {IRE NOSCOWI 
+KROHNvNOVEY,RINGO (ANL+CHICI 
+ROBSON 
A.W.$UNYAR, M.GOLOHABER (BNL( 

+THIELE,WAPSTRA (MAX PLANCK INST.EHEM.) 
CHRISTENSENtNIELSON,BAHNSEN,BROWN÷ IN|SOl 
G. CONFORTO (CERNI 
+DRESS,BAIROsRAMSEY IORNL•HARVI 
C.G.SHULL, R.NATHANS (NIT+BNL) 
+BAIRD, MILLER,RARELY (ORNL+HARV( 
+GRISHIN, VLADIMIRSKII,NIKOLAEVSKIi • ( ITEPI 

• MiLLER,ORESS,RANSEY (ORNLtHARV) 
+PARKER~LANGENBERG IPRIN+UCI+PENN) 
APOSTOLESCU,IONESCU,iONESCU-OUJOR • IBUCH) 
CFlRISTENSEN,KROHN, RINGO IANL) 
ERDZOLIMSKI,8ONOARENKD. + (KIAEI 
ERDZOLiNSKY,BONDARENKO + (KIAEI 

EROZOLINSKII,BONDARENKO + (KIAE) 
CHRISTENSENeN[ELSON,BAHNSENtBROMN÷ (RISO| 

COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663,  E.R.COHEN,B.N.TAYLOR 
DRESS 73 PR D7 3E47 DRESS,MILLER,RAMSEY (ORNL+HARVI 
KROPF 73 ZPHY TO BE PUOL. A NROPF,H PAUL {LINE) 

ALSO 70 NP AID6 160 H PAUL (VIEN) 

ERDZOLIM 74 JETPL 2B 865 
STEINBER 74 PRL 33 61 

ALSO 76 PR 013 2669 
DOBROZEM 7S PR 011 518 
KROHN T5 DL 558 175 

DRESS T7 PR 81S 9 
EROEOLIM 77 JETPL 28 668 
GREENE 77 PL 718 297 
EROZOLIM 78 SJNP 28 86 
STRATONA 78 PR 0 I8 3970 
80NOAREN 78 JETPL 28 803 

ALTAREV 79 JETPL 29 T30 
EROZOLIM 79 SJNP 30 356 
GREENE 79 PR D20 2189 
NORMAN 79 PRL 63 1226 

8ARABANO 80 JETPL 32 859 
BYRNE 80 PL 928 276 
KOSVINTS 80 JETPL 31 236 
WiLKINSO 80 ERICE SCH.NUE.PH. 
ALTAREV 81 PL 1828 13 
C HETYRKI 81 PL 998 858 
MOHAPATR 82 ICOBRN CDNF 82 

EROZOLIMSKII,MOSTOVOI,FEDUNIN,FRANK÷ 
STEINBERG,LIAUD,VIGN~,~GHES (YALE÷GREN) 
STE[NBERG,LIAUOIVIGNI)NeHLW~HES (YALEeGRENI 
OODROZENSKY,KERSCHBAUM.k~)RAW~PAUL + (SEIB( 
KROHN,RINGO (ANL} 

• MILLER.PENOLEBURY.RERRIN+ (ORNL+GREN+HARVI 
EROZOLIMSKIIIFRANK,NOSTOVOI* (KiAE) 
+RAMSEY,NANPE+ {HARV+ILLG+SUSS+ORNL•CENG) 
EROZOLIMSKII,MOSTOVO|,FEOUNIN,FRANK÷ (KIAE) 
+DOBROZEMSKY,WEINZ[ERL (SEiE) 
80NDARENKO,KURGUZOV,PROKOFEV÷ (KIAE) 

+80RISOV,BRANDIN,EGOROV~EZHOV,IVANOV+)LENII 
EROZOLIMSKII,FRANK,MOSTQVOI+ (KIAE) 
+RAMSEY,MAMPE~ {HARV+ILLG÷SUSS+ORNL+CENG( 
E.B.NORMAN, A.G. SEAMSTER (WASH) 

8ARABANOV,VERETENKIN,OAVRIN + (LENII  
+MORSE,SMITH,SHAIKHtGREENtGREEN~ (SUSSeRL) 
KOSVINTSEV~KUSHNIRtMORQZOVeTEREKHOV (JINRI 
D.H.WILKINSON;PROG.PART °f~JC .RHY.6,32S(SUES) 
+8OR[SOV,BOROVIKOVAtARANOIN, EGOROV • ILEN()  
CHETYRKIN,KAZARNOVSKY,KUZMIN+ [ INRN) 
R.N. MOHAPATRA {TIFRI 

PAPERS NOT REFERRED TD IN DATA CARDS 

JACKS(~N 57 PR |06  517 JACKSON,TREIMAN,WYLD (PRINCETON) 
COHEN 65 RMP 07 SET +OUMOND (N.ANER.AVIATION SCIENCE CENT.,CITI 
BHALLA 66 PL 19 691 C P 8HALLA [ALAOAMA) 

( ' , ~ ( ' * *  ('*('.,1~('( '* ( ' , . * * * * ( ' * ( "  ( ' ( ' * * * * * ( ' *  ('('*('~/('=('* *,.**( '=,,( '(" **( ' * , ( ' * ( ' ( ' *  ,c,,~,('*('(',, 

F ~  [E LBN8OA[ I l i A ,  JR=I /2+)  [=0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 LAMBOA MASS (MEV) 

N N SINCE OUR FINAL VALUES FOR THE SIGMA AND LANBDA MASSES COME FROM 
R N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES, 
M N WE HAVE USED THE UNCORRELATEO MEASUREMENTS FROM SCHNIDT 65 RATHER 
M N THAN THE ONES COMING FROM THE BVERALL FIT REPORTEO IN THAT PAPER. 
R N SINCE THEME EEEMS TO 8E NO CONVINCING ARGUMENT AS TO WHY ONE SHOULO 
R N IGNORE OATA USING RANGE NEASUREMENTS. WE HAVE INCLUOEO HERE VALUES 
M N DEPENOING ON PROTON AND PION RANGES. THE SCHNIDT 6S MASSES HAVE 
M N BEEN REEVALUATEO USING OUR APRIL 1073 PROTON AND CH~GEO K AND P{ 
M N MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, (I976). 

M 1115.66 0.12 8HOWMIK 63 RVUE • ERE NOTE L BELSW 
M L ABOVE LAMBDK MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 66 KEV 
M L INCREASE IN PROTON MASS AND I I  KEV DECREASE IN CHARGED PION MASS. 
q S 685(1118.86)  ( 8 .09 )  BALTAY 6S HBC ERROR IS STATIS. 6 /66 
M 688 I I I 5 . 6 S  8.07 SCHNIOT 65 HBC SEE NOTE N 0/74 
N S 1167(111S.761 ( 0 . 0 6 )  CHIEN 66 HOE 6.9  PEAR P 9 /67 
M S 97211115.691  ( 0 . 0 5 )  CH[EN 66 HBC 6.9  PEAR PANTIL ¢)/67 
M I l l S .  6 0 .6  LONDON 66 HBC 6/66 
M ( I L I 6 . 0 I  ( 0 . 2 l  BADIER 67 HDC 2.¢ PEAR P,LLBAR 8/67 
M 198 I l I S . 3 E  0.12 MAYEUR 67 EMUL 11/67 
M B 1526(1115o52) ) 0 . 0 3 )  BOHM 70 EMUL 5172 
M 985 11E5.59 0.08 HVMAN 72 HEBC l i l T 1  
M B AVEBAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. AUTH08S 3/7Z 
M 8 DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH TREY ATTRIBUTE BIT2 
M B TO ERROR IN RANGE-ENERGY RELATIONS( IN REGION BETA=O.6-O.7. 3/72 
M B THIS EFFECT, IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 8272 
M 8 B~WMICK 63 AND MAYEUR 6T, 
M S ERROR PURELY STATISTICAL. 
N . . . . . . . . .  
M AVG 1115.586 0.856 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3 I  
M FIT 1115.596 0.066 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2} 3482(' 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE ~ 1115 .566  ~ 0 . 0 5 6  

ERROR SCALED BY 1 3 

V a l u e s  above  of w e i g h t e d  a v e r a g e ,  
e r r o r ~  and  s c a l e  f a c t o r  a r e  f o r  t he  
r e a d e r '  s c o n v e n i e n c e  only. The  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  by a 

c o n s t r a i n e d  fit p r o g r a m ,  which 
calculates its own values of ~, 6~* 
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
en t  f r o m  the  v a l u e s  s h o w n  h e r e .  

C H I S Q  

. . . . . .  HYMAN 72 HEBC 0 . 1  

. . . . . .  MAYEUR 67  EMUL 2 2  

• LONDON 66 HBC 

. . . . . .  SCHMI  DT 6 5  HBC 1 4  

OWMIK 63  RVUE 1 . 1 

4 , 6  

' - (CONLEV 
1 1 1 5 . 0  1 1 1 5 . 4  1 1 1 5 . 8  1 1 1 6 . 2  = 0 ,  1881 

LAMBDA MASS (MEV) 

18 LAMOA - ANTILAMBOA MASS DIFFERENCE (MEVI 
DM 0 .05  0.06 CHIEN 66 HBC 6.9  PEAR P 9/67 
DN B.29 0.15 8ADIER 67 HBC 2.6 PEAR P 8/67 
OM . . . . . . . . .  
OM AVG 0.0B8 0 . 0 B 3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.Si 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 LAMBOA MEAN LIFE (UNITS 10"~I0 SECT 

0 188 f2.631 ) O . Z [ )  (0 .211BOLDT 88 CC 
0 820 ( 2 . 7 2 ]  fO. L6) (Oo l6 I  CRAWFORD 59 HBC 
0 [60 (2°72)  (0 .291 (0.271 8OWEN 68 CC 
0 186 (2 .60 )  ( 0 . 2 8 )  ( 0 . 2 0 )  CHANG 62 HOE 

79N (B.6RI I D . l [ )  ( O . | | l  HUMPHREY 62 HEC 
ZZBR 12.06I  (O. O6l (0,061 BLOCK 63 H~BC 

0 706 12.761 (0 .201 CHRETIEN 68 HLEC 
0 796 (2 .5S)  ( 0 . 0 9 )  HUBBARD 66 HDC 
0 2260 (2 .81 )  (0.101 KREISLER 64 OSPK 

1378 ( 2 . 5 9 )  ( 0 . 0 7 )  SCHWARTZ 66 HBC 
68E (2 .  E l i  (0.16~ BALTAY 65 HDC 6/66 

0 2536 ( 2 . 6 )  ( 0 . 1 )  HILL 65 OSPK 
O 916 12.3S} ( 0 . 0 9 )  BURAN 66 HLBC 6/66 
S 1167 12.50) I 0 . 1 6 (  CH[EN 66 HBC 6 .9  PBAR P 9/67 
S 972 ( 2 . 7 0 )  (0 .201 CH|EN 66 HDC 6 .9  PEAR P,ANTI R/67 
0 2213 (2 .652 )  ( 0 . 006 )  (B,05AIENGELNANN 66 HBC 9/66 
0 SBS (2 .68 )  10.131 ( O . I l l  AUERBACH 67 OSPK 8/67 
0 12.66) ( 0 . 1 8 }  BKDIER 67 HBC 2.6 PBAR P 6/68 
0 ( 2 . 5 8 )  ( 0 . 1 5 )  8AO[ER 67 HBC 2.6 PEAR PvANTIL 6/68 
0 8862 (2.SSBI ( 0 . 0 3 5 }  GBIMM 68 HBC 6/68 
0 2600 ( / . A T )  00.08)  HEPP 68 HBC 8/68 
0 lOS9 { 2 . 8 9 )  (O. IOI OEMEOOV TO HLEC P [ - P ,  0.86 GEVIC 12/70 
0 4872 ( 2 . 5 4 )  ( 0 . 0 6 )  BAITAY Tl  HBC K-P AT REST 6/71 
0 8S82 (2.691 (O. OSI ALTHOFF2 73 OSPK PI+N TO K÷LAMBDA 2/T6 

36K 2.626 0.020 FOULARD 73 HBC K-P,KNON .6TG2.3 9/T3 
36K Z.611 0.020 CLAYTON 70 HBC K-P+KMOM . 9 6 - 1 . 6  1/77 
SSK 2 ,69  O. 03 ZECH 77 SPEE NEUTRAL HYP. DEAN 12/77 

0 OLD LOWER STATISTICS EXPERIMENTS NOT INCLUDED IN AVERKGE. 1/78 
S ERROR PURELY STATISTICAL, 

AVG 2.632 0 . 0 2 0  0.820 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.6) 
(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 
A 

WEIGHTED AVERAGE = 0 , 3 7 9 9  ± 0 . 0 0 2 9  

ERROR SCALED BY 1 . 6  

0 . 3 6 5  0 . 3 7 5  

. . . . .  - - ZECH 

-\- CLAYTON 

0 3B5 0 . 3 9 5  

C H [ S Q  

77 SPEC 3 . 8  

75 HBC 1 .  1 

73 HBC 0 .  1 

5 . 1  

(CONLEV 
= 0 . 0 7 9 )  

LAMRDA DECAY RATE (UNITS I 0 " * I 0  S E C - I )  

1 8  (LAMBDA - ANTILAMBDAIIAVG., MEAN LIFE OIFFERENCE 

OT O.OZt6 0,083 BADIER 67 HBC 2.4 PDAR P 0167 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[8 LAMBDA MAGNETIC MOMENT (MAGNETONSI~B8.76 NEVI 

BM - 1 . 5  0 .5  COOL 62 OSFK 
MM O.O 0 ,6  KERNAN 63 DC 
MM 8BSB - 1 . 3 9  0.72 ANDERSON 64 HBC 
NM 151 -O,S 0.28 CHARRIERE 65 EMUL 
MN 69 ( - 0 . 6 7 )  ( O , B I }  [ 0 . 3 7 )  BARKOV TL EMUL PRELIM. RESULT 2112 
NN 1300 - 0 . 6 8  O. OT OAHLJENSF T| ENU, L NAG FIELO=200KG 8 / ? !  
MN 386B - 0 . 7 3  0.18 HILL 710SPK 10/71 
MR 57 - 0 . 6 5  0.28 BARKOV 72 EMUL INCLUDES BARKOV 71 S/78 
MM 1*2N - 0 . 5 7  0.05 DUNCE 76 SPED E/TO 
MR 3SO( - 0 . 5 0  0.07 HELLER 77 SPEC 1178 
MM 3N -0.6138 0.0047 SCHACHING 78 SPED 1/79 
MM 2DO( - 0 . 6 0 6  0,015 COX El SPED 12/81e 
MM . . . . . . . . .  
NN AVG -0*6130 0.0044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,OJ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 LAMBOA ELECTRIC DIPOLE MOMENT (UNITS tOte-E6 E DM) 
NENZERO VALUE IMPLIES VIOLATION OF T AND P 

E DN [B ,O l  OR LESS CL=.95 GIBSON 66 EMUL 2172 
EDM B ( l .O)  EM LESS CL=.95 BARON/ 71EMUL 2172 
EDM P (O.OIS)OR LESS CL=,95 PONOROM 81SPEC 1182" 
EDM B BARON/ MEASURES (-5.9+-2.91-10~-15 E CM 2/72 
EOM P PONDROM B1 MEASURE ( - 3 . 0 + - 7 , 4 | ~ 1 0 ~ - 1 7  E CM • l iB2+  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EE LAMBOA PARTIAL OECAY MODES 

DECAY MASSES 
P l  LAMDDA INTO PROTON P I -  938÷ [3N 
P2 LARBDA INTO NEUTRON RIO 939+ 136 
PB LANBOA DMTD PROTON MU- NEUTRINO ~BB÷ 10B+ 0 
PA LANDOA INTO PROTON E- NEUTRINO BOB÷ .S+ 0 
P5 LANODA INTE PROTON PI- GAMMA 038+ E39+ O 

.................................................. 

IB LAMDDA BRANCHING RATIOS 

RI LAMBOA INTO (P PI-I/((P PI-i+(N )lOll (PII/(PI+P2) 
RI 0.627 0.031 CRAWFORD 59 HBC 
R1 0.65 0.05 COLUMBIA 60 HDC 
RE U (O.6BBI ( 0 .017 )  ANDERSON 62 HOD 
RE 903 O,64B 0.016 HUMPHREY 62 HBC 
R 1 U  6736 0,635 O. OOT DOYLE 69 NBC P1-P TO LAN, KO 2/71 
RI 6572 O.6A6 O. OOB BALTAY 71HOC K-P AT REST 6/71 
MI U ANDERSON RESULT NOT PUBL[SHEDv EVENTS ADDED TO DOYLE SAMPLE. 2171 
R1 . . . . . . . . .  
R1 AVG 0.639q 0.0049 AVERRGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 l  
RI FIT 0.6419 0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

R2 LANBDA INTO (N P I O ) / ( I P  P I - I + ( N  PIO)I  (P2 I I IP I+PZ)  
R2 0 .23  O. 09 EISLER 57 HLBC 
R2 0 .63  0 .14 CRANFOBO 59 HOE 
R2 0 .28 0,08 BAGLIN 60 HLBE 
RZ 0.3B 0.05 BROWN 63 HLBC 
R2 75 0°29 l  0.034 CHRETIEN 63 HLBC 
R2 . . . . . . . . .  
RZ AVG 0.306 0.023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 l  
R2 FET 0.$581 0.0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF E.O( 

R3 LAMBOA INTO (P E- NEUI/TOTAL (UNITS 10*~'-3) IPAI / IP I+D2I  
R3 0 [ S  ( 2 . 0 (  (O.B) HUMPHREY 61RVUE 
R3 0 8 (2.gI ( 1 . 5 )  ( 1 . 2 )  AUBERT 62 FBC 
R3 N tOO ( 0 . 8 2 )  (O.  I2)  ELY 63 FED K- AT REST 
R3 N 102 (0 .78 )  (0.121 ( 0 . 1 3 )  BAGLIN 64 FOE K- AT 1.65 GEV/C 
R3 0 20 (1.  SO) ( 0 . 3 4 |  LIND 64 HBC 
R3 N 143 (O+BO) (O. OB( MALONEY 69 NBC 10/69 
R3 N 86 ( 0 . 7 8 )  ( 0 .09 )  CANTER T1HBC K--P AT REST 4/71 
R3 N 218 |0 .881 IO. lOI LINDQU[ST T10SPK P l -  P TO KO LA~ 2/72 
R3 N TNESE VALUES NAVE BEEN CH/~GED BV US INTO RATIOS TO PROTON PI-~ 3/72 
R3 N BECAUSE TNAT IS THE DIRECTLY MEASUREO ~ANTITV. SEE R5 BELOW 3/72 
R3 0 LOW STATISTIES EXPERIMENTS, NOT AVERAGED T/TO 

R4 LAMBDA INTO (P MU- NEU)ITOTAL (UNITS 10"*-41 (P3)I(PI+P2) 
R4 L (0 ,21  DR MORE GOOD 62 HBC 
RA 1 ( I . O )  OR LESS ALSTON 63 HOE 
R4 2 ( l .  OI CR LESS KERNAN 64 FBC 
R4 BETWEEN 1.3 AND 6 .0  LINO 84 HBC 
R6 3 LoB 0 .7  LIND 64 RVUE 7/66 
R6 2 I . S  1.2 MDNNE 66 FOE 
R4 9 2.A 0 .8  CANTERI 71HBC STOPPED K-P 7171 
R6 14 1,4 0.5 BAGGETTZ 72 HBC STOP K- 8/72 
RA 
R6 AVG E.57 0.3B AVERAGE (ERROR INCLUDES SCALE FACTOR OF l=O) 

R5 LAMBDA INTO ( P  E -  NEUI/IP P I - I  (UNITS 10t=-31 ( P A I I ( P I I  
R5 1SO L.23 0.20 ELY 63 FEE 2172 
R5 120 1.17 0.18 BAGLIN 64 FOE 2/72 
R5 143 1.2B 0.12 MALONEY 69 NEE 2172 
R5 L078 1.B1 0.06 ALTHOFFI 710SPK 2112 
R5 C B6 1.17 0.13 CANTER 71HBC K-P AT REST 3/72 
RB LC 218 ( 1 . 3 2 )  (O, IE) LINOQUIST T[ OSPK PI-P TO KO LAM 3/72 
R5 L 584 1.23 0.11 LINDQUIST 77 SPEC PI-P TO KO LAM 12177 
R5 LOK 1.3L3 0.024 WISE 80 OPEC 8181= 
R5 C CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI-IlTOT=2/3 3/72 
R5 L LINOQUIST 77 INCLUDES DATA OF LINDOUIST 71. |2 /77  
RS . . . . . . . . .  
R5 AVG I,B00 0 . 0 2 1  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R6 LAMBDA INTO (P P I -  GAMNAI/(P P I - )  (UNITS lO*e-BI  ( P B I / ( P I !  1/73 
R6 72 E.32 0.22 BAGGETTB 72 HBC P I -  MOM LT 95 MEV/C 1/73 

tE LAMBOA DECAY PARAMETERS 

RELATED TEXT SECTION V[ 0 AND APPENDIX I 

A- ALPHA LAMBOA- (LAMBOA INTO PI- PROTONI 
A- 1156 0.62 O.O? CRONIN 63 CNTR LANDOR FROM FI-P 8167 
A- (0 .663 )  (0.0221 BERGE 66 RVUE INCLUDES ABOVE 9/86 
A- 10130 0.645 O.Ot7 OVERSETH 67 OSPK LAMBDA FRON PI~P 8/6T 
A- M 2529 (0 .747 )  ( 0 . 086 )  MERRILL 68 HOE REPL BY DAUBEM 6B 8188 
A- 3520 0 .67 0,06 DAUBER 60 HOE FROM Xl DECAY 618B 
A- 10325 0 . 6 4 9  0,023 CLELAND 72 DSPK LAMBOA FROM PI-P 5172 
A- IS00 0 . 5 B 4  0.066 ASTBURY 75 SPEC LAMBDA FROM PI-P 2178 
A -  . . . . . . . . .  
A- AVG 0.642 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1*D) 

AO ALPHAO /ALPHA- FOR LAMBOA IL INTO PIO NIL INTO Pl- PI 
AO I .  lO 0.27 CORK 60 CNTR 
AO 0 A760 E. OOO 0°068 OLSEN 70 DSFK PI+N TO K+ LANBDA 5170 
AO , . 

AO AVG L.O06"*" " =''0.066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)  
AO O DONE BY COMPARING PROTON DISTR*WITH N OISTR= FROM LAMBOA DECAY. 

F- PHI ANGLE (SIN(PHII/COS(PHI)=BETA/GANMA( (DEGREES) 
F-  1156 E3.O 17.0  CRONIN 63 OSPK LANBDA FROR P[-P 11/67 
F -  10130 - 8 . 0  6 .0  OVERSETH 67 OSPN LAMBOA FROM F(-P 1116T 
F- 7377 1-9o2) (5°2)  ELELAND 67 DSPM REPL BY ELELANO 72 5472 
F- 1032S -T.O A.5 CLELAND 72 OSPK LAMBOA FROM P[~P 5172 
F- . . . . . . . . .  
F- AVG -8 .S  3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0l 

AV GA/OV FOR L~MBDA BETA DECAY (SEE TEXT SEE. V/ U.1 FOR SIGN CONV.) 
AV C 22 ( -1 ,OEI  LIND 64 HBC 6168 
AV C 102 [0.6I OR MORE BAGLIN 65 HLBC NO SIGN GIVEN 1/71 
AV C BETW O. AND - 1 , [  BARLOW 63 OSPK 6/68 
AV C I02 (O.T)  OR MORE EL=.gs ELY 65 HLBC ABS. VALUE 1171 
AV C EXPERIMENTS INCLUDED IN CONFDRTO 65, RVUE 6/88 
AV - I . I A  0.23 0.33 CONFORTO 65 RVUE 11/67 
AV M 148 - 0 . 7 2  O. I6 0 .19 MALONEY 69 HBE 10169 
AV MA 1078 ( - 0 . 6 2 )  (O. OE) (0.09) ALTHOFF2 71 OSPK POLARIZEO LAMBOA 7/73 
AV 1¢1 - 0 . 7 5  0. I5 0.18 CANTER 71 HOE NITI 
AV ML 173 ( - 0 , 4 C }  (0.131 [ 0 , 1 7 }  LINDQUIST TI OSPK E-NEU AND UP-DOWN g/T1 
AV 352 - 0 . 7 4  0.09 0,12 BAGGETTI 72 HOC STOP, K- 2172 
AV A BIT - 0 . 6 3  O. OA AL THOFFt 73 OSPM POLARIZEO L ANBOA 7/73 
AV 405 - 0 . 4 7  0.09 BURNETT 76 SPED E-NEU AND SPIN 2178 
AV M L 441 - 0 . 3 3  0.09 0 . 1 t  LINDQUIST 77 SPED PDL LAMBDA, 3 ASYNM t2 /TT 
AV tOK -0 ,734  0.03t WISE 8E EPEC E-NEU ANG° EORREL, 11B2e 
AV A ALTHOFFI 73 INCLUDES DATA OF ALTHOFF2 71. USES PROT SPECTQUM AND 7/73 
AV A THREE SPIN ASYNMETRIES. 7/73 
AV N EXPT MEASURES ONLY THE ABSOLUTE VALUE OF AIV 7/73 
AV L LINDOUIST 77 INCLUDES DATA OF LINDQUIST 71. 12/77 
AV . . . . . . . . .  
AV AVG -0.690 0 . 0 3 4  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4I 

)SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = - 0 . 6 9 0  ± 0 . 0 3 A  

ERROR SCALED BY 1 . 4  

i C H I S O  
. . . . . . .  WISE ' I S P E C  2 0  

' . . . .  L I N D Q U I S T  77 SPED 2 6 

_ ~ -  . . . .  BURNETT  7 6 S P E D  6 0  

. . . . . .  A L T H O F F 1  73 OSPK 1 , 0  

• ' "BAGGETT1 72 HBC 0 . 2  

~ ' \  . . . .  CANTER 71 HBC 0 , 1  

. . . .  MALONEY 69 HBC O . 0  

- -  ' ' ' ~ ' - -  ( C O N L E V  
- 1  5 - 1  . 0  - 0 , 5  O . O  = 0 , 0 6 3 )  

G A / G V  FOR LAMBDA BETA DECAY 



Stable Particles 
A, E ÷ 

94 

Data Card Listings 
For notation, see key at front of  Listings. 

EISLER 57 NC 5 tTO0 
BDLDT 58 PRL 1 148 
CRAWFDRO 59 PRL 2 266 

BAGLIN 60 NC 18 1043 
BO~EN 60 PR I I 9  2030 
CORK 60 PR lZO 1000  
COLUMBIA 60 ROCH CONF 726 
HUMPHREY 6l PRL 6 478  

ANOERSON 62 CERN CDNF 832 
AUBERT 62 NC 25 479  
CHANG 62 THESIS DUKE 
COOL 62 PR 127 22~3 
GOOD 62 PRL 9 518  
HUMPHREY 62 PR 127 1805  

ALSTON 63 UCRL 10926 
BHOWMIK 63 NC 28 14g4 
BLOCK 63  PR 130  766  
BROWN 63 PR 130 709 
CHRETIEN 63 PR 131 2208 
CRON[N 63 PR 129 1795  
ELY 63 PR 131 888  
KERNAN 63 ~R 129 870 

ANDERSON 64 PRL 13 187 
BAGL IN  64 NC 35 977 
HUBBARD 64 PR 135 8 EB3 
KERNAN 64 ~R 133 ~ 1271 
KREISLER 64 PR 136 8 1074 
LIND 64 PR 135 B 1483 
RONNE 6~ PC i I  357  
SCHWARTZ 64 UCRL 11360 THESIS 

BAGL[N 65 NC 35  977 
BALTAY 65 PR 1%0 B [027  
BARLOW 65 PL 18 64 
CHARRIER 65  P t  15 66 

ALSO 66 NC 46A 805 
CONFORTO 65 EC INT FERZEDNOVI 
ELY 65 PR 137  B [302  
HILt 65 PRL 15 85 
SCHMIDT 65 PR I~O 8 L328 

BERGE 66 BERKELEY 46  
BURAN 66 PL 20 318 
CHIEN 66 ~R 152 l l T l  
ENGELMAN 66 NC 45A  1038  
GIBSON 66 NC 45A BE2 
LCNOON 66 PR 143  1034 

AUERBACH 67 N~ 47A l g  
BAD[ER 67 PL 25B  152 
C IELAND 67 PL 268 45 
MAYEUR 87 U.L[BR.BRUX.EU132 
OVERSETH 67 PRL I 9  391 
GRIMM 68 NC 54A 187 
HEPP 68 ZPHYS 218 71 
MERRILL 68 PR 167 12C2 

DAUBER 69 PR 179 1262 
DOYle 69 IJCRL 1813q-THESIS 
MALONEY 69 PRL 23 425 
BOHM 70 NC 70A 384 
OEMIDDV 70  SJNP lO 68 )  
OLSEN 70 ~RL 24 843 

ALTHOEFI 71PL 378 531 
ALTHOFF2 71 PL 378  505  
BALTAY TI PR 04 678 
BARKOV 71 JETP l  14 60 
BARONI 71 LNC 2 1256  
CANTER 71 ~RL 26 808 

CANTER( TI  ~RL 27  59 
BAHLJENS 71 NC 3A l 
HILL 71PR 04 197q 

ALSG 65 PBL 15 85 
L]NDQU]S 7L PRL 27  E l2  

BAGGETT1 72 ZPHY 249 27q 
8AGGETT2 72 ZRHY 252 382 
8AGGETT3 72 PL 428 370 
fiARKOV 72 JETPL 16 I04 
CLELAND 22 NP B40 2Of 
HYMAN 72 PR 05 1068 

ALTHOFFI  73 PL ~3B 237  
ALTHOFFB 75 NP 866 2~ 
POULARD 73 P t  468  t 35  

aSTOURY 75 NP B99 30 
CLAYTON 75 NP B95 130 
OUNCE 76 PRL 36 i [13 
BUR~ETT 76 NC 34A 14 

HEtLER 77 PL 68E 480 
L(NOQUIS 77 PR DL6 210~ 

ALSO 76 JOG 2 L211 
ZECH 77 NP 8124  613 
SCHACHIN 78 RRL 41  2348 

A[SE 80 PL 9 IR  165 
COX 81 PRL %6 B77 
PDNORCM 81 PRO 83  B14 
WISE 81 PL 988 E23 

ARMENTER 62 CERN CONF 236  
BALCAY 62 CERN CONF 2)3 
BERGE 63 THESIS (BERKELEY~ 

REFERENCES FOR IAMBDA 

EISLER,PLANO, SAMI~S,SCHWARTZ + (£OLU÷BNL; 
E 80LDT,O 0 CALDWELt,Y PAt (M i l l  
CRAWFORD,CRESTI,DOUGLASS,GOOD ÷ ILRL) 

8AGLIN,BLOCH,BRISSOfi,HENNESSY + (EPOLI 
BOWEN,HARDY,BEYNOLDS,SUN + (PRINCETONI 
CDRK,KERTH,WEN2EL,CRDNIN+ (LRL÷PRIN+BNLI 
M SCHWARTZ + (EOLUMBIAI 
HUMPHREY,KIRZ,~OSENFELD,RHEE + (LRL÷SYRA) 

ANOERSON,CRAWFORO,GOLDEN, LLONO + (LRL} 
AUBERT.BRISSON,HENNESSY,SIX + (COOL# 
CHJEN CHUEN CHANG (DUKE) 
COOL,HILt.MARSHALL ÷ (BNL÷MIT+NYU+ANL) 
M t GOOO,V G LIND (WISCONSINI 
W E HUMPHREYtR R ROSS (LRLI 

ALSTON,KIRZ,NEUFELD,SOLRITZ,WOHLMUT [LRLI 
B 8HOWMIK,D P GOYAL [DELHI) 
BLOCK,GESSAROLI,RATTI+(NWES*BGNA+SYRA÷ORNL] 
BRDWN,KAOYK,TRILLING,ROE ÷ ILRL+MICH) 
CHRETIEN,CROUCH÷ (B~AN÷BROWN+HARVARD÷MII) 
U W CRONIN,O E OVERSETH lPRINCETON) 
ELY,GIOAL,KALMUS,OSWALD,R~WELL + (LRLI 
KERNAN,NOVEY,WARSHAW,WATTENBERG (ANt+ILL) 

J A ANDERSON,E S CRAWFORD ILRL I  
BAGLIN,BINGHAM÷ IEPOL+CERN+LOUC÷RHEL+BERG) 
HUBBARD,BERGE,KALBFLEISCH, SHAFER + (LRL I  
KFRNANtPOWELL,SANDLER + [LRL÷LOUCI 
M N KREISLER,D OVERSETH,J CRCNIN (PR IN )  
LIND,BINFORO,GODD, STERN (WISCONSIN) 
RONNE÷ ICERN+EPOL+LOUC++UHIV.BERGEN)  
JOSEPH ADAM SCHWARTZ (LRL) 

BAGLIN + (EPOE,EERN,LOUD,RHEL,BERGEN) 
BALTAY,SANOWEISS,CULW]CK, KDPP + (YALE+fiNE) 
J BARLDW,ELAIR~CONFORTO* (CERN+RHEL~PENN| 
CHARRIERE,GIBSON+ (EPOL+BR[S+CERN+MPIM} 
CHARRI~RE,GIBSON + (EPOL,BRIStCERN,MPIMI 
G CONFORTO ICERN) 
ELY,GIDAL,KALMUS,POWELL + (LRL,LOUCI 
HILL,LI,JENKINS,KYEIA,RUDERMAN (M[T,BNLI 
P SCHMIOT ICOLUMBIA) 

BERGE,CABISBO ((RVUE) LRL,CERNI 
BURAN,EIVINDSON,SKJEGGESTAD,TOFTE + (DSLOI  
+LACH,SANDWEISS,TAFT,YEH,OREN ÷ IYALE+BNL I  
ENGELMANN,FILTHUTH,ALEXANDER÷ (HEID,REHOI 
W ~ GIBSON,K GREEN IBRIS) 
LONDON,RAU,GOLOBERG,LICHTMAN* IBNL,SYRA) 

AUERBACH,BOWEN,DOBBS,LANDE,MANN+ [PENN) 
+BDNNET,BRIANOET,SAOCULET (EPOL)  
CLELANO,BIENLEIN,CONFORTO÷ (CERN+GEVA÷EUNDI 
C.MAYEUR,E.TOMRA,J.WICKENS (~ELG,LOUC}  
D E OVERSETH, R F RDTH (MICH+PRINI 
H.-J.GRIM~ (HEIDELBERGI 
V.HEPP,H. S£HLEICH IHEIOELBERGI 
MERRILL,SHAFER (tRL) 

+8ERGE,HUBBARD,MERRIll,MILLER (LRLI 
J .C .  DOYLE (LRL) 
MALONEY,SECHI-ZORN [UNIV MARYLAND) 
+ KRECKER + (BERL+BRUX÷CUUC+LOUC+LOWC+WARSI 
+KIRILLOV-UGRYUMOV,PONOSOV,PRCTASOV* (ITEP) 
+PONDROM,HANDLER,LIMDN,SMITH + (WISC,WICHI 

+BROWN,FREYTAG,HEARO,HEINTZ8 [CERN,HE IDJ  
÷BROWN,FREYTAG,HEARO,HEINTEE ~ (CERN,HEIDI 
÷BRIDGEWATER,COOBER,HAEIBI÷ [COLU÷BINGI 
+GUREVICH,MAKARINA,MARTEMYANOV+ (ITEPI 
0 BARONI,S PETRERA,G ROMANO (ROMA) 
+COLE,LEE-FRANZINI,LOVELESS + (STON+COLU| 

+CDCE,LEE-FRANZINI,LPVECESS+ (STON+COLU) 
DAHL-JENSEN ÷ ICERN+ANKA÷LaUS+MPIM+RONA) 
+LI,35NKINS,KYCIA.RUDERMAN (MIT,BNLI 
HILL,LI,JENKINS,KYCIA,RUOERMAN (~IT,BNL) 
LINOQUIST,SUMNER+ (EFhWUSL,OSU,ANL) 

+BAGGETT,EISELE,FILTHUTH.FREHSE+ (HEIO) 
+BAGGETT,EISELE,FILTHUTH,FREHSE+ (HE ID I  
÷BAGGETT,EISELE,FILTHUTP,FREHSE,HEPP÷(HEID[ 
*GUREVICH,MAKARINA,MARTEMYANCV + (ITEPI 
+CDNFORTO, EATON,GERBER÷ (CEPN~GEVA+LUNDI 
÷BUNNELL,DERRICK,FIELDS,KAIZ+ IANL÷CARN) 

÷B~OWN,FREYYAG,HEARD,HEINIZ£+ {CERN÷HEID) 
*BROWN,FREYTAG,HEARD,HEINTZE÷ ICER~+HEID[ 
÷OIVERNAUO,SORO (SACL} 

+GALLIVAN, JAFAR + (LDIC+CERN+ETH÷SACL} 
÷BACON,BUTTERWO~TH,WATERS + (t~IE+~HEL) 
+HANDLER,MARCH,MARTIN + (W{SC+~ICH+PUTG) 
+INNES,MASEK,mAU~+O,~ILLER,ROOEPMAN+ (UCSC) 

÷DVERSETH,BUNCE.DYDAK + (MICH+WIS£÷HEIDI 
LINDQUIST, SWALLOW,SUMNER ÷ IEFI+OSU+ANLI 
LINDOUIST,SWALLOW,SUMNER+(EFI+WUSL+OSU+ANLI 
+DYDAK,NAVARR[A+  (S IEG÷rSRN+DO~T+HEID)  
SCHACHINGEP,BUNCF.COX + IMICH+RUTG+WISC) 

+JENSEN,KREISLER.LDMANNO,POSTER+ (~5~+RNLI 
+OWORKIN + (M{CH+W[SC÷RUTO+MINN+BNLI 
÷H~NOLER,SHEAFF*COX + (WISC+MIEH+~OT~+MINNI 
+JENSEN,KPEISLER.LOMANND,PDSTER+ (MASA+BNL~ 

PAPERS NOT REFERRED TO IN DATA E&cOS 

ARMENTEROS+ (CEPN÷EPOL+LOIC+RIRM+CEN-SACLAYI 
RALTAY,FDWLER,SANDWEISS,CULWICK+ (YALF+RNI) 
d DETER 8ERGE (LRL }  

lq SIGMA+IIIBg,JP=I/2*) I=1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 SIGMA+ MASS {MEV) 

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS 

M I~4 1189.38 0.15 BARKAS 63 EMUt + SEF NOTE S BE/]W 
M 58 1189.48 0.22 BHOWMIK 64 EMUL SEE NOTE S BEL]W 
M S ABOVE SIGMA+ mASSES HAVE BEEN RAISED 30 KEV TD ACCOUNT FOR ~6 KEV 
M S INCREASE IN PROTCN MASS AND 21 KEV DECREASE IN PIDN mASS 
M 4205 1189.61 O. OB SCHMIDT 65 HBC SEE NOTE N 3174 
M tieR.16 0.12 NYWAN 67 HEBC b168 
M B 607 1189.33 0.04 BOHM 72 EMUL i~273 
M 8 BOHM 72 UNDATED WITH POG APR. 73 K-, El- AND P[O MASSES. 12173 
M 
M AVG 1189.37l 0.060 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.8l 
M FIT I180.365 0.058 FROM FIT IERROR INCLUDES SEALE FAFTOR 0 ~ 1.8} 3/82~ 

ISEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1189 .371  ~ 0 .060  

ERROR SCALED BY 18  

V a l u e s  a b o v e  of w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
reader' s convenience only. The 

data were actually processed by a 

constrained Eit program, w h i c h  
calculates its own values of ~, 6~, 

and scale factor, which are differ- 

ent from the values shown here. 

CH]SQ 

. . . . . . . . .  HYMAN 67  HEBC 31  

~ ~  SCHMIDT  65  HBC 8 9 

BHOWMTK 64  EMUL  02  

~ ~ 6 3  EMUL  O0  

~33  

(CONLEV 
11888  11892  11896  11900  =0010 )  

S IGMA+  MASS (MEV)  

19 SIGma*  MEAN L IFE  IUN ITS  10 . * - 10  SEC[ 

I GEASER 58 RVUE 
T 127 0.RE 0.16 O.E2 PUSCHEL 60 EMUL 
T 41 D.82 0.34 0.20 EVANS 60 EMUL 
T l l T  0.88 0.14 O . l l  ~REDEN 60 EMUL 
T 84 0.80 O. EO 0.067 KAPLON 60 EMUL 
T 23 0.76 0.22 0.14 CHIESA 61EMDL 
T 49  0 .79  0 .13  0 .09  BERTHELDT 61HLBC 
T 140 0.82 0.10 0.08 BARKAS 6 I  EMUL 
T 192 0.749 0.056 O.OE2 GRARO EZ HBC 
T 456 O. T65 8.04 HUMPHREY 62 HBC 
f CO3 0.84 0.12 0.08 5HDWMIK 66 EMUt 
T 181 0.84 0.09 BALTAY 65 HBC 6166 
T 900 0.76 0.03 CARAYAN 68 H~C 6 /66  
T C S 1300 0.83 0.032 CHANG 66 H~C 6 /~8  
T 125 (0.88l {0.15) CHIEN 86 HBC + 6.9 PBAR P 9/67 
T S l i t  [ l . |CJ  (0.24| CHIEN 66 HBC - 6.9 PBAR P,ANTI 916T  
T 38L 0.80 0.07 COOK 66 OSPK 7266 
T 10664 O .BOB 0.008 BARLOUTAU 69 HBC N-P . 4 - I . 2  GEV/C I I / 89  
T 20K 0.795 O. OlO E ISELE  70 HBC K-P AT REST 2/T[ 
T 526 0.83 0.04 fiAKKER 71 DBC K-N TO SIG+ 2PI- 10/71 
T 5lid 0.807 0.013 CONFORTD 76 HBC K-P I-1.4 GEV/C II/77 
T 30K 0.798 0.005 MARRAFFIN 80 H8£ K- P TO SIG+ Pl-  2[80 
T C CHANG. ERRCR 0.018 RAISEO fit US. SEE 1970 EEITION, RMP 42,123{19701 1 /78  
T S ERRDn PURELY STAT IST ICAL  
T . . . . . . . . .  
T AVO 0 .7997  0 .0036  0 .0036  AVERAGE (ERROR INCL. SCALE FACTDR GF 1 .0 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 SIGMA÷ MAGNETIC MOMENT (MAONETONS,S38.26 MEV) 

BM 38l 1.5 l . l  COOK 66 OSPK 7/66 
MM 52 3.5 1.5 KDTELCHUC 67 EMUL K-P AT E.ISBEV/C 8/67 
MM 51 3.0 1.2 SULLIVAN 67 EMUC PHOTOPROOUCTION 6/57 
~M 69  3.8 1 .2  COM~E b8 EM~I  lO/bB 
MM 29333  B.E I .O MAST 68 HBC K-P AT .4 OEV/E 6 /68  
MM 955 2.67 0.97 ALLEY 71DSPK 1.28 DEV/C PI+R I0/70 
MM 2651 2.7 0.9 SAHA 73 HLBC K-P.25TO.55GEV/C 6/73 
MM S 8503 (2.95) [0.31l OOBLE 77 HBC K-P .46 GEV/C 12/77 
MM S 14K 2.38 0.14 SETTLES Tg NBC K-P.42TO.50GEV/C 12279 
MM S SETTLES 79  INCLUDES OOBLE 77 DATA. 12 /79  
MM . . . . . . . . .  
MM AVG 2.33 O. E3 AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 SIGMA* PARTIAL DECAY MODES 

DECAY MASSES 
PI SIGMA* INTC P~CTON RIO 93B+ 134 
R2 SIGMA+ INTO NEUTRON PI+ 939. 139 
P3 SIGMA÷ INTO NEUTRON PI  + GAMMA 939+ 139+ 0 
P4 SIDMA+ INTO LAMBDA E+ NEU i l l 5+  .5+ 0 
P5 SIGMA+ INTO PROTON GAMMA 038* 0 
P6 SIGMA÷ INTO NEUTRON MU+ NEUTRINO 939+  I05+ 0 
P7 SIGMA÷ INTO NEUTRON Ee NEUTRINO 939+ .5+ o 
PB SIGMA+ INTO PROTON E÷ E- 938+ .5÷ .5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

19 SIGMA÷ BRANCHING RATIOS 

R( SIGMA* INTO (NEUTRON P I * I / (NUCLEON P | I  (P21 / (P I÷PT I  
RE 308 0 .~90  0=02~ HUMPH~EN 62 HBC 
R1 834 0 .68  0°02 CHANG 66 HBC 
RL 1331 0.~88 0.0L0 3ARLOUTAU 69 HBC K-P . 4 -1 .2  OEV/C 
R1 53T 0. ABA 0 .015  TOVEE 71EMUL 
91 1861 0o988  0 .008  NOWAK 78 HBC BRITISH I.SM (TST) 
RI  ~ IOK 0 .4828  0. 0036 MARRAFFIN 80 HBC K-P ~20-500MEV/O 
RI M MARRAFFINO 80 GIVES ER TO (P P[OO/ALL. WE IUOTE I-BR. 
R[ . . . . . . . . .  
91 AVG 0o4838 0.0030 AVERAGE (ERROR INCLUDES SOALE FACTOR OF 1.0) 

6166 
1 1 / 6 9  
12/71 
7 /79  
2 /E0  
2 /80  

92 SIGMA* INTO (NEUT P I *  GAM(/IPE*N( (UNITS [0 , * - 31  (P31EPTI 
R2 (1.81 ABOUT BAZIN2 65 HBC P[+ LT 116 MEVlC 8/67 
92 29 (0 .27 )  ( 0 . 051  ANG 69 HBC P[+ LT EEO MEV#C 11/bb  
R2 180 0 .93  0 .10  EBENHOH 73 HBC PI÷ LT 150 MEV/C 3/T~ 
R2 PI* MOMENTUM CUTS D[FFERt NOT AVERAGED. LATEST VALUE USED IN TABLE. ~/82" 

93 SIGMA* [NTE )LAMBDA E+ NEU)/TOTAL )UNITS 10 . * - 5 )  (P4)  
93 N ~ (3 .3 )  ( l . 71  WILLIS 64 HBC STOP. K- 9 /66  
R3 w EVENTS FROM THIS EXPERIMENT.INCLUDED IN EISELEI 69 IE /69  

~3 5 ~ ' 6  0 -~  BALTAY 6~ ~BC STOP ~ l  11 /69  
93 IO 2.9 1.0 EISELE1 69 HBC STOP K- 10/69 
93 . . . . . . . . .  
93 AVG 2.02 0.4T AVERAGE (ERROR INCLUDES SCALE FACTOR DF I .B I  

RN SIGMA+ INTO (P GAMMAI/(P PIO) (UNITS 10"*-2( (PS)/ (PI)  
94 1 (O.0681DR tESS CARRARA 66 HBC 
94 24 0.37 0.08 BAZIN 65 HBC 
94 A {O . IT )  QUARENI 65 EMUL 
R4 45 0.21 0.03 AND 80 HBC STOP K-  
R4 31 0 .2T6  0 .051  GERSHWIN 60 HBC 
R~ 66 
94 
R~ AVG 

6 /66  
10 /69  
10 /69  

0 .211  0.038 MANZ RO HBC K- ~->SIOMA* P I -  9 /8 [ *  

0.232 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR DF Lo2) 
(SEE IDEOGRAM BELOW 

WEIGHTED AVERAGE = 0 .232  + 0 .025  

ERROR SCALED BY t 2 

. . . . . . . . .  GERSHWIN  69  HBC 

. . . . . . . . . .  ANG 69  HBC 

~ '  - 8AZ IN  65  HBC 

~ . 
o , I  o . 2  0 3 0 . *  0 . 5  0 6 

SIGMA+ INTO (P  GAMMA) / (P  P IO )  

CHISO 

0 3 

0 8 

0 ,5  

30  

4 .6  

(CONLEV 
=0 .  207 )  

95 SIGMA* INTO )N E+ NEU)/(N PI+I (UNITS 1 0 , * - 5 1  IPTII(PT) 
R5 ED 0 ( IB220)EFFECTIVE OENOMo COURANT 64 HBC SEE NOTE E 11167 
95 EO 0 (TTTOIEFFECTIVE OENOM. MURPHY 64 HBC SEE NOTE E IL /6T  
95 EO I [9690)EFFECTIVE DENOM. NAUENBERG 66 HBC SEE NOTE E 6 /68  
95 0 0 {326061EEFECTIVE DENOM. BIERMAN 68 HBC 6168 
95 UA 0 180AOO)EFFECTIVE DENOM. EISELE2 69 HBC STOP R- 6168 
R5 UO [ (30000)EFFECT[~E OENO~. NORTON 69 HBC 11 /60  
95 0 OLDER LOWER STATISTICS EXPTS, NOT INCLUDED IN AVERAGE. 2/76 
95 U 0 105000 EFFECTIVE DENOM. SECHIZORN 73 HBC STOP K- 2 / 76  
95 U A 0 IL lOO0 EFFECTIVE OENOMo EBENHOH 76 HBC STOP K- 1 /76  
95 U EFFECTIVE DEMON. CALCULATEO BY US 
RE E EFFECTIVE DENOM. TAKEN FROM EISELE 67 11167 
R5 A EISELE2 89 REPLACED BY OY EBENHOH 76.  1 /76  
R5 . . . . . . . .  
RS I . I  OR LE~S CL=.90 OUR AVERAGE (2 .3  EVTSII(EFF.ONON. SUM( 2276 
R5 NUMBER OF EVENTS INCREASED TO 2 .3  FOR 90PC CONFIDENCE LEVEL 2 /76  

R6 SIGMA+ INTO (N NU* NEUI / )P I+N)  [UNITS CO*t-51 (P61 / IPT )  
R6 I ( I201~NALYSEO EVENTS GOLTIER[ 62 EMUL N~ RATIO OUDTEO IL IET 
96 E 0 10150 EFFECTIVE DEMON. COURANT 6~ HBC SEE NO~E E l [ / 6T  
96 E 0 [T IO  EFFECTIVE OENOM. NAUENBERG 6~ HBC SEE NOTE E 11 /67  
96 U 2 62000 EFFECTIVE OENDM. EISELE2 69 HBC 6168 
96 0 33800  EFFECTIVE DENOM. BAGGETT 69 HEC [1/68 
96 E EFFECTIVE OENOM. TAKEN FROM EISELE 67 11/67 
R6 U EFFECFIVE DENOM. CALCULATED BY US 
R6 . . 
R6 " "6 :2 "  "CR ~ESS CL=.gO OUR AVERAGE (6.7 EVTSI/(EFF.ONOM.SUMI 2/T6 
96 NUMBER OF EVENTS INCREASEO TO ~ .7  FOR 90PC CONFIDENCE LEVEL 2/76 

97 (SIGMA+ INTO LEPT~NSII(S)GMA- INTO LEPTONS] 
R7 0 (0.03~(09 LESS fl~GGETT 67 MBC 6 /68  
RT L (0.081CR LESS NORTON 69 HBC 10169 
97 
R7 0.043 DR LESS CL=.90 OUR AVERAGE USING R5 AND 96 2176 

R8 SIGMA* INTO [PROTON E + E-I/TOTAL (UNITS 10e*-6) (P8) 
R8 7.0 DR LESS ANG 6~ HBC STOP ~- 10169 
RB A AND 69 FCUNE 3 F+E-  EVENTS IN AGREEMENT WITH GAMMA CONVFRSION CF 
98 ~ PROTON GAWM~ DECAY -LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT 

R9 (S)G~* INTO h MU* NEUII(SIGMA- INTO N M~J- NFU) 
R9 E 0.06 0 .045  0 .03  E)SELE2 69 HBC ÷ -  STOP K- 10 /69  
99 
Rg " "0 : ( 2  "OR LESS" CL=.qO OUR AVERAGE USING RE 2171 

910 (SIGMA+ INTO N E+ NEUI/(SIGMA- INTO N E- NEU) 
RIO E 0 10.031 OR LESS CL=.90 EISELE2 69 HBC +- STOP K- 10169 
RED O 0 (O .LT I  DR LESS CL=,95 COLE 71HBC ÷ -  STOP R- LO/TE  
RIO 0 LOWER STATISTICS EXPERIMENT NOT INCLUOED IN AVERAGE 2 /76  
RIO 0 10 .018 )0R  LESS CL=.90 SECHIZORN 73 HOC + -  STOP R-tPO[SSON 8 /73  
R 10 E 0 )O. 019IDR LESS CL=, 90 EBENMDH 7k HBC + -  STOP K-  12175 
RIO E EISELE2 69 REPLACED BY EOENHOH 74o 12 /75  
RIO . . . . . .  
RIO "0.009"09 LESS CL=.90 OUR AVERAGE USING 95 2 /76  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l q  SIGMA* DECAY PARAMETERS 

RELATED TEXT SECTION VI 0 AND APPENDIX l 

A+O ALPHA*IALPHAO FOR SIGMA* (SIG~ TO PI* NII ISIG$ TO RIO Pl  
A+O )+0 .061  (0 ,1 l /  CORK 60 CNTR S/G* FROM PI+P 

TRIPP 62 HBC REPLAC.BN BANGER A*O (+0 .20 )  ( 0 . 24 )  
A+O 0 3500 ( - .OE~)  ( 0 . 052 I  EANGERTER 66 HBC SIG+ FROM K-p 9166 
A*O 0 2600 ( - . 067 )  ( 0 . 07 )  BERLEY 66 HBC BIG* FROM K-P 9166 

REUCROFT 77 HBC REPL.BY MARRAFFIN080 6 /77  A*O ZOK ) -O .1061  10,0281 
A+O 23K -0 .073  0 .022 MARRAFFIN 80 HDC K- P TO SIG* P l -  2 /80  
A+O 0 OLD RESULTS, HAVE BEEN REPLACED. SEE BELOW. 
A+O . . . . . . . . .  
A+O FIT -0.069 0 .013  FROM FIT (ERROR INCLUDES SCALE FADTOR OF t .  OI 6182~ 

A+ ALRHA* FOR SIGMA+ (SIG* TO P[+ N) 
A+ 35000 0 . 0 ~ 9  0 ,017  EANGERTER 69 HOE K-P AT 600 MEV/C 11 /69  
A+ ~101 0 .037  O, 069 BERLET 70 HBC 12/70 
A+ . . . . . . . . .  
A* AVG 0.066 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0I 
A+ FIT 0 .068  O.OE3 FROM FIT  )ERROR INCLUDES SCALE FACTOR OF 1.01 4182= 

AO ALPHAO EOR SIGMA* )BIG+ INTO RIO PROTON) 
AO -0.80 0 .16  BEALL 62 CNTR 
AO ( -0 .00 )  ( 0 . 25 )  TRIPE 62 HBC REPLAC. BY RANGE 
AO 0 5200 ) - 0 . 9861  (0.0721 EANGERTER 66 HBC K-P TO SIO+ P l -  7/66 
AO 32000 - 0 . 9 9 0  0 .022  EANGERTER 69 HBC 10 /69  
AO H 133B -0 .98  O.OE 0 .02  HARRIS 70 OSPK PI÷R TO BIG*  K÷ 5120 
AO 16K -0 .960  0 .068  BELLAMY 72 ASPK PI+P TO SIG+ K+ L i l T2  
AO L 1 2 8 ~  - 0 . 9 ~ S  0 o 0 5 S  0 . 0 4 2  LIPMAN 73 OSRK FI÷P  TO SIG + 7 / 7 3  
AO L DECAY PROTONS SCATTERED OFF ALUMINUM. 7 /73  
&O H DECAy PROTONS SCATTERED OFF CARBON. 
AO 
AO AVG -0.979 0 .0 [6  AVERAGE IERROR INCLUOES SCALE FACTOR OF 1 .0 |  
AO FIT -0.9~9 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 R/02* 

F+ PHI÷ ANGLE [S IG+ INTO N PI) SIN(PHIIIEOS(RHII=BETAIGANMA (DEGREE) 
F* 0 3T0 ( [ 80 .1  ( 30 .  I BERLEY 66 MBC NEUTPON RESCATT. 9 / 66  
F*  560 163. 29 .  BANGERTI 69 HBC 10 /69  
F+ C105~ LEA. 24 .  BERLEY 70 HBC K-P AT ~00 MEV/C 11169 
F÷ C CHANGED FROM 176 TO 186 TO AGREE WITH SIGN CONVENTION. 
F+ . . . , . . . o 
F+ AVG 167.3 20.1 AVERAGE (ERROR INCLUDES SCALE FACTDR OF 1 . I I  

AG ALPHAG EOR SIGMA* ISIG~ [NTO PROTON GAMMAI 
AG 61 -1.03 0 ,52  0 .~2  GERSHWIN 69 HEC K-P TO SIG PI 11/69 
AG 46 -0 .53  0 .38  0 .36  MANE 80 HBC K-- P- ->SIGMA* P I -  91811 
AG . . . . . . . . .  
AG AVG -0.72 0.29 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1°0) 

FO PHIO ANGLE (BIG+ INTO PIO PROTON( SIN(PH1)/COS(PHII=BETA/GAMMA (DEG] 
FO H 22,0 9 0 . 0  HARRIS 70 OSPK PI+P TO BID+ K+ S/TO 
FO L 1259 38 .1  35 .7  37*1 L)PNAN 73 OSRK Pl~P TO SIG*K+ 7 /73  
FO L DECAY PROTON SCATTEREO OFF ALUMINUM. 7/T3 
FO H DECAY PROTONS SCATTERED OFF CARBON. 
FO . . . . . . . . .  
FO AVG 35 .8  33 .7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

REFERENCES FOR SIGMA* 

CORK 60 P~ 120 E000 
EVANS 60 NC 15 873 
FREOEN 60 NC 16 611 
KAPLON 60 ANP 9 139 
PUSCHEL 60 NP 20 25~ 

OARKAS BI  PR 12~ 1209 
BERTHELO 61NC 21 6S3 
CHIESA 6L NC 10 [1TE 

BEALL 62 PRL B TB 
GRAND 62 PR 127 60T 
GALTIERI 62 aRL 9 26 
HUMPHREY 62 ~R 127 2305 
TR)DP ~2 PRL 9 86 

PARKAS 63 PRL 1 [  ~E 
ALSO 61UCRL 9450 

B MOWMIK 64 NP 53 22 
CARRARA 64 aL 12 72 
COURANT 6A PR 136 B 1791 
MURPHY 6~ PR 13A 0 LflB 
NAUEN3ER 6~ PRL 12 679 
WILLIS B& PRL 13 292 

BALTAY 65 PR LAD 8 1027 
BAZIN 65 PRL [A tEA 
BAZIN2 65 PR 1~0 01358 
CARAY~ 65 OR 138 R 433 
QUAREN[ BS NC 60 A 528 
SCHMIOT 65 PR 140  B 1328 

EANGERTE 68 PRL [7 495 
BERLEY 66 PRL 17 1071 
CHANG 66 PR | 5 [  lOBE 

CORK.RERTH,WENZEL,CRON[N,CODL(LRL+RRIN*BNL) 
8RIST+BRUS S+IAS-U. COL-DUBLIN*LON+MILAN*RAD 

FREDENtH KORNBLUM,R WHITE (LRL( 
KAPLON,A MELISSINOS,YAMANOUCH[ (ROCH( 

w PUSCHEL (MAX PLANCK )NST) 

8ARKAS,DYER.MASON. NICHOLSeSMITH (LRLI  
BERTHELDTBDAUO[N~GOUSSU * (SACLAY+ORSAYI 
CHIESA,QUASSIATI,RINAUDO (INFN-TURINI 

BEALLTCORK,KEEFE,MURPHY,NENZEL (LRL I  
F GRARD,G A SMITH (LRLI 
GALTIERIeOARKASpHECKMAN.PATRICK,SMITH (LRL) 
N E HUMPHREY,R R ROSS ILRL) 
R D T R I P P , M  fl WATSONtM FERRO-LUZZI (IRL) 

N H 8ARRAS,J N DYER,H H HECKM~NN (LRLI  
JOHN DYER (THESIS, BERKELEY( (LOLl 

8 BHONMIK,P JA IN ,P  MATHUR~LAKSHM[ (DELHI |  
CARRARA~CRESTItGRIGOLETTO, PERUZZO* (PADOVA| 
COURANT.FILTHUTH* (CERN*HEIO÷UMD*NRL+BNL) 
C THORNTON MORPHY (WISCONSIN) 
NAUENBERG, WARATECK ,+ (COLU*PUTG+PRINI 
NILLIStCDURANT.ENGELNAN*(ONt. CERN, HEID,UNO] 

BALTAY,SANDWEISS,CULWICK.KDPP * (YALE+BNL) 
BAZIN,BLOMENFELO,NAUENBERG + (PRIN*COLU) 
BAZIN,PLAND,SCHMIDT÷ (PRIN.RUTG,COLU| 
EARAYANNOPOULDS,TAUTFESTtWILLMANN )PURDUE) 
QUARENI,CARTACCI + (BGNAvFIRZ.GENO,PARMA] 
P SCHMIDT (COLUMBIA( 

BANGERTER,GALTIERI,BERGE,MURRAY÷ (LRLI 
• HERZBACH,KOFLER.YAMAMOTO * )BNL÷MASA*YALE| 
CHUNG NUN CHANG (COLUMBIA) 

ALSO 6B NEV|S 145 THESIS CHUNG NUN CHANG (COLUMNIAI 
CHIEN 66 PR 1S2 1171 ¢LACH,SANDWEISS,TAET,YE~,OREN * (YALE*GNL) 
COOK 66 PRL 27 223 V ;DOKtEWART*MASEK,ORR~PLATNER (WASHINGTON( 

BAGGETT 67 PPL 19 EA58 BAGGETT~OAYtGLASSER*XEHCE~KNCP* {MARYLANOI 
ALSO 68 VIENNA ABS. 374 BAGGETT,KEHDE (NARYLANO) 
ALSO 6G PRIVATE E~MM. N. BAGGETT (MARYLAND) 

3ARASH 6T PRL Eq [81 8ARAGH,DAY.GLASSERtKEHDEeKNOR * {MARYLANOI 
EISELE 67 ZPHYS 205 409 +ENGELMANN,FILTHUTHeFOL|SHtHEPP* IHE ID I  
HYHAN 67 PL 2S B 376 ~LDKEN,PEW[TT*MCKENZ|Ee+ (ANL+CARN*NWESI 
~OTELCHU 67 PRL [B [ [ 66  KOTFLCHUCK,GOEAtSULLIVAN,ROSS ENANOERRItEI 
SULLIVAN 67 PRL 18 1163 SULL|VAN,MC|NTUREFeKOTELCHUCH (NANOERB[LT) 

ALSO 66 PRL 13 266 A 0 NCINTURFF,C E ROOS (VANOERBILTI 



Stable Particles 
Z * ,  Z -  

BIERMAN 68 PRL 20 14SR 
COMBE 6B NC BTA 54 
MAST 68 PRL 20 1312 

ANG 69 ZPHYS 2R8 I 51  
EAGGETT 69 MDDP-TR-978 
BALTAY 89 PRL 2E 61S 
BANGERTE 69 LERL-19244 
BANGERTI 69 PR lET 182[ 

BARLOUTA 69 NP B14 ES3 
E[SELEI 69 ZPHYS Z21 I 
EISELE2 69 ZPHYS 22 t  401 
GERSHWIN 6g PR IB8  2877 

BIERMAN, KOUNOSU, NAUENBERG + (PRINCETON) 
CERN-BRISTOL-LAUSANNE-MUNICH-RDME-COLLABOR 
MAST,GERSHW[N,ALSTON-GARNJOST + (LRL)  

÷EBENHOH,EISELE,ENGELMANN, FILTHUTH+ (HE ID I  
N V BAGGETT (THESIS| [UMO) 
8ALTAY,FRANZINI,NEWMAN~NORTON÷ (COLU,STON) 
ROGER OOELL EANGERTER (THESIS) (LRLI  
BANGERTER,GARNJOST,GALTIER],GERSHWIN+ (LRL| 

BARLOUTAUD,BELLEFON,GRANET÷(SACL+CERN•HEIOI 
÷ENGELMANN,FILTHUTH, FOHLISCH,HEPP+ (HEIDI 
+ENGELMANN, FILTHUTH,FOHLISCH,HEPP+ (HEIDI 
÷ALSTON-GARNJOST,BANGERTER + (LRLI 

ALSO UCRL 1926E THESIS LAWRENCE K GERSHWIN 
NORTON 69 NEVIS I75 ITHESISI HERBERT NORTON 

BERLEY TO PR D) 2015 
EISELE TO ZPHY 238 372 
HARRIS 70 PRL 24 165 

ALLEY 71PR 03 75 
BAKKER T1LNB 1 37 
COLE 71PR 04 631 
TOVEE T[  NP B33 493 
BELLAMY 72 PL 398 299 
BOHR 72 NP B48 1 

ALSO 73 IIHE-73.2 NOV 

EBENHOH 73 ZPHY 264 413 
LIPMAN 73 PL 438 89 
SAHA 73 PR 07 3295 
SECHIZOR 73 PR D8 I2 

EBENHOH 74 ZPHY 266 367 
CONFORTO 76 NP BID5 189 
00BLE 77 PL 67E 483 
REUCROFT 77 oR D15 5 
NOWAK 78 NP B[39  6 1  

SETTLES 70 PR 020 B154 
MANZ 80 PL 96B 2L7 
MARRAFFI BO PR D2E 250 [  

I LRL I  
(COLUMBIA( 

÷YAMIN,HERTZBACH,KOFLER ÷ (BNL, MASA,YALE] 
÷FILTHUTH,HERP,PRESSER,ZECH (HEIDELBERGI 
• DVERSETH.PONDROM,DETTMANN (RICH,WISE) 

÷BENEROOK,COOK,GLASS,GREEN,HAGUE + (MASHI 
÷,SABRE COLLAB. IZEEM+SACL+BGNA÷REHO÷EPOLI 
+LEE-FRANEINI,LOVELESS,BALTAY+ (STON,COLUI 
LDUC,BELGRAOE,BERL,BRUX,OUBLIN,WARS COLLAB 
+ANDERSON,CRAWFORD,OSMON+ (LDWC+RHEL+SUSS) 
BERLIN÷BELGRADE÷BRUX÷DUBLIN*LOUC÷WARSAW 
BRUSSELS BULLETIN, SAME COLLABORATION 

+EISELE,FILTHU7H,HEPP,LEITNER,THOUW~ (HELD) 
÷UTO, WALKER,MONTGDMERY+ (RHEL~SUSS+LOWCI 
• FETKOVICH,HEINTZELMAN,MELTZER • {EARN) 
B.SECHI-ZORN°G.SNOW (UNDI 

÷EISELE,ENGELMANN,E]LTHUTH,HEPP + [HE ID I  
• GOPAL,NALNUS,LITCHFIELD,ROSS + IRHEL+LOIC| 
+GOTTSTEIN,HANSL,HERYNEK÷ (MPIM+BOHR÷VANOi 
eROOS,WATERS,WEBSTER,HANSL + (VAND÷MPIM} 
+ARMSTRONG,DAVIS~ (LOUC+EELG•DURH÷WARS) 

+MANZ,MATT,HANSL,HERYNEK,DOBLE+ (MPIN+VAND) 
+REUCROFT, SETTLEStWOLF + (MPIM÷VANDI 
MARRAFFIND,REUCROFT,ROOS,WATERS+IVAND+MPIH) 

PAPERS NOT REFERRED TO (N DATA CARDS 

GLAOERtGOOOtMDRRISON (MICHeLRL{ 

QUANTUM KUMBER DETERMINATIONS NOT REFERRED TO (N THE DATA CARDS 

TRIPP 62 PRL B 175 R TRIPP,M WATSON,M FERRO-LUZZI (LRL) P 
ALFF 63 SIENA CONF l 205 ALFF,NAUENBERG,KIRSCH,÷ (COLU+RUTG÷BNLI 

ALSO 65 PR [ 37  B [ lOS  ALFF,GELFAND,BRUGGER,BERLEY+(COLU+RUTG+BNL) 
ODORANT 63 SIENA CONF 1 7S COURANT, FILTHUTH,BUBNSTE(N,DAY÷ (CERN÷UMD) 

r ~  20 S (GMA-K I I 97 , JP= l / 2÷ I  I = [  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS 

M 3000 1197.43 O.OB SCHMIDT 65 HBC SEE NOTE N 3 /74  
M 11q7 .24  O. I 5  OUGAN 78 CNTR EXOTIC ATOMS 12179 
M . . . . . . . . .  
M AVG 1197.3E8 0 .079  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l * l )  
M F(T 1197 .34  0 .05  FROM F(T (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  3 / 82  • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 (SIGMA-i - (S(GMA+) MASS DIFFERENCE (MEV) 

D 87 8 .25  0.40 BARKAS 63 EMUL 
D 2500 B.2S 0 .25  OOSCH 65 HBC 
D 86 T .9 [  0 . 23  BOHN 72 EMUL 1 /13  
D . . . . . . . . .  
D AVG B.Og 0 .18  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
D FIT 7.97 0.07 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3l 3182= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 (SIGMA-) --  (LAMBOA) MASS DIFFERENCE (MEV) 

OL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OL 8L .70  0 .19  BURNSTEIN 64 HBC 9 /66  
DL 85 81.B0 0 .13  SCHMIOT 65 HBC SEE NOTE N 3174 
OL 2279 81 ,64  O.OD HEPP 68 HBC B /68  
DL . . . . . . . . .  
DL AVG B[ .693  0 .069  AVERAGE (ERROR INCLUDES SCALE FACTOR O~ I .O I  
DL FIT 81.740 0 . 0 5 2  FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  Ol 3482~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T 1.6? 
T 1.B9 
T 45 1.3~ 
T 41 1 .75  
T 1208 1 .58  
7 C 3267 [ . 666  
T S 6 [  (2.OBl 
T S 64 ( l . 46 (  
T 506 1 .38  
T 10253 1.472 
T 0.1M 1 .485  
T 1383 1.42 
T 1.41  

0.40 0.28 BROWN 58 HLBC 
0.33 0.25 E(SLER 58 HLBC 
0.32 0 .17  CHIESA 6E ENUL 
0 .39  0 .30  BARKAS 61ENUL 
0 .06  0 .06  HUMPHREY 62 HBC STOP. K- 
0 ,075  CHANG A6 HEC STOP. K-  6 / 66  

10 .22 )  EHIEN 66 HBC - 6 . q  PRAR P 916T 
(0 .31 )  CHIEN 66 HBC * 6.9 PEAR P,ANTI 9167 

0 .07  WHITES(DE 68 HBC STOP. K-  6 / 68  
O*Ol6 BARLOUTAU 69 HBC K-P . 4 -1 .2  GEVIC 11 /69  
0 .022  EISELE TO HBC K-P AT REST 2 /T I  
0.05 BAKKER 7l DBC K-N TO SIG- 2Pl lOl7[ 
O.O9 0 .08  TOVEE 71EMUL 12/71 

T 2400 [.463 O.03q ROBERTSON 72 HDC K-P .25  GEVIC 3/74 
T 8437 1.49 0.03 CONFORTO T6 HBC K-P 1-1.6 GEVIC 11117 
T IbK [.480 0.0[4 NARRAFFIN BO HBC K- P TO SIG- p i t  2/80 
T C CHANG ERRbR O.OIB RAISED BY US. SEE Iq70 EDITION, RMP 42,1231L970) 11T3 
T S ERROR PURELY STATISTICAL. 
T 
T AVG 1.482 0 .0 I t  O.Ol[ AVERAGE (ERRER INCL. SCALE FACTOR ~F 1 .3 )  

(SEE IDEOGRAM BELOW ) 
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Data Card Listings 
For notation, see key at front  of  Listings. 

WEIGHTED AVERAGE = 0 . 6 7 4 7  ± 0 . 0 0 5 0  

ERROR SCALED BY 1 .3 

i i  . . . . . . . .  MARRAFF I N 
. . . . . . . .  CONFORTO 

~ _ ~  i i i i i IROvB~;TSON 

IN . . . . . . . . .  BARLOUTAU 
l i r a - -  . . . . . .  W " I T E S I O E  

- + -  l l.ii . . . . . . . . .  O , , N D  
- -F I - I  I . . . . . . . .  HUMPNREY 

~ I  . . . . . . . .  BARKAS 

I l l  ' " C H I E S A  

i ' 

04  06  0 ,B  1 .O  

S IGMA-  DECAY RATE  (UN ITS  10 " ' 10  SEC-1 )  

CH ISQ 

80  HBC O .O  

76  HBC 0 .1  

72  HBC 0 .2  

71 EMUL 0 .7  

71 DBC 1 .4  

70  HBC O .O  

69  HBC 04  

68  HBC 1 .8  

66  HBC 7 .6  

62  HBC 3 .0  

61 EMUL 

61 EMUL 

56  HLBC 

56  HLBC 

15 .2  

(CONLEV 
=0.085) 

20 SIGMA- MAGNETIC MOMENT (MAGNETONS,938.26 NEV) 

RM R BTWN - i . 6  AND +0.8 FOX 73 CNTR SIG-ATOM FINE ST 3 /7~  
MM R - I . 68  0*87 ROBERTS 74 CNTR SIG-ATOM FINE ST 12175 
MM oD -I.4O 0.41 0.28 DUGAN T5 CNTR SIG-ATOM FINE SE 12/T9 
MM {0.65( TO.BE) TO.401DUGAN 75 CNTR SIC-ATOM FINE ST [2/79 
MM 28K -O.7t t.25 HANSL 7B HBC K-P-->SIG- PI÷ 71T9 
RM R ROBERTS 74 INCLUDES DATA FROM FOX 73. [217S 
NM D DUGAN 75 NEGATIVE VALUE AVERAGED SINCE (T AGREES WITH ROBERTS 74. 12/19 
MM . . . . . . . . .  
MM AVG - I .  4[ 0.25 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 SIGMA- PARTIAL DECAY MODES 

DECAY MASSES 
P[ SIGMA- INTD NEUTRON PI- 939+ E39 
P2 SIGNA- INTO NEUTRON El-  GAMMA 939+ [39+ 0 
P3 SIGMA- INTO NEUTRON f lU- NEUTRINO 939÷ COS+ 0 
P4 SIGMA- INTO NEUTRON E- NEUTRINO R39+ .S+ O 
P5 SIGMA- INTO LANBDA E- NEUTRINO 1115÷ .5+ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 SIGMA- BRANCHING RATIOS 

R1 SIGMA- INTO IN MU- NEUI/(N PI-I {UNITS lO~*-3I (P31/(PEI 
RI  22 0 .66  0 .15  EDURANT 66 HBC 
R[  [ !  0 . 56  0 .20  BAZ[N 65 HEC FROM STOP. K-  6 /A6  
RI  56 0 .43  0 .09  EAGGETT 69 HBC STOP. K-  10 /69  
RI  72 OoBB 0 .06  ANG | 69 HEC STOP K-  10169 
R[  | 3  0 . 38  0 .11  COLE 7E HBC STOP K-  I0171  
R1 . . . . . . . . .  
R| AVG 0.447 0 , 0 4 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0| 

R2 SIGMA- INTO IN E-  NEUI / (N P l - I  (UNITS [ 0~ t - 31  (PB I I IP [ )  
RB 9 I .O  0 .4  0 .3  MURPHY 64 HLBC 
R2 16 1 .37  0 .34  NAUENEERG 64 HEC 
R2 [ 6  [ . i S  0.~ MILLER 64 FBC 
RB 31 1.4 0,3 COURANT 64 HEC 
R2 IBO I , l [  0 .09  BIERMAN 68 HBC 6168 
R2 A 331 ( [ .OB)  (O.OB) ANG [ 69 HBC STOP K-  I 0169  
R2 57 0 .97  0 .15  COLE 7 I  HBC STOP K-  tO/T1 
R2 45S [ . 05  O.O7 SECHIZORN 73 HBC STOP K- B /73  
R2 A 601 [ .O~  0 .06  EBENHOH 74 HBC STOP K-  1/76 
R2 A ANG I 6g REPLACED BY EBENHOH 74.  1 /76  
RB . . . . . . . . .  
R2 AVG I.OB2 0 . 0 3 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .0)  

R3 SIGMA- {NED (LAMBDA E- NEU)IIN PI-) (UNITS [Ote--4l 
R3 (PS l / (P i )  
R3 1L O.TS 0.28 COURANT E4 HBC STOP. K- 
R3 35 0 .64  0 . [ 2  BARASH 67 HBC STOP K- 8 /67  
R3 3[  O.6B 0 . [ 2  EISELE[  69 HBC STOP K-  10 /69  
RD 31 DoS2 0 .09  BALTAY 69 HBC STOP K-  4169 
R3 H I 22  (O.6Ol  (O. I l l  HERBERT 78 ASEK WPERON BEAR 6178 
83 H [ I 4  O*EB 0,11 THONFSON 80 ASPR ~hfPERON BEAN 9 /81~  
R3 H HERBERT 78 REPLACED BY THOMPSON DO. 
R3 . . . . . . . . .  
R3 AVG 0.610 O.05D AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 01  

R4 SIGMA- INTO (N PI- GANMAI/(N P(-) (UNITS 10~'~-3I  (P2 ) / (P [ I  
R4 (I.[IAPPROXIM, BAZIN 65 HBC Pl- LT 166 MEVIC E167 
R4 23 (O . [O )  (O.OB) ANG 2 69 HEC E l -  LT l iD  MEV/C 10 /69  
R4 292 0 .46  0 .06  EBENHOH 13 HBC P(÷ LT 150 MEVIC 8 /74  
R4 PI+ MOMENTUM CUTS DIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE. 4/82~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION V) D AND APPENDIX I 

A- ALPHA SIGMA- 
A- [ -O ,16 I  lO .B l )  TRIPP 62 HBC REEL.BY BANGERTE 
A- O 6500 (-O.O[OI (0.043) BANGERTER 66 HBC K-P TO S(G- P(+ 7 /66  
A- 0 6068 (-O.IO4I (0.04) BERLEY 67 HBC K-P TO S(G- El+ 1L167 
A- 5 [000  -O.OTI 0.012 BANGERTER 69 HBC 10/69 
A- B 5978 (-0.134) (0o034) BERLEY 70 HBC K-P AT ~00 MEV/C 217[ 
A- 60000 -0 ,067  0 .011 BDGERT 70 HBC K-P AT 400 NEV/C 12 /70  
A- BBK -0 .062  0 .024  HANSL T8 HBC K-P--->S(G- El+  7/79 
A- O OLD RESULTS. HAVE BEEN REPLACED. 
A- B BERLEY 70 REPLACED BY BOGERT 70 227I 
A- 
A- AVG - O . 0 6 8 1  0 .0077  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 
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Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
Z- 

F-  PHI ANOLE ( S I N ( P H I I I C O S I P H I I = B E T A / G A N M A ]  (DEGREES( 
F-  O 1006 1÷22.)  ( 3 0 . |  BERLEY 67 HBC K-P TO BIG- Pie 11/67 
F-  1385 1%. ID. BANGERT 1 69 HBC 10/69 
F-  C1092 + B. 23.  BERLEY TO HBC NEUTRON RESCATT. 11/69 
F-  C CHANGED FROM -5 TO +5 TO AGREE WITH SIGN CONVENTION 
F -  . . . . . . . . .  
F- AVG 10.3 14.6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OI 

Note on E - ÷  A e - v  

(by J.  A. Thompson, U n i v e r s i t y  o f  P i t t s b u r g h )  

The d e c a y ~ - +  A e - v  i s  o f  s p e c i a l  i n t e r e s t  

because i t s  form i s  predicted by the s t rong form 

o f  CVC and i s  no t  s e n s i t i v e  t o  the  c u r r e n t  o c t e t  

assumptions or SU 3 structure constants which 

enter into Cabibbo's predictions for the other 

hyperon decays. For AS = 0 transitions, the weak 

interaction vector current is related to the elec- 

tromagnetic current through a multiplicative con- 

stant, set by neutron beta decay, and an isospin 

rotation. 

The decay ~o + Ay ( the  i s o s p i n - r o t a t i o n  

analogue of Z-÷ Ae-~) is mediated predominantly 

through the magnetic interaction, assuming there 

are no inhomogeneities in the Z ° , A charge 

distributions. Thus we expec t the gWM term 

UZA 
~ n  (by SU3)] to dominate the 

[gws ~-- 

vector part of the weak current. The strong CVC 

predictions are thus: gv/g A = 0 and gWM ~ 1.6. 

AV GV/GA FOR SIGMA TO LANBOA BETA DECAY (TEXT SEC Vl D . I  FOR SIGN CONVI 
AV PREDICTED TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY, 
AV VALUES AVERAGED ASSUME CVC-S03 WEAK MAGNETISM TERM. 
AV FB 43 ( 0 . 3 1 (  (0.301 BARASH 67 HBC L l l 6 7  
AV FS 51 (O.T(  (0.41 BALTAY 69 HBC USING BIG÷- 6169 
AV FS B1 (÷0 .22 I  (O.2BI EISELE! 69 HBC 10/68 
AV F S 186 0 .45 0.20 FRANZINI 72 HBC USING BIG÷- 1/73 
AV 55 -O. IT 0.35 TRNENBAUM TS SPEC BNL HYPERON BEAN L2/T5 
AV 114 - 0 . 2 9  O. 2V THOMPSON 80 ASPK BNL HYPERON BEAM 1/B2~ 
AV B 8RRRSH 67 MEASURED ABSOLUTE VALUE. 
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV F FRRNZINI 72 INCLUDES EVENTS OF 3ARASH 6T, EISELEI 69, BALTAY EB. 1/73 
AV . . . . . . . . .  
AV AVG 0 .14  O.Z¢ AVERAGE (ERROR INCLUDES SCALE FACTOR OF L .6 l  

( S E E  IOE~RAN BELOW ) 

W E I G H T E D  AVERAGE = 0 . 1 4  ± 0 , 2 4  

ERROR SCALED BY 1 . 6  

1 "  C H I S Q  
- "  "THOMPSON 8 0  ASPK 2 ~  

. . . . . .  " ~  - TANENBAUM 75 SPEC O. 8 

I • " \ -  - . F R A N Z [ N I  72 HBD 2 . 4  

L ( C O N L E V  
u 2 =0.068) 

G V / G A  FOR S I G M A -  TO LAMBDA BETA DECAY 

WN GWM/GA FOR SIGMA TO LAMBDA BETA DECAY 
WM VALUES QUOTED ASSUME THE CVC PREDICTION GV=O. 
WM 186 2.4 2.1 FBANZINI T2 HBC USING SIG~ I/BE= 
WM 55 3.5 4.5 TANENBAUM 75 SPEC BNL HVPERON BEAM I182~ 
wN [L~ 1.75 3.5 . THOMPSON 80 ASPK BNL HYPERON bEAM 1/82~ 
WM . . . . . . . . .  
WM AVG 2.4 1.7 AVERAGE {ERROR INCLUDES SCALE FAETOR OF [.01 

AVI GA/GV FOR SIGMA TO NEUTRON BETA DECAY(TEXT SEC vl 0 .1  FOR SIGN CONV) 
AV[ 57 (0.05) (0.23| I0,321GERSHNIN bB HBC REPLACEO BY GER.bO b/6B 
AVI 61 ~0.10 0.20 3.IT GERSHNIN 69 HBC POLARIZED SIGMAS IOlb9 
AV[ 63 - 0 . 3 3  0,30 0.85 BOGERT 70 HBC K-P AT 400 MEV/C IO/7O 

43 - 3 . 4  0.52 1.5 ELLIS 72 ASPK POLARIZED SIGMAS lOfT1 AVI 
AV[ E (÷O.10I  ( O . [ I )  ELLIS 72 RVUE SUM LIKEL,(+SOLI 10/? I  
AVI E (-0.27) (0. E3) (0.17) ELLIS 72 PVUE SUM tIKSL.(-SOL) I0171 
AVI E ELLIS 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF EDLLERAINE 69, 3 /72 
AV1 E EISELE2 69, G~qSHWIN 6q, ELLIS 72, AND GETS TWO POSSIBLE VALUES. 3172 
AVI . . . . . . . . .  
AVI AVG 0.13 0.17 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} 

AV2 ABSOLUTE VALUE OF GA/GV FOR SIGNA TO NEUTRON BETA DECAY 
AV2 49 0.23 0.16 COLLERAIN 69 HBO NEUTRON SCATTER 10/69 
AVE 33 0 .37 0.26 3.19 EISELE2 6q HBE NEUTRON SCATTER 10169 
AVE 36 0.29 O.2B 0.29 BALTAY 72 HBC NEUTRON SCATTER 6172 
AVE 3507 0,435 0.035 TANENBAU 74 ASPK 10174 
AV2 BIN 0 .17 O,07 0,09 DECAMP 77 ELEC H.E.HYPERON BEA~ 11/77 
AVE . . . . . . . . .  
AV2 AVG 0.385 0 . 0 7 0  AVERAGE {ERROR INCLUDES SCALE FACTOR oP 2.3) 

{SEE IDEOGRAM BELOW I 

BROWN 
EISLER 

BABNAS 
CHIESA 
HUMPHREY 
TBIPp 

BARNAS 
BURNSTEI 
COORANT 
MILLER 
NUKPHY 
NAUENBER 

BAZIN 
DOSCH 

ALSO 
SCHMIDT 
3ANGERTE 
CHANG 
CHIEN 

BARASH 
BERLEY 
BIERMAN 
GERSHWIN 

W E I G H T E D  AVERAGE = 0 , 3 8 5  ± 0 . 0 7 0  

ERROR SCALED BY 2 . 3  

- 0 , 2  0 . 2  

ABS(GA/GV) FOR SIGMA TO N BETA DECAY 

REFERENCES FOR SIGMA- 

58 CERN CONE 270 BBOWN,GLASEB.GRAVES,BERL,CRONIN + (MICH} 
58 NC SERIO [0 150 EISLER,BASSI,CONVERS[+ (COLU,BNL,BGNA,PISAI 

61PR 126 1209 
61NC 19 1171 
62 PR 127 1305 
62 PRL 9 66 

63 PRL l l  26 
64 PRL 13 66 
6¢ PR 136 B 1791 
6A Pt 11 262 
64 PR 134 B 188 
64 PRL 12 6?9 

65 PR 160 B 1358 
65 PL L4 23~ 
66 PB 151 1081 
65 PB 140 B 1328 
66 PRL 17 4q5 
66 PR 131 1081 
66 PR 152 1171 

6T PRL 10 ERE 
67 DRL L9 979 
68 PEt 20 L459 
68 PAL 20 1270 

CHISQ 

. . . . . .  DECAMP 77 ELEC 7 2  

TANENBAU 74 ASPK 2 1  

. . . . .  BALTAY 72 HBC 

. . . .  EISELE2 69 HBC 

. . . . . .  COLLERAIN 69 HBC 0 9  

1 0 . 2  
(CONLEV 

0 . 5  1 . o  = 0 . 0 0 6 )  

BARNAS,OYER,MASONtNICKOLS,SMITH (LKL) 
A q CHIESA,B QUASSIATI,G RINAUDO (TURINI 
W E HUBPHREY,B R ROSS (LRL) 
R 0 TRIPP,B WATSON,M FERRO-LUZZI (LRL) 

w H BARKAS,J N OYER,H H HECKMAN ILRL) 
BURNSTEINtOAYjKEhX]E,SECH[ ZORNeSNOW (UMDI 
COURANT,BILTHUTH÷ (SERN÷HEIO*UMD+NRL+BNLI 
MILLEB,STANNARD,BEZAC~JET+ ILOOCtEPOL+BBRG) 
C THORNTON MURPHY (WISCONSIN{ 
NAUENBERG, SCHqIDT~MARAT ECK +ICO-U÷RUTG~PRINI 

BAZINePLRNO, SCHM[OT + IPBIN+RUTG÷EOLUI 
DDSCH,ENGELMANN,FILTHOTH,HEPB,KLUGE+ I HEID) 
CHUNG YUN CHANG (COLUMBIA) 
P BCHMIDT (COLUMBIA) 
BANGERTER,GALTIERI~BERGE,MUERAY+ {LRL} 
CHUNG YUN CHANG [COLUMBIA) 
÷LACH,SANOWEISS,TAFT,YEHtOREN • (YALE÷BNL) 

BARASH,OAY~GLASSER,KEHOEeXNOP ÷ IMARYLAND) 
BERLEY,HERTEBACH,NOFLER ÷ IBNL,MASA,YALEI 
BIERMAN,NOUNOSU,NAUENBERG ÷ (BRINCETONI 
GERSHWIN,ALSTON-GARNJOST,BANGERTER+ ILRL) 

HEBP 
WHITESIO 

ANG I 
ANG 2 
BAGGETT 
BALTAY 
BANGEBTE 
BANGERT 1 

BARLOUTA 
COLLERAI 
EISELE1 
E[SELE2 
GERSHNIN 

BERLEV 
BOGERT 
EISELE 

BANKER 
COLE 

ALSO 
TDVEE 

66 ZPHY 214 71 
68 NC S4A 537 

69 ZPHY 223 103 
69 ZPHY 228 151 
69 PBL 23 249 
69 PBL 22 615 
69 OCRL-[DZN4 
69 PR 187 1821 

69 NP BL4 153 
69 PRL 23 198 
69 ZRHY EEL 1 
69 ZPHY 223 487 
60 UCRL-19246 

T0 PB 01 2015 
70 PR 02 6 
TO ZPHY 238 372 

71LNC I 37 
71Pg D4 631 
69 NEVIS-175 THESIS 
71NP 833 493 

V.HEPP,H. SCHLEICH (HEIBELBEDGI 
H. NHITESIOE,U. GOLLUB (OBERLIN{ 

ANGtEISBLEvENGELNANN,FILTHUTN ÷ (HEIDI 
÷EBENHOR,EISELE,ENGELMANN,FILTHUTH÷ (HEIOI 
BAGGETTtKEHOEeBNOW (UN|V MARYLAND{ 
BALTAY,FRANZINI,NEWMAN,NORTDN÷ (COLU,STONI 
ROGER OOELL BANGERTEB ITHESISI (LBL( 
BANGEBTER,GARNJOST,GALTIERI,GERSHW(N+ (LRLI 

BARLOUTAUO,BELLE~ON,GRANET+ISACL÷CERN÷HEIOI 
COLLERAINE,OAY,GLASSER~N~P+(UNIV MARYLANDI 
+ENGELMANN,FILTHUTHtPOHLISBH,HEPP+ (HEIOI 
EISELEtENGELMANN,FILTHUTH, FOHLISDH÷ (HEID) 
LAWRENCE KENNETH GERSHWIN (THESIS) (LRLI 

+YAMIN,HERTZBACH*KOFLER + IBNL,MASA,YALEi 
+LUCAS,TAFT,WILLIS,BERLEY ÷ (BNL~MASA,YALEI 
+FILTHUTH,HEPP,PRESSER,EEBH (HEIOELBERGI 

+,SABRE COLLAB. (ZEEM~SACL+BGNA÷REHO~EPOLI 
• LEE-FRANEINI,LOVELESS,BALTAY÷ ISTONeCOLU) 
HERBERT NORTON (COLUMBIA( 
LOUC,BELGRAOE,BERLeBBUX,DUBLIN, NABB COLLAB 



Stable Particles 
Z-, Z°, E - 

BALTAY TE PR 05 1569 
BOHM 72 NP BBB I 
ELLIS T2 NP B39 17 
FRANZIN I  72 PR 06  2417  
ROBERTSO 72 THESIS  

EBENHOH 73 ZPHY 264  413  
FOX 7B PRL 31 1C84 
SECHIZOR T3 PR 08  12 

EBENHOH 76 ZPHY 266  367  
ROBERTS 76 PRL 32  1265  

ALSO 76 PRL 3B I 22  
ALSO 78 PR 012  1232 

TANENBAU 76  PRL 33  175 
ALSO 75 TANENEAUM 

DUGAN 75 NP A25A  396 
TANENBAU 75 PR O I2  1871 
CONFORTO 76 NP E l05  189  
DECAMP 77 PL 661  295  
HANSL 78 NP B132  68 
HERBERT 78 PRL 40  L230 
MARRAFFI  80 PR D21 2501 
THOMPSON BO PR D21 25 

BROWN 57 PR LOB 1006  
NIETO 68  RMP 60  160  

+FEIHMAN,FRANZINI,NEWPAN,YEH+ (COLU+STONI 
EERLIN+BELGRADE÷BRUX+DUBLIN+LOUC÷WARSAW 
OXF÷AERE+RHEL÷LDQM+LYON+NWES+ITEP COLLABOR 
COLUBBIA÷HEIDELBERG+MARYLAND+STDNY BROOK 
R.M.ROBERTSON ( I l T I  

+E ISELE tF ILTHUTH~HEPPtLE ITNER*THOUW÷ (HE ID I  
+LAM.BARNES,EISENSTEIN+ (BNL+VPI+WILL*WYOMJ 
B.SECHI-ZORN,G.SNOW IUMD) 

÷EISELE,ENGELMANN. FILTHUTH,HEPP + (HEID) 
WILL+VPI÷CARN+WYOM+CIT COLLABORATION 
ERRATUM TO ROBERTS 74  
ROBERTS, COX + (WILL+VRI+CARN+NYOM+CIT*BNL) 
TANENBAUM,HUNGERBUEHLER * (YALE+FNAL+BNL) 

÷ASANO,CHEN.CHENG.HU,L IDOFSKY+  [COLU~YALE) 
TANENBAUMtHUNGERRUEHLER + [YALE+FNAL+BNL) 
+OOPAL,KALMUS.LITCHFIELD,ROSS + (RHEL*LOIC) 
• BAOIER,BLANO,CHOLLET.GAILLARO+ (LALO+EPOL) 
+MANZ,MArT,REUCROFT.SETTLES + (MPIM+VAND) 
+CLELAND~COOPER,DRIS*ENGELS + (PITT+BNLD 
MARRAFFINO,REUCROFT,ROBS.WATERS+(VANO÷MPIM( 
+CLELAND, COOPER,DRIS,ENGELS÷ (PITT~BNL) 

PAPERS NOT REFERRED TO IN DATA CARDS 

J BROWN, O GLASER, M PERL (M ICH÷BNL I  
M NIETO (STONI 

****** ********* ********* ********* ********* ********* ****~**** ******** 
*~*** ********* ********* ********* ********* ********* ********* ******** 

21 S IGNAO( l l ?3 , JP= I I 2+ )  l = l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 (SIGNA-I - (SIGNAO) MASS DIFFERENCE (HEY) 
Ol N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

O l  18 6 .75  0 .1  BURNSTEIN 66 HBC 
01 37  ~ .BT  0 .12  DOSCH 65  HBC 
01  12 5 .01  0 .L2  SCHMIDT 65  HBC SEE NOTE N 3 /7#  
01  . . . . . . . . .  

DL AVG ~ .860  0 .076  AVERAGE }ERROR INCLUDES SCALE FACTOR OF 1 .21  
01  F IT  6 .88 I  0 . 06S  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  3182 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 (SIGMAO( - [LAMBDA) MASS DIFFERENCE (MEVt 

DL N SEE NOTE PRECEDING LAN80A MASS LISTINGS. 

DL 208  76 .63  0 .28  SCHMIOT 6B HBC SEE NOTE N 6168  
DL 109  76 .23  0 .55  COLAS TB HLBC LAMBDA-GB~MA DEC 12 /75  
0L . . . . . . . . .  

DL AVG 76 .55  0 .25  AVERAGE }ERROR INCLUDES SCALE FACTOR OF I .O (  
DL F IT  76.86 0 .08  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0( 3 /82 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 SIGMAO MEAN LIFE (UNITS tO**--(9 SECI 

T (E -16  CR LESSI  DAVIS 62  FMUL 6177  
T O .B8  0 .13  DYDAK 77  SPED PRIMA~OFF EFFECT 6 /77  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EL SIGMAO PARTIAL DECAY MODES 

~ECAY MASSES 
P I  S[GMAO INTO LBMBOA GAMMA l l l n ~  0 
P2 SIGNAO INTO LAMBDA E÷ E- LIIB+ .5+ .B 
P3 SIGMAO INTO LAMBDA GAMMA GAMMA t i tS+  O+ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 I  SIGMAO BRANCHING RATIOS 

RI SIGMAO INTOILJMBDA E+ E- I /TOTAL  {P2 I / (F I+P21  
R1 O.O056B  THEDRET. CAL .  FEINBERG 58 QUANTUM ELECT. 9 /66  

R2 SIGMAO INTO (LAMBDA GAMMA GAMMAIIILAMBDA GAMMA} [P311IPl l  12175 
R2 O.OB DR LESS CL= .90  COLAS 75 HLBC 12 /75  

***.2* ********* ********* ********* ********* ********* ***...*** *******, 

REFERENCES FOR SIGNAO 

FEINBERG 5B PR 109 1019 
DAVIS 62 PR 127  605 
BURNSTEI 66 ~RL [3  66 
DOSCH 65 PL 16  239  
SCHN1DT 65  PR 160  B 1328  

COLAS 75 NP BR l  253  
OYDAK 77 NP B I IB  1 

COURANT 6B PRL tO  609 

G.FEINBERG (BNLI 
D DAVIS,R SETTI,M RAYMDND. G TOMASIN IEFI I  
BURNSTEIN .OAYtKEHOE,SEC HI  ZORN*SNOW (UMDI  
OOSCH,ENGELNANN,F ILTHUTH.HEPP.KLUGE+ (ME ID I  
P SCHMIDT (COLUMBIA)  

+FARWELL,FERRER.SIX IORSAI  
+NAVARRIA,OVERSETHvSTEFBEN+ICERN+DORT+HEID) 

PAPERS NOT REFERRED TO IN DATA CARDS 

COURANT.FILTHUTH,FRANZINI* (CERN÷UMO÷NRL( 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137  B I IOB  ALFF,GELFAND,NAUENBERG~ (COLUMBIA÷RUTD+BNLIP 
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Data Card Listings 
For notation, see key at front  of  Listings. 

~ I  22 ×[-IIB2I,OP=I/2 I I =1 t2  

22 x I -  MASS (MEV} 

M H 11 I |B [7 .0 )  I Z .Z (  WANG 61HLBG 
M H E8 (EBL7 .~ (  ( 1 . 9 )  FDNLER 61 HLBC 
M H (OLD DATA ANE LOW STAT IST ICS  DROPPED ON SUGGESTION OF J R HUBBARD( 
M 517  [B21 .A  0 .6  JAUNEAU 63 FBC 
M 62  1321 .1  0 .65  SCHNEIDER 63  HDC 
N 241 132L ,1  O .B  BADIER1  64 HOE 
M ALL MASSES ABOVE WERE RA ISED 0 .09  MEV BECAUSE LAMBDA MASS RAISED 
M IBM [B21 .3  0 .6  PJERROU 65  HBC L I I 67  
M 6 | 321 .67  0 .52  CHIEN 66  HBC - 6 . q  PBAR P 9 /67  
M 299  132L .4  E .L  LONDON 66  HBC 6166  
H G | 95  L32 [ .B7  0 .51  GOLOWASSE TO HBC 5 .5  K -P  8170  

G USES LAMBDA MASS OF ZLLB .58 -H (X I (  IS  I 322 .18  IF  M(LAMBOA)= I I LB .86  B /T0  
268  | 32 |o12  0 ,61  WILDUET 72 HLBC 1 /73  

M 6B2 IB21 .66  O. B6 D IB IANCA 75 DBC 6 .9  GEV/C K ID  117T 
M . . . . . . . . .  

M AVG 1321 .B6  O. IA  AVERAGE (ERROR INCLUDES SCALB FACTOR OF 1 .0 )  
N F IT  IB21 .B2  0 .  I 3  FROM F IT  tERROR INCLUOES SCALE FACTOR OF 1 .0 )  3182e  

THE F IT  ASSUNES X l  AND ANT I -X I  MASSES EQUAL. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 ANT I -X I÷  MASS (MEV)  

M( 111B22 .0 (  I I .B )  BROWN 62 HBC ANTI-IT- 7166 
MI  5 1320 .69  0 .93  CHIEN 66  HBC 2 6 .9  PEAR P ,AN I I  9167  
ML S 12(1321.71 I 0 . 6 )  SHEN 67 HBC ANTI-XI- I0167 
MI  36  1321 .2  O .A  STONE 70 HBC lO /70  
H I  35  1321 .6  0 .8  VOTRUBA 72 HBC tO GEVIC K+ P I 1 / 72  
MZ S THE ERROR IS STATISTICAL ONLY 
M( . . . .  o . . . 
M( AVG 1321.20 0.33" AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
ML FIT 1321 .B2  0 .13  FROM FIT (ERROR INOLUOES SCALE FACTOR OF I .O) 3182 ,  

THE FIT ASSUMES Xl AND ANTI-X( MASSES EQUAL. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 IX ( - )  - (ANTI-X(÷( MASS DIFFERENCE IMEV) 

OH 1 .0  I . l  CHIEN 66  HBC 6 .9  PBAR P 9 /bT  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 X I -  MAGNETIC MOMENT (MBGNETONS,938°26 MEV) 

MM 2726  -O . I  2 . 1  BINGHAN 70  OSPK - 1 . 8  GEV/C K -P  2 /71  
MM 2636  -2 .1  0 .8  COOt 7A OSPK - L . 8  GEV/C N-P 10 /76  
NN . . . . . . . . .  
MM AVG -1.85 0.7B AVERAGE }ERROR [NCLUOEB SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 IT -  MEAN LIFE }UNITS tO*t-tO SECt 

T H I I  13 .5 (  13 .  B) ( L . 23 I  WANG 6L HLBC 
T H 18 ( ( .2E l  I0 .41)  I0 .25(  FOWLER 61HLBC 
T H (OLD DATA ANC LOW STATISTICS ORORPED ON SUGGESTION OF J R HUBBARDI 
T 517  1 .86  0 .15  0 .16  JAUNEAU 63  FBC 
T 62  1 .5S  0 .31  0 .3 l  SCHNEIDER 6B HBC 
T BS6 (1 .77 )  (O.  I 2 }  CARMONY 64 HBC REP BY PJERROU 65  

7B6 1 .69  0 .07  HUBBARD 66 HBC 
246  1 .70  0 .12  PJERR(~J 65  HBC 11167  

S 6 ( 1 . ?71  lO .5 [ I  CHIEN 66  HBC 6 *q  PBAR P 9167  
299  1 .80  0.16 LONDON 66 HBC 6166 

T S [1.67l  I0.07) BURGUN 68 HBC K-P AT 1 .3 -1 .8  2/71 
T 2610  1 .61  0 .06  DAUBER 69  HBC 6 /68  
T 680  1 .73  0108  0 "07  MAYFUR 72 HLBC 2.I GEV/C K -  I / TB  

4303  1 .63  0 .03  BALTAY 76 HEC 1 .75  GEV/C K -  3 / 74  
T S 2436  11.6371 (O .  O50 l  COOL 76 OSPK - 1 . 8  GEV/C K-P 10176 
T L .6T  O. OB DIBIANCA 75 OBC 6 .9  GEV/C K-D 1177  
T 6286  1 .609  0 .028  HEMINGWAY 78 HBC 6 .2  GEVEB K -  P 7 /79  
F 61K 1 .  665  0 .065  BOUROUIN 79 SPEC HYPERON BEAM 12 /79  
T S THE ERROR IS STATISTICAL ONLY 
T 
E AVG 1.641 O.OI6 0.016 AVERAOE (ERROR INCL. SCALE FACTDR OF i?0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 ANTI-XIt MEAN LIFE }UNITS IO**-IO SIC I 

T I  S 5 [ 1 . 51 )  ( 0 . 55 )  CHIEN 66  HBC + 6 .9  PEAR P ,ANT I  9 / 67  
TI  S 12 ( I . 9 )  [0.7)  (0.51 SHIN 67 HBC ANTI-IT- I0167 
I I  B4 1 .6  0 .3  STONE 70  HBC lO /7O  
71 S B5 11 .55 )  10 .35 l  10 .201VDTRUBA 72  HBC LO GEVIC K+ P 11172 
T I  S THE ERROR IS STAT IST ICAL  ONLY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E2 X I -  PARFIAL DECAY MODES 

DECAY MASSES 
P l  X I -  INTO LAMEDA PI - -  I LLS+  139  
P2 XI -  INTO LAMBDA E 1 NEUTRINO 1115+ °5+  O 
P3 X l -  INTO NEUTRON P[- 939+  E39 
P6 X l -  INTO LAMBOA NO- NEUTRINO liES÷ 105+ 0 
P5 X I -  INTO SIGMAO E- NEUTRINO 1192+  . 5+  0 
P6 XI- INTO SIGMAO NU- NEUTRINO 1192+ 105+ O 
P7 X l -  INTO NEUTRON E -  NEUTRINO 939+  .5+ o 
P8 X I -  INTO NEUTRBN MU- NEUTRINO 9B9~ 105+ O 
P9 X I -  INTO SIGH)- GAMMA 1197+ 0 
RIO x [ -  INTO PROTON P I -  P I -  9B8+ 13q+ 139  
PLl XI -  INTO PROTON P I -  E- NEUTRINO g3B~ [DR+ .B÷ O 
P12 x I -  INTO PROTON P l -  MU- NEUTRINO 9B8+ 139+ 105+ 0 
P I3  X l -  INTO X IO  E-  NEUTRINO 1016÷  .S÷  0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Stable Particles 

22 XI- BRANCHING RATIOS 

R1 X I -  INTO (LAMEDA E-  NEU)I iLAMBDA P I - I  (UNITS IC~* -3 )  
R1 (P2 I / (P I )  
R I  1 155 EFFECTIVE OENON. CARMONY 63 HOE [ l / bT  
R1 0 260 EFFECTIVE DENOM. JAUNEAU 63 HBC 1 [ / 67  
R I  O 220 EFFECTIVE DENOM. BERGE 66 HBC 11/6T 
RI  I 155 EFFECTIVE OENOM. LONDON 66 HOE 1126F 
R[ O 717 EFFECTIVE OENOM. TRIPPE 67 HBO 11/67 
RI 2 1~76 EFFECTIVE DENOM. HUBBARD 68 HBE 6168  
RI H 6 [ 1 . 15 )  ( 0 . 90 )  ( 0 . 55 ]  HUBBARD 68 RVUE 6 /68  
RI H HUBBARD 68 (RVUE) INCLUDES ALL ABOVE EVENTS b /68  
RI [ 0 . 2~  0 .2~  YEH 7~ HRC 71T5  
RI 11 (0 .31 )  (O. l l l  HERBERT TB ASPK REPL. BY THOMPSON BO 9/81= 
R[ 11 0.50 0.|3 THOMPEON BO ASPK HYPERON BEAM 9181e 
R[ 
RI  AVG 0.29 O. l l  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OI 

RZ XI- INTO (NEUTRON PI-I/(LAMBDA PI-) (UNITE 10~t--3I 
R2 (P3 ) / (P I I  
R2 ( 5 .0 )  OR LESS FERRO-LUZ 6B HEC 6 /68  
R2 l . I  CR LESS DAUBER 69 HBC 6268 
R2 0 ( 3 . 0 l  DR LESS CL=.90 YEH T4 HBC 760 EFF.DENOM. TITS 

R5 X I -  INTO (LAMEDA RU- NEUTR[NOI/TOTAL (UNITS 10=~-3)  
RS (PA l  

BERGE 66 HBC R] (IE.0) DR LESS 6/68 
R3 ( l . 55  ER LESS DAUBER 69 HBE 6168  
R3 l O.3S 0 .35  YEH T4 HEC 2859 EF~ .DEN~ .  T/7S 
R3 0 ( 2 . 31  ER LESS CL=.90 THOMPSON 80 ASPK 1017 EFF.OENO~. 9 /81 *  

R4 XI- INTO (SID~AO E- NEUTRINOIITOTAL (UNITS 10 .# -3 l  
R~ IPE}  
R6 (3 .0 I  OR LESS BERGE 66 HBC 6 /68  
R9 (O. BI OR LESS DAUBER 6R HBC 6 /68  
R4 0 ( 0 . $3 )  OR LESS CL=.9O YEH T6 HBC 4363 EFF.DEN(~ ~.  T/T5 
R4 0 0 .14  CR LESS C l= .90  THOMPSON BO ASPK 16000 EFF.DENDM. 9 /81~  

R5 XI- INTO (SIGO g ~  NEUI/(LAM PI-} (UNITS IOtt-O) (P6 I / (P I (  
R5 IS .  OI OM LESS BERGE 66 HBC 7 /66  
R5 0 0.T6 OR LESS EL=.90  YEH 74 HBC 3026 EFF.OENOM. 7 /?5  

R6 Xl- INTO (B E- NEUII(LAMBDA PI-I (UNITS tO**-3t (PT ) / (PE )  
R6 ( tO .O I  CR LESS CL=.DO BINGHAM 65 RVUE 9 /66  
R6 0 3 .2  CR LEES CL=.DO YEH 76 HBC 715 EFF.DENOM. 7275 

R7 XI- INTO (SIGNAO E- NEU ÷ LAMBDA E-.- NEU)ITOTAL (10~=-35  
R7 (PE÷PS) 
R7 D [ 7  ( 0 . 68 ]  ( 0 . 221  DUCtOS 7 I  CSPK SEE NOTE D LO/71 
RT D THIS EXPERIMENT CANNOT DISTINGUISH S[GMAO FRDM LAMBDA. THE CAOIBBC 
R7 D THEORY PREDICTS S[GMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE 
R7 0 LAMEDA. 

R8 Xl-  INTO (N MU- NEUI/(LAMEDA PI-I (UNITS | 0~ * -3 )  (PElT(PIT 
RE 0 15.3  OR LESS CL=.90 YEH 79 HBC ISO EFF.OENOM. l l 2?E  

R9 XI- INTO (SIGMA- GAMMA)/(LAM P[ - )  (UNITS EO~-~) (P~ ) / (P1 )  
R9 0 [ I .S  OR LESS EL=.90 YEH 7~ HOE 2000 EFF.DENOM. II/75 

RIO X[- INTO (P P]- P[ - ) / ( LANBDA P [ - I  (UNITE IO**-A) IP IO ) / (P [ )  
RIO 0 3.7 CR LESS EL=.90 YEH 7~ HBC 6200 EFF.DENOM* I I / T5  

R|L X[--  INTO (P PT- E- NEUI / (LAM P I - !  (UNITS |O* * -A I  (P IE I I (P I )  
RII 0 3*? CR LESS EL=.90 YEH T6 HBC 6200 EFF.DENOM. 11/75 

R12 XI- INTO (P P [ -  RU- NEU)/(LAM P[ - )  (UNITS 10 ,~ -6 )  (P IE ) / (P | |  
R12 0 3.7 OR LESS EL=.90 YEH T4 HBC 6200 EFF.DENOM. 11/7S 

RI3  X [ -  INTO (XTO E-- NEUIE(LAM P I - )  (UNITS IO~* -B I  (P13 ) / (P I I  
RI3 0 2 .3  OR LESS CL=.90 YEH 74 HBC 1000 EFF.OENOR, [ l / 7E  

22  x ( -  DECAY PARAMETERS 

RELATED TEXT SECTION V( D AND APPENDIX I 

JAUNEAU 63 FBC SEE NOTE D BEL3W 
SCHNEIDER 63 HBC SEE NOTE D BELOW 
BADIE~I  66 HBC SEE NOTE D BELOW 
EARMONV 64 HEC SEE NOTE O BEL3W 
BERGE 66 HDC SEE NOTE O BELOW 
LONDON 66 HOD SEE NOTE D BELOW 
EERGE 2 66 PVUE INCLUDES ALL ABOVE 
MERRILL 68 HEC REPL. BY DAUBER 69 
DAUBER 69 HRC SEE NDTE A BELOW 
BINGHAM TO OSPK 
MAYEUR 72 HLEC 2 .1GEV/C  K- 
BALTAY 74 HEC 1.75 GEV/C K-  
COOL 74 OSPK - 1 .8  GEV/C K-P 
OIBIANEA T5 ODE 6 .9  GEV/C K-D 
HEMINGWAY TB HBC ~*2 GEV/C K- P 
CLELAND 80 ASPK ONL HYPERON BEAM 

A ALPHA XI- 
A 0 ( -O .Ak l  (O. I 2 l  
A O 82 ( -O .  T3 )  ( 0 . 23 )  
A 2~0 -0 .5  0 .38  
A 356 -0 .6Z  0 .13  
A lOO~ -0 ' 365  0 .068  
A L 309 -0 .67  0 .13  
A ( - 0 . 391 I  ( 0 . 0321  
A 2529 ( - 0 . 375 l  ( 0 , 051 I  
A 2781 -0 .391  0 .065  
A 272~ -0 *303  0 .065  
A 820 -0 .42  O.11 
A 6303 -0 .376  0 .038  
A 2636 -0 .09  O. OB 
A B 41~  -O .~O 0 . 1 9  
A 6599 -0 °370  0 .032  
A 90~6  -0 .49  O .O~  
A C 1BOK -0 .962  O.Ol5  BIAGI 82 SPEC CERN--SPS HYPERON BR 
A D OLD DATA DOT INCLUDED IN AVERAGE. 
A D ERRORS MULTIPLIED BY 1 .1  DUE TO APPROXIMATIONS USED FOR X( 
A D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DIECUSSION) 
A L LONDON 66 USES ALPHA-LANBDA = 0.62 
A A USED ALPHA LAMEDA - 0 . 667  ~ O.OZO. 
A B DIBIANCA 75 USES ALPHA LAMBDA = 0 .667 .  
A C BIAGI 82 USES ALPHA LAMEDA = -O .6AT+ -O .O I~  
A . . . . . . . . .  
A AV(; - 0 . 63A  O. 015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .4 )  

(SEE IOEOGR~N BELOw ) 

F PHI ANGLE (SINIPHI)ICOS(PHI)=EETAIGAMMA) (DEGREES) 
F ( - 16 .0 )  l ~5 .0 l  JAUNEAU 63 FEE SEE NOTE D BEL3W 

6168 
6 /68  
6 /68  
6268 
6 /68  
b /68  
9 /66  
6 /6E  

IO/TO 
I /TS  
3179 

10214  
1177  
7279 
9181* 
~182" 

6 /68  

1 /77  
6 /E2*  

o 
F D 62 ( 65 .05  (36 .  OI SCHNEIDER 63 HBC SEE NOTE 0 BEL3W 6168 
F 356 5~ .0  30 .0  CARMONY 6~ HOE SEE NOTE D BELOW 6268 
F 1006 0.  12.  BERGE 66 HBC SEE NOTE O REL3W 6268 
F L 366 0 .0  20 .6  LONDON 66 HRC SEE NOTE O BELOW 6 /68  
F 2529 (9 .85  (11 .65  MERRILL 6R  HBC REPL. BY DAUBER 69 6268 
F 2701 -1~ .  11 .  DAUBER 69 HOE SEE NOTE A BEL3W 
F 2726 -2~ .0  00 .0  BINGHAM TO DSPK 1D/TO 
F ~303 l l *O  9 .0  BALTAY 7~ HRC L. TB GEV/O K-  0 /7~  
F 2A06 5 .0  t 6 .  O COOL T~ DSPK - E.8 GEV/C K-P lO /T4  
F 0 OLD DATA NOT INCLUOEO IN AVERAGE* 
F O ERRORS MULTIPLIED BY 1o2 DUE TO APPROXIMATIONS USED FOR XI 
F O POLARIZATION. ISEE DAUBER 68 FOR DETAILED DISCUSSION) 
F L A LONOON 66 USES ALPHA-LAMBOA = 0 .62  
F USED ALPHA LAHRDA = 0 .6A7  ÷ -  0 . 020 .  
F 
F AVG 2.0 5.T  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . I }  

WEIGHTED AVERAGE = -0 .434  ± 0 .015  

ERROR SCALED BY 1 . ~  

. . . . . . .  BLAB( 82  SPEC 

. . . . . . .  CLELAND BO ASPK 

- } -  . . . . . .  HEMINCWAY 78  HBC 

B IB [ANCA 75  DBC 

COOL  74  OSPK 

• BALTAY 74  HBC 

-MAYEUR 72  HLBC 

-B INGHAM 70  OSPK 

- DAUBER 69  HBC 

- LONDON 66  HBC 

-BERGE 66  HBC 

CARMONY 64  HBC 

BADIERI 6A  HBC 

- 1  . 0  - 0 . 6  - 0 . 2  0 .2  

ALPHA FOR X I -  

CHISQ 

3 . 4  

1.9 

4 . 0  

0 . 8  

2 4  

0 . 0  

0 , 5  

0 , 9  

1 .0  

15 .1  

(CONLEV 
=o.o~7) 

FOWLER 61PRL 6 IDA 
WANG 61 JETP 13 512 
BROWN 62 PRO 8 255 

CARMONY 60 PRL 10 381 
FERRO-LU 63 PR IOO 1568 
JAUNEAU 60 SIENA COAF 

ALSO 63 PL 5 261 
SCHNEIOE 63 PL 9 360 

CARMOhff 64 PRL 12 982 
EADIERI 66 DUBNA CDNF I $93 
HUBBARD 64 PR 13S B 183 
BINGHAM 6S PRSL 285 202 
PJERROU 65 PRL l~ 275 
PJERROU 65 THESIS 

BERGE 66 PR 167 94E 
BERGE 2 66 BERKELEY CONF ~6 
LONDON 66 PR 193 103~ 
CHIEN 66 PR 152 1171 
SHEN 6T PL 25 B 643 
TRIPPE 67 PRIV.  CCMM. 

BURGUN 68 NP 88 AkT 
HUBBARD 68 PRL 20 660 
RERRILL 68 PR 167 1202 

DAUBER 69 PR 179 1262 
BINGHAM TO PM D1 3010 
GDLDWASS TO PR DE 1960 
STONE 70 PL 328 515 

DUELOS 71 NP 832 683 
MAVEUR 72 NP B47 333 
VOTRUBA T2 NP 845 TT 
WILQUET 72 PL A2E 372 

BALTAY 79 PR D9 69 
COOL 7R PR DlO TqZ 

ALSO 72 PRL 29 1600 
YEH T6 PR DIG 056S 
DIBIANCA 7S NP B~8 tOT 

HEHINGNA T8 NP BLUE 205 
HERBERT 78 PRC ~O 1230 
BOORQUIN 79 PL 8TE 297 
CLELAND 80 PR D2E 12 
THDMP~JDN EO PR 021 25 

REFERENCES EDR X | -  

FOWLER~EIRGE~EEERHARD~ELY~GDEO~POWELL+(LRLI 
K WANG,T NANGtV(MYASOV,T[NG~SOLOVEV÷ ( J INR I  
BROWN~CULW(CKeF OWL ERtGAILLOUO + (BNL+VALEI 

CARMONY,PJERMOU (UCLA) 
FERRD-LUZZIeALSTON,ROSENFELD~NOJC]CK({LRL) 
JAUNEAU÷ (EPOLtCERNeLOUCtRHEL~EERGENI 
JAUNEAU~+ (EPOL~CERN~LOUE~RHEL~EERGENI 
H SCHNEIDER (CERNI 

CARMONY~PJERRG1J~SCHLEIN~SLATER~STORK÷(UCLA) J 
OADIER~DENOULIN,BARLOUTAUD+(EPOL,SACL,ZEEMI 
HUBEARO~BERGE,KALBFLE]SCH~SHAFER • (LRL I  
H H BINGHAM (CERNI 
+ SCHLEIN.SLATER,SMITH,STORK,TICE~] (UCLA) 
G M PJERROU (UCLA) 

BERGE~EBERHARD~HUBBARD~MERRILL ÷ (LRL) 
BERDE~CABIBBO (LRL~EERN(RVUEI) 
LONDDN,RAU,GOLDBERG,LICHTMAN+(ONL+SYRACUSEI 
+LACH~SANDWEISS,TAFT,YEH,UREN ÷ (YALE~ONL) 
B.C.[HEN,A.FIRESTONE,G.GDLOHARER (UCB+LRL) 
T. TRIPPE (UCLA| 

÷MEYER~PAULI~TALLINI~ + (EACL÷CDEF+RHEL) 
HUEOARD~BERGE,DAUBER (LRL I  
MERRILL*SHAFER I LRL I J  

+BEROE~HUBBARD,MERRILL,RILLER (LRL IJ  
÷COOK,NURPHREY~SANDEReRILLIARS÷ (UCSD~WASHI 
GOLDMASSER~ SCHLq-TZ ( I LL )  
÷BERL[NGHIERI.  BRONBERG~COHEN.FEREEL ÷(ROCH) 

eFREVTAG.HEINTZEtHE(NZELRANtJONES+ {CEMNI 
÷VAN DINST.WILQUET÷ (ORUX+CERN÷TUFT÷LOUCI 
VOTRUBAeSAFDER~RATCLIFFE IEIRM+EDIN) 
÷FLIAGINE,GUY,KNIGHT÷ (8~UX÷CERN÷TUFTeLOUC) 

÷BRIOGEWATER~CDDPER~GEREHWINe {EOLU+BINGIJ 
÷GIACONELL[ ,JENKINS~KYCIA,LEDNTIC,L I÷  [8NL)  
COOL~GIACOMELL[~JENK[NS~KVC [A~LEDN~ICe(BNL] 
÷GAIGALAS,SMITH,ZENOLE~DALTAY ÷ (O I~÷CCLUI  
F .A .O I  BIANCA~ R.J.ENtX)RF (EARNI 

HEMINGWAY, ARMENTEROS÷ (CERN÷ZEER÷N(JN÷OXF) 
÷ELELAND,COOPERtDRIS~ENGELS ÷ (PITTeRNLI  

(BRIS+GEVA÷~IO÷ORSA+RHEL~STR B÷C EMN+MELB) 
÷COOPER,DRIS,ENGELS~HEREERT+ (PITT+BNLI  
+CLELANO~COOPEReDRIS.ENGELS+ (PITT÷BNL) 

B IAGI  82PL  (SUBMITTED) + (BRISeCANBeGEVA+HEID+LAOSeLDDMeRLI  

2S XIO{1315 , JP= [ /Z  ( I = l / Z  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 XIO ~ASS IMEV) 

M 1 1 S 1 3 . 6  1.8  PALMER 68 HBC 3168 
M ~9 1015.2  0 .92  W(LGUET 72 HLBC 1173 
M . . . . . . . . .  
M AVG 1019.83 0 .82  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  
M FIT 1~1A.91 O. E5 FROM F IT  (ERROR INCLUDES SCALE FACTOR OF l .O I  3282*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 (X I - I  - IX IO I  MASS DIFFERENCE IHEV l  

D 83 6 .8  [ . 6  JAUNEAU 63 FBC 
O 65 ( 6 .E l  ( 1 . 6 )  CARMONV 66 HBC RIP BY PJERRDU 6E 
O 88 6 .1  0 .9  PJERROU 60 HBC 11 /67  
O 29 6 .q  2 .2  LONDON 66 HBC 6 /66  
D . . . . . . . . .  
D AVG 6 .06  0 .76  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O I  
0 FIT 6 .61  0 .55  FROM FIT  IERROR INCLUDES SCALE FACTOR OF [ .OJ 3 /82 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
,,:o, 0- 

23 XIO MEAN L IFE  (UN ITS 10 .1~-10  SEC) 

T 24  3 .9  E .A  0 .80  JAUNEAU 63  FEE 
T 48 ( 3 . 5 l  ( l .  Ol TO.Of CARBONY 64 HBC REP BY PJERRBU E5 
T 101 2 .  B 0 .4  0 .3  HUBBARD 64  HBC 
T BO 3 .0  0 .5  PJERROU 65  HBC 11167  
T BAD 3 .07  0 .22  O ,2O  OAUBER 69  HBC 6468  
T M 1B7 2 .90  0 .32  0 .27  BAYEUR 72  HLBC 2 .1  GEV/C K -  l / T6  
T 6S2 2 .88  0 .21  0,19 BALTAY 74 HEC h75  GEVIC K -  3176  
T Z 6300  2 .77  O .16  ZECH 77  SPED NEUTBAL HYP.  BEAM 12177  
T M NAYEUR 72 VALUE MODIFIED BY ERRATUM. 1174 
T Z ZECH 77 VALUE IS FOR LAMBOA LIFETINE=2.69E-tO. FOR LAM LIFETIME 12177 
T Z DIFFERENT FROM THIS, TAUXIO=I2.TT-ITRULAMBDA-2.69iIE-IO. I 2 / 77  
7 . . . . . . . . .  
T AVG 2.903 0 .~9  0.093 AVERAGE (ERROR INCL. SCALE FACTOR OF I .O I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 XlO MAGNETIC MOMENT INAGNETDNS,938,26 MEV) 

MM A2K -I.20 0.06 BUNCE 79 SPEC 1/80 
MM 27OK -1 .253  0 .014  COX B l  SPEC 12181*  
MM . . . . . . . . .  
MN AVG - I . 250  BOOT4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ) .Of  

DECAY MASSES 
Pl XlO INTO LABBCA PIO 1115÷ lEA 
P2 XIO INTO PROTON RE-  938+ 139 
P3 XlO INTO PROTON E-- NEU 038+ . 5+  O 
PA x IO  INTO SIGMA+ E-  NEU 1189+  . 5+  O 
P5 X lO  INTO S IGBA-  E+ NEU 1197+  .S+  0 
P6 X IO  INTO SIGMA÷ MU- NEUTRINO l iB9+  105+ 0 
P7 XlO INTO SIGBR- NU+ NEUTRINO 1197+  105+  D 
PB X lO  INTO PROTON MU- NEUTRINO 938+ lOS+ 0 
Re XtO INTO LARBEA GAMMA 1115+  O 
PlO XIO INTO SIGMAO GAMMA 1192÷ O 

23  XIO BRANCHING RATIOS 

RE XlO INTO (PROlON PI-)I(LAMBDA PIOI (UNITS IO** -E)  (R2 I I (P l )  
R1 IZTOO.  I OR LESS TICHO 63 HBC 6168 
R1 {SOD.) DR LESS HUBBARD 66  HBC 6 /68  
RI (DO.I OR LESS DAUBER 69  HBC 6/68 
R I  O I iBO . )  CR LESS CL= .9O  YEH 74  HBC 1300 EFF.DENOM. I I / 7S  
R) 3 .6  OR LESS CL=.90 GEWENIGER 75 SPED 11178  

R2 X lO  INTO (PROTON E -  NEUI / I LAMBDA P IO)  (UN ITS  10 " * -3 )  
R2 (P3 I / IPE )  
R2 (27 .0 )  OR LESS TICHO 63 HBC 6 /88  
R2 (6 .0 )  CR LESS HUBBARD 66  HBC 6 /68  
R2 1.3 DR LESS DAUBER 69 HAD 6168 
R2 0 ( 3 . 41  ER LESS EL= .90  YEH 76 HBC 670  EFF.DENOM. 11175  

R3 XIO INTO (SIGMA÷ E- NEUI/(LAMBDA PIOI (L~WITS LC**-3}  
R3 IP4 I I (P l )  
R3 ( I 3 .O l  DR LESS TICHO 63  HBC 6 /6B  
R3 ( 7 . 0 )  DR LESS HUBBARD 66  HBC 6 /68  
R3 (1 .51  DR LESS DAUBER 69 HBC 6168 
R3 O l . l  DR LESS CL=.DO YEH 74 HBE 2 [OO EFF,DENON.  11 /75  

R4 XIO INTO (SIGMA- E+ NEUII(LAMODA PIO) (UNITS 10"* -31 
R4 IPB ) / IP l }  
R4 16.0) OR LESS HUBBARD 66 HBC 6/68 
R4 (1 .S )  OR LESS DAUBER 69 HBC 6168  
R4 0 0.9 DR LESS CL=.9O YEH 74 HEC 2500 EFF.DENOM. 11/75 

R5 XlO INTO (SIGMA+ MU- NEUIITOTAL (UNITS [O* * -3 l  (P6) 
RS (7 ,0 )  DR LESS HUBBARD 66  HBC 6 /68  
R5 ( I . 5 l  OR LESS DAUBER 69  HBC 6 /68  
R5 O l . [  OR LESS EL= .90  YEH 7~ HBC 2EOO EFF,OENON. 11 /75  

R6 X IO  INTO (SIGMA- MU+ NEU)/TOTAL (UNITS lO* * -3 l  (P71  
R6 (6 .0#  OR LESS HUBBARD 66  HBC 6 /68  
R6 IT .S )  OR LESS DAUBER 69 HBC 6168 
R6 O 0 .9  OR LESS CL= .9O  YFH 74 HBC 2500 EFF.DEN(] I% E1 /75  

R? X[O INTO IPROTON MU- NEUI/TOTAL (UNITS 10=*-31 (PAl 
R7 (6 .01  OR LESS HUBBARD 66  HBC 6168  
R7 1 .3  DR LESS DAUBER 69  HEC 6160  
R7 o [ 3 .B I  OR LESS CL= .90  YEH T4 HBC 664  EF~.DENOF,. [ I / 7B  

RB XlO INTO (LAMEDA GAMMA)I(LAM PIOI (UNITS IO t * -3 l  (PD I I IP [ )  
RB l 5 .  5 .  YEH 74 HBC 200  EF~.DENOM. 11175  

R9 XIO INTO (SIG~AO GAMMA)/ILRM RIO) (UNITE 10* * -21  (P IO I / IP I I  
Re O - I  6 . 5  ~R LESS CL=.DO YEH 74 HBC 60 EEF.DENOM. 11 /75  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 XlO DECAY PA~ABETER 

RELATED TEXT SECTION V [  D AND APPENDIX [ 

A ALPHA XI O 
R x ( -O .  O91 (0 .46 )  PJERRQU 68 HBC SEE NOTE D BELDW 6 /68  
A x 146  ( - 0 . 13 )  ( 0 . 17 l  BERGE 66  HBC SEE NOTE D BELDN 6 /68  
A X 4 6  I -O .2 l  (O .  A I  LONDON 66  HBC SEE NOTE O BELOW 6 /68  
A A 739  -0 .43  0 .09  OAUBER 69  HBC 1 .7 -2 .6  GEV/C K -  
A X I 3O  ( -O .B~ )  I 0 . 27 ]  MAYEUR 72  HLBC 2 .1DEV/E  K -  1 / 73  
A B 602  -0 .54  O . [O  BALTAY 74  HBC 1 .75  GEV/C K -  3174  
A U 6075 -0 .490  0.042 BUNCE 78 SPEC FNAL MYPERON BEAM 7 /79  
A H 3OOK -0 .405  0 .012  HANDLER 82 SPED FNAL HYPERDN BEAM 1 /82 "  
A X LOW STATISTICS EXPERIMENTS EXCLUDED FROM AVERAGE. 1182" 
R D ERRORS MULTIPLIED BY L . l  DUE TO APPROXIMATIONS USED FOR XI 
A D POLARIZATION. (SEE DAUBER 69 EDR DETAILED DISCUSSION) 
A A DAUBER 69  USES ALPHA L&MBDA = 0.6S0 ÷- 0 .019 .  
A B BALTAY 74  USES ALPHA-LAMBDA 0.648 
A U BUNEE 78 USES ALPHA-LAMBDA = 0.647 7179 
A H HANDLER 82 USES ALPHA-LAMBDA=O.642+-O.013 1/82o 
A . . . . . . . . .  
A AVG -0 .613  0.022 AVERRGE (ERROR INCLUDES SCALE FACTOR OF 2.01 

(SEE IDEOGRAM BELOW ) 

I00 

Data Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE = - 0 .413  ± 0 .022  

ERROR SCALED BY  20  

. . . . . .  HANDLER 

I . . . . . . .  BUNCE 

I BAL TRY 

DAUBER 

- 0  • 7 - O  • 5 - O  3 

ALPHA FOR X IO  

CHISQ 

82  SPED 0 . 5 

78  SPEC 3 3 

74  HBC 

6 9  HBC 

3 .8  

' (CONLEV 
- o  I = o  o 5 !  ) 

F PHI ANGLE 
F 1A6 -B .  
F A 739 38. 
F 6S2 16.0 
F A USED ALPHA LAMBDA = 0.647 ÷- 0 .020.  
F D ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 
F D POLARIZATION. ISLE DAUBER 69 FOR DETAILED DISCUSSION) 
F . . . . . . . . .  
F AVG 20 .7  [ I . 7  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O I  

ALVAREZ 59 PRL 2 215 
JAUNEAU 63 SIENA CGNF ] I 

ALSO 63  PL ¢ 49 
7ICMO 63 BNL CONF 410  

CARNQNY 66  PRL 12 682  
HUBBARD 64 PR IBB  B 183  
PJERROU 65 PRL 14 275  
RJERROU 65 THESIS 

BERDE 66 PR 14T R45 
HUBBARD 66 UCRL l l 5 tO  
LONDQN 66 PR IA2  t 034  

PALMER 68  PL 26B  323  
DAUBER 69  PR 179 1262  

BAYEUR 72 NP BAT 3S3 
ALSO 73 NP BB3 268  

WILQUET 72 PL 428 372  

BALTAY 74 PR D9 49  
YEH 74 ~R D tO  354S 
GEWENIGE 75 PL STE 193  
ZECH 77 NP B124  410  

BUNCE 78 RR 018  638  
BUNCE 79  PL BEB 386  
COX 81PRL  46  E77 
HRNDLER 82 PR D25 639  

(S IN IPH I ) /COS(PHI I=BETA /GAMBAI  (DEGREES) 
30 .  BERGE 66  HBC SEE NOTE B BELBW 6168  
19. DAUBER 69 HBC SEE NOTE A BEL3W 
17.0 BALTAY 7A HB( 1.75 GEVIC K- 3 /74 

" "  21 : : : : : : : : : i i  F ~  E 6 J 3 = 

QUANTUM NUMBERS ASSIGNED FROM SU3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 OMEGA- BASS (MEV) 

E 1 (1615 .1  BISENBERG ~ ENUL 9 /73  
F l tBT2 .  L Z- ERYE S~ ~UL  9 /73  
F 1 1B,O.~ !A~ ~Y2 '~ E~UL B/,B 

I I 673 .0  ABRAMS 66 HOE INTO X I -  PIO 
3 1673 .3  l .O  PALqER 68 HBC K-P 4 .6 ,B .  GEV/C 11169  

1671 .8  O.B  SCHULTZ 68  HBC K-R 5 .5  GEV/C 11 /69  
L6TA .B  E .6  SCOTTER 68  HDC K-P 6 .  GEVIC 11 /69  

B 6 (1671 .9 I  ( 1 . 2 )  SPETH 69  HBC K-P IO .  GEV/C 11 /69  
B D I 0 ( I 671 .43 I  ( 0 . 78 )  ABCLV 73 HBG K-P 10 .  GEV/C 12 /73  

1673 .4  [ . 7  DIBIANCA 78  DEC 4 .9  GEV/C K -D  1 /27  
41 1673 .0  0 .8  BAUB[LL IE  78  HBC 8 .25  GEV/C K-P  2 /79  
27  I 87E .7  0 .6  HEMINGWAY 78  HBC 4 .2  GEVIC K -P  2 /79  

AVG 1672 .37  0 .34  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  
F IT  1672 .65  0 .32  FROM F IT  {ERROR INCLUDES SCALE FACTOR OF l .  Ol  0 / 82 *  

THE FIT EOMBEkES OMEGA- AND ANTI-OMEGA- VALUES 

E EISENBERD 56 MASS CALCULATED FOR DECAY IN  FL IGHT .  ALVAREZ 73 HAS 9 /73  
E F SHOWN THAT T~E OMEGA INTEBACTED WITH AG NUCLEUS TO GIVE K -  X l  AG. 8173 

BOTH FRY EVENTS IDENTIFIED AS OMEGA- BY ALVAREZ 73 .  9 /78 
F FRY MASSES ASSUME DECAY TO LAMBOA K- AT REST. DECAY FROM ATOMIC 3/76 
F ORBIT COULD DOPPLER SHIFT  THE K -  ENERGY AND RESULTING OMEGA- MASS 3 /76  
F BY SEVERAL MEV FOR FRY 2.  THIS SHIFT IS NEGLIGIBLE FOR FRY [ B/76 
F BECAUSE THE CMEGA DECAY IS  APPROXIMATELY PERPENDICULAR TO ITS  3 /76  
F ORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMEDA STRIKES THE 3/74 
F NUCLEUS (L .ALVARBZ ,  PRIVATE COMM. IBT3 I .  WE HAVE CALCULATED THE B /74  
F ERROR ASSUMING THAT DRBITRL N IS 4 OR LARGER. 3/76 

B ABCLV VALUE INCLUDES THE SPETH 69  EVENTS. EXCLUDED FROM AVERAGE. 12 /73  
B O SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION BELOW. 2182 "  

DIBIANEA 75 EIVES MASS FOR EACH EVENT. HE GUDTE AVERAGE. 1177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ALVAREZ,EBERHABD,GOOD,  GRAZIAND,  TICHO+ ILRL I  
JAUNEAU÷ (EPOL+CERN+LOUE+BHEL÷BERGEN) 
JAUNEAU÷ IEPOL+CERN+LGUC÷RHEL÷BERGENI 
HAROLD K T ICHO (UCLA I  

CARMONY,PJEBROU,SCHLEIN ,SLATER,  STORK÷(UCLA) 
HUBBARD,BERGE,KALDFLEISCH,  SHAFEB + ( LRL )  
÷ SCHLE IN tSLATEReSBITH ,STORK,T ICHO (UCLA I  
G M PJEBRDU (UCLA)  

BERGE,EBERHABDtHUBBARDtMERRILL  + ( LRL I  
J RICHARD HUBBARD (THESIS ,  BERKELEYI ( LRL I  
LDNOON,RAU,GOLDBERGtL ICHTBAN+(BNL+SYRACUSE}  

PALMER,RADDJECIC ,RAUtR ICHAROSON÷ (BNL ,SYRA)  
+BERGEeHUBBABDINERRILL ,R ILLER (LRL )  

+VAN B INST .W[LQUET÷  (BRUX+CERN+TUFT+LOUCI 
ERRATUB TO MAYEUR 72 
+FL [&GINE ,GUY,KN IGHT÷  (BRUX+GERN+TUFT÷LOUCI 

+BR1DGEWAFER,COOPER, GEBSH~IN÷ (COLU÷B [NGIJ  
• GA IGALAS,SB ITHeZENDLE tBALEAY ÷ (B )NG÷CBLUI  
GENENIGER,GJESDALtPRESSEB ÷ (CERN÷HEID)  
÷DYDAK,NAVABRIA+  IS IEG÷CERN÷DORT÷HEIO I  

÷HANDLER,MARCH,M~TIN÷ (NISC+MICH+RUTGI 
+OVERSETH,COXtDWDRKIN+ (BNL+MICH+RUTG÷WISC}  
+DWORKIN + (MICH~NISC+RUTG+BINN+BNLI 
+GROBEL,RONDROM+ (NISC+MICH+MINN÷RUTG| 



i01 

Data Card Listings 
For notation, see key at front of  Listings. 

Stable Particles 
fl-, A~* 

24 ANTI-OMEGA+ MASS (MEVI 

M8 [ 1670.1 l .O  FIRESTONE 71 HBC 12 GEV/C K+0 3/71 
MB . . . . . . . . .  
MB FITTH E 1572 .45  0.32 FROM FIT (ERROR INCLUDES SCALE FACTOR BF I.O) 3/82~ 

FIT COMBIhES OMEGA- ANO ANTI-OMEGA- VALUES 

24 OMEGA- MEAN LIFE (UNITS 10**- t0  SEE) 

I I . . 6 .  . . . . .  s . . . .  0 . 6 6  
10.71 BARNES 1 64 HBC T/66  

7166 T 1 ( 1 . 4 |  BARNES 2 E4 HBC 
T 1 ( l .  BS) COLLEY 65 HBC 7 /66  
T I ( I . 5 l  RICHAROSO 65 HBC 7166 
T 1 (1.20} SCHULT2 68 HOE 11167 
T I ( 0 . 06 )  SCHULTZ 68 HBC 11/b7  
T L (0.63) SCHULTZ 68 HBC L1167 
T | [0.25I SCOTTER 60 HBC E /68  
T I ( 0 . 30 )  SCOTTER 68 HBC 6168 
T I (O .71 l  SCOTTER 68 HBC 6168 
T 1 {O.O8|  SCOTTER 68 HBC 6168 
T 1 ( 1 . 04 )  SCOTTER 68 HBC 6 /68  
T 1 (2.30) SOOTIER 68 HBC 6 /68  
T D 16 ( l . 3q )  ( 0 . 45 )  ( 0 . 31 )  ABCLV 73 HBC K-P TO. GEV/C 12 /73  
T I (0.135) DIBIANCA 78 OBC 4 .9  GEV/C K-D 1177 
T I ( 0 . 402 )  OIBIANC8 75 OBE 4 .9  GEV/E K-D 1 /77  
T I (0.702( OIBIANCA 75 DEC 4. R GEV/C K-O 1177 

1 ( 0 .228 )  DIBIANCA 75 ODE 4 . 9  GEV/C K-D 1/77  T 
T 40 0 .80  0 .16  0 .12  BAUBILLIE 78 HBC 8.25 GEVIC K-P 2 /79  
T 0 lO1 (1 .411  ( 0 .15 )  ( 0 . 24 )  DEUTSCHMA 78 HBC 10,16 GEVIC K- P 6 /78  
T 39 0 .7S  0 .14  O . t t  HENINGWAY 78 HBC 4.2 GEVIC K-P 2179 
T 2437 0.822 0.028 80URQUIN 79 SPEC CERN SPS HYPERON BN 12179 
T 0 DEUTSEHMANN 78 INCLUDES EVENTS OF ABELV 73.  EXCLUDED FROM AVERAGE 2/80 
T 0 BECAUSE OE SIGN IFICANT DISAGREEMENT WITH OTHER RECENT EXPERIMENTS, 2180 
T O POSSIBLY DUE TO X I -  CONTAMINATION. 2182, 
T . . . . . . . . .  
T AVG 0.819 0.028 0.026 AVERAGE (ERROR INOL. SCALE FACTOR OF l .  OI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2A OMEGA- PARTIAL DECAY MODES 

DECAY MASSES 
Pl OMEGA- INTC LJMBOA K- 1115. 493 
P2 OMEGA-  INTO XIO P I -  1314.  139 
P3 OMEGA- INTO x [ -  PIG 1321+ 134 
P4 OMEGA- INTO LAMBDA PI -  1115" I39 
PB OMEGA- INTO XI -  GAMMA 1321. 0 
P6 OMEGA- INTO XI~( I58010 E l -  1533+ 139 
PT OMEGA- INTO XIO E- NEU 1314* .5+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 OMEGA- BRANCHING RATIOS 

RI OMEGA- INTO LAMBOA K- ( P l I  
RI  F 1 EVENT FRY1 55 EMUL 11/73  
R I  F 1 EVENT FRV2 55 EMUL 11 /73  
RI F BOTH FRY EVENTS IDENTIFIED BY ALVAREZ 73. 11173 
RE 2 EVENTS PALMER 68 HBC 11/60 
RI 3 EVENTS SCHULTZ 68 HOE i i169 
RX 5 EVENTS I X( Pl DECAY AMB.SCOTTER 68 HBC 11/69 
RI 13 EVENTS ÷2 AMBIG. WITH XI-RBCLV 73 HOD K-P 10.  GEVIC 12 /73  
R1 2 EVENTS DIBIANCA 75 DBC 4.9 GEV/C K-D 1177 
R1 1920 0 .686  0 .018  BOURQUI2 79 SPEC BERN SPS HYPERON BM 1180 

R2 OMEGA ~ INTO XIO P l -  (P2)  
R2 5 EVENTS PALMER 68 HBC 11169 
R2 3 EVENTS SCOTTER 68 HBC l l / bg  
R2 3 EVENTS +I AMBIG. WITH SIG-ABCLV T3 HBC K-P I0 .  GEVIC 12/73  
R2 2 EVENTS DIBIANCA 78 OBC 4 .9  GEVIC K-O 1 /77  
R2 317 0.234 0 .013  BOUROUI2 79 SPEC CEBN SPS HYPERON BM i180 

R3 OMEGA- INTO IT-  PIO (P3 )  
R3 I EVENT ABRAMS 64 HBC 11/69 
R3 [ EVENT PALMER 68 HBC L1 /69  
R3 [ EVENT SCDTTER 68 HOG 11/69 
R3 1 EVENT ABBEY 73 HBC K-P 10.  GEVIC 12173 
R3 145 0 .080  0 .008  BOURQUI2 79 SPEC CERN SPS HYPERON BM 1180 

R4 OMEGA- INTO (LAMBOA PI-IITOTAL (UNITS I 0 " * - 3 )  (P4 )  
R4 0 1.3 OR LESS CL=.90 BDURQUI2 79 SPEC C ERN SPS HYPERON BM 1180 

R5 OMEGA- INTO {X l -  GAMNA)/TOTAL (UNITS 10"*-3)  (P5) 
R5 0 3oi OR LESS 0L=.90 BOUAQUI2 79 SFEC BERN SOS HYPERDN BM 1/80 

R6 OMEGA- INTO (X [ * [ I 530 )0  P I - ) /TOTAL  (UNITS IO*~-3)(P6] 
R6 1 2. APPROX BOURQUI2 79 SPEC BERN SPS HYPERON EM 1/80 

R7 OMEGA- INTO {~ IO E- NEUIITOTAL (UNITS 10 " * -21  (P7)  
R7 B l .  APPROX BDURQUI2 79 SPEC BERN SPS HYPERON BM 1/80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24 OMEGA- DECAY PARAMETERS 

RELATED SECTION Vl 0 IN TEXT 

AL ALPNA FOR OMEGA- TO K- LAMBOA 
At K 15 (-O.G6I (0.36) (0 .30 I  KOCHER 74 HOE I0 GEV/C K-P 10174 
AL 40 O.5E 0 .50  BAUBILLIE 78 HBC 8 .25  GEV/O K-P 2179 
AL 40 - 0 .2  0 .4  HEMINGWAY 78 HOE 4 .2  GEV/C K-P 2 /79  
AL S 1400 (0.06) (0.14) SAUVAGE TB SPEC BERN SPS HYPERON BM ~182, 
AL N SEE NOTE B IN THE OMEGA- MEAN L IFE SECTION ABOVE. 2182~ 
AL S SAUVAGE 78 IS PRELIMINARY. 4182 e 
AL . . . . . . .  
AL AVG "0. I0 0.38" AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

REFERENCES FOR OMEGA- 

EISENBER 54 BR 96 EBI V EISENBBRG ICORNELLI 
FRV1 05 PR 97 1189 FRY,SCHNEPS,SWAMI (WISC) 
FRV2 05 NC 2 3~6 FRY,SCHNERS,SWAMI (WISCI 

ABRAMS 64 PRL 13 670 * BURNSTEIN,GLASSER * (UMD÷NRLI 
BARNES I 64 PRL 12 204 v E BARNEG,CONNOLLY,CRENNELLtOULMICK+ (BNL) 
BARNES 2 64 PL 12 134 V E BARNEStCONNOLLYtCRENNELLtCULWICK* (BNLI 
COLLEY 6B PL I 9  152 COLLEV,OOOD *(BIRM*GLAS+LOIC+MPIM*OXF+RHEL( 
RICHARDS 65 BAPS 10 115 RICHARDSONtBARNESICRENNEL* (BNL+SVRACUSE) 
SANTOS 65 ARGONNE CONF IB9 N P SANTOS I(RVUE) BNLI 

PALMER 6B PL 26E 323 PALMER,RADOJICIE,RAU,RICHAROSON÷ (BNL.SYRAI 
SCHULTZ 68 PR 168 1509 SCHULTZ* (ILL,ARGONNE,NORTHWESTERN,WISCI 
SCOTTER 68 PL 268 47~ SCOTTER÷ (BIRM,GLASGOWtLOIE,MUNICH,OXFI 
SPETH OR PL 2RB 252 SPETH* (AAEHEN,EERLIN,CERN,LDIC,VIEN) 

FI8ESTON 71PRL 26 410 +GOLOHABBR,LISSAUBRtSHELDON,TRIILING (LRL) 
ABCLV 78 NP B61 102 AACHEN*BERLIN+BERN+LONDON÷VIENNA COLLABBR. 
ALVAREZ 73 BR DB 702 LUIS W. ALVAREZ (LBL) 
KGCHER 74 PL 51B 1~3 KOEHER,WERNHARD (INNS+VIEW) 
DIBIANEA 75 NP 898 137 F.A.DIBIANCA, R.J. ENDCRF (C&RNI 

BAUBILLI TB PL 78B 342 BAUBILLIER ÷ (B[RM÷CERN*GLAS*MSU*LONP) 
DEUISCHM T8 PL T3B 96 DEUTSCHMANN+(AACH+BERL*CERN~INNS÷LO(C+VIEN) 
HEMINGNA 78 NP B142 205 HEMINGWAY,ARMENTEROS÷ (CERN*ZEEM+NIJM+OXF) 
SAUVAGE 78 TOKYO CCNF P 427 G.SAUVAGE, PROE. 19TH INTL. HEP CONF (BRSA) 
BOURQUIN 79 PL 878 2~7 (BRIS*GEVA*HEIO+ORSA+RHEL*STRB÷EERN+MELB) 
80URQUI2 79 PL EBB 192 (BPIS÷OEVA+HBIO+ORSA+RHEL~STRB+CERN*MELB) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

33 L~MBDA/C*[2282,JP= ) 

EBR THE (SIGMA/CI-(LAMBOAICI MASS DIFFERENCE SEE THE 
SIGMA/C SECTION OF THE BARYON DATA CARD LISTINGS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 LAMBDAIE+ MASS [MEV) 

M 1 2260. 20. CAZZOLI 75 HBC + LAMBOA 2El+ El-  3/77 
M 60 2260. tO .  KNAPP 76 SPEC ANTILAM 2~1-  E l+ 3 /77  
M I (2248. I C8 MORE BARISH 77 DEC MODE P15 BELOW 3/77 
M I {2295.) ( I 5 * )  ANGELINI 79 H~BR REPL. BY ALLASIA EO 12179 
M 6 2257. tO. BALTAY 79 HLBC + LAMBOA PI÷ 7/79 
M 1 2254. 12.  CNOPS 79 OBC P K* (892 ) -  E l÷  12179 
M A 30 2262, 10. GIBONI 79 SPEC K- P PI* 2 /80  
M A GIBONI 79 RESULT CHANGED FROM 22S5+-4 BY AUTHORS. SEE KERNAN 79 .  2/80 
M 39 2285. 6. ABRAMS 80 SMK2 * -  K- P PI+ + B.C. 1180 
M I 2260. 20. ALLASIA BO EMUL P K- PI+ IZ /B l *  
M 1 2290. 3 .  CALICCHIO 80 HYBR P K-  PI+ 12 /81 ,  
M 19 227S. IO .  KITAGAK( 80 DEC LAM H I * ,  KOBAR P 12 /81 "  
M l ( 2330 . )  (50ol ADAMOVICH 81 EMUL * LAMBOA PI*  1182"  
M B 1 (2285.) (5.1 GRAESSLER 81 HOE * P K- P I *  1182" 
M B I (2280ol (3 .1  GRAESSLER 8 [  HBC P K-- PI* 1182"  
M 55 2284.0 E.O RUSSELL 81 SPEC KO8AR P * B.C. 12 /81 "  
M B 3 2288.0 3.0 BOSBTTI 82 HBC + P K- PI~ 8182" 
M B BOSETTI 82 COMBINE ONE NEW EVENT AT 2288+-5  MEV WITH THEIR EARLIER 3 /82 *  
M B TWO (GRAESSLER 8I ABOVE(. 8182~ 
M 3 2270.0 15.0 KIFADAKI 82 DBC SIGMAO El+ 2/82= 
M . . . . . . . .  
M AVG 2282.2 3.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8) 

(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 2282 .2  ± 3 .1  

ERROR SCALED BY IB  

I I 

. . . . .  ALLAS IA  

. . . . .  ABRAMS 

. . . .  GIBON[  

I . . . . . . .  CNOPS 

~ 1 /  . . . . .  8 A L , A ~  

. . . .  C A Z Z O L I  

2220  2260  2300  2340  

LAMBDA/C+  MASS 

CHISQ 

. . . . .  K ITAGAKI  82 DBC 07  

. . . . .  BOSETTI 82 HBC 0 . I  

. . . . .  RUSSELL  81 SPEC 0 .1  

. . . . .  K ITACAK[  BO OBC 0 .5  

. . . .  CAL ICCHIO  BO HYBR 68  

BO EMUL 

80 SMK2 02  

79  SPEC 4 ,1  

79  DBC 5 .5  

79  HLBC 6 ,3  

76  SPEC 4 .9  

75  HOC 

29 .2  

(CONLEV 
=oooi) 

33 LaMBOA/C+ MEAN L IFE (UNITS lO~=r'-L3 SECI 

T I 17 .31  ANGELIN[ 79 HYBR P K-  BE÷ 12 /79  
T 4 1 .14  0 .90  0 .44  USHIOA BO EMUL LAM 3P I ,  P KBAR 2PI 12 /81 "  
T 1 ( 0 . 57 I  ADAMOVICH 81ERUL LANBDA P [ *  2 /82=  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 LAMBDAIC* PARTIAL DECAY MODES 

DECAY MASSES 
PI  LANBOAIC* INTO LAMBDA PI+ PI+ P [ -  I l l 5+  139+ 139+ 139 
B2 LAMBDA/C+ INTO LAMBDA RE+ 1115* 139 
P3 LAMBCA/C÷ INTO P KOBAR q3B* 497 
P4 LAMBOA/C+ INTO P K-  PI+  R38+ 490+ 139 
P5 LAMBOAIC÷ INTO K t1892 )0  P 891+ 988 
E6 LAMBDA/G+ INTO 0EL11232 I * *  K-  1232"  493 
PT LAMODA/G* INTO P KOBAR P I -  BE* R38+ 497+ 139+ 189 
PB LANBDA/C+ INTO P K= (892 ) -  E l *  938*  891" 139 
P9 LAMBOA/C~ INTO B[GMA* PIO 1189+ 134  
PIO LAMBDA/C÷ INTO SIGMAO PI+ 1192- 109 
EL1 LARBOAIC* INTO SIGMA* ETA l lBq+  548 
P12 LAMBOAZC* INTO E* ANYTHING 
P13 LAMBOA/C* INTO P E+ ANYTHING 
EL4 LAMBD&IB÷ INTO LAMBOA E* ANYTHING 
R[5 LANBOA/C÷ INTO P B I -  PIO KO E+ NEU 938+ 1 0 9 ÷  034*  497+ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
+ 0 A¢, Ab, MASSIVE u'S AND LEPTON MIXING 

33 LAMBOA/C÷ BRANCHING RATIOS 

R1 LAMBOA/C+ INTO (P  K -  PI+)/TOTAL (P4 )  
R) 90 ISEEN)  DR[JARD 79 SFM P P AT 62 .8  GEV ECM 
R[ 98 (SEEN) GIBONI 79 SPEC P P AT 63  GEV ECM 
RI [ 8  (SEENI LOCKMAN 79 SPEC P PEB ,  62  GEV ECM 
R1 89 0.022 O, OIO ABRAMS 80 SMK8 E÷E- 5.2 GEV ECM 
R) I (SEEN) CALICCHIO 80 ~BC NU P IN BEBC-TST 
R1 74 (SEEN) IR ION 81SPEC P P AT 63 GEV ECM 

R2 LAMBDA/C+ INTO (P  N* (8?210 ) / (P  K -  P I+ )  (PS ) / IP4 )  
R2 I (SEEN) ANOELIN[ 79 HYBR NU EMUL WITH BEBC 
R2 47  ISEENI  DR)JARD 79 SFM P P AT 52,5 GEV EUM 
R2 0o18 O. IO WEISS 80 SMR2 E+ E- 5.2 GEV ECM 
R2 12 0.~2 0.24 DAS]LE 81 ONTR P P -> LAM/O+ E- x 
R2 THE ADQVE RATIOS INCLUDE THE KOBAR PIO MODE DF THE K*O. 
R2 . . . . . . . . .  
R2 AVG 0.216 0.082 AVERAGE (ERROR INCLUDES SCAle FACTOR OF 1 .0 )  

R3 LAMBDA/C+ INTO [DEL [L232 ]÷+  K - ) / (P  K -  P I+ I  (P6 ] / (PA I  
R3 40  )SEEN)  ORIJARD 70 SFM P P AT 52 .5  GEV ECM 
R3 0.17 0.07 WEISS 80 SMK2 E÷ E- 5.2 GEV ECM 
R3 17 0.40 0.17 BASILE 8E CNTRP P -> LAM/C÷ E- X 
R3 
R3 AVG 0 .203  0.081 AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1 .31  

R6 LANBDAIC+ INTO P KOBAR IP3 ]  
R4 5 (SEEN)  BALTAY 79  HLBC NU NE-H2 IN ES-FT 
R4 lO  (SEEN) KITAGAK[ 
R4 55 (SEEN) 55/75 RUSSELL 

R5 LAMBOA/C÷ INTO IP KOBARI / (P  K -  P I+ )  
R5 12 0.5 0.25 WEISS 

R6 LAM8DA/C+ INTC (P  K- PI * ) / (P  KOBAR) 
R6 SO I.S DR LESS EL=BOO RUSSELL 

R7 LAMBOA/C÷ INTO LAMBDA PI+  
R7 A (S£EN) DALTAY 

9 )SEEN)  KTTAGAK[ 

LAMBOA/C+ INTO (LAMBDA P I + ) / ( P  K- PI+) 
(0.8)  DR LESS CL=O.9 WEISS 

80 OBC NUD IN FNAL LS-FT 
81 SPEC PHCTOPRODUCTION 

[P3 ) / (PR}  
80 SMK2 E+ E- 5.2 OEV ECM 

(PA) / (P3 )  
81 SPEC PHCTOPROBUCTION 

(PE)  
?9  HL8C NU NE-H2 IN  15 -FT  
80 DBC NUD IN FNAL ES-FT 

(P21 / (PA}  
8O SMK2 E+ E- 5.2 GEV ECM 

RT 

RB 
R8 

R9 LAMBOA/C+ INTO (LAMBDA PI+ ) / (P  KOBAR) (P2 ) / (P31  
R9 K 5 0 .67  0 .78  0 .35  PALTRY 79 HLOC NU ME--HE 1N IS -FT  
R9 9 0 .51  0 .62  0 *87  K ITAGAKI  80 OBC NUD IN FNAL [S -FT  
R9 40  (0 .4 )  OR LESS C t= .90  RUSSELL 81 SPEC PflOTOPRODUCT[ON 
RB K CALCULATED BY KITAGAKI BO FROM BALTAY 79 RESULTS. 
R9 . . . . . . . . .  
R9 AVG 0.57 0 .35  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RIO LAMBDAIC* INTC LANBDA PI÷ PI+ El -  (PEI 
R|O 1 SEEN CAZZOLI 75  HBC NU P IN BNL 7 -FT  
RIO 60  SEEN KNAPP 76  SPEC GAMMA BE 
RIO 2 SEEN 8ALTAY 79  HLBC NU NE-H2 IN [S-FT 
RIO 12 SEEN GIBONI 79 SPEC P P AT 63 GEV ECM 
RLO 18 SEEN LOCKMAN 79 SPEC P P 53, 62 GEV ECM 

RI1 LAMBDA/O+ INTO [LAMBDA PI+ P I+  P I - ) / IP  K- P[+) (P I l l (P4 )  
NI l  1.6 DR LESS EL=O.9 WEISS 80 SMK2 E÷ E- 5.2 GEV ECM 

R[2 LAMBDA/C+ INTO (LAMBDA PI+ PI+ PI-)I (P KOBAR) (P I I / (P3 )  
R12 320 (3.1}  OR LESS CL=.90 RUSSELL 81 SPEC PHOTOPBODUCTION 

R13 LAMBOA/C÷ INTO (P KOBAR P l -  P I+ I I (P  KOBAR) iPTJ / (PB )  
R I3  65  3 .3  OR LESS CL=.90 RUSSELL BI  SPEC PHCTOPRODUCTION 

R14 LAMBOA/C+ INTO SIGMAO PI÷ (PLOT 
R14 B SEEN KITAGAKI 82 OBC NUD IN FNAL 15-FT 

R15 LANDOR/C÷ INTO P K* (892 ] -  PI* (PB I  
RIB 1 SEEN CNOPS 79 DBC NUN IN BNL 7-FT 

RI6  LAMBOAIC+ INTO (E+ ANYTHING) ITOTAL  (P [2 )  
R I6  0.045 0.017 VELLA 82 SMK2 E+ E- 4.5-6.8 GEV 

R1T LAMBDA/C÷ INTO )P  E+ ANYTHING) /TOTAL  (P l31  
RIT M 0.018 O. OO? VELLA 82 SMK2 E÷ E- 4 .5-6.8 GEV 
RI7 M THIS INCLUDES PROTONS FROM LAMBOA DECAY. 

RIB LAMBER/C÷ INTO [LAMBDA E÷ ANYTHINGIITOTAL (PEA)  
RE8 1 (O.022)OR LESS EL=.90 BALLAGH 81 HYPR NU NE-H2 IN ES-FT 
R18 N O.O|t 0.008 VELLA 82 SNK2 E÷ E- 4.5-6.8 GEV 
RE8 N THIS INCLUDES LAMBDAS FROM SIGMAO DECAY. 

REFERENCES FOR LAMBOA/C+ 

CAZZOLI 75 PRL 36  1125 +CNOPS,CONNOLY,LOUTTIT,NURTAGH. + (BNL )  
KNAPP T6 PRL 37 BED +LEE.LEUNG,SMITH + (COLU÷HAWA÷ILL÷FNAL) 
PARISH 77 PR D15 I +DERRICK,DOMBECK,MUSGRAVE + (ANL*PURD) 

ANGELINI 79 PL BAD 150 (ANKA+LIBH+CERN+OUUC+LOLE+KEYN+PISA+ROMA÷) 
PALTRY T9 PRL 42 I T2 I  ÷CAROUMBALIS.FRENCH~HIBBS, * )COLU+BNL) 
CNOPS 79 PRL 42  197  +CDNNOLLY,KAHN,K IRK,MURTAGH,PALMER÷ (BNL )  
DRIJARD 79 PL 858  452  +F ISCHER*  (CERN+EDEF+DORT+HEID+LAPP+WARS) 
G IBONI  79  PL 858  4BT +OIB ITONTO+ (A6CH+CERN+~RVeNUN[+NWES÷UCRI  
KERNAN 79  LEPTEN CONF.FNAL  A.  KERNAN (UCR) 
LOCKMAN 79  PL B5B 668  ÷MEYER,RANDER,SCHtE IN ,WEBB÷  (UOLA÷SACL)  

ABRAMS 80 PRL 64 IO ÷ALAN,BL~KER,BOYARSKI~ + (SLAC+LBL) 
ALLASIA BONP 8176  13 (ANKA+LIBH+CERN+DUUC+LOLE+KEYN+PISA+RONA+] 
CALICCH] 80 PL 930 52I + (BARI÷BIRN+BRUX+CERN+EPOL+RHEL÷SACL÷LOUC} 
KITAGAKI 80 PRL ~5  g55  +TANAKA,YUTA.ABE. +(TOHO+I IT+UMD÷STON+TUFT)  
USHIDA BO PRL 45 1053  (FNAL÷MCGI+NAGO÷OSU+OSKC÷DTTA+TOKY+TNTO÷) 
WEISS BO TORONTO CONF 319  J M WEISS (SLACI  

ADAMOVIC 81 PL 998  271  ADAMDVICH+( PflOTON-ENULtOMEGA-PHOTON COLLS . )  
BALLAGH 81 PR 026 T +BINGHAM + (LBL+UOB÷FNAL+HAWA+WASH÷WISC) 
BASILE B l  NC 62A  16 +CARA ROMEO * (CERN+BCNA+PGIA+FRASI  
FIORINO BI  LNC 30  166 (PHOTOt~ENUL COLLAB.+OMEGA-PHOTON COLLAB. I 

- -  THE EVENT IN FIORIND BI IS ALSO IN ADAMOVICH 81. 

GRAESSLE 81 PL 9qB 15g GRAESSLER.LANSKE+ (AACH÷BONN+CERN+MPIM÷OXF) 
IRION 81 PL 99E  6S5  +SEEBRUNNER, ÷ (A&CH+OERN+FARV+MUNI÷NWESI 
RUSSELL 81 PRL 46  79q  ÷AVERYeBUTLER,GLADOING + ( I LL *FNAL÷COLU)  
BOSETTI 82  PL 1098 284 ÷GRAESSLER, + (AACH÷BONNeCERN+MPIMeOXFI 
KITAGAKI 82 PRL 68  289  +TANAKA*YUTA*ABE,÷ (TOHD÷IIT÷UMD÷STON÷TUFT) 
VELLA  82 PRL (SUBMITTEDI ÷TRILLING,ABRAMS,ALAMo÷ (SLAC÷LBL÷UCBI 

L2 /79  
12 /79  
12 /79  

I /DO  
12181*  
2182* 

12 /T9  
1E /79  
4182* 
2182= 
4/82* 

[/82* 
12179  

4 / 8 2 "  
1182. 

2 /80  
12181*  

2 /82 *  

4 1 8 2 "  

12/81" 
12 /81 "  

2 / 80  
I 2 /B l *  

4 / 82 *  

12181*  
12 /81 )  
1 2 1 8 | *  
12181*  

2 /80  
2 /80  
2 /80  

12 /T9  
12 /79  

A /82 )  

1 2 1 8 I )  
12181 "  

12 /8 I *  
12 /81 )  

2182 .  

2 / 80  

B /82=  
B /82=  

3 /82 .  
B /82 *  
3 / 82 "  

2 / 82 .  
2182= 
3 /82~  
3 /82 *  

102 

Data Card Listings 
For notation, see key at front of Listings. 

THEORY AND REVIEW 

DERUJULA 75 PR 012 1~7 +GEORGI.GLASHOW (HARV) 
GAISSER Tb PR DIA  3153  T.K.GAISSER,F.HALZEN (BART÷WISC) 
LEE 77 PB D IS  157 *QUIGG,ROSNER IFNAL I  
MULLER 79 C~N/EP 79-I48 F.MULLER (CARGESE LEC.IR7q) (CERN) 
DIB1TONT 81 MADISON CONF. D.DIB[TONTO ICERN) 
TRILLING 8I PRPL 75 57 G H TRILLING ILBL) 

* * * * *=  ) ) * ) * * * * *  * *= * * * * * *  = * * *= * *= ,  * * * * ) * * *=  * * ) * * * * * *  * * * ) * * * * *  * * *= * * * *  

F ~  40 LAMBDA/BO(ESOOt  JP= ) 

. ~  THE CLA IM  BY BASILE BI IS HOTLY DISPUTED BY DRIJARO 82. 
SEE THE LISTING FOR BOTTOM HADRON SEARCHES. 

40 LAMBOA/BO MASS IMEVI 

M 5425.0 175.0 75.0 BAS ILE  81SFM O P P 62  GEV ECM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AO LAMBDA/BO PARTIAL DECAY MODES 

DECAY MASSES 
PI  LANBDAIBO INTO P DO P I -  038+ [864+  [ 39  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~0 LAMBOA/BO BRANCHING FRACTIONS 

R) LAMBDA/BO INTO (P  DO PI - I / TOTAL  (P I )  
R) SEEN BASILE BI SFM DO TO K-  El+ 

REFERENCES FOR LAMBDA/BC 

BASILE B l  LNC 31 ~7 ÷BONVICINI*CARA ROMEO+(CERN÷BGNA÷FRAS*PGIAI 
DRIJARD 82 PL COBB 36 |  +FISCHER,* (CERN+COEF+DORT+HEID+LAPP÷WARS) 

I SEARCHES FOR MASSIVE NEUTRINOS 
AND LEPTON MIXING 

> 
SEE THE NCTE ON NEUTRINOS BY R .E*  SHROCK IN  TEE ELECTPON NEUTRIND 
SECTION NEAR THE BEGINNING OF THESE DATA CARD LISTINGS* 

SEARCHES FOR INDIRECT EFFECTS OF NEUTRINO MASSES AND LEPTON MIXING 
ARE LISTED HERE. DIRECT SEARCHES FOR MASSES CF DOMINANTLY COUPLED 
NEUTRINOS ARE LISTED IN THE APPROPRIATE SECTION ON NU-MU, NU-E, 
OR NU-TAU. RESULTS OF THESE INDIRECT SEARCHES ARE CORRELATED 
UPPER BOUNDS ON MIXING MATRIX COEFFICIENTS UIA, J) VERSUS 
NEUTRINO MASS. THESE RESULTS ARE DIVIDED INTO THREE SECTIONS-- 

(AI BEUNOS FROM PARTICLE RNO NUCLEAR DECAYS 
IB) BOUNDS FROM NEUTRINO REACTIONS 
(C) SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY 

FOR A COMPREFENSIVE REVIEW OF THESE LIMITS. SEE PALTRY BE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 lAB. BOUNDS FROM PARTICLE AND NUCLEAR DECAYS 

UIJ LIMIIS ON CABS(U(Z,JI)**2 AS FUNCTION OF MASS(NU-JI IN MEV REGION 
UIJ A O.I OR LESS CL=.68 SHROCK 80 MINU-J) O.E-3 MEV LIB2* 
UlJ B I .  E-6 OR LESS CL=.68 SHROCKI 8I M(NL~JI  10 MEV 1/82) 
UIJ B S. E-6 DR LESS CL=.E8 SHROCKI 81 TO 60 MEV L/82* 
UIJ C 1. E-5 OR LESS EL=.68 SHROOK 80 M(NL~J )  BO MEV 1/82 ) 
UIJ C 3. E-6 DR LESS CL=.E8 SHROOK 80 TO 180 MEV 1182e 
UIJ A APPLICATION OF TEST TO SEARCH FOR KINKS IN BETA OECAY KURIE PLOTS. 1/82) 
UIJ B ANALYSIS OF (PI+ --> E+ NU-E)I(PI+ - ->  MU+ NUMU) AND 1162) 
UIJ B (K÷ --> E+ NUE}I(K+ - ->  MU+ NUMU) DECAY RATIOS. 1182) 
UIJ C ANALYSIS OF (K+ - ->  E* NUEI SPECTRUM. 1182" 
UIJ 
UIJ LIMITS ON CABSIUI I t J I I ) *2  AS FUNCTION OK NASSINLF-J) IN KEV REGION 
UIJ  D I. CR LESS CL= .95  SIMPSON B l  M INU-J )  O . I  KEV L/BE) 
UIJ  0 4 .  E -3  OR LESS CL= .95  SIMPSON 81 TO IO  KEV 1 /82=  
UlJ D APPLICATION OF KINK SEARCH TEST TO TRITIUM BETA DECAY NURIE PLOT. 1/82" 

U2J LIMITS ON CABS(UI2,J}))~2 AS FUNCTION OF MASSINL~J) IN HEV REGION 
U2J 
U2J APPLICATION OF PEAK SEARCH TEST TO EXISTING DATA. 
UEJ A 5. E-E OR LESS CL=.95 SHROCK BO MINL~3 )  4-6 MEV 1/82" 
U2J A 3. E-2 DR LESS EL=.95 SHROCKI 81 M(NU-JI T MEV 1/62= 
U2J A E. E-2 CR LESS EL=.95 SHROCKI 81 TO 13 MEV I182* 
U2J A I .  E-4 OR LESS CL=.6B SHROCKI 81 MINL~B)  13 MEV 1182" 
UEJ A 3 .  E -5  OR LESS 0L= .68  SHROCKE 8 [  TO 33 MEV 1 /88 *  
UEJ B 6. E-3 DR LESS Ct=.68 SHROCKI 81 M(NL~J) 80 MEV 1/82~ 
U2J B S .  E -3  OR LESS EL= .68  SHROCK1 8E TO teD MEV 1 /BE)  
UEJ C 6 .  E -6  DR LESS EL= .95  ASANO 81 M(NU-J i  830  NEV 1 /825  
UEJ C 6 .  E -7  OR LESS CL= .95  ASANO 81 TO ZOO MEV I /BB$  
UZJ C 6. E -6  OR LESS OL= .95  ASANO 81 TO BOO MEV I182 ) 
U2J 
U2J NEW EXPERIMENTS TO APPLY PEAK SEARCH TEST. 
U2J D t .  E-1 OR LESS CL=.DO ABELA BE MINU-J) 4 MEV 1/82. 
U2J D 7 .  E -5  CR LESS EL= .90  ABELA 81 TO 11 ~EV 1182 "  
UZJ D 2. E-6 OR LESS EL=.90 ABEt A 81 NINL~JI tI MEV 1182* 
UOJ D 2 .  E -5  CR LESS CL= .90  ABELA 81 TO 16 HEY E/B2 )  
U2J D 2 .  E -S  CR LESS CL=.DO ABELA 81 M(NU-J I  16 -30  MEV ]182e  
UZJ D I .  E--2 OR LESS CL= .DS  EALAPRICE 81 M INU-J I  T MEV I /B2~  
U2J 0 3. E-3 DR LESS EL=.95 CALAPRICE BE TO 33 MEV 1/82) 
U2J E 2. E-5 OR LESS CL=.9S ASANO 81 M(NU-J )  i60 NEV i182) 
U2J E 3. E-6 CR LESS EL=*95 ASANO 8E TO 230 MEV 1/82) 
U2J A ANALYSIS OF MAG. SPEC. EXP., BC EXP. AND EMUL. EXP. ON P[+ - ->  MU÷ 1/8E* 
U2J  A NU-MU DECAY.  1 /82 *  
U2J B ANALYSIS OF NAG. SPEC. EXP. ON K-->MU,NUMU DECAY. 1/82" 
U2J C ANALYSIS OF EXP. ON K÷ - ->  MU+ NU-MU NLF-X ANU--X DECAY. 1482" 
UZJ D P I+  - ->  MU+ NU-MU PEAK SEARCH EXP.  | / 82 *  
UZJ E K+ - - >  MU+ NU-MU PEAK SEARCH EXP.  118E~ 
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Data Card Listings 
For notation, see key at front of Listings. MASSIVE 

Stable Particles 
u'S AND LEPTON MIXING 

UAJ LIMITS ON CABSIUIA,JIIe*2, WHERE A= l  OR Z, FROM ANALYSIS DF RHO 
UAU PARAMETER IN ~U DECAY. 
UAJ I .  E-2  OR LESS CL=.6B SHROCK2 81 N INU-J I  10 MEV 1182e 
UAJ 2.  E -3  OR LESS CL=,68 SHROCK2 Bl  TO 40 MEV L/B2e 
UAJ 4 .  E -2  OR LESS CL=.68 SHROCK2 81 TO 70 MBV 1 /82e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s (B ) .  BOUNDS FROM NEUTRINO REACTIONS 

. . . . . . . . . . . .  5 SOLAR NEUTRINO EXPERIMENTS . . . . . . . . . . . . . . . . .  

S SOLAR NU FLUX (UNITSe SNUI 
S (1 SOLAR NEUTRINO UNIT. SNU. = l .E -B6  CAPTUREB/SEC/TARGET ATOM) 

(T .3 )  ( I .S )  BAHCALL BO THEOR.CALC.FLUX 1 /82 *  
2.1 0.3 DAVIS 8I M8AS. FLUX L182e 

S (7.0) ( 3 . 01  FILIPPONE B2 THEOR.CALC.FLUX 1182~ 
SEE ALSO THE REVIEW OF J.N.BAHCALL, PROC° 1981 INTL. CONF. ON 4/82e 
NEUTRINO PHYSICS ANO ASTRORHYS. (MAUI, HAWAII) V.E, P, ZBB. ¢/021 

5 DEEP MINE EXPERIMENTS . . . . . . . . . . . . . . . . . . . . . . .  

DR R= (MEASURED FLUX OF NU-RU)/(EXPEETED FLUX OF NU-NU) 
DM 0 ,62  O, IT CROUCH T8 CASE WESTIUEI LIBEL 
OM I .  0 , 26  ZATSEPIN Bl  BAKSAN 4 /B2*  
DM . . . . . . . . .  
ON AVERAGE MEAN|NGLBSS (SCALE FACTOR = 1,21 

. . . . . . . . . . . . .  5 REACTOR ANTINEUTRINO EXPERIMBNTS . . . . . . . . . . . . . .  

RD (EVENTS OBSEPVEDI/|EVENTS EXPECTEOI FROM REACTOR ANU-E EXPTS. 
RD B (O.BO) (O.  lB)  BOEHM 80 ANU-E P - ->  E÷ N L IE2 ,  
RD A R 0 .38  0 .21  REINES 80 SEE NOTE A l /BE  • 
RO A R 0 .40  0 .22  REINES BO SEE NOTE A ~ /12 *  
RD E 0.955 0 .12  RWON 81 ANO-E P - ->  E+ N 1 /82 *  
RD B KWON 81 REPRESENTS AN ANALYSIS OF A LARGER SET OF OATA FROM THE 1482= 
RD B SAME EXPERIMENT AS BOEHN BO. SYSTo+STAT. ERRORS COMBINED IN I/B2~ 

1/82~ RO B QUADRATURE° 
RO A REINES 80 INVOLVES COMPARISON OF NEUTRAL- AND CHARGED-CURRENT I /B2e  
RD A REACTIONS ANU-E O - ->  N P ANU-E ANO ANU-E D - ->  N N E÷ RBPECT[VELY. 1/B2= 
RO A CO~IBINDEO ANALYSIS OF REACTOR ANU-E EXRTS, NAS PERFOgMEO BY I/B2* 
RG A BILVERMAN BI .  I /B2 *  
RO R THE TWO REINES BO VALUES CORRESPOND TO THE CALCULATED ANU-E FLUXES 1/B2~ 
RD R OF AVlGNONE-GREENWOOO AND DAVIS ET AL RESPECTIVELY. 1 /82= 

. . . . . . . . . . .  5 ACCELERATOR EXPERIMENTS . . . . . . . . . . . . . . . . . .  

BOUNDS ON DELTA(M~*2) VS° SIN(2=THETAI=eZ 
WHERE DELTAIM*eB) IS MAGNITUDE OF ( M A S S I N O - I I * * 2  - MASS(NU-JIeeEI 
AND THETA IS  THE NIXING ANGLE FOR THE SIMPLIFYING ASSUMPTION OF 
MIXING BETWEEN TWO NEUTRINO FAMILIES O~-Y. 

EACH EXPERIMENTRL RESULT IS A PLOT GIVING ALLOWEDANO EXCLUDED 
REGIONS AS FUNCTIONS OF DELTA(M~=B) AND SINI2*THETAI==Z. WE QUOTE 
TWO REPRESENTATIVE LIMITS FRON EACH PLOT - -  

El OELTA lNe tZ l  FOR S IN (ZeTHETA) * *~= I .  
2l  S IN I2 tTHETA) * *2  FOR ' * LARGE ' *  DELTAIM~=2I.  I .E .  SUFFICIENTLY 

LARGE DELTA(N*=2I THAT THE DETECTOR NDULD MEASURE ONLY AN 
EFFECT AVERAGED DYER MANY OSCILLATIONS. 

EXPERIMENTS ARE DF TWO GENERAL TYPES - -  
CA) THOSE WHICH SBARCH FOR NU(A]-->NU(B) (0 NOT EQUAL A), I.E. 

THE ARPEARANCE OF LIB) FROM CHARGED CURRENT REACTION OF A 
NU(AI BEAM. 

(E l  THOSE WHICH SEARCH FOR THE 'DISAPPEARANCE' CF PART OF THE 
INITITAL NUIA) BEAR BY COMPARING THE NUMBER Of: OBSERVED L(A)  
EVENTS WITH THE NUMBER EXPECTEO FROM FLUX CALCULATIONS, 
THESE EXPERIMENTS DD NOT TRY TD OBSERVE THE ANOMALOUS 
L (B ) 'S ,  WE LABEL SUCH EXPERIMENTS AS NU-A - / - >  NU-A 

NU-MU - - >  NLF-E 

DI OELTA IM~2 )  FOR 
OI l.Z OR 
Ol 1.2 ER 
D[ l . T  CR 
DL O.B OR 
DE I.T BR 

St SINIZ*THETAI~*2 
St 1° E-2 ER 
S I  6 ,  E-2 CR 
St 1, E-2 CR 
SI 6. E-3  OR 
SI Z. E-2  GR 

SIN(2 *THETA I * *Z= I  (UNITS EV==21 NU-MU - ->  NU-E 
LESS CL=.95 BELLOTTI 76 HLBC GGM CERN PS I182. 
LESS CL=.BS BLIETSCNA 78 HLBC GGM CERN PS 1/82~ 
LESS EL=.90  ARNENISE B1HLBC GGW CERN SPS 1 /82~ 
LESS CL=.OO BAKER BI HLBC lEFT FNAL L /82e  
LESS EL=.90 ERRIOUEZ 81 HLBC BEBC CERN SPS I/BE* 

FOR ''LARGE ~' DELTA(ME.Z) NU-MU - ->  NU-E 
LESS CL=.BB BELLOTTI T6 HLEC GGM CERN PS I182~ 
LESS EL=.95 BLIETSCHA TB HLBC GGN CERN PS I182~ 
LESS CL=.9D ARMENISE BL HLEC GGM CERN SPS 1/82~ 
LESS CL=.OO BAKER 8L HLEC I3FT FNAL L /e2~  
LESS CL=°BD ERRIOUEZ 81 HLBO BEBC CERN SPS 1/82* 

ANU-MU - - >  ANU-E 

D2 DELTA(N**2)  FCR 
D2 I .  DR 
D2 0 .9 I  OR 

SB SIN I2~THETA)~2  
SE B. E-2  OR 
S2 0 .2  CR 

SINIZ*THETA)**2=I (UNITS EV*~2) ANU-MU - - >  ANU-E 
LESS CL=.BS BLIETSCHA 78 HLBC GGM CERN PS liB2 e 
LESS EL=.90 NEMETHY BI CNTR LAMPF I/BZ~ 

FOR HLARGE ' '  DELTA(MS'El ANU-MU - ->  ANU-E 
LESS CL=.BS BLIETSCHA 78 HLBC OGM CERN PS 1/82* 
LESS EL=.90 NEMETHY B1 ENIR LANPF l /BEe  

NLF-MU - - >  NO-TAU 

D3 OELTA(M=~B( FEN SINIZ~THETA]~*2=I (UNITS EV*tZI NU-MU --~ NU-TAU 
DB 4 ,6  OR LESS EL=.90 ARNENISE BI HLEC OGM CERN SPS Ll8Bs 
D3 3* OR LESS EL=.90 BAKER 81 HLEC [EFT FNAL 1/82~ 
03 6. OR LESS CL=.9O ERRIQUEZ BI HLBC BEBC CERN SPS 1/82~ 
D3 3,  OR LESS EL=.90 USHIDA BI ENUL FNAL 1182* 

$3 S IN I~THETA) * *2  FOR e ILARGE ' I  OELTB(M~t21 NU-MU - - >  NU-TAU 
B3 t . TE -2  ER LESS CL=.OO ARMENISE 81HLBC GGM EERN SPS 1182= 
S3 6. E-2  CR LESS EL=.90 BAKER B~ HLBE IBFT FNAL IlBZe 
SB 5. E-Z  CR LESS CL=.gO ERRIQUEZ BI  HLBC BEEC CERN SPS 1182* 
$3 I .BE -B  ER LESS CL=.OO USHIOA 81EMUL FNAL L482* 

Ah~J-MU - ->  ANU-TAU 

04 DELTA(N**2) FOR SIN(Z*THETAIS*2=t (UNITS EV$=2| ANU-MU --> ANU-TAU 
D6 2.2 ER LESS CL=.90 ASRATYAN BI HLBC FNAL 1/82~ 

54 SIN(2~THETA) *=2 FOR , ' LARGE ' '  DELTA(M*tEI  ANU-MU - - >  ANU-TAU 
54 4.4E-2 CR LESS CL=.qO ASRATYAN Bl  HLBC FNAL 1E82* 

NU-E - / - >  NU-E 

D6 DELTA(M~'*2) FDR SIN(2XtTHETA)'=*2=I (UNITS EVe÷Z) NU-B - / - >  NU-E 
D6 B. OR LESS CL=.OO BAKER 81 HLBC ISFT FNAL 1 /82 *  
OB 56. CR LESS CL=.OO DEDEN 81 HLBC BEBC CERN SPS 1 /82e 
D6 tO. OR LESS CL=.BO ERRIOUEZ B1 HLEC BEBC CERN SPS 1182 $ 
D6 B.3 TO 8 EXCLUDED CL=.90 NBMETHY 81 CNTR LAMPF 1 /82~  

$6 SIN(2*THBTA) =t2 FOR , = LARGE = = DELTA(M**2) NU-E - I ->  NU-E 
S6 0.6 CR LESS CL=.BO BAKER 81 HLBC IBFT FNAL IIBB~ 
$6 0.3 OR LESS CL=.BO BEDEN 8 l  HLBC BEBC CERN SPS I182* 
$6 T.E-2 CR LESS CL=.9O ERRIQUEZ el HLBC BEBC CERN SPS I/B2~ 

ANU-E - ->  ANLPTAU 

$7 SINI2*THETA)t*2 FOR ''LARGE'' DELTAIM~*2I ANU-E - ->  ANU-TAU 
S7 F 0.7 CR LESS CL=*BO FRITZE BO HYBR BEBC CERN SPS IIBZt 
$7 F AUTHORS GIVE PINUE-->NUTAUI< .35, EQUIVALENT TD ABOVE LIMIT. 118Z* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B (C). SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY 

THE DECAY (Z .B )  - - >  (Z÷2 .A )  + E- + E - .  I .E .  NEUTRINGLESS DOUBLE 
BETA DECAY, ~IOLATES TOTAL LEPTON NUMBER BY TWO UNITS. IT IB 
FORBIDDEN IF NEUTRINOS ARE OIRAC PARTICLES CUT CAN OCCUR IF 
NEU~INOS ARE MAJORANA PARTICLES AND (A) THEY ARE MNSSIVE OR 
(B) TheY HAVE NON (V-A) COUPLINGS. 

MW MNUN, THE WEIGHTED SUM OF NEUTRINO MASSES CONTRIBUTING TO 
NW NEUTRINOLESS DOUBLE BETA DELAY IUNITS EVA 
MW MNUW= SUM FROM 1 TD N OF U I I vJ )= *Z IM INU-J ) .  WHERE N= NUMBER OF 
MW NEUTRINO GENERATIONS, AND NU-J IS A MAJOBANA NEUTRINO. 
MW 
MW D (3O.I APPROX. DOT B( 
MW H (1B . I  OR LESS HAXTON 81 1 /B2*  
MW D DOT BO IS THEORETICAL ANALYSIS OF LIFETIME RATIO FOR IIBBe 
MW O TELLURIUM-I28ITELLURIUM-LBO AND USES NLK~LEAR MATRIX ELBNENTS I182" 
MW O CALCUL&TBO BY VERGADOS. 1 /82e  
MW H HAXTON Bl IS THEORETICAL ANALYSIS OF LIFETIMES OF GERMANIUM-T6 AND L/BZe 
MW H SBLENIUM-82, THE PORMER OF WHICH YIELDS MNUW.LT.L2 EV AND THE llBZe 
MW H LATER OF WHICH YIELDS MNUW.LT.15 EV. WE LIST THE MORE RESTRICTIVE IIBE~ 
MW H UPPER LIMIT ABOVE. THE DOT BI VALUE OE MNUN AND THE HAXTON 81 LINIE 1/B2~ 
NW H ON f@IUW BOTH Assume V-A COUPLINGS. ROSEN Bl AND ROSEN2 81 DISCUSS 1E82~ 
MW H CORRELATEO BCUNDS ON MNUW AND RIGHT-HANDBD COUPLINGS. l l 82~  

BELLOTT[ 76 LNC 17 SB3 
BLIETSCH 78 NP 8133 ZO5 
CROUCH TB PR 0E8 E139 

BAHLALL BO PRL 45 94S 
ALSO 76 SCIENCE 191 264 

BOEHM 80 PL 97B 310 
FRITZE 80 PL 96E 6BT 

REINES BO PRL 65 1107 
ALSO 89 PR 113 E73 
ALSO 66 PR t42 EBB 
ALSO 76 PRL 37 315 

SHROCK 80 PL 96B I 59  

ABELA BL PL IOSB 265 
ARMENISE 81 DE 1008 [82 
ASAND 81PL  1048 B# 

ALSO 81SHROCKI 
ASRATYAN Bl  PL 105B 3OI 
BAKER BL PRL 4T 1876 

ALSO 78 PRL 40 144 

BALTAY BI NU BL CENF HAWAII 
CALAPRIC 81RL  I 06B  ITS 
DAVIS 81 BNL NU WKSHP 
DEDEN 81 PL 988 BID 
DOI 81PL  103B 219 

ALSO 81PTR 66 1739 
ALSO 81PT~  68 17EB 

ERRIQUEZ 81PL  lOEB TB 
HAXTON 81PRL  A7 153 
KWON 81PR DZA lOS7 
NEMETHY 81 PR 023 212 

ROSEN 81ARNS 3 I  145 
ROSEN2 81 NU 81 COhF HAWAII 

ALSO 7B RMP 50 I I  
SHROEKI B[ PR D24 L832 
S HROCK2 81 PR D26 12TB 

SILVERNA BI  PRL 46 46T 
SIMPSON EL PR 024 2971 
USHIOA B1PRL 41 E694 
ZATBEPIN BL NU B1 CONF HAWAII 
FILIPPON 82 APJ 2BB 393 

REFERENCES FOB COM. BOUNDS ON NU MASS, MIXING. 

+CAVALLI,FIORINI,ROLLIER (MILA) 
BLIETSCHAU÷IAACH÷LIBH*CERN~EPOL+MILA÷ORBA÷) 
+LANDECKBR.LATHROP,REINES+ (CASE÷UCI÷WITW) 

÷LUBOW,HUEBNER÷ (IAS÷LASLeYALE+LLL*UCLAI 
J.N. BAHCALL,R.OAVIS (IAS+BNLI 
÷CAVAIGNAC,FEILITZSEH÷ IILLG*CIT÷GREN÷MUNI) 
÷GRASSLER+ (AACH÷BENN+CERN÷LOIC÷OXF*SACLI 

F.REINES.H.W.SOBEL,E.PASIERB (UCII 
F.RBINES~C.L.EOWAN (LASL)  
F.A.NEERICK,F.REINES lEASE) 
F.REINES,H.S.GURR,H.W.SOBEL (UCI) 
R.E.SHROCK (STON) 

+DAUM.EATON,FRDSCH,JOST,KETTLE,STEINER(BIN) 
eFOGLI-MUCIACEIA÷ (BARI+CERN+M[LA÷LALC) 
÷HAY&NO,KIKUTANI.KUROKAWA+ (KEK~TOKY+OSAK) 

+EFREMENKO.FEDDTOV + [ITEP+FNAL*SERP~MIEHI 
+CONNOLLY.KAHN.KIBK,MURTAGH÷ (fiNL~COLU) 
CNDPS.EONNOLLY.KAHN.KIRK÷ (BNL÷COLU) 

E.BALTAY (COLU) 
CALAPRICB.SEHREIBER,SCHNEIDER ÷ (RRIN÷IND) 
B.T.CLEVELAND,R.DAWIS JR.t J.K.ROWLEY IBNL) 
+ (AACH÷BONN+CERN+ATEN¢LOIC+OXF÷BACL) 
÷KOTANI,NISHIURA,OKUDA,TAKASUGI (OSAKI 
DOI.KOTANI,NISHIURAtOKUDAtTAXASUGI (OSAK) 
DOI,KOTANI,NISHIL~A.OKUDA,TAKASUGI (OSAK) 

+NATALIe (BARI÷EIRM+LIBH+EPOL÷RHEL+SACL÷) 
+G.J.STEPHENSON.D. STROTTMAN (PURD. LASLI 
÷BOEHM,HAHN,HENRIKSON÷ (C[T÷GREN*MUN[I 
+ IYALE+LBL+LASL+MIT÷SACL~SIN+CNRC*BERNI 

S.P.ROSEN IPURD) 
S.P.ROSEN (PURD) 
D.BRYMAN,C.PIECIOTTO (TRIU,VICT) 
R.E.SHROCK IS(ON) 
R.B.SHROCK (STON) 

O.SILVERMAN,A. SONI (UCI÷UCLA) 
J.SIMRSON (GULL) 

IA1CH÷FN~L+KOBEeSEOU+MCGI÷NAGO+OSU+OKAy+I 
BOLIEV.BUTKEVIEH.EHUOAKOV.MAKOEV+ (MINR} 
B.W.FIL[PPONE,D.N.SEHRAMM (ANL÷EF I I  

* * * *  * * * * * * * *  
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Data Card Listings 
For notation, see key at front of Listings. 

NEUTRINO BOUNDS FROM 
ASTROPHYSICS AND COSMOLOGY 

> 
SEE THE NOTE ON NEUTRINOS BY R.E. SHROCK IN THE ELECTRON NEUTRINO 
SECTION NEAR THE BEGINNING OF THESE DATA CARO LISTINGS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note on ~ Mass Limits 

These limits apply to mto t given by 

I') 
m = Z i, ---//-- m to t 2 \)j 

j= n 

where n is the number of neutrino species and gv. 

is the number of independent components in the ] 

neutrino field; gv. = 4 for Dirac neutrinos; 

gv. = 2 for chiral]Majorana neutrinos. 
] 

6 NU MASS (EV) 

M LIMIT ~ TOTAL MASS, SUMMED OVER ALL SPIN COMPONENTS. OF EFFECTIVELY 
M STABLE NEUTRINOS ( I .E .  THOSE WITH MEAN LIVES ROUGHLY EQUAL TO OR 
M GREATER THAN THE AGE OF THE UNIVERSEI (UNITS EV] 
M A ( I32 . )  OR LESS CDWSIK 72 COSM 
M A (80. D CR LESS LEE 77 COSM G/Bl* 
M (lOO.) OR LESS OLIVE 81 COSM 1182. 
M A COWSIK 72 AND LEE 77 HAVE BEEN GENERALIZED TO APPLY TO M(TOTI AS 4/82~ 
M A DEFINED ABOVE, WHERE ONE ALLOWS EITHER DIRAC OR MAJORANA NEUTRINOS. 4182" 
M A THESE PAPERS ASSUMED DIRAE NEUTRINOS. ~IB2m 
M FOR OTHER LIMITS, SEE SATO 77, VYSOTSKY IT. DICUS 78, HUT TO. 2182" 
M AND ZELDOVICH 80. 2182 "  

ML ANALYSES OF MASS/LIGHT RATIOS AND DYNAMICS OF GALAXIES AND 
ML CLUSTERS, ARE CONSISTENT WITH PRESENCE OF DARK MATTER WHICH, 
ML IF ASCRIBED TO NEUTRINOS, WOULD IMPLY A NON-ZERO VALUE OF THE SUM 
ML OF THE MASSES OF NEUTRINOS WITH LIFETIMES SUFFICIENTLY LONG TO 
ML AFFECT THESE GALAXIES AND CLUSTERS. DIFFERENT ANALYSES FAVOR 
ML SOMEWHAT DIFFERENT VALUES DF THE SUM OF MASSES. THIS IS ALSO 
ML CONSISTENT WITH MODELS OF GALAXY FORMATION. ACCORDING TO D. SCHRAMM 
ML (PRIV. COMM.( IF ONE ALLOWS EITHER ADIABATIC OR ISOTHERMAL GALAXY 
ML FORMATION, THE RANGE OF MASSES IS PROBABLY FROM 4 TO IO0 EV. 
ML HOWEVER ADIABATIC NOW FAVORED FOR MASSIVE NEUTRINOS. (UNITS EVI 
ML A TREMAINE 79 COSM ISOTHERMAL 1/82. 
ML ORDER 30 BOND BI COSM ADIABATIC 2182" 
ML 50-IOO DAVIS BL COSM ACIA.÷OECAYING NUS 1/82. 
ML ~-20 SEHRAMM Bt COSM ISOTHERMAL l i b2 *  
ML A TREMAINE 79 STATES THAT THE DARK MATTER CANNOT BE MUON OR ELECTRON t182= 
ML A NEUTRINOS OF NONZERO REST MASS OR ANY NEUTRAL LEPTON LESS MASSIVE 1182" 
ML A THAN [ MEV. 1/82" 

............................................................ 

5 NO RADIATIVE MEAN LIFE / MASS (UNITS SEC/EV) 

r COWSIK 77 COSM 1182 "  
T DICUS T7 COSN 1182" 
T GOLDMAN 7T COSN 4182~ 
T FALK 78 COSM 1182. 
T STRONGLY CORRELATED COWSIK T9 COSM I /BE*  
T LIMITS; SEE REFERENCES GOLDMAN 79 COSM 1182. 
T OERUJULA BO COSM 1182" 
T STECKER 80 COSM 1182" 
T HENRY B l  EOSM 1182 "  
T KIMBLE BI COSM I/B2* 
T TURNER B I  COSM 1 /82 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 POSSIBLE LIMITS ON NUMBER OF LIGHT (< ABOUT I MEV) 
TWO-COMPONENT NU TYPES 

N NUMBER COUPLING WITH FULL WEAK STRENGTH 
N SHVARTSMA 69 EOSM 1182" 
N (T)  OR LESS STEIGMAN 77 COSM l /B2~  
N (~) OR LESS YANG 79 COSM 1/82" 
N S CRITICISM OF BOUND STECKER2 BO COSM 1 /82 *  
N MAYBE NO FIRM BOUND OLIVE  81 COSM 1182 "  
N (4) OR LESS TURNER Bt COSM 1182. 
N CRITICISM OF BOUND RANA B2 COSM 1/82" 
N (4) OR LESS YANG B2 COSM 4 /82 *  
N S SEE. HOWEVER OLIVE2 Bl CRITIQUE AND STECKER 81 REPLY. LIB2* 
N UNCERTAINTIES AND CRITICISMS COME FROM DIFFERING ESTIMATES OF LOWER 4 /B2 "  
N LIMIT ON BARYON DENSITY OF THE UNIVERSE AND UPPER LIMIT ON THE 6182" 
N PRIMORDIAL HEL IUM-4  ABUNDANCE. 4 /B2*  

NSW NUMBER COUPLIng WITH LESS THAN FULL WEAK STRENGTH 
NSW A 120) OR LESS STEIGMAN 79 COSM 1182" 
NSW A LIMIT VARIES WITH STRENGTH OF COUPLING. 4182 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 MAGNETIC MOMENT OF SUFFICIENTLY LIGHT NU 
(UNITS EVIGAUSS) 

MM S (4.9E-19)DR LESS SUTHERLAN 76 COSM FOR M(NUI<EO KEV .  1182" 
MM S USES SUTHERLAND 76 EQ.3 WITH F<I/3 FROM THEIR FABLE AS MODIFIED TG 1182. 
MM S APPLY AS A LIMIT ON ANY ONE NEUTRINO SPECIES INDIVIDUALLY. 1 /82~  

SHVARTSM 69 JETPL 9 184 
COWSIK 72 PRL 29 669 
SUTHERLA 76 PR 0[3 2700 

CDWSIK 77 PRL Bg 7(4 
ALSO 79 COWSIK 

DICUS 77 PRL 3q 16B 
GOLDMAN 77 PR OI6 2256 
LEE 77 DPL 39 165 
SAID 77 PTP 58 I 775  
STEIGMAN 77 PC 668 202 
VYSOTSKY 77 JETPL 2B 188 

DICUS 78 PR O[T [BOB 
FALK 7B PL 7gO 5II 

ALSO T8 APJ 223  1015  

COWSIK 79 PR DI~ 2El9 
GOLDMAN 79 PR DIP 2215 
HUT 7q PL 878  1~4 
STEIGMAN 79 PRL 43 23g 
TREMAINE 79 RRL 42  407  
YANG 79 APd 227  697  

ALSO 79 STEIGMAN 

OERUJULA 80  PRL 45  942  
STECKBR BO PRL 45 I 460  

ALSO Bl NU 81 CONE HAWAII 
STECKER2 80 PRL 44  1237 
ZELDOVIC 80 SJNP B l  664  

BOND BI NU Bl CONF HAWAII 
DAVIS BI APJ 250 6~B 
HENRY 8 [  PRL 47  618 
KIMBLE 81 PRL 46  80 

OL IVE  81APJ 246 557 
OLIVE2  B l  PRL 46  516  
SCHRAMM B1APJ  243 1 
STECKER 81 PRL 46 517 
TURNER Bl NU 81 CONE HAWAII 

RANA 82 PFL 48  20g  
YANG 82 EEl PREPRINT 

REFERENCES FOR NU BOUNDS FROM ASrgo. AND GOSH. 

V. F. SHVARTSMAN (~OSUI 
R.CDWSIK.J.MC CLELLAND IUCB) 
SUTHERLAND.NG,FLOWERS,+ (PENN÷COtU÷NYU] 

R. COWSIK iMPIM*TIFR( 

D.A.DICUS.E.W.KOLB.V.L.TEPLITZ (TEXA÷VPI) 
T.GOLOMAN. G.J.STEPHENSCN (LASLJ 
B. W. LEE, S. WEINBERG (FNAL÷STAN) 
K-SATO,M.KOBAYASH[ (KYOT I 
O.STEIGMAN,D.SCHRAMM.J.GUNN (YALE,CHIC.CIT) 
VYSOTSKY,DOLGOV,ZELOOVICH IITEPI 

+KDLB,TEPLITE,WAGONER (TEXA+VPI*STAN) 
S. FALK, D. SCHRAMM (CHIC) 
GUNN,LEE* ICIT+CAHB÷FNAL+CHIC÷YALEI 

R. COWSIK ITIFR) 
T.GOLOMAN,G.J.STEPHENSON (LASL) 
R.HUT,K.A.DLIVE (AMSTERDAM÷EFI) 
G.BTEIGMAN.K.OLIVE,O.SCHRAMM (BART÷EFI) 
S. TREMAINE, J. E. GUNN (C|T÷EAMB*CAIN) 
YANG,SEHRAMM,STEIGRAN,ROOD (CHIC÷YALE+VIRGI 
FOOTNOTE 4 

A.DE RUJULA,S.L.GLASHOW (MIT÷HARV) 
F.W.STECKER (NASA) 
F.W.STECKER (PROC. V . l .P .  12~) (NASA) 
F.W.STECKER (NASA) 
ZELDDVICH,KLYPIN,RHLOPOV,CHECHETKIN 

J.R.BOND, A.S.SZALAY (UCB*CMICI 
M.DAVIS.M.LEEAR,C.PRYDR,E.WITTENIHARV*PRIN) 
R.C.HENRY. P.D.FELOMAN (BHUI 
R.KIMBLE,S.BOWYER.P.BAKOBSEN (UCB) 

÷SCHRAMM,STEIOMAN,TURNER,YANG* (CHIC+BART) 
K.A.GLIVE,M.S.TURNER (EFT) 
D. N. SCHRAMM, G. STEIGMAN ICHIC÷BART) 
F.W.STECKER (NASA) 
M.S.TURNER (UCSB*CHICI 

N.C.RANA ITIFR) 
÷TURNER.STEIGMAN.SCHRAMM,DLIVE ICHIC~BART) 

HEAVY LEPTON SEARCHES[ 
> 

± 
D a t a  on t h e  T (1785)  h e a v y  l e p t o n  a r e  l i s t e d  

i n  a s e p a r a t e  s e c t i o n  a b o v e ,  f o l l o w i n g  t h e  e a n d  

p l i s t i n g s .  

The  f o l l o w i n g  s e c t i o n  c o n t a i n s  i n f o r m a t i o n  on  

s e a r c h e s  f o r  h e a v y  l e p t o n s  o f  o t h e r  t y p e s  a n d  

T ± searches for the in collisions other than e + - e . 

Several types of heavy leptons (that is, 

non-strongly-interacting fermions other than e 

and p) have been proposed. In the Data Card List- 

ings we distinguish four types. I'2 Each has a 

corresponding antiparticle with opposite charge 

and lepton number. For convenience we omit writing 

the antiparticles in the following descriptions. 

The four types are: 

Sequential Leptons (L-,~L) ~ Such a pair 

±s assumed to have its own separately strictly 

conserved lepton number n = +i. This means that 
L 

the radiative decays 

L- e-y 
I are forbidden , 

L- ÷ W-Y ! 

while the weak decays (assuming m _ sufficiently 
L 

massive) 
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L- ÷V e-~ 
L e 

L- + ~L ~-~2 are allowed . 

L- ÷ ~ hadrons 
L 

There could be an increasing mass sequence of such 

pairs. It is frequently assumed that the neutrinos 

are massless. 

Decay rates are assumed calculable from conven- 

tional weak interactions theory. For L mass 

between 1 and 3 GeV, the branching fraction to each 

of the two leptonic modes should be roughly 10% to 

20%. For L- mass above 1 GeV, the mean life should 

be < 10 -12 sec too short to be observed in a track 

i 
chamber. 

Paraleptons (E+,E 0) and(M+'M0).  These p a i r s  

have the same lepton numbers as the opposite-charge 

ordinary leptons, i.e., e and ~ , respectively. 

Radiative decays are again forbidden and decays 

similar to those allowed for L ~ are allowed here, 

e.g., 
+ + 

M +~ e~ 
e 

+ + 
or M ÷V ~ 

U U 

However, the lightest member is not stable as is 

the case for sequential leptons, so that bizarre 

decay schemes such as (assuming m Eo < mE+) 

+ NO E ~ p+V 
P 

I - +  ~ e  e ~ e 

are allowed. 

Heavy leptons of this type (and/or a neutral 

intermediate boson Z 0) are desired in unified gauge 

theories of weak and electromagnetic interactions 

to cancel unphysical high energy behavior in such 

+ - + - 3 
processes as e e + W W . 

Ortholeptons (F and N ). These have the same 

lepton numbers as e- and ~-, respectively. They 

may or may not have associated neutral leptons. 

Radiative decays are allowed in addition to weak 

modes similar to those of sequential leptons. The 

radiative mode can dominate or can be relatively 

unimportant depending on the model. 4 Decays such 

as 
F- + e + hadrons 

are also allowed. 

Long-Lived Penetrating Particles. Heavy 

leptons could have long mean lives under certain 

circumstances. For example, if m%4 > mL_ , then L-, 

the sequential lepton, is completely stable since 

its lepton number is conserved. 

Experimental results. The results are sum- 

marized in the Data Card Listings below. Mass 

limits for sequential leptons are listed in 

subsection MS, while all other types are listed 

together in subsection M. 

The Listings also contain cross-section upper 

limits reported as results of unsuccessful searches. 

We no longer list cross sections for anomalous e~ 
+ - 

events in e e collisions. These cross sections 
+ - + - 

are consistent with coming from e e + T T where 

the T±(1785) is assumed to be a spin-i/2 Dirac 

point particle with a mass about 1785 MeV. 
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i. M.L. Perl and P. Rapidis, SLAC-PUB-1496 

(October 1974). 

2. C.H. Llewellyn Smith, Invited paper presented 

at the Royal Society Meeting on New Particles 

and New Quantum Numbers, ii March 1976, Oxford 

Ref. 33/76. 

3. J.D. Bjorken and C. H. Llewellyn Smith, 

Phys. Rev. D7, 887 (1973). 

4. F. Wilczek and A. Zee, Nucl. Phys. BI06, 

461 (1976). 

SEE PERL 81 FDR A REVIEW 

PROPERTIES OF THE TAUt ( [785 )  HEAVY LEPTON AND ITS  ASSOCIATED 
NEUTRINO ARE L ISTED SEPARATELY RBOVE FOLLOWING THE E AND MU 
L IST INGS.  THE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES 
FOR HEAVY LEPTCNS OF OTHER TYPES AND SEARCHES FOR TAU+- IN  
COLLIS IONS OTHER THAN EeE- .  NE L IST  MASS L IM ITS  AN0 CROSS SECTION 
UPPER L IM ITS  REPORTED AS NEGATIVE SEARCH RESULTS. WE NO LONGER 
L IST  CROSS SECTIONS FOR THE ESTABLISHED PROCESS E÷ E -  - - >  TRU÷ TAU- 
AS WAS DONE iN OUR [977  SUPPLEMENT, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~S HEAVY LEPTON MASS L |M IT~  

L IM ITS  APPL'¢ ONLY TO HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON 3 /77  
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES. 3177 
IN COMMENTS EELOW~ ALL BEAMS ARE MU TYPE NEUTRINO OR ANTINEUTRINO. 3/77 
L+E,~,E,N STAND FOR SEQUENTIAL LERTON,PARA-ELECTRON.PARA-MUONI 8177 
ORTHD-EL ECTRCN, ORTH~MRJON RE SPED TIVLY. B/77 

MS SEQUENTIAL HEAVY LEPTON MASS LIMITS (GEV) 
MS A (13 . )  CR MORE AZIMOV 80 ~ -  SEQUENTIAL (L )  2182~ 
MS B 16 .  CR MORE CL= .O5  BARBER 80  CNTR * SEQUENTIAL IL l  918 [ *  
½S C NONE 4GEV TO $R.BGEV CL=.9B BERGER 81 PLUT ~ SEQUENTIAt ILl  [#82. 
MS O NONE BELOW IS.S GEV CL=.OS ERANOELIK 81 TASS SEQUENTIAL IL l  [182 .  
MS 
MS A AZIMOV 80 ESTIMATED PROBABILITIES FOR M~N TYPE EVENTS IN E÷ E- - - >  2182* 
MS A L+ L- DEDUCING SEMI-HAORONIC DECAY MULTIPLICITIES OF L FROM E÷ E- 218~* 
MS A ANNIHILATION DATA AT WCM=I2/3I*ML. OBTAINED ABOVE LIMIT COMPARING 218~e 
MS A THESE WITH E+E- DATA IBRANDELIK 8O,PL 928 L99).  218~* 
MS 
MS B BARBER 80 LOCKED FOR E+ E- - - >  L* L - ,  L-->NE~HE)+X WITH ~ARK-J AT 9 /B [ *  
MS B OESY-PETRA. 9181" 
MS 
MS C BERGER 8[  IS DESY DORIS AND PETR~ EXPT. LOOKING FOR E÷E- - ->  L+L-. 1/82" 
MS 
MS O BRA~DELIK 81 IS DESY PETRA EXPT. LOOKING FOR E+E- - - >  L ÷ L - .  |282~ 
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M HEAVY LEPTON MASS LIMITS IGEV} 
M A 0 I .O  DR MORE BEHREND G5 SPEC - ORTHOELECTRON(F) 6/77 
M B NONE BETWEEN 0 .12  AND 0 .57  BETDURNE 65  SPEC ORTHOELECTRQNIF) 6/77 
M C NONE BETWEEN 0 .3  AND 0 .7  BUDNITZ G6 SPEC - ORTHOELECTRON(F) 6 / 77  
M D NONE BETWEEN 0.2 AND 0.92 BARNA 68  CNIR LONG-LIVED 6 /77  
M D NONE BETWEEN 0.97 AND 1.03 PARMA 68  CNTR - LONG-LIVED 6/77 
M E NONE BETWEEN O . [  AND 1 .3  BOLEY 68  SPE-C  ORTHOELEC7RON(F} 6 / 77  
M F NONE BETWEEN ODD AND 0.6 LIBERMAN 69  OSPK - gRTHOMUONIN) 6 /77  
M G 0.490 OR MORE RDTHE 69  RVOE 6/77 
M H NONE BETWEEN 0.26 AND 1.32 LICHTENST TO SPED ORTHOELECTRDN(F) 6 /77 
M I BO 10 .42~1  (0 .013 )  lO.O02)RAMM 70 HLBC 0 6 /77  
M [ 22 (0 .431 l  (0.0043 RAMM ? I  HLBC - ORTHOMUONIN} 6/77 
M J O O . l  CR MORE ANSORGE 73 HBO CONO-L IVED 6 /77  
M K 0 0.6 ER MORE BACCI 73 ELEC ÷-  (~RTHOELEETRON(F) 1/76 
M K 0 2.2 OR MORE BACCI 73  ELEC DRTHOELECTRON(F) 1/76 
M L O 2.0 DR MORE Cl=.9O BAR[SH 73 ASPK ÷ PARAMUON (MI  2/74 
M M O [ . ~  OR MORE CL=.D5 BERNARDIN 73 ASPK ANY NON-RAD TYPE 2/74 
M M O I .  0 OR MORE El= .95 BERNARDIN 73 AS PK ANY NON--RAO TYPE 2/7~ 
M N NONE BETWEEN 0 .55  AND ~.E BUSHNIN 73 CNTR - LONG-LIVED 2/74 
N O O 2 .6  DR MORE EL=.90 EICHTEN 73  HLBC PARAMUDN (M) 3174 
M P 7.8 CR MORE El= .95 HANSON 73 WIRE  ORTHOELECTRONIF) 6 /77 

1.8 DR MORE EL=.9O ASRATYAN 74 HLBC ORTHOMUON IN) [ I l l S  M 
M 6.4 CR MORE DL=.9O BARISH 74 SPED ÷ PARAMUON (M) 7V7~  
M S NONE BETWEEN O AND 2 .0  GITTLESON 74 SPED CRTHOMUON IN) [2 /77  
M T 0 [ . 15  DR MORE CL=.95 ORITO 74 ASPK *-- ANY NON-~AO TYPE [ i / 75  
M U NONE BETWEEN 0 .25  AND 2.3 BACCI 77 SPEC ORTHOELECTRON(E] I2177 
M v L.2 OR MORE MEYER 77 SMAG O NEUTRAL L2177 
M N 10.3 CR MORE CL=.GB ASRATYAN 78 - ORTHONUQN IN) [ / 79  
M X O T. 5 ER MORE CNDPS T8 HLBC ORTHONUON IN) E/TO 
M X O 9 .0  CR MORE CNOPS 78 HLBC ÷ PARAMUON (MI  8 / 78  
M Y I0.0 CR MORE ERRIQUEZ 78 BEBC I179 
M Z 12 .  OR MORE CL= .go  HOLDER 78 ENTR ÷ PARAMUON (MI  6 / 78  
M [ NONE [ GEV TO 9 GEV EL=.9O CLARK 81 SPEE O PAR6MUONIMOBAR) 1 /82 '  

I /B2~ M [ NONE I GEV TO ? GEV CL=.gO CLARK B/ SPED *+ 
M 2 NONE BETWEEN 0.6 AND 3.3 HAYES B2 SMK2 ORTHOMUON (N)  ~/82* 
q 2 NONE BETWEEN 0.5 AND 3.3 HAYES 82 SMK2 ÷-- DRTHDELECTRON(E) 4/82~ 
M 
M A BEHREND 65  IS  OESY EXPT.  LOOKS FOR E P - ->F  P ,  F - ->  E GAMMA. 6 /77  
M A TH IS  MASS LIMIT CORRESPONDS TO A LIMIT ON LAMEDA*=2 OF 6 . 25 *10 " * -4 .  6177 
M 
M B BETOURNE 65 IS ORSAY EXPT- LOOKS FOR E P - ->F  P. MASS OF . [ 2  6 /77  
M B CORRESPONDS TO COUPLING CONSTANT LAMBDA**2 GT .0016.  MASS OP .57 6/77 
M B TO LAMBDA*~2 GT .22 .  6777  
M 
M C BUDNITZ 66 IS CEA EXPT. LOOKS FOR E P-->F P. 6/77 
M 
M O BARNA 68 IS SLAC PHOFOPRODUCTION EXPT* 6 /77  
M 
M E BOLEY 68 IS CEA EXPT. LOOKS FOR E P-->F P. MASS OF . t  CORRESPONDS 6/77 
M E TO COUPLING CONSTANT LAMBDA~*2 GT 3"10=#-4.  MASS LIMIT OF 1.3 TO 6/77 
M E LAMBDA**2 GT . 01 .  6 /77  
M 
M F LIBERMAN 69  IS A BNL EXPT MEASURING MUON BREMSSTRA~LUNG. 6 /77  
M 

M G ROTHE 69  EXAMINES PREVIOUS DATA ON MU PAIR PROD AND PI ~NO K DECAYS 6/77 
N 
M H LICHTENSTEIN 70 IS CORNELL EXPT MEASURING E BREMSSTRAHLUNG. B/77 
M H MASS LIMIT DEPENDS ON COUPLING CONSTANT. FIRSE VALUE ABOVE IS FOR 6/77 
M H LAMBOA**2 GT . [ 7 ,  SECOND IS FOR LANBOA**2 GT .42.  6/77 
M 
N I RAMM 70 FINDS PEAK IN MU PI  COMBINED MASS PRDDUCED BY NEUTRINO 6/77 
M I INTERAETIONS. HE ALSO CLAIMS EVIDENCE FOR THIS IN KOMU3 DECAYS IN 6/77 
M I HBC WHERE PI MU COMBINED MASS PEAKS IN SAME REGION. CLARK 72 FINDS 6/77 
M I NO EVIDENCE FOR Pl  MU PEAK IN HIGH STAT IST ICS  KOL3 EXPT.  6 / 77  
M I RAMM 71 SEES PEAK IN MU GAMMA COMBINED MASS PRODUCED BY NEUTRINOS.  6 /77  
M 
M J ANSDRGE 73  LOOKS FOR ELECTRON PAIR PROD AND ELECTRCN-L IKE  BREMSS. / 77  
M 
M K BAGEl 73 IS FRASCATI E+E- EXPT. LOOKS FOR F - ->  E GAMMA. 1/76 
M K MASS LIMIT DEPENDS DN COUPLING CONSTANT LAMBDA FOR THIS DECAY. 1/76 
M K FIRST VALUE ABOVE IS FOR LAMBDA=*2 GT q *10 * * -5 ,  2ND IS FOR 1 /76  
M K LAMBOA**2 GT tO* * -3 .  1 /76  
M 
M L DAR[SH 73  IS  FNAL 50 ,165  GEV NEU EXPT.  LOOKS FOR (NEU NUCLEON - ->  3 /77  
M L M+ ANYTHING). ASSUMES (M* - ->  MU+ NEU NEU) WITH BR=.3. 3/77 
M 
M M BERNARDINI 7B IS FRASCATI E÷E- EXPT. FIRST VALUE ASSUMES UNIVERSAL 2 /7~  
M M COUPLING TO ERDINARY LEPTONS. SECOND VALUE ALSO ASSUMES COUPLING 2/7~ 
M M TO HAORONS. 217~ 
M 
M N BUSKIN 73 IS SERPUKOV 70 GEV P EXPT. MASSES ASSUME MEAN LIFE ABOVE 2174 
M N 7E-TO AND 6E-B RESPECTIVELY. CAtCULATED FROM CROSS SEC(DE BELOW) 2/74 
M N AND 3O GEV MUON PAIR PRODUCTION OATA. 2/7~ 
M 
M D EIC~TEN 73  IS CERN I-[OGEV NEU EXPT.  LOOKS FOR M+ PRDDUCED IN 2 /76  
M 0 NEU NUCL - ->  M÷ HADRONS BSSUMING 15 PERCENT DECAY TO E÷ NEU NEU. 2/76 
M 
M P HANSON 73 LOOK FOR DEVIATIONS FROM GED IN E÷ E- - - >2  GAMMA. THEY B/T7 
M P MEASURE THE PRODUCT OF THE F MASS • THE COUPLING EDNSTANT LAMDDA~ 6 /77  
M P WHICH IS THE VALUE QUOTED ABOVE. G/T7 
M 
M G ASRATYAN 74 USES EICHTEN ?3 DATA DN NEU NUCL - ->  E- HAORDNS AND 2/T6 
M Q ANTINEU NUCL - ->  E* HADRONS T0 SET LIMITS ON ORTHDMUON PRODUCTION. 2/76 
M 
M R BARISH 74 IS FNAL 50.135 GEV NEU EXPT. LOOKS FOR (NEU NUCLEON - ->  717~ 
M R N+ ANYTHING). BSSUMES (Me -->MU+ NEU NEU) WITH BR=.3o 7/74 
M 
M S GITTLESON 76 IS MU P - - >  P ORTHOMUON SEARCH. COUPLING CONSTANT 12/77 
M S LAMBOA**2  IS <.01 FOR MASS UP TO .7  GEV, LIMIT ON LA~BOA**2  RISES 12/77 
M S TO <.E FOR MASS OF 2.0 GEV. 12/77 
M 
M T ORITO 7A LOCKED FOR H÷H- PAIRS GIVING MU-E PAIRS. MASS LIMIT REFERS S/76 
M F TO ANY NON-RAOIATIVE TYPE HEAVY LEPTON~ L.  E, M, F, N. 317~ 
M T COUPLING TO HADRON ASSUMED FRDM THEORETICAL MDDELS. 3 /74  
M 
M U BACCI 77 IS SAME TYPE AS BACCI 73. LOWER MASS L [M [T  CORRESPONDS TO 12/77 
M U LAMBDA**2 LIMIT OF 4*IO~*-S~ UPPER VALUE IS F~  LAMBDA*~2 LIMIT OF [2 /77  
M U [ . 5 . [ 0~ * -3 .  12 /77  
M • 

M V MEYER 77 LOOKS FOR NARROW NEUTRAL RESONANCE IN(E PI|AND(MU P l )  [ 2 / 77  
M V CHANNELS PRODUCEO BY E÷E- AT 6.8 GEV (ECM). ASSUMED TO BE DECAY 12/77 
M V PRODUCT OF THE TAU. SEE SECTION NE BELOW. 
M 
M W ASRATYAN 7B ANALYZES DEPENOENCE OF N.C*/CoC. ON ENERGY OP ASSOC. 1/79 
M W HADRONS. USES DATA OF HOLDER 77 (PL  72B, 254 ) - -NUMU INTERACTIONS 1 /79  
M W AT CERN-SPS. 1 /79  
M 
M X CNOPS 78 IS FNAL EXPT LOOKING FDR NEUMU NE - ->  L÷ ( - ) .  FOLLOWD BY B/78 
M X L÷ ( - )  - - >  E+ ( - I  NEU NEUo 8 /78  
M 

M Y ERRIGUEZ 78 IS CERN SPS EXPT. LOOKS FOR NUMU NUCLEON-->MO- E* X. 1 /79  
M Y FINDS CS FOR PRODUO[NG HVY LEPT--> E* < .7 *10 *~3  *D.C. CS- 1/79 
M 
M Z HOLDER 7B IS A CERN NEU EXPT LOOKING F(~R NEUMU NUCLEON - ->  MU÷ ANY 6/7B 
M Z THING. ASSUMES M* - ->  MU÷ 2NEUMU WITH BR=0.2 . 6/78 

M I CLARK 81 IS FNAL tXP WITH ZO9 GEV MUONS. BOUNDS APPLY TO MO WHICH I /B2 *  
M I COUPLES WITH FULL WEAK STRENGTH TO MUON. SEE ALSO SECTION MU. 1/82"  
M 
M 2 HAYES 82 IS SLAG SPEAR EXPT. THEIR TBL.S,6 GIVES CROSS SEE. LIMITS 4 /82 "  
M 2 FOR ORFHDMUON AND ORTHOELECTRON FOR ~ASSES IN ABOVE RANGE. 4 /82*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NEU HEAVY LEPTCN LIMITS INEUTRINO NUCLEON) 
NEU SEE ALSO SECTION 'Y '  IN 'CHARMED HADRON SEARCHES' AND 
NEU SECTION 'T '  IN 'OTHER NEW PARTICLE SEARCHES = . 
NEU A 6 TRIMUON EVENTS BENVENU[ 77 NEUL S/bNEU,I/6NEUBAR 1/78 
NEU A tO MU* MU-, 3 MU- MU- EVENTS BENVENU2 77 NEUL I/TO 
NEU B BDSETTI 78 HYER 6/78 
NEU 
NED A BENVENUTI 77 IS FNAL EXPT.AND CLAIMS TRIMUON EVTS. INDICATE BY PROD 7/77 
NEU A OF A NEW HEAVY LEPTON - ->MU-  NEUBAR NEW LIGHTER LEPTON - ->  HUe MU- 7 /7E  
NEU A NEUTRINO. SEE ALSO OENVENUT2 77, ALBRIGHT 77 AND BARGER 77 FOR 7/77 
NEU A FURTHER A~ALYSIS. THIS CLAIM WAS REFUTED BY LATER LIPS. AT CERN 7/77 
NEU A (HDLOER 78l AND FNAL (ENDPS 78),  AND BY THEORETICAL ANALYSIS OF 7/77 
NEU A OF COMBINEG DATA - SEE SMITH l b .  7/77 
NEU 
NEU B BOSETT[ 78 ANALYSES MOMENTA OF MUONS EROM DIMUON EVENTS USING E/TO 
NEU R 200 GEV NARRCW BAND NEU BEAM AT CERN. FINDS INEUMU P - ->  HVY-LEPT)/ 6/7B 
NEU B (NEUMU P - ->  MU) < 0.06 (90 PENT ELI WHERE HVY-LEPT - ->  E- NUIE) 617B 
NEU B NUIHVY-LEPT) I5 PCNT OF THE TIME. 6/78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MU HEAVY LEPTON PRODUCTION CROSS SECTION IMU NUCLEON) (CM**2) 10 /81.  
SEE ALSO SECT ,MU, IN CHARM SEARCHES AND OTHER NEW PARTICLE SEARCHES lO IB [ *  MU 

MU A [ .22E-34 OR LESS LEBRITTON BO SPED F~)-->MU÷ MU- NU 12/81"  
MU B O 4. E-3B CR LESS CLARK BI SPED O PARAMUONIMOBARI [ / 82 "  
MU B O 6. E-38 DR LESS CLARK 81 SPEC *÷ 1/82"  
MU 
MU A LEBRITTON 80 IS BNL EXP WITH IO.SGEV MUONS. TRIMUDNS ARE CONSISTENT 12/81" 
MU A WITH DED TRIDENT ANO DIFFRACTIVELY PRO[~JCED RHD DECAY. 12/Dim 
MU 
MU B CLARK B) IS FNAL EXP WITH 209 GEV MUON. LOOKED FOR MU+ N-->MOBAB X, [ / 82 *  
MU B MOBAR-->MU+ MU-- ANTINEU(MU) AND MU+ N-->M÷÷ X,M÷÷-->ZMU÷ NEU(MU). 1/82~ 
MU B ABOVE LIMITS ARE FOR ES*BR TAKEN FROM THEIR MASS-DEP PLOT FIG.E.  1 /B2"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OC HEAVY LEPTON PRODUC71ON DIFF. CROSS SEC. [P NUCLEON) )CM*~2/SR-GEV) 
OC A 0 1.6E-37 OR LESS CL=.9O GOLOVKIN 72 CNTR- 7OGEV P~ SEPPUKHOV 1/76 
OC B O 4. E-38 CR LESS EL=.90 BOSHNIN 73 CNTR- 7OGEV P, SERPUKHOV 2/74 
DC 
DE A MASS RANGE [ TO 4 .5  GEV.THETA=O,P=25 GEV/C. 1/76 
DC 
DC B BUSHNIN 73 EEAVY LEPTON PATH TRAVERSES 6BOO GMICM=*2 ABSORBER. 2/74 
OC B DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEVIC THETA= 2 MRAD. 3174 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOO TAU LEPTON PRCDUCTION CROSS SECTIONS IN HADRONIC COLLISIONS IEM~=2) 2/B2~ 
TBD A i .  BE-3O CR LESS CL=.GO AGAKISHIE BO SPRK TOGEV P FE BM DUMP 2/82" 
TBD 
TBD A AGAKISHIEV 80 REANALYZEO BEAM DUMP DATA IASRATYAN 78 PL 79B 497) .  2/82~ 
7BD A FOUND ND EXCESS OF MUONLESS EVENT IN NEUTRINO DETECTOR. ABOVE LIMIT 2 /82*  
TBD A IS FOR CSIP BUD-->F X)*BR(F-->TAU NUTAU X) ASSUMING LINEAR A DEP 2182" 
TBD A AND THAT SOLE SOURCE OF TAU LEPTON IS DECAY OF F-MESON. 2/82~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IC INVARIANT HEAVY LEPTON PRDD. CROSS SEC. (P NUCLEON) (CMS=2/GEV==2) 
IC A O 5.$E-39 OR LESS CL=.9O CRONIN 7~ SPEC - M=I-6.8 GEV 1/76 
IC B 0 6.4E-35 OR LESS CL=.90 BINTINGER 75 SPEC +- M=I-5 GEV 2/76 
IC C O 1.8E-33 DR LESS CL=.9O ABMITAGE 79 SPED M-/.B7 GEV 7179 
IC 
IC  A CRONIN 74  IS  AN FNAL 300  GEV P CU EXPT.  LOOKED FOR LONG L IVED 2 /76  
IC A PENETRATING PARTICLEB. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY 2/76 
IC A EXP(I.B2E-B~MITAUI FOR MASS MIGEV) AND LIFETIME TAUISECI. LIMIT 2176 
IC A OBTAINED AT THETAILARI = 77 MRAD, PT = 2.38 GEV/D. 4 /77 
IC 
IC B BINIINGE R 7B IS A 30-300 GEV P C EXPT. LO~KED FOR LONG LIVED ~/76 
IC B PENETRATING PARTICLES. ABOVE LIMIT ASSUMES STABLE. MULTIPLY IT BY 2176 
IC B EXPI3.5E-B~M/TAU/P) EOR MASS M(GEV), LIFETIME TAU(SEC), MOM.P(GEVI. 2/76 
IC B OBTAINED AT THETA(LABI = 91 MRAD, PT = [ - 2 . 25  GEV/O. 4177 
IC 
IC C ARMITAGE 79 IS CERN-ISR EXPT AT ECM=53 GEV. VALUE IS FOR X=0.1 AND 7/79 
IC C PT=.I5.  7 /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RPI HEAVY LERTEN PROD. CROSS SECTION ( CS(HVY LEPl / CS(PIONI ] [2 /81= 
RPI A 0 7. E-E2 DR LESS EL=.95 BUSSIERE 80 CNTR Q= -1 M=4-4.5 GEV 1218[*  
RPI A O 2 .5E- [2  OR LESS El=oRS BUSSIERE BO CNTR D: -2  M=S-7.5 GEV 121BI* 
RFI 
RPI A BUSSIERE BO IS CERN-SPS EXPT WITH 200-240 GEV PROTONS ON BE AND AL 12/Die 
RPI A TARGET SEARCHING FOR LONG-LIVED PARTICLES. FOR LIMITS AT OTHER [2 /B [~  
RPI A MASS RANGES SEE THEIR FIG. 7. 121B[* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CN NEUTRAL HEAVY LEPTON PRODUCTION CROSS SECTION (CM$$21 
CN A 5 ( I .  E-37 OR MORE) KR[SHNASW 75 CNTR ÷0-- M=2-S GEV 2/76 
CN B O BENVENUTI 75  SPEC 0 2176 
CN 
CN A KRISHNASWAMY 7B IS KDLAR GOLD MINE COSMIC RAY EXPT. TYPICAL EVENT 2/76 
CN A HAS VERTEX IN AIR 70 CM FROM WALL WITH THREE DBSERVED CHARGED 2/76 
CN A TRACKS. AUTHORS SUGGEST NEU÷RDCK GIVES NEW PARTICLE WITH MEAN LIFE 2176 
CN A fOE i 9  SEE DR LONGER. DE RUJULA 75 GIVES ANDTFER INTERPRETATION. 2/76 
CN A SEE ALSO RAJASEKARAN 75. B176 
CN 
CN B BENVENUTI 75 IS AN FNAL EXPERIMENT WHICH ROUGHLY SIMULATES THE 2/16 
CN E KRI SHNASWAMY 75 EXPT. BUT APPARENTLY C~TRADICTS ITe  FINDING NO 2 /16  
CN B EVENTS. SENSITIVE TO DECAYS OF NEUTRAL PENETRATING PARTICLES 3/77 
CN B PRO(~JCED BY THE PRIMARY PROTONS OR BY SECONDARY NEUTRINO 3/17 
CN B INTERACTIONS IN THE I KM. NEUTRINO BEAM EARTH SHIELD. 3177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N NEUTRAL HEAVY LEPTON PRODUCED IN NEUTRINO INTERACTIONS 
N A I POSSIBLY  SEEN BARANOV 77  HLBG O SERPUKHOV 12 /77  
N A 2 POSSIBLY SEEN BARANOV 79 HLDC 0 SERPUKHDV 1162" 
N 
N A BARANOV HEAVY LEPTON CLAIM REFUTED BY BALTAY 78. 1/82= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MM UNEXPLAINED PISSING NEUTRAL )HEAVY LEPTON?) MOMENTUR /TOTAL  MOMENIUM 
MM A 0 .05  0 .03  ELL IOT  77  CALO 1 /7B  
MM 
MM A ELLIOT 77 IS SLAC 10.B GEV PI÷ P - ->  P NPI÷- NEUTR6LS. FINDS THAT I178 
MM A NEUTRAL SPECTRUM CAN BE EXPLAINED BY GAMMA, KO, LAMBDA, NEUTRON. 1 /78  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. WEAK 

Stable Particles 
GAUGE BOSON, FREE QUARK SEARCHES 

CP NEUTRAL HEAVY LEPTON PROD. CROSS SEE. (PROTON N~LECNI (DR**2( 
CP A 0 1. E-29 OR LESS FAISSNER 76 HL~C 0 I /TT 
CP B 0 2.8E~85 OR LESS CL=oDO BECHIS 78 SPED 0 B/TB 
CP C 0 8 .21-40  CR LESS CL=.90 AGAKISHIE BO SRRK 0 M-%GEVtTAU~E-T S 2 /82*  
CP 
CP A FA[SSNER 78 LIMIT ASSUMES STABLE NEUTR~d. WEAKLY INTERACTING LEPTON. L/T7 
CP A ALSO RULES OUT DE RUJULA 75 INTERPo OF B KRISHNASWANY 75 EVENTS AS L/77 
CP A (P E~JCLEON - - >  L÷ X, L+ - - >  LO xI UNLESS L÷ MASS IS ABOVE 3 GEV. 1/77 
CP 
CP B BECHIS 78 1S 4OO GEV FNAL EXPT, LOOKS FOR P NUCLEON - - >  L+, 8/78 
CP B L+ - - >  LO X, LO - - >  MU P[ OR E P I .  RESULT IS CL=,RO FOR MASS OF LO 8/78 
CP B < I GEV, LIFETIME BETW 1 0 ~ - 1 0  ANO L0* * -8  BEG.)VALID ONLY FOR CRSES 8/78 
CP B WHEN LO UNACCOMPANIED BY MUON OF P>LO GEVo) 8/78 
CP 
CP C AGAKISHIEV 80 REANALYZEO BEAM BUMP DATA FROM TO GEV PROTON ON IRON 2/82~ 
CP C (ASRATYAN 78 PL 7qB, A971. ASSUMED DRELL-YAN PROD OF CHGO HVY LEPTON 2 /82*  
CP C PAIR FQLL(~dED BY DECAY INTO NEUTRAL HVY LEPTON. ABOVE VALUE IS WHEN 2/82* 
CP C LIMIT IS MOST STRINGENT. FOR OTHER MASS AND LIFE,SEE THEIR TABLE I, 2/82~ 
CP C AND FOR LIMIT DEDUCED FOR PI NUCLEON INTERACTION,SEE THEIR TABLE 2. 2/82. 

NE NEUTRAL HEAVY LEPTON PROD. CROSS SECTION (E÷ E-) (CM(,~,2) 12/77 
NE A 6.51-36 OR LESS CL=.DO MEYER TT SMAG E÷E- 6.8 GEV (ECNI 12177 
NE 
NE A MEYER T7 EXPT LOOKS FOR NARROW NEUTRAL RESONAh~E IN E-PI AND MU-PI 12/TT 
NE A CHAPELS. VALUE GIVEN IS FOR MASS OF .5 GEV, AND IS PRODUCT OF CSe 12177 
NE R BR(TAU--> NEW NEUTRAL LEPTONI(=BRINEUTRAL LEPTON--> E OR MU P I I .  IF 12/77 
NE A MASS OF NEUTRAL LEPTON 1S 1.5 GEV, LIMIT BECOMES 2.5E-36. SEE $25M. 12/7T 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TNU LIMIT ON NLITIU) PRODUCTION IN BEAM DUMP EXPERIMENT 1/82(' 
TNU A FRITZE 80 HYDR 1/82~' 
TNU 
TNU A FRITZE BO IS CERN SPS EXP WITH 8EBC. NC/CC RATIO CORRESPONDS TO 1/82. 
TNU A R-IPROMPT-NU(TAU)-INOUCED EVENTSII(ALL PROMPT-NU EVENTSI < 0 . 1 .  1182" 
TNU A MIXING PRDBABILITY PINU(E)- ->NUITAU)I  < 0.35 AT CL=.90* 1182= 

REFERENCES FOR HEAVY LEPTON SEARCHES 

BEHREND 65 PRL 15 900 
BETOURNE 65 PL l T  TO 
BUONITZ 66 PR l ~ l  E313 
BARNA 68 PR 173 139I 
BOLEY 68 PR 167 12T5 

LIBERMAN 69 RRL 22 663 
ROTHE 69 NP BEO EA1 
LICHTENS TO PR 01 825 
RAMR TO NATURE 22T 1323 

ALSO T2 NATURE 237 388 

RAHM Tt NAT.PH. SC.230 1~5 
GDLOVKI N T2 PL A2B 136 
ANSORGE T3 PR 07 26 
BAECI 73 PL %68 530 
BANISH 73 PRL D1 610 

BERNAROI TB NE 17A ~83 
ALSO 70 LNE 6 1156 

BUSHNIN 73 NP BEE A78 
ALSO TZ PL ¢2B 136 

EICHTEN 73 RL ~68 281 
HANSON 73 NOt 7 567 

ASRATYAN T~ PL ~DB ~8B 
BARISH 7~ PRL 32 1387 
CRONIN 76 PR 010 3~53 
GITTLESO 76 PR OLD 1379 
ORITO TA PL 488 165 

BINTENGE 78 PRL 86 ~82 
BACCI 77 PL 7tB 227 
KRISHNAS 78 PL 5TB lE5 

ALSO 75 PRL 35 628 
ALSO 75 PRAMANA E 7B 

FAISSNER T6 PL BOB 4G1 
BARANOV TT RL TOE 269 

ALSO 77 SJNP 26 ST 
BENVENUL T7 PRL 38 tEED 

ALSO 77 PRL 38 1187 
ALSO 77 PRL BB l tgO 

BENVENUZ 77 PRL 38 1188 

ELLIOT TT PR D15 1851 
MEYER 77 PL TOE A6q 
ASRATYAN 78 PL TAB 237 
BALTAY TB TOKYC GONF. 

BEEHIS 78 PRL 60 6C2 
BOSETT[ 78 PL 738 380 
CNOPS 78 PRL 60 E66 
ERRIQUEZ TB PL TTB 22T 
HOLDER TB PL TAB 277 
SMITH 78 NU T8 CONF 

ARM[TAGE 79 NP Bl5B 87 
BARANOV 79 PL 818 Z6L 

ALSO 79 SJNP 29 EZ2 

A GAKISH[ BO SJNP 32 365 
AZlNOV 80 JETPL 3Z 665 
BARBER BO PRL ~5 1904 
BUSSIERE BO NP B176 1 
ER[TZE 80 PL 96B 627 
LEORITTD BO PL BgR 2TI 

BERGER El PL 99B 489 
BRANOELI BI RL RRB IB3 
CLARK 81PRL 46 289 
HAYES 82 PR (SUBMITTED) 

PERL 

÷BRASSE.ENGLER,GANSSAUGE~ (DESY+KARL) 
÷NGUYEN NGOD,PEREZ Y JORBA+ (ORSAI 
÷OUNNING,GOITEIN,RAMSEY,WALRER, WILSON(HARVI 
+COX.MARTIN,PERL,TAN,TOflER~ZIPF+ISLAC+STAN) 
+ELIAS,FRIEONAN,HARTMANN,KENDALL÷ IMIT+CEAI 

+HDFFMAN,ENGELS,IMRIE+IHARV+CASE+MDGI+SLAEI 
K.W.ROTHE, A.M.WOLSKY (PENNI 
LIDHTENSTEIN, ASH,BERKELMAN,HARTILL÷ (CORN) 
C.A.RAMM ~CERN) 
CLARK,ELIOFF,FIELO,ERISCH, JOHNSON÷ (LBLI 

C.A.RANM (CERNI 
÷GRACHEV,K~OYREV,KUBARDVSKY* (SERPI 
+BAKERtKRZESINSKIeNEALE~RUSHBROOKE+ (CAVEI 
÷PARISI,PENSO,SALVIN(,STELLR~ (RDMA+FRAS) 
+BARTLETT,BUCHHOLZmHUMPHREY÷ (DIT*FNALI 

BERNAROINI,BOLLINI,BRUNINI*(CERN+BGNA÷FRASI 
ALLES-BORELLE.BERNARDINI,BOLLINI÷ (EERN) 
+DUNAYTZEV,GOLOVKIN,KUBAROVSNY + (SERP) 
GOLOVKINtGRACHEV,SHOOVREV + ISERP] 
+OEOEN÷(AACH+BELG~CERN÷EPOL+NILA+LALD÷LOUCI 
+LEDNG*NEWNAN,LANeLITKE÷(NIT+HARV÷CEA÷HAIF) 

+GERSHTEIN,NAFTANOV,KUBANTZEV,LAPIN÷ (SERPI 
+BARTLETT,BUCHHOLZ,MERR[TT + (CIT+FNAL) 
÷ERISCH~SHOCHETtBOYMONO.NERMOD + (EFI+PRIN| 
GITTLESON,~IRK÷ (HRRV+ROGH+COLU+FNALI 
+VISENTIN,CERAOENI,CONVERSI ÷ (FRAS÷ROMA) 

BENVENUTI,CLINE,FORD+ (HARV÷PENN÷WISC÷FNAL) 
BINTINGER,CURRY÷ (EFI÷HARV÷PENN*WISG) 
÷DEZORZ[,PENSO,STELLA+ (ROMA+FRAS) 
KRISHNASWAMY.MENON÷ )BOMBAY+OSANA) 
DE RUJULA, GEORGI,GLASHOW (HARV) 
RAJASEKARAN,SARMA (TIFBI 

+HASERT+(AACH+BELG*DERN*EPOL+MILA+OXF÷LOUE) 
+VOLKOV,GERSHTEINeIVRNILOV + (SERP) 
BRRANOV.VOLKOV,GERSHTEIN~IVANILOV +(SERP) 
BENVENUTI,CLINE÷ (FNAt+HRRV+PENN+RUTG÷WISCI 
ALBRIGHT,SNITHtVERRASEREN (FNAL*STON) 
BARGER.GOTTSCHALK+ (WISC÷ZARAGOZA÷RHEL) 
BENVENUTI,CLINE÷ (FNAL÷HARV÷PENN÷RUTG+WISCl 

÷FORTNEY,GOSHAW,LAMSA,LOQS+ (DUKE+ALBA) 
+NGUYEN,ABRAMS,ALAM+ (SLAC÷LBL+NWES+HAWAI 
ASRATYAN,NUBANTSEV (ITEP) 
C.BALTAY (19TH INTL. CONF. ON HIP) (COLUI 

+CHANG,DOMBECK,ELLSWORTHtGLASSER,LAU÷ (UNOI 
+DEDEN + (AACH+BONN+CERNeLOIC÷OXF÷SACLI 
+CONNOLLY,KAHN,KIRK.NURTAGH + IBNL+COLU) 

BARI+BIRM+BRUX÷E~DL+R~L+SACL÷LOUC 
+KNOBLOCH,NAY + (CERN+OORT+HEIO÷SACL÷BGNAI 
J.SMITH (DOLU) 

+BENZ,BOBBINK÷ [CERN+DARE+FOM÷MCHS÷UTRECHT| 
+IVANILOV,KONYUS~Q,KURABLEV÷ ISERP} 
BARANOV,÷VOLKOV.IVAN[LOV,KONYUSHKO.÷ (SERP) 

AGAKISHIEV,VDVENKO,GORYACHEV,~JKHIN (SERP) 
YA.(.AZIMOV.V.A.KHOZE IKONS) 
÷DECKER,BE)+ IAACH+OESY+MIT÷AIKO+BHEP) 
+GIRCOMELLItLESQUOY+ (BC~WA+SACL~LAPP| 
AACH~BONN÷CERN÷LOIC÷GXF÷SACL COLLABORATION 
LEBRITTON,MCCAL,MELISSINOS÷ (ROCH÷BNL*NSF) 

÷GENZEL+(AACH+BERG+OESY*HANB*UMO÷SIEG÷WUPPI 
BRANDELIK+ (AACH+BETNN÷OESY+HAMB+LOIC+OXF+I 
÷JOHNSON,KERTH,LO~CEN÷ (UCB÷LBL÷FNAE÷PRIN) 
+PERL,ALAM,BOYARSKI.BREIDENBACH÷ (SLAC÷LBLI 

REVIEWS 

M.L.PERL. PHYS. IN CULL. CONF, V.R.I.(SLAC) 

I WEAK GAUGE BOSON SEARCHES I 
> 

M W BOSON MASS LIMITS (GEVI 
M A 0 [ .7  ER MORE el=.99 BERNARDIN 65 HYBR ÷ NEU N, GERN E/7~ 
M A 0 Z.O CR RORE CL=.RO BURNS 65 OSPK + NEU N, BNL 217~ 
M B O 3.8 OR MORE CL=.90 BARISH TB ASPR + w+ TO LEP+NEU-.2 217% 
M B O %.5 DR MORE CL=.9O BARISH 73 ASPK ÷ W÷ TO LEP+NEU=.5 2/7.% 
M B 0 ~ .7  CR MORE CL=.9D 8ARISH 73 ASPK w÷ TO LEP÷NEU=.8 2176 
M C O 5 .0  OR MORE CL=.DS BERGESDN TB ELEC 1/T6 
M D 0 NONE WITH MASS 10-20 GEV BUSSER T~ WIRE +-O P-P,SZ.7 GEV EM 8/76 
M E 0 NONE WITH MASS 5.5-8.5 GEV ABRAMOV 7T CNTR +- 12177 
M 
M A LOOKED FOR (NEU N} TO (W+ MU- N) ,  W+ TO (MU¢ NEU, E+ NEU, OR HURNSI 2 /74 
M 
M B BARISH 78 LOCKED FOR (NED N) TO (W+ MU-- N I ,  W÷ TO (ME+ NEU) AT NAL. 2/7~ 
R B REStn-T GIVEN FOR THREE ASSUMED BR.FRAES. W+ TO (LEPTON NEU)/ALL. 2/7~ 
M 
N C BEREESON 73 LOOKED AT ENERGY OISTR OF NEU-INCUCED MUON FLUX UNDER- [ / 7 6  
M C GROUND. SCALE INVAR[ANCE OF THE INELASTIC STRUCT FN ASSUMED. 1/76 
M 
M D BUSSER T% IS CERN ISR EXPT. LOOKED FOR ELECTRONS Of LARGE 8/76 
M 0 TRANSVERSE MDMENTUM. RESULT QUOTED ABOVE IS MODEL DEPENDENT. 8/T6 
M 
M E ABRAMOV 77 IS TO GEV P-CO EXPT AT SERP LOOKING AT DIRECT MUDNS OF 12177 
M E HIGH TRANSVERSE M~.  RESULT IS MODEL DEPENDENT. LE/TT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C R BOSON PRODUCTION CROSS SECTION (10=~,-36 CM**21 
C A O 6.0 OR LESS ANKENBRAN TL ENTR +- W TO(MU NEU)=I.O 2/7~ 

CC A ANKENBRANOT 71 LOOKED FOR (P NITO(W HADRONSI, W TO (NO NEU) AT BNL. 2/T~ 
E A THIS ASSUMES BR OF W TO MU NEU IS I .  IN GENERAL THIS VALUE IS 21T4 
C A 6.0/BR, WHERE BR=(W TO MU NEU)/(W TO ALL). 2/T4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ZON ZO BOSON MASS LIMITS IN E* E- ANNIHILATION (GEV) 2/82('  
ZOM A O 51, DI~ MORE EL=.95 BARTEL 81 JADE 2 / 8 2 "  
ZOM B 0 40, OB MORE 0L=.95 BERGEN 81 PLUT 2 /82*  
ZOM 
ION ABOVE LIMITS ARE IN STANOARD SU(Z)XU(E) MODEL. FOR BOUND-PLOTS IN 2/82* 
ZOH EXTENDED MODELS WITH TWO OR MORE ZO'S. SEE INDIVIDUAL PAPERS. 2182. 
ZOM 
ZOM A BARTEL 81 AT DESY-PETRA STUDIED E+E- -->E÷E-,MU+MU- UP TO WCM=36GEV 2182. 
ZON A IN STANDARD MODEL WITH FREE ZO MASS AND WITH COUPLI~S FIXED AT LOW 2/8Z~' 
ZDM A Q2 VALUE S ( S] N( THETA/W I*~2~. 231. 2/82~' 
ZOM 
ZOM B BERGER 81 AT DESY-PETRA ANALYZED E+E- -->E÷E-tMU+MU-.TAU÷TAU~ DATA 2182* 
ZOM B AT WCM=2T.S-OE.6 GEV IN STANDARD MODEL. CL=.qB CONT(TJR IN GV**2 AND 2/82= 
ZOM 8 CA=*2 PLANE IS INCONSISTENT W. NU E RESULT IF MZ BELOW BBDVE LIMIT. 2/82* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S SCALAR BOSON MASS LIMITS (GEV) 
S A O LO.O CR MORE CL=.90 CDNVERSI 73 ASPK 0 E+E- FRASCAT( BITE 
S 
S A CONVERSI 73 L(]OKED FOR QED VIOLATION IN E+E- SCATTERING AT Z.8 GEV B/T~ 
S A AND ASSUMED W BOSON MASS=lO GEV. FOR MR=IS GEV. MS LIMIT= 6.5 GEV 3/T~ 

REFERENCES FOR WEAK GAUDE BOSON SEARCHES 

BERNARD) 68 NC 36 DOE 
BURNS 68 PRL 15 42 
ANKENDRA TI PR DB 2882 

BARISH 73 PRL 31 180 
BERGESON TB PRL 31 66 
CDNVERSI 78 PL %68 259 
BUSSER T4 PL A88 871 
ABRAMOV 7T SJNP 25 81 

BARTEL 81 PL RDB 281 
BERGER 8[  ZPHY CT Z89 

BERNARDINI,BIENLEINtBOHM.DAROEL,+ IGERN) 
÷GOULIANOStHYMAN,LEDERMAN.LEE + (EOLU÷BNL) 
ANKENBRANDT,LARSEN.LEIPUNER+ (BNL÷YALEI 

+BARTLETT,BUCHHOLZ*HUMPHREY÷ (CITeENBLI 
÷CASSIOAYtHENDRICKS (UTAH) 
+D'ANGELO,GATTD,PAOLUZI (ROMAI 
÷EAMILLERI,D1LELLA * (CERN+COLU+RODKI 
+ANISIMOVA~BONOARENKOtGRIDASOV + (SERP) 

JADE C.(OESY+HAMB~HEID+LANC+MDHS÷RHEL+TOKY) 
PLUTO C.(AADH+BERG+OESV÷HAMD+L~AO÷SIEG÷WUPP) 

IFREE QUARK SEARCHES I 
> 

SEARCHES FOR IhTEGRALLY CHARGED QUARKS APPEAR ALONG NITH OTHER 
SIMILAR SEARCEES IN |OTHER NEW PARTICLE SEARCHES I SEDTION BELOW. 

Note on Free ~ark Searches 

Five and nine instances of charge -I/3 and 

+1/3 respectively have been reported by Fairbank's 

group at Stanford (LARUE 77, 79, and 81) using 

magnetic levitation of superconducting niobium 

balls. These events are shown in Fig. i. There 

has as yet been no independent confirmation of 

the existence of free quarks. 

The best searches for quarks in cosmic rays 

yield upper limits on the flux of quarks of about 
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Data Card Listings 
For notation, see key at front of  Listings. 

I0 
Il- 
lS 

I 0 -  
1 5 -  
12 

iO 
6 -  

1 0 -  
, ~ -  

,o ~ _ 
W I - -  
CI] 

z ,o G 
z 9 

8 -  
7 -  

3 
qb 

4 - -  

' b  

-0 .5  

f 

i-O ~I 

i 
-0.333 

I 

£ 

~0~ 

m H::)~ 

0 
I 

/ 

[K3~ 

o 
R E S I D U A L  CHARGE 

k .  

~0~ 

o 3- 

0.333 0.5 
(e)  

Fig. i. Residual charge measurements in chrono- 
logical order from LARUE 77 (a), 79 (b), and 81 (c). 
Ball radius 140 (open circles), 116 (solid squares), 
and 98 ~Lm (solid circles). Figure adapted from 
LARUE 81: La Rue, Phillips, and Fairbank, Phys. 
Rev. Lett. 46, 967 (1981). 

i0 -II cm -2 ster -I sec -1 Cross-section upper 

limits established from proton accelerator exper- 

iments and calculations based on production models 1 

imply that free quarks, if they exist, have a mass 

greater than about 5 GeV. Mass limits from photon 

and electron beam searches are slightly lower, but 

more reliable, depending only on the QED calcula- 

tions for quark pair production. Limits on free 

quark concentrations in stable matter vary enorm- 

ously depending on the source of matter and the 

technique. 

The largely negative result of quark searches 

does not prove that free quarks do not exist, but 

indicates that they are hard to find. De Rujula, 

Giles, and Jaffe 2 have considered the question of 

unconfined quarks in a framework of a renorm- 

alizable, spontaneously broken version of QCD, 

and conclude that: (1) production cross sections 

are small, (2) interaction cross sections with 

nucleons are very large, and (3) the physical 

masses of quarks are probably very large. On 

this basis, primordial quarks would be expected 

to be nonintegrally charged, superheavy nucleon 

complexes. 

We group quark searches by experimental tech- 

nique - proton beams, photon beams, neutrino 
+ - 

beams, electron beams, e e annihilations, cosmic 

rays, and stable matter. Proton beam experiments 

generally measure quark production cross sections 

(we quote these in section C), differential cross- 

section ratios (sections AF and RPI), or differ- 

ential cross sections (sections IC and D). The 

photon beam experiment measures cross section per 

equivalent quanta (section DG), and the neutrino 

experiment measures the ratio of quark events over 

total events (section NEU). Searches with elec- 

tron beams may measure differential cross sections 

(section G) and set limits on the quark mass 

(section M). Searches in e+e - annihilation pres- 

ent the ratio to the P-pair cross section (sec- 

tion EE). Cosmic ray experiments measure quark 

flux (section F), and searches in stable matter 

measure quark concentration (section RHO). Most 

of the accelerator and cosmic ray experiments 

have searched for fractionally charged particles, 

but some have searched for massive stable parti- 

cles which would have low velocity. The latter 

searches are usually sensitive to a range of 

charges and may appear in the section below on 

Other New Particle Searches. 

We have relied heavily on the review of L. W. 

Jones 3 for data prior to April 1977. 

References 

i. T. K. Gaisser and F. Halzen, Phys. Rev. DII, 

3157 (1975). 

2. A. de Rujula, R. C. Giles, and R. L. Jaffe, 

Phys. Rev. DI___/7, 285 (1978). 

3. L.W. Jones, Rev. Mod. Phys. 69, 717 (1977). 
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Data Card Listings 
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Stable Particles 
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C QUARK PRODUCTION CROSS SECT. FROM PROTON BEAM EXPTS. ICM*=21 
C O 2 ,0S -36  OR LESS CL=.qO BINOHAM 66 HBE Q= - [ / 3  N=.S-2.0GEV 3/77 
C 0 1.0E-36 OR LESS EL=.90 BINGHA~ 66 HLBC Q= -E/3 M=.S-2.SGEV 3/77 
C O 2.0E-35 CR LESS BLUH 66 HBC Q= -113  M=O-2.SGEV 3177 
C A 0 g. SE--36 OR LESS HAGOPIAN 64 MBO Q= ÷113 M=.5-Z.SGEV 3/77 
C 0 E.OE-34 OR LESS LEIPUNER 66 CNTR Q= - [ t 3  M=O-2.0GEV 3 /77  
C 0 4 .0E -36  OR LESS MORRISON 66 HBC Q= -1 /3  M=,5-2.SGEV 3 /77  
C 0 1 ,06 -33  OR LESS NDRRISON 6~ HBC Q= - 2 / 3  M=*E-2.  SGEV 3 /77  
C B 0 2.0E-35 OR LESS FRANZINI bS CNTR Q= -213 M=O-2.SGEV 31TT 
C C 0 ~ .2E -39  OR LESS EL=.90 ALLABY 69 CNTR Q= -El3 M=2GEV [ /76 
C C 0 5.5E-38 OR LESS CL=.9O ALLABY 69 CNTR Q= -2/3 M=2GEV 1176 
C C 0 I.BE-35 OR LESS CL=.90 ALLABY 69 CNTR Q= +113 M=2GEV 1176 
C C O L.OE-35 OR LESS CL=.QO ALLABY 69 CNTR Q= +2/3 M=2OEV I I7b  
C D 0 4.0E-BT CR LESS CL=.90 ANT}POV1 69 CNTR Q= -213 M=O-5GEV 2 /76  
0 o o , . 0  . . . .  oR LESS C . . . . . . . .  , R D ~  6 ,  ONTR Q= - , /  . . . . .  , - 5 0 E V  , / 7 ,  
C D 0 3.0E-37 OR LESS EL=.90 ANTIPOV2 69 CNTR Q= -2/3 M=2-SGEV l iT6 
C E O 1.0E-36 Qq LESS CL=.qO ANTIROV 71CNTR Q= -6/3 ~=AOEV i176 
C F O 3 .0E -34  OR LESS BOTT-BODE 72 CNTR Q=+-I/3 M=O-22GEV 2174 
C F 0 6 .0E -36  OR LESS BOTT-BOOE 72 CNTR 0=+-213 M=O-IBGEV 217~ 
C G 0 }.DE-32 OR LESS CL=.90 ALPER 73 SPEC Q= 2/3 M=6-26 GEV [176 
C G 0 1 .DE-32 OR LESS CL=.9O ALPEB 73 SPEC Q= 6 /3  M=6-24 GEV LIT6 
C H O I.OE-SE ER LESS LEIPUNER 73 CNTR Q= i /3 M=O-LZGEV 2/76 
C H O [.UE-35 OR LESS LEIPUNER 73 CNTR Q= 213 M=O-[2GEV 21T4 
C H O S.OE-3[ OR LESS LEIPUNER 73 CNTR Q= 613 W=O-120EV 2/74 
C I O 5.0E-39 GR LESS CL=.90 NASH 76 CNTR Q= - i / 3  M=6- 9GEV 2/77 
C I 0 B.UE-3B OR LESS CL=.9O NASH 74 CNTR Q= -213 H=6-LIGEV 2/TT 
C J O 4 .BE-35  CR LESS CL=.9O FABJAN 75 CNTR Q= 113 M=O-20 GEV 1 /77  
C J O 8.0E-35 OR LESS OL=.QO FABJAN 75 CNTR Q= 2/3 M=O-20 GEV IITT 
C K 0 I.OE-3B OR LESS EL=.90 BASILEI ?B SPEC Q=+-I/B M=O-ZO GEV Z/Tq 

L 0 I.OE-33 OR LESS EL=.90 BASILEI 7B SPEC Q=+-I/3 M=O-26 GEV 21T9 

C A HAGOPIAN 64 CROSS SECTION INFERRED FROM FLUX DATA. 3/T7 
C 
C B FRANZINI 65 CROSS SECTION INFERRED FROM FLUX DATA. 3/77 
C 

C ALLABY 59 IS ~ CERN 2T GEV P+BE EXPT. STUDIES MASSES ~2.TGEV 1176 
C ASSUMING NN=NNQQ. CRESS SECTIONS ASSUME ISOTROPIC ~OD. }N ON. 1/76 

C C CROSS SECTIONS AT 2GEV A~E GIVEN HERE. SEE FIG.9 FOR MASS OEPEN. 1/76 
C 
C O ANTIOOV[ 6B IS A SERPUKHDV 70 GEV P EXPT. MASS LIMIT FROM NN=NNQQ. 217~ 
C D ANTIPOVI 69 AND ANTIPOV2 69 ARE SERPUKHOV 70GEV P EXPTS. ANTIPOV2 1/76 
C D GIVES RESULTS FOR M=2-5GEV ASSUMING NN-->NNOQ, HADRONIE OR LEPTON}C 1 /76  
C O QUARKS. WE QUOTE TYPICAL VALUES. 1/76 
C 
C E ANTIPOV 71 IS A SERPUKHDV TO GEV P÷AL EXPT. STUDIES DIQUARK MASSES 1/76 
C E [.q-4.~GEV. WE SHOW 4GFV VALUE. SEE THEIR FIG.2 FOR MASS OEPEN. [ /76 
C 
C F BOTT-BOOENHAUSEN 72 IS A CERN ISR 26+26 GEV P+P EXPERIMENT. 2176 
C 

G ALPER 73 IS CERN ISR 26+E6 OEV P+P EXPT. ASSUMES ISOTROP[C C.M. 1176 
G PRODUCTION. SENSITIVE TO ANY Q>2/3 .  i / 76  

C 
C H LE|PUNER 73 IS AN NAL 300 G~V P EXPERIMENT. 2 /74  

I NASH 7~ IS FNAL EXPT USING 200 AND 300 GEV PROTONS. SEE FIG 2.PG86[ 2/77 
C I FOR OTHER MASS VALUES AND VARIOUS PRODUCTION MECHANISMS. 2177 
C 
C J FABJAN 75 }S CERN [SR P÷P EXPT. INCLUDES RESULTS CF BOTT-BODE 72 [ /77 
C J EXPT. RESULTS ARE FOR ELM=S5 GEV. 1177 
C 

K BAS ILEI 7B IS CERN-ISR EXPT WITH EOM=B2.5 GEV. 2/79 

C t THE ABOVE RESULT IS FOR ELM=62 GEVt FROM AN EARLIER EXP (BASILE T71 2179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AF QUARK PRODUCTION FLUX (FLUX QUARKS / FLUX CHARGED PARTICLESI 
AF A 0 6.2E-I0 OR LESS FABJAN 7S CNTR M=O-20 GEV 2/80 
AF B O 1.78E-9 CR LESS EL=.90 BAS}LE TT SPEC Q= +1/3 M=O-260EV 1178 
AF B 0 1.OBE-9 OR LESS CL=.QO BASILE 77 SPEC Q= - I 13  M=O-Z6GEV [ITB 
AF C O B.ILE-IIOR LESS EL=.90 BASILE1 7B SREC Q=+-I/3 M=O-21GEV 2/79 
AF O 0 6.E-11 OR LESS BOZZOL[ T9 CNTR Q=-2/3. I<M<B 12/79 
AF 0 0 2.E-[1 OR LESS BOZZOLI 79 CNTR Q=-6/3. 2<M<6 12/T9 
AF D 0 3 .E - I I  CR LESS BOZZOL[ 79 CNTR 0=÷2/3~ E<N<3 12/7B 
AF O 0 3.E-TO OR LESS BOZZOLI 79 CNTR Q=+6/3,  2<M<6 12/79 
AF 
AF A FABJAN T5 RERCRTS BOTH FLUX ANO CROSS SECTION IABOVE) 
AF 
AF B BASILE 77 IS A CERN-}SR PP EXP AT ECH=62.2 GEV COVERING PT UP TO I 2 / 78  
AF B GEV BASILE 77 FIND ONE QUARK OAND[DATE WITH M *LTo .169 GEV* 2178 
AF B THEY DO NOT CLAIM THIS AS A QUARK. 2/7B 
AF 
AF C BASILE TB IS CERN-ISR EXPT WITH ECM=52o5 GEV. 2/79 
AF 
AF D BOZZOLI T9 SEARCHED FOR QUARKS WITH LIFETIME > I .E -8  SIC IN 200 12/79 
AF D GEV/C P BE INTERACTIONS USING RF SEPERATOR AS MASS SPECTOMETER. [2/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RPI QUARK PROOUCT1CN CROSS SECTION ( ES(QUARKI / CS(PICN) ) [2 /81,  
RPI A 0 8 .  E-1 I  OR LESS EL=.95 BUSSIERE 80 CNTR Q= +4/3 M=4-6 GEV [2 /81 .  
RPl A 0 I .SE - IO  OR LESS CL=,QE BUSSIERE 80 ENTR Q= ~2/3 M=L-3 GEV 12/81~ 
RPl A 0 9 .  E-LZ OR LESS CL=.95 BUSS[ERE 8Q CNTR Q= -2 /3  M=[.5-2.5 12 /81 .  
RPI A 0 5. E-12 OR LESS CL=.95 BUSSIERE BO CNTR Q= -6/3 M=3-6 GEV 12 /81 "  
RP{ A 0 9 .  E-12 OR LESS EL=,95 BUSSIERE 80 CNIR =Q=-2 /3  M=1.5 -3  GEV [ 2 /81 "  
RPl A 0 5.  E-T2 OR LESS CL=.95 BUSSIERE 80 CNTR *Q=-6 /3  M=2o5-6 GEV 12 /8 [=  
B PI 
RP[ A 8USSIERE 80 IS CERN-SRS EXPT WITH 200-260 GEV PROTONS ON 8E AND AL 12/81= 
RPI A TARGET, LAST TWO CARDS WITH "0  ARE FOR LEPTON-TYPE QUARKS MEASURED 12/81* 
RP[ A AFTER BEAM DUMP. FOR LIMITS AT OTHER MASS RANGES. SEE THEIR FIG.6. [2/B[~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IC QUARK INVARIANT PROD. CROSS SECT. FROM PROTON BEAMS (CM=~B/GEV~*2J 
IC A 0 5.[E-39 OR LESS CL=.90 ANYREASYA T7 SPEC Q= +1/3 M=0-6.3 GEV [ I / 77  
IC A 0 8.BE-39 OR LESS CL=.90 ANTREASYA 77 SPEC 0 = -1 /3  M=D-6.3 GEV I I /TT 
IC A 0 L .3E -39  OR LESS CL=.9B ANTREASYA 77 SPEC Q= +2X3 M=O-8 GEV [1 /77  
IC A 0 2.2E-39 DR LESS EL=.90 ANTREASYA 77 SPEC Q= -2/3 M=O-8 GEV [[177 
IC B 0 4.  E-39  OR LESS CL=,gO STEVENSON 79 CNTR Q= 2 /3  M>5 GEV 12/T9 
[C B 0 5. E-38 OR LESS EL=.90 STEVENSON T9 CNTR Q= 1 /3  M>5 GEV 12 /79  
IC 
IC A ANTREASYAN 77 LOOKS FOR HIGH TRANSVERSE MUM QUARKS IN 600 GEV P-CU 11/T7 
IC A INTERACTIONS AT FNAL, [1/T7 
IC 
IC B STEVENSON 7B IS 300 GEV P-CU EXPT AT FNAL, SENSITIVE TO PARTICLES 12/T9 
IC B WITH LIFETIMES BETWEEN 2.5E-5 AND |*E-3 SEE. 12/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D QUARK PROD. DIFF. CROSS SEE. FROM PROTON BEAM EXPTS. (CMt*21SR-GEVI 
D A O E.SE.3b OR LESS ODRFAN 65 CNTR BE TARG M=3-TGEV 2/7R 
D A 0 5 ,0E-SB OR LESS DORFAN 65 CNTR FE TARG M=3-7OEV 2 /76  
D B O 7.2E-39 CR LESS CL=.qO ALLABY 69 CNTR Q=-[/3 THETA= O MR [176 
D B O 5 .2E -38  OR LESS CL=.90 ALLABY B9 CNTR Q=-Zl3 THETA=6.SMR 1/76 
D B O 2.8E-35 OR LESS EL=.90 ALLABY B9 CNIR Q=~I/3 THETA=44 MR 1/76 
O B 0 1.3E-35 OR LESS EL=.90 ALLABY 69 ENTR Q=+2/3 THETR=~4 MR 1/76 
D C 0 7.OE-3B OR LESS EL=.90 ANT[POV2 69 CNTR O=-[/3 M=O-SGEV 1/76 
O C 0 6 .0E-BB OR LESS EL=.90 ANTIPOV2 69 CNTR Q=-213 M=O-2.EGEV 1/76 
O D 0 1 .6E -36  OR LESS CL=.90 ANTIOOV 71CNTR O=-A I3  THETA=47 MR 1 /76  
0 O 0 3.BE-36 OR LESS CL=.QO ANTIPOV 71CNTR Q=-R/3 THETA=47 MR 1/76 
O E O 5 .6E -36  OR LESS EL=.90 NASH 74 CNTR Q=- t / 3  2177 
0 E 0 S.OE-35 OR LESS EL=.90 NASH 76 CNTR Q=-213 M GT I.Tb 2/T7 
D E 0 B.SE-35 OR LESS CL=,90 NASH 74 ENTR Q=-2 /3  M tT  1 .76  2 /77  
0 F 0 1.6E-33 OR LESS EL=.90 ALBROW 73 SPEC Q=+-413 M=S-20 GEV 1/77 
D G 0 5 .0E -34  OR LESS CL=.9O JOVANOVIC 75 CNTR Q=113 M=7- IR OEV 2176 
D G 0 2 .0E -36  OR LESS CL=.QO JOVANOVIO 75 CNTR Q=1/3 M=15-26 GEV L I / 7S  
D G 0 t .  BE-3R CR LESS CL=.90 JOVANDVIC 75 ENTR Q=2/3 M=tO-26 GEV 11/7S 
O G 0 8.0E-35 OR LESS EL=.90 JOVANOVIC 75 CHTR Q=6/3 M=[0-26 GEV t1175 
D H O 3 ,9E -~6  OR LESS CL=.9O BALDIN 76 CNTR Q=-2 /3  M= I .R -6  GEV 1 /77  
O H O 2 ,0E -36  OR LESS EL=.90  6ALOIN 76 ENTR Q=-4 /3  M=2,7-12GEV 1 /77  
0 
D A DORIAN 65 IS A 30 GEV/C P EXPERIMENT AT BNL. V=.18-.Qq5 21T6 
D 
D B SEE FOOTNOTE 0 IN SUBSECTION C ABOVE. 2/76 
D 
0 C SEE FOOTNOTE D IN SUBSECTION C ABOVE. 2/76 
D 
O O FIRST ANTIROV 71 VALUE IS FOR M=I.9-2oS.2*7-6.AGEV. SECOND IS FOR 1/76 
D D M=2.3-2.TGEV. SEE ALSO NOTE E IN SECTION C ABOVE. 1/7B 
O 
D E NASH 76 IS FNAL EXPT USING 200 AND 300 GEV PROTONS. VALUES ARE FOR 2177 
D E A [MRAD LAB PROD. ANGLE AND OUTGOING ~MENTUM AT MAX OF FOUR BODY 2/77 

E PHASE SPACE FOR QUARK-PAIR PROD. SEE TABLE I PG. B60 FOR OTHER 2/77 
E LIMITS. 2/77 

O 
F ALBROW 75 IS A EERN }SR EXPT WITH ECM=55 GEV. THETA=60 MR. SEE 1/77 
F F IG .  5 FOR MASS RANGES UP TO 25 GEV. [ / 77  

D 
D G JOVANOVICF 75 FIG*4 COVERS RANGES Q=113 TO 2 AND M=3 TO 2B GEV* [TITS 
D G THIS IS A CERN ISR 26+26, 22e22 GEV P+P EXPERIMENT. 2/26 
O 
O H BALDIN 76 IS A 70 GEV SEPP EXP. VALUES ARE PER AL NUCLEUS AT 2 /77  
0 H THETA=O. ASSUMES STABLE PARTICLE INTERACTING WITH MATTER IN SAME 1 /77  
D H MANNER AS ANTIPROTON. I /T7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DG QUARK PROD. DIFF. CROSS SEE. FROM PHOTOPRO0. (CMtt21SR-EQUIV.QUANTAI 
OG A 5 .0E -3S  OR LESS CL=.?O OALIK 76 ENTM THETA=|.2,7 DEG. | ] / 76  
DG 
DG A GALIK 74 IS 20 GEV(MAX} GAMMA CU EXPT. USING SLAC 20 GEV SPTRMETER. 11/76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NEU QUARK PRODLCT}CN IN NEUTRINO BEAMS [QUARK FLUXINU EVENT} 7179 
NEU *LEPQUARK INDICATES LEPTON1C QUARK 12/81# 
NEU *STB QUARK INDICATES STRONG QUARK [2 /8 [=  
NEU O 5 .OE-3  OR LESS 0L=*90  BASILE2 78 CNTR NUMU BEAM AT SPS 7 /79  
NEU A 0 [ . 5E -5  OR LESS EL=,90 BASILE 80 CNTR Q=E/5 =STR QUARK 12/B1~ 
NEU A 0 1.7E-5 ER LESS CL=.QO BAS[LE 80 ENTR Q=213 *STR QUARK 12181* 
NEU A O 9 ,6E -6  OR LESS CL=.QU BASILE 80 CNTR Q=1/3 eLEP QUARK [2 /81 .  
NEU A O t .  IE-S OR LESS EL=.90 BASILE 80 CNTR Q=2/3 *LEP QUARK [2181= 
NEU 
NEU A BASILE BO ASSUMES A STRONG QUARK ABSORPTION LENGTH THREE TIMES THE 12/8[*  
NEU A NORMAL HACRONIC ABSORPTION LENGTH IN LEAD. [2 /B1~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M LIMIT ON QUARK MASS FROM ELECTRON BEAMS (GEV/C*=2) 
M ~LEP QUARK INDICATES LEPTONIC QUARK 
w eSTR QUARK INOICATES STRONG QUARK 
M 0 .85  OR MORE CL=.?9 BATHOW 67 CNTR 0=1 /3  tLEP QUARK 3 /77  
M 0 .90  CR MORE EL=.99 BATHOW 67 CNTR 0=2 /3  =L IP  QUARK E/T7 
M 0 .70  OR MORE EL=,90 FOES 67 CNTR 0=1 /3  *LEP QUARK 5 /77  
M 0 .86  OR MORE EL=.90  FOSS 67 CNTR Q=2/3 =LEP QUARK 3 /7T 
M 1 .0  [R MORE BELLAMY 68 ENTR Q= I / 3  #L IP  QUARK S/77  
H | .  5 CR MORE 8ELLANY 68 CNTR q=Z/3  =LEP QUARK B/77  
M 0.5 CR MORE BELLAMY 68 CNTR Q=I/3 *STR QUARK 3/77 
M 0.75 CR MORE BELLAMY 68 CNTR Q=Z/B *STR QUARK 3/17 
H A 3 .6  CR MORE CL=.QO GALIK 16 CNTR 0=1 /3  *S IR QUARK 7 /76  
M A 6 .5  ER MORE CL=.QO GAL[K 76 CNTR 0=213 =STR QUARK 7 /76  
M A [ .6  DR MORE CL=.?O GALIK 74 CNTR 0=113 tLEP QUARK 7/76 
M A I .B  OM MORE CL=.QO GALIK 14 CNTR 0=2/3 ~LER QUARK 7/?B 
M 
M A FIRST TNO MASS LIMITS ARE FOR STRONGLY INTERACTING DUARKS.INFERRE~ T/TB 
M A FROM CROSS-SEE LIMITS USING DREEL MODEL. LAST TWO ARE FOR LEPTONIC 7176 
M A QUARKS. EXPT QSES PHOTDPRODUCTION ON COPPER. 7176 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EE QUARK PROOUW~TIEN CROSS SEC. IN E~ E-. }RATIO TO CS(E+E- -->MU+NO-|[ L/BZ= 
EE A O l .O  E-2  OR LESS CL=.?D BARTEL BO JADE Q=2/3 M=2-L2 GEV 2182"  
EE A O 5 .0  E-2  OR LESS CL=.QO BARTEL BO JADE 0=1 ,4 /3 ,513  M=2-12 2 /82=  
EE B 0 2 .3  E-R OR LESS EL=.90  WEISS 81SMK2 Q=-2 /3  M= [ . 9 -2 ,6GEV [ / 82=  
EE B O 0 ,8  E-4  OR LESS CL=.NO WEISS 81 SMK2 Q= 2/3 M=1 .8 -2 .  GEV 1 /82= 
EE 
EE A BARTEL 80 IS  DESY PETRA EXPT WITH WCM=2T-35 GEV, FIRST L IM IT  IS FOR 2 /82e  
EE A BOT~  E+E-  - - >Q  QBAR ANO O QBAR X,  SECON~ FOR Q QBAR X.  FOR MASS- 2 /82#  
EE A DEPENDENCE, SEE THEIR FIGS 8eQt IO t [ 1 .  2 /82= 
EE 
EE B WEISS 81 IS SLAC SPEAR EXPT. FIRST VALUE IS FOR E÷E- -->Q QBAR X 1/82, 
EE B AND SECO NO FOR E+E- -->Q QBAR. SEE THEIR TABLES FOR LIMITS IN 1182, 
EE B SURROUNOING MASS REGIONS 1 TO 3 GEV AND I TO 2.8 GEV RESPECTIVELY. 1/82= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
FREE QUARK SEARCHES 

QUARK FLUX FRCM COSMIC RAY EXPERIMENTS (NUMBER/EM~3-SR-SEEI 
• TO IN THE RIGHT HAND EDLUMNS INDICATES A SEARCH FOR MA8SIVE 

QUAR~S USING 71ME DELAY AFTER AIR SHOWERS~ SENSITIVE TDA RANGE 
OF CHARGES 

~AS IN TME RIGHT HAND COLUMNS INDICATES A SEARCH IN AIR SHOWERS 
ALL SEARCHES ARE AT SEA LEVEL UNLESS OTHERHISE INDICATED 

0 1 .6E -8  OR LESS CL=.DO BOWEN 64 CNTR Q= - I I 3  ALT=27BOM 
O 2 .0E -7  ER LESS CL= .90  SUNYAR 64  CNTR Q- I / 3  
O E.7E-9 OR LESS EL=.90 DELISE 85 CNTR Q-E/3 ALT=2750M 
O t .  BE-B OR LESS EL=.90 DELISE 65 ENTR Q=2/3 ALT=2750M 
O 5,0E-B OR LESS CL=.DO MASSAM 65 CNTR Q=213 

A O ) .4E- tO DR LESS BARTON 66 CNTR Q=2 /3  
o E.5E-9 OR LESS CL=.DO BUMLER-BR 66 DNTR Q- I / 3  ALT=  450M 
0 I ,~E-9  OR LESS CL=.9O BUHLER-BR 66  CNTR Q=2/3 ALT=  45OH 
O 2 .6E -9  OR LESS KASHA 66 CNTR 0=1 /3  
0 2.1E-B OR LESS KASHA 68  EMIR  Q=213 

4. SE-IC CR LESS CL=.9O LAMB 66 CNTR Q- l / 3  
1 .6E -9  CR LESS CL=.DO LAMB 66  CNTR Q=2 /3  

B O 1.4E-IQ CR LESS BARTON 67 CNTR Q=2 /3  
O 1.6E-7 OR LESS BUHLER-I 67 CNTR Q=413 ALT=  450M 
0 4.5E-TO ER LESS CL=.9O BUHLER-2 87  CNTR Q=I I3  ALE=  450M 

C 0 l .  TE-IO OR LESS BUHLER-2 67  CNTR 0=2/3 ALT=  4SUM 
O 1 ,7E - lO  DR LESS EL= .90  GOMEZ 87  CNTR Q= [ /B  
o 3 .4E -10  OR LESS EL=.DO GOMEZ 67  CNTR O=2/S  
0 2.OE-q OR LESS CL=.DO KASHA 67  ENTR Q=2/3 
O 3 .0E -CO DR LESS BJORNBOE 68 CNTR M=fiGEV OR MORE *TO 
O I .BE- IQ CR LESS CL=.90 BRIATORE 68  CNTR Q ' I / 3  

E 0 I.BE-EO OR LESS CL=.DO 8RIATORE 68 CNTR 0=2/3 
E o 3 .TE -B  OR LESS EL= .90  BRIATORE 88 ENTR 0=4 /3  
F O 2.2E-8 OR LESS FRANZINI 68 CNTR V=.5-.DC M=2GEV UP 

O 6 .6E -11  ~R LESS EL= .95  GARMIRE 6B CNTR Q= I / 3  
O B .BE- I I  ER LESS E l= .95 GARMIRE 68 CNTR Q=213 
0 3. LE-lO OR LESS CL=,90 HANAYAMA 88 CNTR Q=I I3  
O 2.4E-8 OR LESS E l= .95 KASHAI 68  OSPK V=. 5-.75C M=5-I5GEV 
O 1.2E-IO OR LESS EL=.90 KASHA2 66  DNTR 0=213 
O 1 .3E - IO  OR LESS CL=.gO KASHA3 68 CNTR Q-A /3  

G O 5 .OE- l l  OR LESS CAIRNS 69  CE Q=2 /3  
H O 5 .OE- IE  GR LESS CL=.9O FUKUSHIMA 69  CNTR 0=1 /3  
H O 7.SE-tO OR LESS EL=.90 FUKUSHIMA 69 CNTR Q=21B 

I 1 EVENT CLAIMED MCCUSKER 69 CC Q=2/3 *AS 
0 5.OE-IO OR LESS BOSIA 70  CNTR Q=1 /3  ALT=350OM 
0 2 .5E- I0  OR LESS BOSIA 70 ENTR Q=2/3 ALT=35OOM 

J I EVENT CLAIMED CHU TO HLBC ~AS 
O I .DE-9 OR LESS CL=.9O FAISSNER 70  CNTR 0= I / 3  
O 9.8E-11 OR LESS CL=,DO KRIDER 70 CNTR Q- I / 3  ALT=75OM 
O 1.6E- lO OR LESS EL=.9O KRIDER 70 CNTR Q=2/3 ALT=7SOM 
O 1.3E-IO OB LESS CL=.9O CHIN 71CNTR 0= I / 3  
O 5 .7E - I t  OR LESS CL=.9O CHIN 7 1 C N T R  Q- I / 3  ALT=2TTOM 

3.0E-TO OR LESS EL=.DO CLARK 7 [  CC Q=I /3  *AS 
3 .0E - I f  OR lESS CL=.90 CLARK 7 1 C C  Q-Z/3 *AS 

0 E,OE-[O OR LESS CL=.90 HAZEN 71CE Q= l / 3 , 2 / 3  ~AS 
0 4 .1E - IO  DR LESS BEUCHAMP 72 ENTR Q=4/3 ALT=2750M 
0 I .OE- IO  OR LESS CL=.90 BOHM 72 CNIR Q=1 /3  *AS 
0 ~*OE-LO CR LESS EL=.90 BOHM 72 CNTR Q=2/B ~AS 
0 8 .3E - I I  OR lESS CL=.90 COX 73 ELEE Q= I / 3  ALT=27SOM 
0 9 .BE- [ I  DR LESS CL=*90 COX 72 ELEC Q=2/3 ALT=2T50M 
0 2 .2E- [0  OR LESS CL=.90 CROUCH 73 CNTR Q=213 

K 0 3.0E-8 OR LESS DARDO 72 *TO 
0 4.0E-9 DR LESS CL=*95  EVANS 72 CC Q=113 ~AS 
0 [ . 5E-9  OR LESS TDNWAR 72 CNTR M.GT.IOGEV *TD 
0 8 .0E -E l  CR LESS ASHTON 73 CNTR Q=[13 *AS 

L 0 1 .7E -8  DR LESS CL= .90  HICKS T3 CNTR Q=1 /3  
L 0 I .TE-8 CR LESS EL=.90 HICKS 78 CNTR Q=2 /3  

0 L ,OE-7  OR LESS EL=.DD CLARK 74 CC 0=1 /6  *AS 
0 7 .0E -TO CR LESS CL= .90  CLARK 74  CC Q= | / 4  *AS 
0 8.0E-11 OR LESS CL=.90 CLARK 74 CC Q-E /3  *AS 
0 2.0E-EE OR LESS EL=,90 CLARK 74 CC 0=2/3 SAS 

M 0 3.0E-CO OR LESS CL=.95 KIFUNE T4 CNTR Q- I / 3  
0 1 .2E- I1  OR LESS CL= .90  HAZEN 78 CC 0=1/3 *AS 
0 T*OE-I~ ~R LESS EL=.90 KRISOR 7S CNTR Q ' I / 3  
0 S .OE- I I  OR LESS CL= .90  KRISOR 75 CNTR Q=2/3 GAMMA = I0  
0 t .  SE-IO OR LESS CL=.gO KRISOR 75 CNTR Q=2 /3  GAMMA GTI000 
0 I .OE-9  OR LESS BRIATDRE 7E ELEC *TO 

N B EVENTS CLAIMED YOCK 78 CNTR 

A BARTON 66  HAD 220000 GICM**2 EXTRA SHIELD[NO 

B BARTON bT HAD 6000 G/CM==2 EXTRA SHIELDING 

C BUHLER-1 87 AND BUHLEK-2 67 HAD ?CO G/CM**2 EXTRA SHIELDING 

D BJORNBOE 68 -TWO EXPERIMENTS HAVING EBB0 AND 3600 G/EMt*2 SHIELDING 

E BRIATDRE 68 SEARCHES FOR LEPTONIC QUARKS WITH 6300 GICM2 SHIELDINU 
E BRIATORE 88 GIVES ( [ .E÷ -E .8 )E - IO  FOR Q=4/3 * WE CONV. TO CL=.DO 

F FRANZINI 68 MEASURES VELOCITY DIRECTLY BY TDF 

G CAIRNS 69 ~BSERVED 4 POSSIBLE QUARK CANDIDATES 

H FUKUSHIMA 6R DOES NOT RULE OUT QUARKS HEAVIER THAN EO GEV. 

I MC EUSKER 69 CLAIMS I CANDIDATE. LATER SIMILAR EXPTS. SEE NONE, 

J Q=2/3 IF MASS LT b.5 GBV, Q-E/3 IF MASS = B GEV, 
J EOUtD BE AN EARLY-TIME NORMALLY CHARGED COSMIC RAY. SEE ALLISON TO. 

K DARED T2 CAD T000 GZCM==2 EXTRA SHIELDING 

F L HICKS 73 LOOKED AT LARGE ZENITH ANGLES, THUS USING THE ATMOSPHERE 
L AS AN EXTENDED FILTER FOR HAORONIC QUARKS. THEIR SEARCH PUTS AN 
L UPPER LIMIT CN LEPTONIC QUARK FLUX IN COSMIE RAYS. 

M KIFUNE 74 LOEKED AT LARGE ZENITH ANGLES. FROM IHEIR FLUX LIMIT,THEY 
M GET A LOWER LIMIT ON QUARK MASS OF 20 GEV. 

N YOCK 78 EVENTS HAVE TAU > IO** -B SEC, CHARGES OF + - - . 70 ,+ - . 6B ,+ - . 42 ,  
N AND MASSES >4 .4 ,  4 .8 ,  AND 20 GEV RESPECTIVELY. MEASURES BETA AND 
N DE/DX IN OSPK-SEINTILATOR COSMIC RAY TELESCOPE. IF  TAKEN AS QUARK, 
N THE OBSERVED FLUX WOULD BE 2 ,4E-9 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

RHO 
RHD 
RHO 
RHO 
RHD 
BHO 
R HO 
RHO 
RHO 
RHO 
RHO 
RHO 
RHO 
Rh~ 
RHO 
RHO 

R HO 
RHO 
RHD 
RHO 
R HO 
RHO 
R HD 
R EO 
R~O 
R HO 
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R NO 
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R HO 
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R HO 
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RHO 
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RHO 
RHO 
RHO 
RHO 
RHU 
BHD 
RHD 
RHO 
R HO 
RHO 
RHO 
RHD 

RHO 

QUARK CONCENTRATION IN MATTER {QUARKS PER NUCLEON| 
A O [ .DE-22 DR LESS HILLAS 59 3/77 
B O E.OE-EO OR LESS BENNETT 66 SOLAR SPECTRUM 3177 

O I .OE- [7  DR LESS CHUPKA 66  METORITES 3/77 
O I .OE-16 OR LESS GALLINARO 66 GRAPHITE LEVITDMETER 3 /77  
O 4.OE-Iq OR LESS STOVER 67 IRON LEVITOMETER 
O ).DE-T7 OR LESS BRAGINSKI 6B GRAPHITE LEVITOMETER 

2/74 
3 /77  

O 1.0E-2O DR LESS RANK 68 OIL DROPS 3/77 
C O E.OE-IB OR LESS RANK 68  SEA WATER 3 /77  
E O ).DE-L7 ~R LESS RANK 68 SEA SALT, ETC. 3177 
C O E.OE-18 OR LESS RANK 68  LAKE WATER 3177 
D O [.OE-2~ OR LESS COOK 69  SEAWATER 2/7¢ 
D O I.OB-23 OR LESS COOK 69 ROCK SAMPLES 2174 
D 0 1.0E-23 OR LESS COOK 69  LAVA 3/77 
D O 5.0E-23 CR LESS COOK 69  LIMESTONE 3/77 

O I .OE-15 DR LESS ELBERT TO ION SPECTROMETER 3/77 
O 5.OE-IQ ER LESS MORPURGO 70 GRAPHITE LEVITOMETER 3/77 

E 0 I.OE-2E OR LESS STEVENS 76 DEEP OCEAN SEDIMENT 3/71 
E O I .OE-22 CB LESS STEVENS 76  LUNAR SEIL 3/77 
F O 5, DE-IS OR LESS BLAND 77 TUNGSTEN-OXIDE DUST 8 /T7  

O 3 .0E -21  CR LESS GALLINARO 77 IRON LEVITOMETER 7 /77  
2 EVENTS Q=40.324*- .009 LARUE 77 NIOBIUM-TUNOSTEN LEVITON 7 /77  
l EVENT Q=-O .33 t+ - . 070  LARUE 77 NIOBIUM--TUNGSTEN LEVITDM 7 /72  

H O 2. E-IB OR LESS MULLER 77 ENTR 2.5<M<T.T GEVIC2 12179 
H O I .  E-13 OR LESS MULLER 77 CNTR FOR M<.3 12/78 
H O 9 .  E-15 OR LESS MULLER 77 CNTR .3<M<2,B GEVIC2 12/79 

0 5.0E-28 CR LESS OGOROONIK 77 SEAWATER 12 /79  
O 5.0E-27 CR LESS DGORODNIK 77 SEDIMENT,LAVA 12 /79  

I 0 5.OE-IS DR LESS BOYD 78 TUNGSTEN TONS 8 /78  
J O S. OE-16 CR LESS EL=.67 BOYD2 78 HYDROGEN 1/70 
K O [ .E -B [  ER LESS LUNO 78 SEA WATER Q=÷-2/D 12 /8 [ *  
K O 1 .E~23  DR LESS LUND 78 FRESH WATER Q=÷-2 /3  12 /B l=  
L O 5,6E-15 OR LESS PUTT 78 TUNGSTEN BEADS 2/79 
M O E.OE-23 ER LESS SCHIFFER 78 NIOBIUM, TUNOSTEN÷[RON 2179 
N O 6 .4E - [ 6  OR LESS EL=.67 BOYD 79 HELIUM 12/79 

3 EVENTS Q=40.330÷-.024 LARUE 79 ~IOBIUM BALL LEVITATION 7/79 
4,7E ~-21 QUARKS/NUCLEON LARUE 79 NIOBIUM BALL LEVITATION 7/79 

0 O B. OE-29 OR LESS (~DRODNIK 79 SEA HATER IO IB i *  
0 O 4.0E-28 OR LESS OGO~ODNIK 79 CLAYS,SILTS,CONCRETIONS i 0 / 8 I *  

O I ,  E-21 OR LESS MARINELLI BO STEEL SPHERE LEVITATION I2 /81 "  
O O B. E-2O DR LESS CL=,D5 HDDGES 8 I  MEBCURY(NATIVEoREFINEOI 2 /88*  
R 4 EVENTS Q=- .343~ .011  (51 LARUE BE NIOBIUM BALL LEVITATION 1182. 
R 4 EVENTS Q=*.328~-,007 ( g l  LARUE 8[ NIOBIUM BALL LEVITATION l iB2 *  

A HItLAS BD WAS INSENSITIVE TO QUARKS ACCORDING TO SUNYAR 64 ,  3/77 

B BENNETT 66 LIMIT INFERRED BY JONES 76. 3/77 

C RANK 68 USES U.V, SPECTROSCOPY. 3/77 

D COOK 69 USES MOLECULAR BEAMS. 3/77 

E STEVENS 76 ~EES AN ION SPECTROMETER. 3/77 

F BLAND 77 IS J MILLIKAN OIL-OROP TYPE EXPT USING TUNSTEN PARTICLES. 8/77 
F NO FRACTIONAL CHARGE WAS FOUND ON A TOTAL SAMFLE OF 3 .E- IO  GRAMS 8/77 

G LARUE 77 SEES RESIDUAL CHARGE LISTED ABOVE TRANSFERRED TDA 7/77 
G NIOBIUM BALL FROM A TUNGSTEN SUBSTRATE, EORBESPONDING TO A DENSITY 7/77 
0 OF 1 .E -33 .  7 / 77  

H MULLER 77 SEARCHES FOR CHARGE 1 QUARKS IN HYDROGEN USING A L2/79 
H CYCLOTRON AS A MASS SPEETOGRAPH, 12179  

I BDYD 78 USES VAN-DE-GRAFF AS MASS SPECTOMETER TO SEARCH FOR Q=II3 E/78 

U BOYD2 78 LSES VAN-DE-GRAFF AS MASS SPECTDMETER TO SEARCH FOR O=t E179 
J WITH MASS < 1.75 GEV. 1179 
J STAELE CHARGE i QUARKS WITH MASS < 1.78 GEV. 1179 

K LUND 78 FRESE WATER RESULT IS FROM ANALYSIS OF ELECTRODES. SEE 12181. 
K THEIR TABLE I FOR TEMPERATURE DEPENDENCES AND Q=*-413 RESULTS. 12181~ 

L PUTT 78 IS A MILIKAN OIL-DROP TYPE EXPT. RESULT APPLIES TO O>.2. 2/79 

M SCHIFFER TB LOOKS FOR QUARKS ACCELERATED BY A [ MEV ELECTROSTATIC 2/79 
M FIELD ONTO A Sl DETECTOR FROM HEATED W, FE AND NB FILAMENTS. 2179 

N BOYD 79 USES HE BEAM WITH A VAN-OB-GRAFF AS MASS SPECTROMETER, I 2 / 79  

0 OGORODNIKOV 7q IMPROVED 77 LIMITS. ELECTRIC FIELD GATE WAS USED IN [0181" 
0 DESORPTION TO REMOVE NEUTERIZED BKGO PARTICLES FROM ADSORBED QUARKS [0 /8 {=  
0 WITH UNCOMPENSATED FRACTIONAL CHARGE. VALUES ARE FOR NEGATIVE CHGS IO181= 
0 AND AT SOURCE TEMP 25 CENTI-DEG, FOR OTHER CASES, SEE THEIR TABLE. 1018[= 

HODGES 81 IS A MILLIKAN OIL-DROP TYPE EXPT USING MERCURY DROPS. 2/82~ 
FOUND NO Q=÷-[13 IN 707AL E.BE-4GRAMS. SET ALSO LIMITS FOR Q=+- . Ib .  2182= 

R LARUE B) SAW 4 ~ - -1 /3  AND 4 O=I I3  EVENTS OUT OF 21 NEW MEASUREMENTS 1/82~ 
R THESE AND EARLIER EVS GIVE ABOVE AVERAGE CHARGE WITH NUMBER OF EVS I182"  
R IN BRACKETS. 1/82"  

REFERENCES FOR QUARK SEARCHES 

HILLAS 59 NATURE IE4 Bq2 HILLAS,CRANSHAW (AERE) 

BINGHAM 64 PL 9 201 
BLUM 64 PRL 13 353A 
BOWEN 64 PRL 13 728 
HAGOPIAN 64 PRL 13 2BO 
LEIBUNER 64 PRL t2  R23 
~ORR{SDN 64 PL 9 199 
SUNYAR 64 OR [368 1157 

DELISE 65 PR I40B 458 
DORFAN 65 PRL IR  989  
FRANZINI bS PRL E4 196 
MASSAM 65 NC 4OA 589 

BARTON 66 PL 21 360 
BENNETT 86 PRL 17 l l q6  
BUHLER-B 66 NE 45A 520 
CHUPKA 66 PRL 17 60  
OALLINAR 66 PL 23 609 
KASHA 66 PRIBO 1140 
LAMB 66 PRL I 7  1068 

÷O IGK INSONtD IEBOLO,KOCH,LETTH+  (GERN~EPOL) 
÷BRANOT,CDECONI ,CZYZENSKI ,DANYSZ÷  (CERNI  
BOWEN,OELISE,KALBACH,MORTARA {AR IZ I  
÷SELOVEtEHRL IEH ,LEEOY,LANZA,R~HM+IPENN÷BNL I  
LE IPUNER,EHU,LARSEN,AUA[R  (BNL÷YALE I  
MORRISON IEERN) 
SUNYAR,SEHWARZSEHILD,CENNORS (BNL] 

DELISE,BDWEN (ARIE) 
÷EADES,LBDERMAN,LEE,TING {CDLU| 
+LEONTIC,RAHM,SAMIOStSCHW~RTZ (BNL÷COLUI 
MASSAM,MULLER,ZICHICHI (CERN) 

BARTON,STOEKEL (NPOL)  
W.R.BENNETT {YALE) 
BUHLER-BROOLIN,FORTUNATO,MASSAM÷ (CBRNI 
CHUPKA,SCHIFFER,STEVEFS IANLI 
GAL LINARO,MORPURGO (GENC) 
KASHA,LEIPUNER, AOAIR (BNL÷VALE) 
LAMB,LUNDY,NOVEY,YOVANOVITCH (ANL) 



iii 

Data Card Listings 
For notation, see key at front o/Listings. FREE 

Stable Particles 
QUARK,  AGNETIC MONOPOLE SEARCHES 

BARTON 67 ~RSL 90 87 
BATHOW 07 PL 258 EBB 
BUHLER-[ 67 NC ~OA 20g 
BUHLER-2 67  NC 5 [A  e~7 
FUSS 67 PL 25B  166 
GOMEZ 67 PRL 18 1022 
KASHA 67 PR 154  E263 
STOVER 67  RR 16~ t 5gq  

BELLAMY 68 PR 16E lBgl 
BJ~RNBOE 6B NC B53  241 
BRAGINSK 68 JETP 27 5E 
BRIATORE 68 NC STA ESO 
FRANZINI 68  PRL 2I  [013  
GARMIRE 68 PR 166 [280 

HANAYAMA 68 CJP 46 5736  
KASHAI  68 PR I 72  ~297 
KASHA2 68  PRL 20  2 IT  
KASHA3 68 CJP W6 5730 
RANK 68  PR 176 [E35  

ALL,BY 69 ~C 6~A 75 
ANTIPOVI 69 aL 29B 245 
ANTIROV2 69  PL 30B 576  
CAIRNS 69  OR 186 [394  
COOK 69 ~R lB8  2092 
FUKUSHIM 69 aR tTB 2058 
MCEUSKER 69 PRL 23 658 

BOSIA T0 NC 66A  ~6T 
CHU 70 PRL 24 g17 

ALSO 70 PRL 25 550  
ELBERT 70 NP BEO 217  
EAISSNER 70 PAL 24 1357 
KRIDER TO PR DE 835 
MDRRURGO TO NIM 7g ~5 

ANTIPOV T l  NP B27 374 
CHIN 71 NC 2A 419  
CLARK 71 PAL 27 5[ 
HAZEN T[  PRL 26 582 

BEUCHAMP 72 PR D6 12 [ [  
BUHM 72 PRL 28 326  
BOTT-BOO 72 PL kOB 6q3 
COX 72 PR D6 1203 
CROUCH 72 PR D5 2667 
OARO0 72 NC 9A ~19  
EVANS 72 PRSE 670  143  
T[~NW AR 72 JR& 5 56~ 

ALPER 73 at 46B 2e5 
ASHTUN 73 JPA 6 5T7 
HICKS 73 NC I~A  65 
LEIPUNER 73 art  31 1226 

CLARK 74 OR D10 272! 
GALIK 74 PR 09  1856  
K IFUNE 74 JPSJ 36  E29  
NASH 74 PRL 32  858 

ALBRON 75 NP B97 I 89  
FABJAN 75 NR BLOT 349 
HAZEN 75 NP B95 EER 
JOVANOVI 75 PL 56B 105 
KRISOR 75 NC 27~ 132 

BALO[N 76 SJNP 22 26~ 
~RIATDRE 76 NE 3 [A  553 
STEVENS 76 PR DI& T16 

ANTREASY 77 PRL 39 513 
BASILE 7T NC 40A 4[ 
BLAND 77 PRL 39  36g 
GALLINAR 77 ~RL 38  I255 
LARUE T7 PAL 38  t o l l  

ALSO 79 LARUE 
MULLER 77 SCIENCE Iq6  521 
OGORODNI T7 JETP ~5 857 

BASILEL 7B NC 45A  I ? [  
BASILE2 78 NC ~5A 28 [  
BOYO 78 PRL 40  216  
BOYD2 78 PL 72B  484 
LUNO 78 RAO. ACTA 25  75 
PUTT 78 PR DIT  L466 
SCNIFFER 78 PR 017 224 [  
YDCK 78 OR D18 6~I 

BOYO 79 PAt 43  1288 
BOZZOlI 70 NP B159  363 
LABUE 79 PRL 42  162 

ALSO 79 PAL 42 [019 
OGORODNI 79 JETP ~9 £53 
STEVENSO T9 PR 020  82 

BARTON INPOL) 
BATHOW,FREYTAG,SCHOCZ,TESCH (OESYi 
BUHLER-BROGLIN,FDRTUNATO,MASSAM+ (CERNI  
BUHLER-BROGLIN,DALPIAZoMASSAM,ZICHICH(CERNJ 
÷GARELICK,HONNA.LOBAR,OSBORNE,UGLUM IN ( I )  
+KOBRAK, MOLINE,MULLINS,DRTH,VANRUTTEN+ICITI 
÷LEIPUNER,WANGLER,ALSPECTOR,ADAIR(BNL÷YACE) 
+MORAN,TRISCHKA ISYRAI 

*HOFSTAOTER,LAKIN, PERL,TONER ISTAN+SLAC) 
+DAMGARDpHANSEN,CHAITERJEE÷ (BOHR+BERN) 
BRAGINSKII,ZELDOVICH,MARTYNOV {MOSU| 
+CASTAGNOLI,BOLLINI,MASSAM÷ ITDRI+CERN) 
FRANZINI,SHULMAN (COLU) 
GARMIRE,LEONG,SREEKANTAN (MIT) 

+HARA,HIGASHI,KITAMURA,MIDNO÷ (OSAK]  
+STEFANSKI IBNL+YALEI 
KASHA,LARSENtLEIPUNER~AOAIR (BNLeYALE) 
KASHA,LARSEN,LEIPUNER,ADAIR (BNL+YALEI 
D.M.RANK IMICHI  

+BIANCHINI*OIDDENS,DOBINSON,FARTUNO÷ ICERN]  
÷KARPOV,KHPOMOV,LANOSBERG, LAPSHIN÷  ISERPI  
+BOLOTOV,DEVISHEV,DEVISHEVA,1SAKOV÷ ISERP) 
+MCCKUSKER,PEAK,WOOLCOTT [SYDNEY( 
+DEPASQUALI,FRAUENFELOEA,PEACDCK + ( ILL) 
FUKUSHIMA,KIFUNE,KONDO,KOSHIBA+ (TDKY) 
MCCUSKER,CAIRNS (SYDNEY) 

G.BOSIA,L.BRIATORE (TORI) 
CHU,K|M,BEAM, KWAK [O5U÷ROSE÷KANS) 
ALLISON,DERRICK,HUNT,SIMRSDN,VOYVODIC (ANll 
+ERWIN,HERB,NIELSEN,RETRILAK.WEINBERG(WISCI 
÷HOLDER,KRISOR,MASON,SAWAF,UMBACH IAACH)  
KRIDER,BOWEN,KALBACH (ARIZ I  
MORPURGD,GBLtINARO,PALMIERI qGENO) 

÷KACHANOV, KUTJ IN ,LANDSBERG,LEBEDEV + ISERPI  
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I M A G N E T I C  MONOPOLE SEARCHES I 
> 

Note on Magnetic Mono~ole Searches 

(by W. P. Trower, Virginia Polytechnic Institute 

and State University) 

Although the idea that magnetic monopoles 

might exist is suggested by the usual formulation 

of Maxwell's equations, no observed phenomenon 

requires them for its explanation. 1 M0nopoles 

first became interesting with the assertion that 

a single monopole anywhere in the universe would 

result in electric charge quantization every- 

where. 2 The sole predicted property of this 

monopole was the magnitude of its least magnetic 

charge e/2~, the Dirac charge. A monopole of two 

Dirac charges has been suggested, 3 and an elec- 

trically charged monopole, a dyon, proposed. 4 

Observed pure multi-photon showers were attrib- 

uted to virtual monopole pair-production/-anni- 

hilation. 5 Monopoles have become indispens- 

able to many gauge theories, and most grand un- 

ification theories require a monopole of mass 

> 5 x 1015 GeV. Estimates of the monopole 

number density at the earth have been made. 6 

Experiments to detect monopoles have essen- 

tially been based on either ionization or magnet- 

ic induction. Ionization experiments have relied 

on the fact that an elementary relativistic mag- 

netic charge would produce more ionization than 

a relativistic electrical charge. Massive mono- 

poles would have, however, lower velocities, 

8 ~ 10-3, and would thus reduce the prospects 

for ionization measurements. The theory of mono- 

pole energy loss at these velocities is currently 

confused, but progress is being made. 7 It is 

however likely that prospects for ionization 

identification of massive monopoles will remain 

diminished. 

Induction experiments measure the value of 

the monopole magnetic charge by detecting changes 

in magnetic flux induced when a monopole passes 

through a superconductor (CABRERA 75). These 

measurements are independent of monopole electric 

charge, mass, and velocity. 



S t a b l e  P a r t i c l e s  
MAGNETIC MONOPOLE SEARCHES 

With the recent attribution of large mass to 

the monopole, searches in matter are less appeal- 

ing as the ferromagnetic trapping energies become 

comparable to terrestrial gravitational binding. 

Accelerators do not possess sufficient energy to 

produce real monopoles. Cosmic ray searches hold 

increased promise. Possibly monopole evidence 

will be obtained from direct astrophysical obser- 

vation. 

The following compilation with the indicative 

experimental limits should be used as a directory 

to the literature. 
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C MONOPOLE X-SECTION ACCELERATOR EXPIS MASS CHARGE 
C (EVENTS)  (CW**2) (GEV) ( G )  
C A O < 2 E-35 BRAONER 59 EMUL < E [ 4182. 
C B O < i E - 3 5  FIOEEARO 61 C N T R  < 3 < 4 4 1 8 2 "  
C C O < 1 E - 4 0  AMALD[ 63 EMUL < 3 < 2 12175 
C D 0 < 2 E - 4 0  P U R C E L L  6 3  C N T R  < 3 < 2 1 2 1 7 5  
C E 0 < l E-R[ GUREVICH 72 EMUL < 5 3 / 7 4  
C F O < 6 E-42 CARRIGAN 7 3  CNTR < 12 < 24 3174 
C G O < 5 E-~2 EARRIGAN 7 4  C N T R  < 13 < 24 1 2 1 7 5  
C H O < 2 E - 3 0  BURKE 7 5  OSPK 1 / 7 8  
C I O < I E - 3 8  CARRIGAN 75  H L B C  L ITb  
C J O < 5 E-43 EBERHARD 75 INDU < 12 < lO L175 
C K 0 < 2 E - 3 6  GIACOMELL 75  PLAS < 3 0  < 3 2176 
C L 0 DELL 76 SPRK 4182" 
C M O < 4 E - 3 3  STEVENS 7 6  SPRK 4182. 
C N O < I E - 4 0  ZRELOV 7 8  CNTR < 5 < 2 1 1 8 0  
E 0 O < [ E - 3 T  CARRIGAN 7 8  ENTR < 20 < 24 2179 
C P O < I E-37 HOFFMANN 78 PEAS < 30 < 3 2 / 7 9  
C q o < 9 E-37 KINOSHITA 82  PLAS < 30 < 3 2182. 
C 

4 1 8 2 "  
4 1 8 8 "  

1 2 1 7 5  
1 2 1 7 5  

3 1 7 4  
3 1 7 4  

1 2 1 7 5  

A BRADNER 5 9  - -  6 GEV PROT AT BEVATRON. 
B EIDECARO 61 - -  28 OEV PROT AT CERN-PS. 

C C AMALDI 63 - -  2B GEV PROT AT CERN-PS. PROT AND NUCL TARGETS. 
C D PURCELL 63 - -  30 GEV PRO7 AT AGS. 
C E GUREVICH 72 - -  70 GEV PRDT AT SERPUKHOV. 
C F CARRIGAN 73  3 0 0  GEV PROT AT FNAL* 
C G CARRIOAN 74 - -  4 0 0  GEV PROT AT ENAL. 
C H BURKE 75 - -  3 0 0  DEV NEUT AT FNAL. MUETIPHOTOE EVENTS. I178 

I CARRIGAN 75 - -  REEXAMINES CERN NEUTRINO EXPTS. NEUT ENERGY <8 GEV. L / 7 6  
J EBERHARD 75 - -  300,400 GEV PRO[ ON AL AT FNAL. ROSS 73 DETECTOR. 2176 

C K GIACOMELLI 75 - -  ECM=60 GEV AT CERN-ISR. 2 • 7 6  
C L DELL 76  - -  22<ECM<62 GEV PROT AT CERN-ISR. MULTIPHOTON EVENTS. 4182. 
C M STEVENS 76 - -  300 GEV PROT AT FNAL. MULTIPHOTON EVENTS. ~182. 
C N ZRELOV 76 - -  70 GEV PROT AT IHEP. CERENKOV RADIATION POLARIZATION. LIED 
C 0 CARRIGAN 78  - -  23<ECM<83 GEV AT CERN-ISR. 2179  
C P HOFFMANN 78 --- ECM=56 GEV AT OERN-ISR. 2/79 
C Q KINCSHITA 82 --- ECM=29 GEV IN E+E- AT SLAC-PEP. PLASTIC SHEETS. 2 /82*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front o/Listings. 

F MONOPOLE FLUX 
F (EVENTS) (ICN**21SECISRI 
F A 
F B 
F C 
F D 
F E 
F P 
F G 
F H 
F I 
F 
F A 
F E 
F 
E 
F 
F 
F D 
F 
F 
F E 
F F 
F G 
F H 
F I 

COSMIC RAYS MASS CHARGE 
( G E V I  ( G I  

O < 2 E--LZ MALKUS 51 EMUL < 1 - 3  ~182" 
O < 5 E - L 5  C A R I T H E R S  6 6  ELEC < 15 < 3 L 2 / 7 5  
0 < E E - E 9  F L E I S C H 3  6 9  P L A S  > 2 2176  
1 1 E - L 3  PRICE 7 5  P L A S  > 200 2 12175 
O < 2 E - L 5  B A R T L E T T  81  P L A S  2 1 8 2 .  
O < 2 E - 4 O  BONNARDEA BE CCSM 2 1 8 2 .  
O < I E - 1 3  K I N O S H I T A  8 1 P L A S  > 1 2 1 8 2 .  
0 < 5 E - [ I  U L L M A N  B [  C N T R  < E + 1 7  2 • 8 2 *  
l 6 . 1 E - 1 0  CABRERA BZ INOU 1 + - . 0 6  6182" 

NALKUS 51 - -  SEA L E V E L  ACCELERATOR/CONCENTRATOR. 4 1 8 2 .  
C A R I T H E R S  6 8  - -  SEA L E V E L  CONCENTRATOR. 12/75 
FLEISCHER3 6 9  - -  OBSIDIAN AND MICA. 1 2 1 7 5  
P R I C E  7 5  - -  ANNOUNCES EVENT. 1 1 / 7 6  

A L V A R E Z  751FLEISCHER 7 5 ,  FRIEDLANDER 7 5 ,  ROSS 7 6  1 1 1 7 6  
EXPLAIN IT AS A FRAGMENTING NUCLEUS. 1 1 1 7 6  
EBERHARD 75 DISCUSSES CONFLICT W I T H  OTHER EXPERIMENTS. 1[176 
HAGSTROM 7 7  REINTERPRETS AS ANTINbCLEUS. 3177 
PRICE 78  REASSESSES. 7 / 7 9  

BARTLETT El - -  FNAL EC MAGNET. LEXAN. 2182" 
BONNARDEAU 81 - -  INTERSTELLAR FLUX INFERRED FROM NEUTRON STARS. 2 /82*  
KINOSHITA 81 - -  OR-39 ON WHITE MOUNTAIN CA. BETA > 0.02.  2 / 8 2 *  
U L L M A N  81  - -  SENSITIVE TO VERTICAL V E L O C I T I E S  100-350 KM/SEC. 2182" 
CABRERA 82 - -  SENSITIVE ONLY TO MAGNETIC CHARGE. 4182e 

D MONOPOLE DENSITY 
D (EVENTSI 
D A 0 < 2 E-31GRAM GOTO 83 EMUL 
O B O < 2 E-2/GRAM P E T U K H O V  8 3  CNTR 
D C O < I E - 2 / G R A M  FLEISCH[ 6 9  PEAS 
0 0 0 < I E-41GRAM FLEISCH2 6 9  P L A S  
D E O < 2 E - - 1 3 1 M * * 3  SCHATTEN 7 0  ELEC 
O F O < 6 E-71GRAM KDLM 71 CNTR 
D G O < 2 E-41GRAM ROSS 73 INOU 
O H 0 < 5 E-L/GRAM CABRERA 75  INDU 
D I 0 < 8 E-41GRAM EARRIGAN 7 6  CNTR 
O J O < 2 E -41PROT BRODERICK 79 COSM 
D 

MASS CHARGE 

, .... <,?~ 3"- 12175 
L2178 

< l - l E O  4182. 
> O 1 2 1 7 5  

4 1 7 7  
< L40 1 2 / 7 5  
> . 0 5  2 • 7 6  
> .04 5 / 8 2 "  

l / I T  
1 2 1 8 1 *  

D A GOTO 63 - -  ADIRONDACK MOUNTAIN MAGNETITE AND TW~J METEPOITES. 12175 
D B PET UKHOV 63  - -  S I K H U T E - A L I N  M E T E O R I T E .  1 2 / 7 5  
D C FLEISCHERE 6g - -  MN NODULES OCEAN SEDIMENTS LAST L6 E+6 YEARS. 4182" 
D D FLEISCHER2 6g - -  MN EARTH CRUST. E2175 
O E SCHATTEN 7 0  - -  LUNAR M A G N E T I C  WAKE.  4 / 7 T  
D F KOLM 71  - -  DEEP SEAWATER.  2 / 7 6  
D G ROSS 73 - -  LUNAR DUST. 2176 
D H CABRERA 75 - -  ELEVEN TERRESTRIAL MATERIALS. 4182. 
O I CARRIGAN 76 - -  AIR AND SEAWATER. L l l T  
D J BROOERICK 79 - -  42-CM ABSORPTION IN NEUTRAL GALACTIC HYDROGEN. 1218l*  

****** ********* ********* ********* ********* ********* ********* ******** 

REFERENCES FOR MAGNETIC NONOPOLE SEARCHES 

MALKUS 51 PR 83 8gg 
BRADNER 59 PR [14 803 
FIDECARO 61NC 22 657 
AMALOI 63 NO 28 773 
GDTO 8 3  PR [ 3 2  3 6 7  
P E T U K H O V  6 3  NP 4 9  8 7  
PURCELL 6 3  PR [29  2326 
CARITHER 66 PR 149 1070 

FLEISCH[ 6 9  PR 1 7 7  2 C 2 9  
ELEISOH2 69 PR 184 EBg3 
FLEISCH3 6 9  PR 184 t 3 g 8  

ALSO 7 0  JAP A !  ~ 5 8  

S C H A T T E N  7 0  PR DE 2 2 4 5  
KOLM 71PR 0 4  E285 
GUREVICH 72 DL 3BB 5BE 

A L S O  TO PL 3 1 E  3 ~ 4  
ALSO 72 JETP 3 4  R I 7  

CARRIGAN 73  PR D8 3 7 E 7  
ROSS 73 PR D8 698 

ALSO 70 SCI 167 701 
ALSO 7 1 P R  D4  3 2 6 0  

C A R R I G A N  7 4  PR D I D  3 E 6 T  

BURKE 75  PL 8 0 8  1 1 3  
CABRERA 75  OH D T H E S I S  
C A R R I O A N  75  NP 8 9 1  2 7 9  

ALSO 7 1 P R  03 5 6  
EBERHARD 75 PR O C t  3 0 9 9  
GIACONEL 75  NC 2 8 A  21 

PRICE 75 PRL 35 4E7 
ALSO 75  L B L - 4 2 6 0  
ALSO 75  L B L - 4 2 8 9  
ALSO 75  PRL 35 t 4 1 2  
ALSO 75  PRL 3 5  1 1 6 7  
ALSO 7 6  L B L - 4 6 6 5  
ALSO 7 7  ~RL 3 8  7 2 9  
ALSO 7 8  PR DIS 1382 

CARRIGAN 76  PR DI3 1823 
D E L L  76  LNC 15  2 6 9  
STEVENS 7 6  RR 014 2207 
ZRELDV 76 CZJP B 2 6  1 3 0 6  

CARRIGAN 78 PR 017 | 7 5 4  
H~FMAN N 78  LNC 2 3  3 9 7  
8RDDERIC 7 9  PR 819 1046 

8~RTLETT 8[  PR D2& 612 
BONNARDE 8[  PR D23 323 
K I N O S H I T  a t  PR D 2 ~  ETC7 
U L L M A N  8 1 P R L  4 7  2 8 9  

CABRERA 82 PRL 47 [378 
K I N O S H I T  8 2  PRL 4 8  7 7  

MALKUS (CHIC) 
÷ISBELL (LBL) 
÷FINOCCHIARO~GIACOMELLI ( C E R N I  
÷BARONI,MANFREDINhBRADNER+(ROMA+UCSD+CERNI 
+KDLM.FORD (TOKY÷MIT÷BRAN) 
÷ Y A K I M E N K O  ( L E ~ D )  
÷ O D L L I N S . F U J I I , H O R N B O S T E L t T U R K O T  ( H A R V ÷ E N L I  
CARITHERS,STEFANSKI*ADAIR ( Y A L E ÷ B N L I  

FLEISCHFR,JACOBS,SCHNARTZ+ (GESC+FSU) 
FLEISCHER.HART.JACOBS+ ( G E S C * U N C S ÷ G S C O I  
FLEISCHER, PRICE,WOOOS (GESC) 
FLEISCHFR,HART.JACOBS,PRICE.SCHWARTE÷IGESCJ 

SCHATTEN (NASA) 
÷VILLA,ODIAN (MIT+SLAC) 
÷KHAKIMOV~MARTEMIANOVe (KIAE+NOVO~SERPI 
GUREVICH,KHAKIMOV÷ (KIAE+NOVO÷SERP) 
BARKOV*GUREVICH+ (KIAE~NDVO+SERPI 

• NEZRICK,STRAUSS (FNAL) 
+EBERHARDtALVAREZ.MATT (LBL÷SLAC] 
ALVAREZ,EBERHARD*ROSS,WATT (LBL*SLAC) 
EBERHARD,ROSS,ALVAREZ,WATT (LBL÷SEACI 
+NEZRICK,STRAUSS (FNAL) 

÷GUSTAFSON,JONES,LONGO (MIOH) 
CABRERA ISTAN) 
÷NFZRICK IFNAL) 
CARRIGAN,NEZRICK (FNAL) 
÷RDSS,TAYLOR,ALVAREZ.OBERLACK (LBL+MPIM) 
GIACDMELLI.ROSSI~ IBGNA÷CERN+SACL~ROMA) 

eSHIRK.OSBORNE,PINSKY (UCB+HOUSTONI 
LUIS ALVAREZ ILBLI 
PHILIPPE EBERHARD IEBL) 
R.L.  FLEISCHER,R.M.WALKER IGESC÷WUSLI 
M.W. ER[EDLANDER IWUSLI 
RONALD ROSS (LBLI 
RAY HAGSTROM (LBL) 
PRICE*EHIRK*OSBORNE.PINSKYILBL,UCD.HOUSTON) 

+NEZRICK.STRAUSS (FNAL) 
÷UTO,YUAN,AMALDI÷ (CERN+BNL÷ROMA~ADBL) 
÷COLLINS,FICFNEC.TROWER,FISCHER+ (VPI÷BNLI 
+KOLLAROVA,KOLLAR.EUPILTSEV,PAVLOVIC÷IJINRJ 

+STRAUSS,GIACDMELLI IFNAL÷BGNA) 
÷KANTARDJIAN,DILIBERTO,MEDDI÷ ICERN+ROMA) 
BRODERICK,FICENEC,TEPLITE,TEPLITZ [VP I I  

÷SO0,FLEISCHER.HART,MOGR~AMPEROICOLO÷GESCI 
M.BONNBRDEAU IMPIM] 
K.KINOSHITA.P.B.PR[CE (UCBI 
J.D.ULLMAM (LEHM÷BNL) 

CABRERA (STANI 
KINOSHITA.PRICE.FRYBERGER (UCB*SLACI 

STEVENS 73 VPI-EPP-73-5 D.M.STEVENS IVP [ I  
CARRiGAN 77 FERMILAB-7714R R.A.CARRIGAN,JR. IFNAL) 
CRAVEN 81 FERMILAE-81137 R.E.CRAVEN.W.P.TROWER,RA.CARRIGANIVPI+FNAL) 
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Stable Particles 
CHARM SEARCHES 

I CHARM SEARCHES AND EVIDENCE,] 
> 

Data on specific charmed states are listed in 

separate sections in the appropriate places in 

the Data Card Listings: D, F, and A - Stable 
c 

F* Particles; D*, - Mesons; Z c Baryons. 

Evidence for charm not directly relatable to a 

given state is listed in this section. Neutrino- 

induced dilepton events are summarized. Short-lived 

tracks in emulsions are also dealt with. 

Tri-muon production in neutrino interactions is 

summarized in the Other New Particle Searches sec- 

tion. 

Neutrino-induced Dilepton Events 

Many neutrino experiments have now observed 

dilepton events. These data are summarized in 

subsections Y, V0, VOA, and VAP. Bubble chamber 

experiments have observed neutrino-induced 

p-e + events associated with strange particle pro- 

duction in the reaction 

~N + u-e+K° (orA) + anything. 

Production of charmed particles (C) in neutrino 

interactions would be expected to give rise to 

such events via the mechanism 

N + U C + hadrons 

L£+~£ + hadrons , 

where the Cabibbo-favored transition would predict 

a strange particle among the hadrons. Thus the 

appearance of neutrino-induced opposite-sign di- 
- + 

muon events, ~ e events, and associated strange 

particles can be understood via the charm mechan- 

ism. (For another potential explanation see the 

Heavy Lepton Searches section above.) 

Recent experiments show that like-sign dilep- 

tons, on the other hand, are produced much in ex- 

cess of theoretical expectations. See section Y 

below. 

Short-Lived Tracks in Emulsions 

The mean life of a weakly decaying charmed 

meson or baryon of mass M (in GeV) is expected to 

be in the range 1 

T = (i0 -ll to 10 -13 sec) x I/M 5 

with a corresponding mean path length for lab mo- 

mentum p (in GeV/c) of 

£ = ~ = (30 U to 3000p) x p/M 6 
M 

Thus even at Fermilab energies, the decays of such 

particles are hard to observe directly in most 

bubble, streamer, or other chambers, so emulsion 

is often used. We list data for these experi- 

ments in subsections CC and EM below. 

Recent experiments using special bubble cham- 

bers, emulsions, and silicon detectors have been 

able to identify the particular charm state with 

some degree of confidence and to estimate the mean 

life. These measurements are listed in the sep- 

arate sections associated with the particular 

states. 

Charm Searches 

Experimental evidence for charm production 

has now been accumulated in various reactions. 

Sections CP and CPI include several types of 

evidence for associated charm production in pN 

and ~N collisions: the prompt IU and le signals; 

low-mass U+~ - pairs with missing energy; opposite- 

sign ~e events; observations of D and A in the 
c 

hadronic final states; as well as hadronic charm 

decay in association with a lepton trigger. Ob- 

servations of prompt muons in beam dump experi- 

ments are listed in section BD. 

Sections CG, MU, and D include evidence in 

photon, muon, and neutrino beam experiments. 

Charmed baryon production in e+e - reactions is 

listed in section CE; further information can be 

obtained from the Listings. 

References 
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PRDPERTIES OF THE CHARMED O, O*, F~ F * ,  LAMEDAIC÷t AND SIGMA/C+ 
STATES ARE LISTED IN SEPARATE SECTIONS. 
THE FQLLDNING SECTION CDNTA[NS INFORMATION ON SEARCHES FOR 
OTHER CHARMED PARTICLE STATES AND SEARCHES FOR THE ABOVE STATES 
IN NEW COLLISICN PROCESSES. 
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CE CHARMED BARYON PROOU/TIDN IN (E+ E~I COLLISIONS (CMet2) 
EE A PICCOLD 77 SHAG [176  
CE B (5 .AE-3S IOR LESS CL~.90 FERDUSON 78 SMAG 2 /79  
CE 
CE A PICCOLO 7T LOOK AT INCLUSIVE PEAR AND LAMEDA PRDD IN 3 ,7 -To6  GEVECM 1 /78  
CE A E÷E-  AT SLAC° FINDS SHARP RISE IN CS BETW 4 .4  AND S OEV° EVIOENCE X/78  
EE A FOR PROD OF CHARMED BARVDN IN THAT REDION. I / T 8  
CE 
CE B FERGUSON T8 FIND INCREASE IN ANTIS IGMA~ PROD BY E+ E- (SLAC| 2#79 
CE E BETHEEN 4 ANO 7 GEV (ECM| OF OELTA-R (AS IG4 - - I =O . [ 2+ -O .05  CONSISTENT 2 /79  
CE E WITH CHARMED BARYON PRODUCTION ~ODELS. L IM IT  IS ON |2179 
CE B C°S°*ERIALARBCAC- - ->  ASIG+-  P l -+  P I - I .  L2 /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Stable Particles 
CHARM SEARCHES 

CG CHARMED HAORON PRODUCTION CROSS SECTIONS (BAMMA NUCLEON( (CM**B) 
CG A 60 EVENTS KNAPP 76 SPEC LAMBOABBR PI -P l -P Ie  2/77 
CG B 0 1 .1E -31  OR LESS CL=.95 QUINN 76 HBC Bee M- 9/17 
CG B 0 1.2E-31 OR LESS CL=.PB QUINN 76 HBC B+ MO 9/77 
CG E q6  ( 7 . 2÷ -2 .911 -31  ATIYA 79 SPEC O0- ->K+-  P I -+  12 /79  
CG D t EVENT ADAMOVICH 80 SPEC DOBAR-->K+B(PII- I/BO 
EG E (S .25~1 .40  #E-31 ASTON 80 SPEC 00BAR-->Ke P l -  12 /B I *  
CG 
CG A KNAPP 76 SEES A PEAN AT M=2 .26+ -0 .010EV /C~2 .  WIDTH IS 40+ -20  MEV, 2 /77  
CG A CONSISTEN7 WITH ZERO WIDTH STATE (RESOLUTION=30 MEVI. NO PEAK SEEN 2 /77  
CG A IN LAMBOABAR P[+ P[+ p [ - .  THEY ALSO SEE A LAMBDAOAR (4PIIO PEAK AT 2177 
CG A 2.5 GEV CASCAOINO DOWN TO THE PEAK AT 2.26. EXPT USED WIDE-BAND 2 /77  
CG B PHOTON BEAM ~T FNAL. 2 /77  
CG 
CG B GOINN 76 USED A 9.3 GEV PHOTON BEAM AT SLAE. SEE TABLES 1 AND 3 FOR 2/7T 
CG B INDIVIDUAL CHANNELS. ABOVE LIMITS ARE FOR ALL CHANNELS WITH ONE OR 2/17 
CG B NO MISSING NEUTRALS. 2 /77  
CG 
CG C ATIYA 79 IS FNAL EXPT USING 50-200 DEV PHOTONS. C.S. ASSUMES 12/70 
CG C BRANCHING RATIO OF DO-->K~--P-+ =.018. I 2 / 79  
EG 
CO D AOAMOVICH 8O SEES THE PRODUCTION AND DECAY GF A DOB~R IN EMULSION 1/80 
CG D EXPOSED TO SPS GAMNA BEAM IN CONJUNCTION W]7H OMEGA SPECTROBETER. 1/80 
CG 
CG E ASTON BO IS CERN-SPS OMEGA-SPECTROMETER EXP WITH 20-70 GEV PHOTONS. 12/8I¢ 
CG E ABOVE INCLUSIVE DOBAR CS ASSUMES BR OF DOBAR-->K+ PI-  = .026+-.004. 12/8 I *  
CO E FOR CS VALUES AND LIMIIS FOR OTHER CHANNELS. SEE THEIR TABLE 1-2. 12181= 
CG E OBAR-PROO. SEEMS MAINLY VIA iCHARMED-BARYON DBAR ) ASSOC.PRODUCTION. 12/BE= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MU CHARMED HADRON C.S. OR EVIDENCE IN MU NUCLEON INTERACTIONS (EM~=2) L2/79 
MU FOR PHOTOt~GLUON FUSION MODEL REFERRED TO BELOW SEE LEVEILLE AND 41825 
MU WEILER NP BEAT. 167 (E979)  AND REFERENCES CITED THEREIN* 4 /B2= 
MU A (3 .  E-B3)APPROX BAUER 79 SPEC 270 GEV MU+ BEAN 12179 
MU B AUBERTI 80 CALO 280 GEV MU÷ BEAN 6182= 
MU C AUBERT2 BO CALO 2BO GEV MU+ BEAR 1218L* 
MU O (6.9 +1.9 -1 .6 )  E-33 CLARK 80 SPEC 2OBGEV MU÷- BEAN 9/B1~ 
MU E AUBERT Bi  SPED BSOGEV MUD ON FE 2 /82~  
MU 
MU A BAUER 79 SEES 449 DIMUONSt 64 TRIMUONS. THE MAJORITY OF OIMUONS 12/79 
MU A APPEARS TO EENE FROM ASSOCIATED PRODUCTION AND SEMILEPTONIC DECAY 12/79 
MU A OF CHARMED MESONS. SEE ALSO LISTINGS UNDER SECTION MU OF OTHER 12/79 
MU A STABLE PARTICLE SEARCHES. 12/79 
NU 
MU B AUBERT[ BO SEE 765 DIMUON EVENTS. DIFFERENTIAL CRESS SECTION IS 4182~ 
MU B CONSISTENT WITH THE PHOTON GLUON FUSION MODEL FOR C CBAR PRODUCTION 41BZe 
MU 
MU E AUBERT2 80 SEE 5260 TRIMUON EVENTS {MUD ~F-->MU* flU+ MU- X).  EVENTS I2181~ 
NO C WITH ENERGY DEPOSITED IN CALORIMETER GT 20GEV ARE IN EXCESS OF RED. 12/81= 
MU E DIFFERENTIAL CS WITH CUTS ARE GIVEN IN THEIR FIG.3-4. SYSTEMATICS I2181~ 
MU E IN DES ANO LARGE MESSING ENERGY SUPPORT PHOTON-GLUON FUSION MODEL. 1218l* 
MU 
MU D CLARK BO ANALYZED 20072 DIMUONS AT FNAt. O.8E~O.I  OF THEM ARE 91BL= 
MU D ATTRIBUTED 7C ASSOC. PROD OF CHARM DECAYING TO MUONS. VALUE ABOVE 0/81~ 
MU D IS DIFFRACTIVE CHARM MUOPROD C.S. EXTRAPOLATED PHOTON C.S.(Q*~2=O} 9 /81~  
MU D IS (750 +lBO -1301NB ( { 5B0  +200 -120JNB# FOR |78 - (100 - )GEV  PHOTON. 9 /B I~  
MU D FOR F2{CCBAR) AND COMPARISON OF OATA WITH MODELS, SEE CLARK2 80. 9/BL~ 
MU 
MU E AUBERT 8! AT CERN-SPS ANALYZE WRONG-SIGN TRIMUONS.2 EVS (HU÷MU+MU+) 2/82~ 
MU E AND I EVENT (MU+MU-MU-). {FOR CORRECT-SIGN TR IMUONS,SEE AUBERT BO.) 2/B2~ 
MU E SET CL=.90 LIMIT FOR DO DOBAR TRAnS.-PROBABILITY < D.20o 2/82" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CPI CHARMED HACRON PRODUCTION CROSS SECTION {PI NUCLEON( (CM~2) 
CPI A 0 1 .5  TO 3 .7  E -30  BR LESS BALTAY 75 HBC 15 GEV PIeP 7 /76  
CPI A o 0 .2  TO 35 B -30  OR LESS BALTAY 75 HBC 15 GEV PI+P 7 /76  
CP[ B 8. E-33 OR LESS EL=.90 APEL 76 ASPK 40 GEVIC P I -  1/76 
EPl C 0 O;5 TO EB E-30  OR LESS BUNNELL 76 STRC CL=.97 1 /77  
CPI D 0 L TO 8. E-3I DR LESS DE STER 76 SPEC 15 GEV/C P l -  2/77 
EP[ E 0 4 .  T0 8. E-32 OR LESS GHIOINI 76 SPEC E9 GEVlC Pl P 2/77 
CPI F 0 4. E--30 OR LESS EL=.05 HAGOPIAN 76 DBC SHORT LIVED 2-SGEV 2/76 
CPI F l 7. E-31 OR LESS CL=.PS HAGOPIAN 76 DBC LONG LIVEO 1.9-2GEV 2176 
CPl F 0 3. E-3L  OR LESS EL=.95  HAGOPIAN 76 OBC LONG L IVE01 - I . 9 . 2 -5  2 /?6  
CP] G 0 3.  E -28  DR LESS KLEMS 76 HYBR 200 GEV/C P [ -  OEUT 1 /80  
CP[ H 0 B.BE-31 OR LESS CL=*95 BLANAR 77 SPEC 200 GEV/E PI+ 4 /77  
CPl I O.OBB OR LESS EL=.90  BRANSON 77 SREC P ie  SEE NOTE I 7 / 77  
CPI I D .041 DR LESS CL=.90  BRANSON 77 SPEC P I -  SEE NOTE [ 7 / 77  
CP[ J 2.6E-30 OR LESS EL=ROB GOOOARD 77 HBE DOBAR C** 1/78 
CPI K 0 5 .?E -36  OR LESS JONCKHEER 77 STRC 225 GEV/C P ( -  1 /78  
EPI L 0 9. E-DO CR LESS EL=.00 ANT[POV 78 SPEC 55 GEV/C P I -  BE 1180 
CPI L 0 2.  E -20  DR LESS EL=.95 ANT[POV2 78 SPEC $5 GEVIC P I -  BE 1 /80  
OPT M 2.~E-30 OR LESS CL=.90 BALLAM ?B HBC I8  GEV/C PI+P,P[-P 1/79 
CPI M 1 .3E -29  OR LESS CL=.90 BALtAH 78 HBC ASS~.PRO0 OF 0 *~  1/79 
CP[ N 8 .7E -32  OR LESS CL=.9999 CESTER 78 SPEC 10 .5  GEV/C P I -  N 1 /78  
CPI 0 S. E-30  OR LESS CL=.9B ANTIROV 79 SPEC 55 GEVIE P I -  U 9 /81 "  
CPI P 12 60.  E-30  ALLISON BO HDC ASSOC.PRO0 OF CHARM 9 /81~  
CPI P 6 35. E-30  ALLISON 80 HDC INCL. CHGD D PROD, 9 /8 I~  
CPI Q ANDERSON BO SPEC J /PS I+ (C  CBAR|+X 9 /81~  
CPI R 5 11 .9+ -1 .11E- -29  BARLOUTAU 80 BEE(; ?0 GEVIC P I -  N 1 /82= 
CPl S 5. E-32 (SEMI-[NCL CS*BR# BROMBERG 80 SPEC 00 - ->  KO PHI 9 /8L=  
CPI T 1 EVENT AOEVA 81HYBR P I -  P-->DO DOBAR X i /B2*  
C P/ 
EPl A BALTAY 75 SENSITIVE TO CHARMED PARTICLES WITH M=1o5 TO 4.0 GEV AND 7/76 
CPl A TAU LT I 0 " * - 11  WHICH THEN DECAY INTO STRANGE PARTICLES. 7 /76  
EPI A THE FIRST VBLUE ABOVE IS FOR ASSOC PRO0 OF CHARMED PARTICLES. 7 /76  
CPI A SEE THEIR TABLE I FOR SPECIFIC OECAY MODES. THE SECOND RANGE OF T /76  
CPl A VALUES IS FOR I NCLUSIVB PROD OF EHARNEO MESONS AND BARYONS WITH 7 /76  
CPE A CHARGES -2 TO *2. SEE HIS TABLE Z FOR SPECIFIC DECAY MODES. 7/76 
CPl 
CPl B APEL 76 IS  SERP EXPT. LOOKS FOR P I -  P - ->  O0 ADO N, DO - ->  KO P[O. 1 /78  
CPI 
CPI C BUNNELL 76 IS A SLAC 15.5 GEV P[+P EXPTo ALL POSSIBLE 2 TO 5-BODY 1/77 
CPI C MASS COMBINATIONS WERE STUDIED FOR NARROW RESONANCES PRODUCED IN 1 /77  
CPI C COINCIDENCE N[TH SINGLE MUONSo MASS RANGE STUDIED WAS UP TO 3.1GEVo 1 /77  
CPI C SEE TABLE I ON PG 87 FOR DETAILED RESULTS OF INDIVIDUAL CHANNELS. I 177  
C Pl 
CP[ D CESTER 76 LOOKS A? MASS RANGE 1o8 TO 2o5 GEV. SEE TABLE 1 FOR 2 /77  
CP[ D INDIV IDUAL CHANNELS. VALUES GIVEN ARE CROSS-SEE/NUCLEON ON CARBON. 2 /77  
CPI 
CPI E GHIDINI 76 LOOKED FOR CHARMED MESONS OF MASS GT 1.B GEV AND BARYONS 2/77 
CPl E OF MASS GT Z.O GEV. LIMITS ARE EL=.95. LIMITS FOR MOST CHANNELS LIE 2/77 
EPI E IN THE ABOVE RANGE. SEE TABLE 2 FOR INDIVIDUAL CHANNELS. 2/77 
CPI 
CPI F HAGOPIAN 76 IS A SLAC I5GEV PI+ D EXPT. ALL POSSIBLE TWO AND THREE 2/76 
CPI F BODY MASS COMBINATIONS WERE 5TOOIED FOR NARROW RESONANGES WITH MASS 2176 
CPI F 1.5-SGEV FOR MESONS AND 2-5GEV FOR BARYONS. INDIVIDUAL LIMITS FOR 2/76 
CPI F TWO AND THREE BODV DECAY FROM NANY REACTIONS ARE GIVEN. 2/76 
CPl F VEES WERE STUDIED FOR THE POSSIBILITY OF A NEN LONG LIVED (MEAN 2 /76  
CPl F L IFE  IE -11  S IC .  OR MORE( NEUTRAL PARTICLE. ONE CANO1OATE WITH MASS 2 /76  
CPI F 1.9-B GEV WAS FOUND. SECOND LONG LIVED LIMIT FOR M=1-1.9. Z-5 GEV. 2/76 
C Pl 
EPl G KLEMS 7~ LOOKS FOR ASSOCIATED PROD DF CHARMED MESON IN SEMILEPTONIC 1 /80  
CP[ G DECAY MODE. SEE THEIR FIG.2 AND 3 FOR E*S. UPPER LIMIT VS MASS. 1/80 
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CPI H BLANAR 77 IS FNAL EXPT. LIMIT IS FOR CS*BR TO MUONS. ASSUMES 4/77 
CPI H DIFFRACTIVE CHARMED 2GEV MESON PAIR PRODUCTION. DTHER LIMITS FOR 6/77 
CPI H Pl AND P BEAMS GIVEN IN TABLE I .  4/77 
CPl 
CPI I BRANSON 77 MEASURES (PI NUC -->J C CBARI/(Pl NUE -->J ANYTHING] 7/77 
CPI I WITH J,C, AND CBAR ALL DECAYING TO MOONS. FNAL EXPT. FIRST VALUE 7 /17  
CPl I ABOVE IS FDR 225 GEV/C PI*  BEAM, SECOND IS FOR 225 GEV/C PI-  BEAM. 7177 
C Pl 
CPI J GEDOARD 77 IS A SLAC PI+ P EXPT AT 4.51GEV ELM. 1/78 
CFI 
CPl K JONCKHEERE 77 LOOKS FOR CORRELATION BETW VOS AND PROMPT MUONS TO 1178 
CPl K SIGNAL DECAY OF CHARMED PARTICLE. I/TB 
C P/ 
CPI L ANTIPOV ?B SEARCHED FOR PI -  BE - ->  00 DOBAR X WHERE DO - ->  K+ P I - .  L/DO 
EPI L ANTIPOVB 78 SEARCHED FOR DO C X WHERE DO--> K P[, C IS ANY llBO 
EP[ L CHARMED PARTICLE WITH SEMIMUONIC DECAY. BOTH ARE SERPUKHOV EXPTS. llBO 
C PI 
CPI M BALLAM 78 IS SLAE EXPT SEARCHING FOR SEMIELECTRDNIC DECAY MODE OF [179 
CPI M ASSOC. PRODUCED CHARMED PARTICLES. FIRST VALUE ABOVE IS FOR C.S.$ 1/79 
CPI M SUM OF BRAHCHING RA7[OS INTO ELECTRON ANYTHING. SECOND VALUE USES 1179 
CPI N KNOWN BR FOR De-->E X TO YIELD CS. I179 
C P/ 
CPI N CESTER 78 IS BNL EXPT, LOOKS FOR P[- N-->Dt- X, De- - ->  DOBAR PI - ,  1/7B 
CPI N DOBAR-->K+ P I - .  VALUE CORRESPONDS TO A ROUGH L IM IT  OF 2~E0==-31 L /78  
EPI N CM=~2 FOR DBBAR PROD AND DECAY TO KPIo I /7B 
C Pl 
CPI 0 ANTIPOV 79 LCOKED FOR P l -  U - ->  DO DOBAR X, DO - ->  K- P I+  (DOBAR--> 9181~ 
CPl 0 K+ PI-) AND SENSITIVE TO TAU(DOI>I.E-12S. ABOVE LIMIT IS FOR TAU 9 /81~  
CPI 0 AROUND I .E - t l  SEE. FOR OTHER TAU(O0) ,  SEE THEIR F IG .  3. 9 /B l #  
C Pl 
CPI P ALLISON BO IS 340 GEV P [ -  P SPS EXP USING HIGh RESOLUTION OPTICS. 9 / 8 I=  
CPI P FIRST VALUE ABOVE CORRESPONDS TO CHARM LIFE 5.E-13 S. SECOND VALUE 9/BI= 
CPI P COMES FROM OBSERVED B EHGO B PRONG EVENTS (WITH 2 BKGDt AND ASSUMES 9181~ 
CPI P MEAN LIFETIME 1.E-12 SEE AND 3 PRONG B.R. 0.4 FOR EHGD O DECAYS. 9/81~ 
C P/ 
CP[ Q ANDERSON BO IS AN FNAL 225 GEV PI -  EXP. LOOKED FOR MULTI-MUONS IN g/BI~ 
CPI 0 P l -  C.CU,W - ->  J/PSl [D OBAR) X WITH J/PSI - - >  MU÷ MU-, O(OBAR) - ->  9181= 
C Pl G MU NUE X. ASSUMING BR(D--> MU NUE Xl=0.1v SET CL=.PO LIMITS 9/81= 
EPl O CS(JIPSI D DBAR)ICS(JIPSII < .016 AND CS(2 JIPSI)ICS(JIPSI) < .005. 91BI* 
CPI G FOR LIMITS IN OTHER PROD AND DECAY MODELS, SEE THEIR TABLE 2. 9/817 
C Pl 
CPI R BAHLOUTAUD 80 IS CERN SPS EXPT. OBSERVED SIGNAL OF [O.9+-5. B SINGLE I I82e 
CPI R OIR ECT ELECTRON CORRESPONDING TO E/P/ RATIO OF (3 .1~ I . 7 )E -5 .  ABOVE llB2~ 
CPI R CS IS FOR P I -  N-->O DBAR X ASSUMING ALL SINGLE ES E~E FROM D-DECAY 1/82~ 
C Pl 
CPI S BRONBERG BO IS AN FNAL 50 AND 100 GEV PI -  P SEMI-[~CL EXP. OBSERVED 91BIB 
CPl S A PEAK IN FINAL (KO K+ K-) CONSISTENT WITH PI -  P - ->  DO X. 9181~ 
CPI S DO --> KO PHI, PHI - ->  K+ K-. ABOVE VALUE IS SEMI-INCL CStBR ( I .E .  9181~ 
CPI S LOWER BOUND FOR INCLUSIVE GS*BRh 91BI* 
CP) 
CPI T ADEVA 81 IS CERN SPS EXPI WITH 360 GEV/E Pl -  ON LEBC. SEEN ONE EV. IIB2~ 
CPl T OF ASSOC.PROD, OF DO DOBAR, DO-->K-  P I+  2P lO,  DOBAR-->K+ P I÷  2P I - .  L / 82e  
CPI T SEE LISTING FCR 00 LIFE T IRE.  1 /825  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CP CHARMED HADROB PRODUCTION CROSS SECTION (P NUCLEON) (CM**2( 
CP A O I .  E-33 DR LESS AUBERT 75 SREC PI÷ K- 
CP A 0 4. E-33 OR LESS AUBERT 75 SPEC 
CP A O 1. E-33  ER LESS AUBERT 75 SPEC 
CP A D B. E-33 OR LESS AUBERT 75 SPEC 
CP A 0 7.  E-33  DR LESS AUBERT 75 SPEC 
CP A O 2. E-33 OR LESS AUBERT 75 SPED 
CP A O ~. E-32 CR LESS AUBERT 75 SPED 
CP A O 2. E-33 GR LESS AUBERT 75 SPED 
CP B O 5. TO 20. E-3O OR LESS AAHLIN 76 HBC 
CP B O 15. TO IOO.E-30 OR LESS AAHLIN 76 HBC 
CP B 0 10. 70 35. E-30 OR LESS AAHLIN 76 HBC 
CP C 0 0 .05  TO 1 .3BE-27  OR LESS ALBROW 76 SREC 
CP 0 0 2.  E-50  DR LESS BINTINGER 76 SPEC 
CP O 0 B. E -32  CR LESS BINTINGER T6 SPEC 
CP E 0 9.  E-BO OR LESS CL=.PB ALDER T7 SPEC 
CP E 0 B. E -30  ER LESS CL=*95 ALDER 77 SPEC 
CP F 0.06 OR LESS CL=.PO BRANSON 77 SPEC 
CP G O 3 .6E -31  OR LESS EL=oRS DITZLER 77 SPEC 
CP G O 2 .9E -31ER LESS CL=.9B DITZLER 77 SPBC 
CP H 0 7 .6E -29  CR LESS EL=.95  BAUM 78 SPEC PP-->D DBAR ANYTHNG 2 /79  
CP I 32 ( 7 . 0+ -3 .6 )E -29  CLARK 78 SPEC PP-->D DBAR ANYTHhG 2179 
EP J 0 I .OE-31  OR LESS LAUTERDAC 78 SPEE O+fDO TO K NU NJ L2179 
CP K 2.6E-29 DR LESS EL=.95 BRANSON 79 PP-->OOOOBAR + D+D- E2179 
CP K S .9E-29  DR LESS EL=.95 BRANSON 79 PP-->DODOBAR * O+D- 12179 
CP L ( I . 3  TO 6 .0 ]E -29  BROWN 79 SPEC 12 /79  
EP M (1 .0 I * - 0 . 23 )E -29  CHIL(NGAR 79 SPEC D DBAR INCLUSIVE IZ /?9  
EP N (7  TO 20 )E -30  DIAMANTBE 70 CNTR D.DBAR - ->  MUONS 12 /79  
CP 0 B .7E -28  OR LESS CL=.9S OISHAW 79 CALO 600 GEV PP -->OOBAR 12179 
CP P 92 (1 .5 -BO)E -ZB  DRIJARO 79 SFM D+ - ->K -P I+P I+  12 /70  
CP Q I3 .0  TO 6.21E-30 ORIJARD2 79 SFN LARIC+ TO KOBAR~ P 12/79 
EP 0 (3 ,3  TO 6 .7 )E -30  DRIJARD2 79 SFM LAM/C÷ TO K-  DEL+* 12179 
CP R I0 .7  TC I . 8 IE -3O  GIBONI 79 SPED LANIEe -->K- PI+ P 12/77 
CP R 10.7 TO 1 .3 )E -30  GIBONI 79 SPEE LAN/C+-->LAM (BR I )+  12179 
CP S (2 ,3e -O .3 )E - -30  LOCKMAN 79 SPED LAN/C÷ - ->K -  P l+ P 12 /79  
CP S (2 .B+ - I .O IE - -BO LOCKMAN 79 SPED LAM/C+-->LAM (3P I )+  I 2 / 79  
CP T ( 2 .2÷ -0 .9 lE -29  RITCHIE 80 CNTR 9 /81e  
CP U 8 (2.0 TO 5.0)E- -Ze SANOWEISS 80 STRC 9 /81#  
CP V (1.B+-.7(E-28 BASILE 81SFM ASS~.OBAR LAMlCe llB2~ 
CP W 47  [5.B*-2.9)E-28 BASILE2 81 SFM ASSOC. DO DBAR PROD 2182" 
CP X 53 (0.8~e-.32)E-27 IR ION 81SPEC E-TRIGG.LANIC*OECAY L182~ 
CP X 21 [O .45e - . 32 )E -27  IRION BI  SPEC Ee7RIGG.LAM/C-DEGAY I I 82~  
CP 
CP A AUBERT 75 IS A BNL 30 GEV EXPT. LOOKS FOR P BE - ->  JPRIME ANYTHING 2/76 
CP A WHERE JPRIME DECAYED VIA THE CHBNNEL SHOWN. BBOVE VALUES ARE 2/16 
CP A FOR M=Z.25GEV AND ASSUME A WIDTH SMALL COMPARED TO THE RESOLUTION. 2 /76  
EP A UPPER L IM ITS  ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PBAR FOR 2176 
CP A M=3 .1  AND 3 .7  GEV. THOSE LIMITS RANGE FROM TE-36 TO 4E -33 .  2 /76  
CP A MB 77 SAYS AUBERT 75 L IMITS SHOULD BE AN OROER OF NAG. LARGER. 2 /77  
CP 
CP B AAHLIN 76 IS A 19 GEVlC P--P EXPT AT CERN. VALUES GIVEN ARE CL=.975. 2/77 
CP B SEE TABLE 2B, PG 479 FOR INDIVIDUAL LANBOA (OR KS) +PIONS CHANNELS. 2 /77  
CP 
CP C ALBROW 76 IS ISR EXPT, ECM=53GEV. SEE ?HEIR TABLE 2B, PD 377 FOR L/T8  
CP C INDIVIDUAL MESON AND BARYON CHANNELS. EXAMINES MASS RANGE 2 -4  GEVo E/TG 
CP 
CP D BINTINGER 76 IS CROSS-SEE TIMES BR INTO K- PI+. WE SHOW TWO VALUES I177 
CP O FROM THEIR FIG.4 WHICH COVERS MASS RANGE 1.7--4 GEV. SIMILAR LIMITS 1177 
CP D ARE GIVEN FOR K÷ PI-- AND PI+ P I -  CHANNELS. L IMITS ARE PROPORTIONAL L /77  
CP D TO CSeBR FOR J /PS I  INTO MU* MU-, TAKEN=IONB FOR ABOVE VALUES. E/77 
CP 
CP E ALDER 77 IS CERN-ISR EXPT AT ECM=53 GEV. I 2 / 77  
CP 
CP F BRARSON 77 MEASURES (P NUC -->J C OBARIIiP NUC - ->J ANYTHING) WITH 7177 
CP F J,C, AND CBAR ALL DECAYING TO MUONS.FNAt EXPT USING 225 GEVIC BEAM. 7/27 
CP 
CP G DITZLER 77 IS FNAL 4OOGEV P EXPT. ABOVE LIMITS ARE FOR l / 7B  
CP G BRIK PI)~DSIGMNIOY AT Y ICM)= -0 .4 .  1 /78  

2 /76  
K÷ P [ -  2 /76  
K+ K- 2 / 76  
PI+ P l -  2 / 76  
P K- 2176 
K+ PBAR 2 /76  
P P I -  2 /76  
P[+ PBAR 2176 
BARYON,M L7 2GEV 2 /77  
BARYONtM 2 -3  GEV 2177 
MESON. M 1--2 GEV Z /77  
R P I ,  K P l i T8  
M=B OEV/C~*2 1/77 
M=4 GEV/C * ' 2  1 /77  
DO - ->  K-  PI÷ I 2 / 77  
DOBAR--> K+ P I -  L2 /77  
SEE NOTE F BEL3W 7 /77  
DO - ->  K- PI+ 1/78 
DOBAR --> K÷ PI -  1 /78  
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CP H 8AUR 78 IS ISR EXPT AT ECH=55 GEV. REASURES CS*BR (D~>EI*BR(D-->NU) 2/79 
CP H <.92 HICRGBNS AT THIS ENERGY. 2/79 
CP 
CP I CLARK 78 IS CERN-[SR EXRT LDONING FOR E÷- MU-~ EVENTS. ERROR IS 2/79 
CP I STATISTICAL ONLY. ASSUMES THE SEMILEPTONIC BRAh~HING FRACTIONS OF 2 /T9  
CP I THE D INTO ELECTRONS AND MUONS AS lO PERCENT EACH. 2 /79  
CP 
CP J LAUTERBACH 78 RESULT BASEO ON POLARIZATION OF PRONPT MOONS IN 400 [2/79 
CP J GEV P-NUCLEON INTERACTIONS. IF B.R. DF D-->MU - . 07 .  CS<? E-BI. [2/79 
CP 
CP K FIRST BRANSON 79 VALUE IS AT ECM=I9.4 GEV. SECOND AT ECN=27.4 GEV. 12/Tg 
CP 
CP L BROWN 79 SEES PROMPT 1MUON SIGNAL IN 400 GEV PROTONS ON STEEL. 12 /79  
CP L UNCERTAINTY IN C.S.  IS DUE TO NODEL DEPENDENCE. 12 /79  
CP 
CP H CH[LINGAROV T9 ANALYZE CERN ISR EXPT AT 5B ANU 63 GEV ECM FOR LOW [2/TR 
CP M MASS LEPTON PAIR PRODUCTION° VALUE ABOVE IS C.S.  PER UNIT OF [2 /T9  
CP H RAPIDITY NEAR Y=O. 12/T9 
CP 
CP N OIAMANTBERGER 79 USES 400 GEV PROTONS ON FE AND LOCKS FOR MISSING 12/79 
CP N ENERGY IN HU÷RU- PRODUCTION INDICATIVE OF FINAL STATE NEUTRINOS. 12/79 
CP 
CP 0 D[SHAW 79 IS A CALORIMETRIC EXPT AND LE(~KS FOR LOW ENERGY TAIL OF 12 /79  
CP 0 ENERGY DISTRIRUTUIONS DUE TO ENERGY LOST TO WEAKLY INTERACTING 1B/T9 
CP 0 PARTICLES. ASSUMES SEMILEPTONIC B,R,=O.  E1, 12 /79  
CP 
CP P DR[JARM'79 IS CERN-ISR EXPER[HENT AT ECM=SB GEV. FOUND A PEAK AT 12/T9 
CP P DNASS IN K- PI~ P I÷  MASS DISTRIBUTION WHEN MASS OF AT LEAST ONE OF 12/T9 
CP P TWO (K -P I÷ I  PAIRB IS REQUIRED INSIUE THE K~IB92}  REGION. CORRECTED 12/7R 
CP P FOR BRANCHING RATIO. SEE TABLE 3 POR C.S.  ESTIMATICN. [2/79 
CP 
CP D ORIJARD2 T9 IS CERN ISR EXPT AE MB GEV ELM. SEES MASS ENHANCEMENT [ 2 /T9  
GP Q AT 2 .26  GEV IN BOTH CHANNELS. RANGE Iq  VALUES DUE TO MOOEL 12/Tg 
CP Q DEPENOENCE. VALUES ARE SIGNAtRR FOR NODES SHOMN. 12/79 
CP 
CP R GIBCNI 79 IS CERN ISR EXPT AT 63 GEV ECN.SEES MASS ENHANCEMENT NEAR 12/79 
CP R E.2MM GEV IN BOTH CHANNELS. VALUES ARE SIGMA~RR FOR MOOES SHOWN. 12/79  
CP R SIGNA*BR FOR LAM(3P I )÷  ~DDE CHANGEO BY AUTI-I~R. SEE DIBITONO 79 .  R/82= 
CP 
CP S LOCRRAN T9 IS A CERN ISR EXPT AT 53 AND 62 GEV ECN. SEES A MASS 12 /79  
CP S ENHANCEMENT AT 2 .29  GEV IN BOTH CHANNELS. VALUES ARE SIGMA*BR FOR 12/T9 
CP S MODES SHORN AND FOR O.TS<X<O.90 IN ONE HEN]SPEERE. 12 /79  
CP 
CP T RITCHIE 80 IS AN FNAL BMO OEV PROTON FE EXP. MEASURED PROHPT MUONS 9 /81=  
CP T IN LOW PT SMALL XF REGION. (CF BROHN 79 ) .  ES VALUE IS FROM PRONPT 9/B1= 
CP T 1MLWBN RATE ASSUMING LINEAR A OEP AND SEMILEPTONIC BR OF 0°08. 9 /8 Ie  
CP 
CP U SANOWEISS BO IS AN FNAL EXP WITH 350 GEV PROTONS ON NE STRC. 9 /81~  
CP U OBSERVED SHORT LIVED PARTICLES ASSOC. WITH NUONS. ABOVE CHARM C.S. 9/BE= 
CP U VALUES ARE OBTAINED IN TWO MODELS ASSUMING THESE EVENTS AS CHGD D. 9/81~ 
CP 
EP V RASILE 81 IS CERN-ISR EXPT AT WCM=6B GEV. LOOKED FOR P P-->DOAR LAW L/82 • 
CP V /C÷ WITH OBAR-->E-  X AND LAM/C+ - ->P  K-  P I÷ .  A~VE  CS ASSUNES BB'S [ / 82 *  
CP V .DES AND .ODE FOR RESPECTIVE OECAYS AND PROO.MODEL WITH LAW/C+ FOR- 1 /82=  
CP V WARD AND OBAR CENTRAL, WHICH GIVES MOST REASONABLE E- /PI -  RATIO. 1/82" 
CP 
CP W BAS[LE2 8 I  IS CERN ISR EXPT AT WCM=62 GEV. STUDIED P P-->O0 DBAR X 2 /82=  
CP w WITH OBSERVEO DO--->K- P[~ AND TRIGGERED DBAR---->E- K÷ Xo ABOVE CS 2 /82=  
CP H ASSURES 6R{ MO- ->K -P [÷ I= ,M3÷ - .O06 ,  BR(DOAR-->E- K÷ X )= ,043~ .  OIZ AND 2 /82~  
CP M IN A MODEL GIVING LOWEST CS~[.E. CENTRAL PROD. OF BOTH DO AND DBARo 2/82* 
EP 
CP X IRION 81 IS CERN-ISR EXPT AT WCM=63 GEV. FIRST VALUE IS POP P P - ->  1 /82 "  
CP X OBAR LAR/C X FROM E- TR1GGEREM LAR/C+ - ->K -  R P I÷  EVENTS ASSUMING 1 /82~  
CP X BR(D-->E X )=*08  AND BR(LAH/C÷ - ->K -P  P I÷ )= .OB2 .  SECOND IS FOR P P 1 /82=  
CP X - ->  LAR/C-  LAW/C+ FROM E÷ TRIGQ. LAN /C - - ->R+  PBAR P I -  EVENTS. 1 /82 "  
CP x ESTIMATES DEPENDS ON MQDELSo SEE THEIR TABLE[ FOR VALUES IN OTHER 1 /82= 
CP X MODELS ANM C,S,  UPPER L IMITS FOR DEAR D~,D DB~R÷.LAM/C OBAR÷ PRODS. 1 /82~ 
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CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
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CN 
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g~ 
CN 
CN 
CN 
CN 

A 
A 
A 
B 

0 6. E-32 DR LESS 
0 7 .  E--32 GR LESS 

C 0 A. E-3Z GR LESS 
C 0 6 ,  E-32 OR LESS 
D 0 -2  SEE COMMENT 0 BELOW 
E 0 1 . - 10 .E -31  OR LESS 
F 0 2.  E-31 OR LESS EL=.90  
F 0 2.5E-31 DR LESS EL=.90 
G 0 3,BE-3E OR LESS EL=.95  

0 2 .0E -31  DR LESS EL=.?5 
0 B.BE-31 ~R LESS CL=.90 
0 3+2E-3E OR LESS eL= .90  
0 1 .3E -30  OR LESS CL=.90 
0 1 .1E -30  ER LESS CL=.90 
0 5 .9E -31  DR LESS EL=D90 
0 A.8E-31 OR LESS CL=.90 

CHARMED HAORON PRODUCTION CROSS SECTION (N NUCLEON) (EM**Z| 
0 E .9E -31CR LESS BLESER 71 SPED K~P I - ,  M=|.B GEV 
0 I .OE-3 [  CR LESS BLESER 75 SPED R÷P [ - ,  M=2.S GEV 

I.OE-BI OR LESS BLESER 75 SPEC K- P • R=2.S GEV 
3 .51 -29  QR LESS CL=.PTM WARD 75 HBC KS PI÷  P [ -  

ABOLINS 76 SPEC Pl+ P I -  
ABOLINS 76 SPEC PEAR P 
ABOLINS T6 SPEC K- PI~ 
ABOLINS 7A SPEC K- P 
BINKLEY 76 SPED 
ABOLINS 78 SPEC 
BBONPST 78 SPEC C+ TO LAMBDA PI÷  
BBDNPST T8 SPEC D'~- TO KO P I+ -  
LIPTON 78 SPEC 
SPELRRING 78 SPECK÷-  PI-÷.  M=[.86GEV 
BBDHPSST T9 SPEC DO --> K-  P I+  
BBOMPSST T9 SPEC DOBAR - ->  K÷ PI -  
BBDNPEST T9 SPEC D÷ --> K- P I+  P[÷ 
BBOHPSST 7g SPEC 0 -  --> K+ P I -  PI -  
BBOMPSST 79 SPEC F+ - ->  K÷ K-  PI~ 
BBOMPSST T9 SPEC F-- - - >  K÷ K- P I -  

|.3E-30 DR LESS EL=.90 BBONPSST 79 SPED LAHlC÷ -->P K- PI÷ 
2.31-3E DR LESS CL=.gO BBOMPSST 79 SPED LAW/C÷ -->P KOBAR 

BLESER 75 USES NELrrRONS UP TO 300 GEV#E. BE TARGET. EXAMINES MASS 
A RANGE UP TO 3 .5  FOR RP l t  UP TO 6 .0  FOR KP. 

B WARD 75 IS N-P EXPT WITH NOR UP TO 24 GEV/C. THIS VALUE IS FOR MASS 
B RANGE 1 .5 -2 .5  GEV. SEE TABLE 1PG Bt  FOR UPPER LIMITS ON C÷÷ .C* .  
B CO.O*.OO.O- BECAYS INTO VARIOUS FINALSTATES IN MASS RANGE |.S-SGEV. 

UPPER L IM IT  FOR SEEING DECAY OF CHGO CHARMED PARTICLE INTO VO FO~ 
TAU GT LO '~ ' - l I  SEE GIVEN AS I .S *EXP IT I  FOR VO =LAMED& OR SIGMA. AND 

B 3.O*EXP(T) FOR VO=KO. HERE. T=IO*-I£/TAUI CS GIVEN IN NICROBARNS. 

ABOLINS 76 IS FNAL EXPT° USES NEUTRONS UP TO MOO GEV/C ON BE TARG. 
TYPICAL VALUESABOVE ARE FOR M=SoO GEV. SEE FIG 6 FC~ MASS MANGE 

C 2-4 GEV. OBSERVES POSSIBLE K- PI~ ENHANCEMENT AT 2.29~.0B GEV. 

O BINKLEY 76 MEASURES ERIC TO MU ÷ OTHERSItR WHERE R 1S THE RATIO (~F 
D THE CROSS-SEC FOR PRODUCING THE J /PS I  TOGETHER WITH A C-CBAR PAIR 
O TO THE TOTAL CROSS-SEE FOR PRO(~JBIND THE J /PS I  AT THIS ENERGY. THE 
D EXPT WAS A 300 GEV/C FNAL RUNt AND SAW 2 TRI-MUON EVENTS. THIS GAVE 
D A .90  CL UPPER L IMIT  OF .OOB FOR THE MEASURED QUANTITY DESCRIBED 
O ABOVE* 

E ABOLINS 78 IS A 250 GEV/C N-BE EXPT LOOKING FOR NARROW ENHANCEMENTS 
E IN RANGE I .T -B .  5 GEV. CHANNELS EXANINED ARE P l÷P I - .  K~ -P I -÷ .  K p.  
E PDAR P.  POSSIBLE K-P I+  PEAM AT 2 .29  SEEN IN RDOLINS 76 NOT SEEN 
E HERE* STATISTICS HERE ARE 5 TIMES ADOLINS 76 STATISTICS. 
E IF SAME PSI PRODUCTION MODEL WERE ASSUMED HERE AS WAS USED IN 
E ABOLINS 76. THE 78 LIMITS WOULD BE SMALLER BY A FACTOR OF 3. 

F BBOMPST TB IS A SERP EXPT USING 45 GEV NEUTRONS. VALUES ARE 
F SIGMA*DR FOR MODES SHOWN AND FOR XF>O.5.  

2 / 77  
2IT? 
217T 
1177 
117T 
1177 
1 /77  
1/T7 
I / TT  
6 /78  
7/79 
7 /79  
8 / T 8  
BITE 

LB/T9 
12 /79  
[2/F9 
12/T9 
L i l T9  
tZ IT9  
1 2 / 1 9  
12179 

2 /77  
2/7T 

1 /77  
1 /77  
1 /77  
1 /77  
1 /77  
1 /77  

l / I T  
1 /77 
1 /77  

1/7T 
1/TT 
1/7T 
1/T7 
L/TT 
1177 

6 /78  
6178 
6 /78  
6 /78  
6178 
6 /78  
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CN G LIPTON 78 IS 300 GEV N-BE EXPT AT FNAL. VALUE ~OTED IS FOR 
CN G ASSOC CHARM PROD WITH ONE CHARMED PARTICLE - ->  ELECTRON AND THE 
CN G OTHER - ->  MUON. 
CN 
CN H SPELBRING 78 I$  BOO GEV N-BE EXPT AT FNAL. VALUE QUOTED IS FOR 
CN H PROD OF DO AND ANOTHER CH~RED PARTICLE WITH DO ---> K P) AND 
CN H SECOND CHARMED PARTICLE DECAYING TO PROMPT MOON. 
CN 
CN I BBDMPSST 79 IS SAME EXPERIMENT AS BBDMSST 78 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 
CAP 

8 /78  
8178 
E/TB 

8 /78  
8178 
8/T8 

12179 

CHARMED HADRO~ PRODUCTION CROSS SECTION (PEAR Nb~;LEDNI (C~**2I 
A O B. E-29 OR LESS CL=.9E CARLSSON 75 HBC PEAR P ANYTHING 2/TT 
A O 3. E -29  CR LESS EL=.95 CARLSSON 7S HBC PEAR P PI÷ PI -  2177 

0 0 .8  TO 4 .4  E-3O OR LESS CESTER 76 SPEC 12 .6  TO 15 GEV/C 2177 
O 0 . I 5  TO [ ,  E -29  OR LESS JACHOLKOW 78 EEBC 12GEV/C PEAR @ 71TM 

A CARLSSON 75 IS A 9GEV PBAR P CERN EXPT. L IMITS ARE FOR P PBAR PEAK 2 / IT  
A IN CHANNELS INDICATED. K KBAR CHANNELS CHECKED BUT NO LIMITS GIVEN. 2/77 

B CESTER 76 LOCKS AT MASS RANGE 1.8 TO 2.5 GEV. SEE TABLE I FOR 2/77 
B INDIVIOUAL CHANNELS. VALUES GIVEN ARE CROSS-SECINUCLEON ON CARBON. 2/77 

C JACHOLKOWSKA TB IS CERN EXPT LOOKING FOR NARROW PEAKS IN KO÷PIONS 7/79 
C AND LAMBDA~PIONS SPECTRA. SEE TABLES I AND 2 POR INOIVID CHANNELS. 7119 
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BO BEAM DUMP EXPTS SEARCHING FOR NEUTRAL PENETRATING PARTICLES AND 6178 
BD PROMPT NEUIRINOS FROM UNKNOWN SOURCES 6/78 
BO A ALIBRAN TB HYBR AO0 GEV PROTONS 6/18 
BO A AL1BRAN 78 IS CERN SPS EXPT. SEE EXCESS PROD OF PROMPT ENEU AND 6 l i b  
BO A ENE~AR EVENTS. COULD BE EXPLAINED BY ICHARMED 0 PRODUCT ION C.S.I 6/78 
BD A *BRIO-->E+ NED X)=32+151-10 MICROBARNS. 6178 
BO 
BB B ASRATYAN TB CALO [ /BO 
BD B ASRATYAN 78 ESTIMATE {D OBAR PROD. C.S.)*BRIO-->E X} AS (1.9÷-1.57 1/B0 
BO B OR (0.5÷-0.6) MICROBARN FOR A* , I . 5  OR A*=I RESPECTIVELY. I180 
BO 
BO C BOSETTI2 78 HYBR 400 GEV PROTONS 6 /78  
BO C BOSETTI2 TB IS CERN SPS EXPT. OBSERVES PROMPT NEUTRINOS. WITH EQUAL 6/78 
BO C FLUXES OF NEU ANO NEUBAR OF MOTH B AND RU TYPES. COULD COME FRON 6/TO 
BD C OEEAY OF SHORT-LIVED LIGHT PARTICLES OF NEW TYPE. TAU LEPTONS AND 6 /78  
BO C AXI(~NS EXCLUDED. CHARM (D OBARI PRODUCTION WOULD HAVE TO HAVE 6 /78  
BD C EO0-40O NICRDBARN CROSS SECTION TO EXPLAIN RESULTS. 6 /78  
BO 
BD 0 HANSL TB WIRE ROD GEV PROTONS 6/TB 
BO 0 HANSL 78 IS CERN SPS EXPT. SEES PRONPT NEUTRINO FLUX CONSISTENT 6 /78  
BB 0 WITH EQUAL ARCUNTS OF ENEU. ENEUBAR.MUNEUIMUNEUBAR. COULD BE 817R 
BO D EXPLAINED AS CHARN(O DEAR) PRODUCTION WITH ABOUT 30 MICROBARN 6/78 
BO O CROSS SECTION. 6/78 
BD 
BD E COTEUS T90SPK 7 /79  
BO P COTEUS T9 IS BNL EXPI .  SEES NO EXCESS N.C.  RRIE IN BEAR DUMP. SETS 7 /79  
BO E L IM IT  FOR CS(PRODItCS( INT)  OF PENETRATING PARTICLES < 5E-68 DR*=4 T /79  
BD E (CL= .9O) ,  T/T9 
Bo 
BD E FRITZE BO HYER E/82= 
BO F FR[TZE 80 IS CERN SPS EXPT. RATIO OF PRONPT IE~ ÷ E-)  TO IMU÷ ÷MU-) 1 /B2 • 
BO F RATES IS O.59+O.BS-O.BR/(TON E÷17 PROTONS) AT CL=.90. IF ~ROMPT L/82= 
BO F NEUTRINOS ARE FROM M DECAYS CSIP NUC --> D MBAR XI IS ABOUT 1/82= 
BO F 20 MICROBARNINUCLEDN FOR LINEAR A DEP. 1182" 
BO 
BO G 0 JACQUES BO HLBC 28 GEV PROTONS ~/B l *  
BD G JACQUES EO IS BNL EXP. SET LIMIT CS(P NUCLEON--> D DBAR X) < 918[* 
BO G I .E E-2B CH~2 ASSUMING BR(O-->NUE X)=O. I  FROM NON-OBSERVATION OF 9181" 
BO G NUE-INDUCED EVENTS. ? /B l *  
BD 
BD H SOURAS BO EALO 28 GEV PROTONS 9 /BL~ 
BD H SOUKAS 80 IS BNL EXP. OBSERVED EXCESS OF 48 NU EVENTS (NC+CEI. 9/81,  
BD H WOE AND NUMU EVENTS ARE NOT SEPARATED(IF CHARM.HUE APPROX.EG.NUNU). 9/81, 
BD H VISIBLE ENERGY DISTRIBUTION IS SIMILAR TO NON-REAM OUMP RUN. NOT 9/81, 
BD H CONCLUDED TO BE CHARM. 9 /81=  
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v CHARRED HADRCN EVIDENCE IN NEUTRINO NUCLEON - ->  2 LEPTONS ANYTHING 
Y SEE ALSO SECTION 'NEU' IN 'HEAVY LEPTON SEARCHES' AND 
Y SECTION 'T t IN *OTHER NEW PARTICLE SEARCHES' AND VO AND VOA BELOW. 
Y A 16MU÷MU- OMU-MO- ORU÷MU+ BENVENUI 75 SPED PREOOM. NEU BEAM 2/76 
Y A 5IMU+MU- 7HU-MU- BNU+NU÷ BENVENU8 TS SPEC 6 /7  NEU BEAN 2176 
Y A 5MU+MU- OMU-MU- 2MU÷MU÷ BENVENUS iS  SPEC N/IOANTINEU BEAN 2 /76  
Y 4NU¢'MU- 4 ETHER MU PAIRS BANISH T6 SPED NEU BEAM T/76  
Y B 32 OIMUON EVENTS ASRATYAN 77 SPED NEU MEAN [ / 78  
Y C 4MU÷E- 6NO-E÷ BALLAGH TT HLBC .51  NEUBAR..AS NEU [2 /TF  
Y D 81 EVENTS NU-E÷ BALTAY 77 HLBC PREDOM. NEU BEAM B / IT  
Y E I EVENT MU-E÷ GARISH 77 DEC NEU BEAM 3 /F7  
Y F 67 P~J MU BARISH2 TT SPED ENAL B5-BO5GEV NEU 1 /78  
Y F 28 MU MU GARISH2 77 SPED PNAL 45-205  ANTINEU l i T8  
Y Q BLETZACME 77 RVUE 1 /78  
Y H [7  EVENTS MU-E+ BOSETTI 77 HYER 7 /T7  
Y l L I  NO-E+ OEBEN TT HLBC I2 /77  
Y J IR NU-E÷ HAIOT 77 HLBC 1 /78  
Y K 257MO+MU- HOLDER TT SPED INCIDENT NEU 12 /77  
Y K 5 BRU+RU- HOLDER 77 SPED INCIDENT ANEU 12/7T 
Y L 47 MU-MU- HOLDER2 77 SPEC NEU BEAR 12/T7 
Y L g NU÷MU+ HOLDER2 77 SPED NEUBAR TEAM 12 / IT  
V N 46 ML~-NU- 199 MU÷ RU- BENVENUTI 78 SPEC PRE(~DN. NEU REAH 1 /79  
Y R 2 MU+MU÷ A9 NO÷ NU- BENVENUTI 78 SPED PREDOM. NEUBAR BEAN 1179 
Y N [ONU-MU+ BMU-MU- 5MU-E+ BOSETTII TB HYBR NEU BEAN 617G 
Y N 8MU+MU- IMU÷E- BDSETTII 7B HYBR NEUBAR BEAM 6/78 
v 0 15 MU- E+ ERRIQUEZ 7B EEBC NEU MEAN 1 /79  
Y P 94 ML~ML~ ARMENISE 79 HYBR NEU BEAM 1/80 
Y Q MU- E+ BARANOV2 79 HLBC NEU BEAM 9 /81=  
Y R 12 N(J÷E- BERGE 79 HLBC NEUBAR BEAM 7 /79  
Y S 67 MU-MU- OEOROOT 79 SPED NEU BEAN 1 /80  
Y S lq MU*MU÷ DEGROOT 79 SPEC NEUBAR BEAN 1/80 
Y T 21 ML~MU- ARMENISE RO HLBC NEUBAR INDUCED t2/81= 
Y T 1 I  RU÷MU- ARMENISE BO HLBC NEU INDUCED ~2/81= 
Y U BR NU~MU- B5 MU E BALLAGH BO HYBR NEU BEAM 2/80 
Y V RBMU÷MU- 8MU-ML~ OMU÷MU÷ BALLAGH2 BO HYBR NEU ANM NEUBAR R/EL= 
Y W B RU÷E~ ANMOSOV2 B) HYBR NEUBAR INDUCED 2/82= 
E X 69 ~-E~ 14 RU÷E- BALLAGH B1HYBR NUMU. NUMUBAR END. 2/82 = 
Y X 2 E-MU÷ 2 E-E÷ I E÷E-  BALLAGH 81 HYBR NUE.NUEBAR INDUCED 2/82 = 
Y Y 695 MU-MU+ 74 MU-MU-- JONKER 8| CALO NEU INDUCEM 2 /82 *  
Y Y 2DR MU+MU- 52 MU÷MU÷ JONKER BE CALO NEUBAR INDUCED 2 /82  = 
Y Z [ l  MU-MU-- lO0 NL~MU÷ NISHIKAWA BI  SPEC NEU BEAM PiRU)>RGEV l /B2=  
Y 1 81 MAJ-MU- RE5 M U-NU÷ TRINKO B1 SPED NEU P( MU)>LO GBV 1 /82$  
Y 1 I t  MU÷~U÷ 10~ MU÷MU-- TRINKO 81 SPED NEUBAR PIMU)> lO GEV 1 /82 *  
Y 
Y A RENVENUTI TR ARE FNAL NEUTRINO NUCLEON EXPERIMENTS WHICH LOOKED FGR 2 /76  
V A TWO OR MORE VUONS IN THE FINAL STATE. NO TR IP ,  ON EVENTS WERE SEEN. 2 /T6  
Y A AUTP~)RS STATE THAT THESE OINUON EVENTS REQUIRE THE EXISTENCE OF ONE 2 /T6  
Y A OR k~BRE NEW PARTICLES WITH M=2-AGEV AND TAU= CO==-[OSEC. OR LESS. 2/76 
v A BENVENUTIA TS SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS 2/76 
Y A 00 NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INTERMEDIATE VECTOR 2 /76  
Y A BOSCN. T HEY SUGGEST A HAORON (Y) WITH A NEW DUANTUM NUMBER. 2/76 
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Data Card Listings 
For. notation, see key at front of  Listings. 

y B ASRATYAN 77 IS SERPUKHOV EXPT. FINDS R=(DIMUONS/SINGLE MUON EVENTS} 1/78 
Y B OT I 6 .E * - I . T IE -3  F~R NEU BEAM AND LT .Dkl FOR ~EDBAR BE&~. 1/78 
Y 
Y C BALLAGH 77 IS AN FNAL EXPT. MEASURES (NEUMU N-->MU- E+ X)V(ALL NUNU I2177 
Y C C.C. }= { .34+.E~. ID)* [O=* -2  AND INEUMUBAR N-->~÷ E- XI / IALL NUMUBAR 12/77 
Y C C.C.)=I . lS÷.IK~-.OBI*IO**-E. RATIO OF ANTINEU TO NEU FRACTIONS IS 12 /77  
Y C (0 .45*0 .6 -0 .DI .  
Y 
Y 0 BALThY TT IS PNAL EXPI IN  NEO~-H7 ~IXTL~E. B177 
Y 
Y E BARTSH 77 EVENT COULD BE NEU P TO MU÷ B÷÷. SEE CHARMED BARYON NOTE B/T7 
Y E AND LAMBDAIE* SECTION ABOVE. 3177 
Y 
Y F BAR[SH2 77  FINDS DIMUON TO SINGLE NUON RATE CONSISTENT WITH CHARM. I / 7B  
Y 
Y D BLETZAC~ER 77  EX~LAI~$ TRIMODN AND L IKE  S10N OIROON PROD AS ASSDC 12177  
Y G PROD OF CHARM. 11177 
Y 
Y H BOSETT[ 77 IS FNAL I5-FT CHAMBER EXPT, 7/77 
Y 
Y I OLDEN 77 IS CERN WIDE BAND EXPT, EMAX:2 GEV.11~5 EVENTS ABOVE A [2/77 
Y I BACKGROUND OF 6 EVENTS. I2177 
Y 
Y J HAIDT 77 IS ~AME EXPT AS VONKROGH 76 LISTED UNDER SERVO. MEASURES 1178 
Y J (NEUMU N-->MU-E÷X)/INEUMU N-->MU-XI=I,63~.211E-2 FOR T(E*I>.B GEV. 1178 
Y J THESE EVENTS HAVE AN AVERAGE OF 2 .0÷ -0 .6  KO PER EVENT. 1 /78  
Y 
Y K HOLDER 77 IS CORN NARROW-BAND BEAM EXPT IN WHICH ALL MOMENTA ARE 12177 
Y K MEASURED.ENERGY SPECTRA,ANG. CORRELATIONS,PT DISTRIBUTIONS ALL IN IZVTT 
v ~ AGREEHENT WIIH P~OD AND DELAY OF CHARMED PARTIBLE, 12/77 
Y 
Y L HOLDERB 77 IS 2OOOEV NARROW BAND EXPT. AFTER BACKGROUND SUBTRACTION 12177 
Y L THE RATE OF LIKE-SIGN OIMODN EVENTS TO CHARGEC CURRENT EVENTS IS 12/77 
Y L (3÷-BI~IO~*-A* NAY GOBE FROM ASSOC PROD OF CHARM-ANTICHARM PAIR. [2/77 
Y 
Y M BENVENUTI TB IS FNAL EXPT. MEASURE PROMPT DIMUON RATIO )IF9 
Y M (MU-MO)T/IRU-M~÷)=.OB÷-.OB FOR PIMU)>B  GEVIC AND =.IZ÷-.DS FOR 1/79 
Y M P(MU]>IO GEVIC, (MU-MU-) NAY COME FROM ASSOCIATED CHARM PRODUCTION= 1/79 
Y M ABOVE 80 GEV, THE RATIO OF OIMUDN TO SINGLE-MUON EVENTS IS 1179 
Y M {O.BS+-O. I3 )# lO** -2  FOR NEU AND (O .70+ -O .25 ) * IO*~ -B  FOR NEUBAR, 1 /79  
Y H FOR PMU > S GEV/C .  1 / 79  
Y 
Y N BOSETTI1 78 IS A CERN NE-HBC EXPT USING 200 GEV NARRGW BAND BEAM. 6/78 
Y N RATE FOR IMU-E+ ÷ MU-MU+IIMU- IN NEU BEAM IS 0.013+-0.004. 6/78 
Y N RATE FOR IMU+E- MU÷MU-IVMU+ IM NEUBAR BEAM IS O.O[2FO.OOS. 6/78 
Y 
Y O ERRIQUEZ 78 IS CERN BPS EXBT. FINDS (NUMU N-->MJJ- E~ XIVIALL NUMU 1179 
Y 0 C .C . )= ( . 41+ - , 18 ) * I 0~ -2  (TE+>.3GEV), DIRECT E+ PROD. VIA N.C. IS 1179 
Y 0 <0.2 TIMES C.C. LIFETIME OF POSSILE E÷ PARENT PARTICLE IS LESS 1179 
Y 0 THAN 3.10.*-12 SEE. 1 /79  
Y 
Y P ARMENISE 79 IS A CEBN SPS EXPT. FINDS R=(MU÷ML~)I(SINGLE MU- EVES) 1/80 
Y P =(0.72+-0.14lE--2, UPPER LIMIT FOR D LIFETIME IS O.B E-IZSEEICL=O.9) I/DO 
Y 
Y Q BARANOVZ 79 REPORTS 3 MU-E+ EVENTS AT SKATISERPUKHGVI. ONE WITH VO 9181" 
Y D NAY 8E LAMBDA/C+ TO E+ NEU LAMBDA. ANOTHER COULD BE De OR LAMBDA/ 9181" 
Y Q C+I++) DECAY, BUT THIS AND THE THIRD CAN BE DUE TO HEAVY LEPTON. e /B l *  
V 
y R BERGE 79 IS FNAL EXPT IN 15FT CHAMBER USING H-NE MIXTURE. RATE FOR 7/79 
Y R [MU+E- X)I(MU÷ XI=O.36÷ -O . [ I .  7/79 
Y 
Y S DEGRDDT 79 IS CORN WIDE BAND EXPT. RATES ARE (MU-MU-)/IIMU-I= 1/80 
Y S (3.4+-1.B)E-5, lMU-RU-)I(MU-MU+)=(.04[~.022), IMU÷MU÷IIIIMU÷I= [ / 80  
Y S (4 .3+ -2 .3 )E -5 ,  (MU+MU+)/IMU-MUe)=I.O42~,O2BI. [180 
Y 
Y T ARMENISE BO IS CERN-SPS EXP WITH BEBC EXPOSED TO WIDE-BAND NEUBAR 12181* 
Y T BEAM. B1DIMUONS BY NEUBAR INCLUDE 6 BKGDS AND COPRESPOND TO I.O+- 12181" 
Y T 0.5 VOS PER DIMUON EVENT IN AGREEMENT WITH GIN MODEL, SEE ALBO 1218I* 
Y T SECTION Y IN BOTTOM SEARCHES. 1218I* 
Y 
Y U BALLAGH BO EVENTS INCLUDE DIRECT OBSERVATION OF PROD, ANO VISIBLE IIBO 
Y U SEMI-LEPTONIC DECAY OF SHORT-LIVED PARTICLES I I  CHGD, 2 NEUTRAL, 1180 
Y U AND 1 UNDETERM[NOED CHARGE(. 1/80 
Y 
Y v BAL LAGH2 80 AT FNAL GIVE (MU+MU-]IIIMU)=[O,39~O. IIE12 FOR PIMU)>  A 918E* 
Y V GEVIC, ML~MU- ARE CONSISTENT WITH BKGD. ESTIMATE 30.3 MU-MU*(NEU- 918[* 
Y V IND~EDJ AND B.7 MU+WU- (NEU-INOUCEDI CORRESPONDING TO I MU--MU+I/ 9 / 8 [ *  
Y V ( IMLPI=I ,3T+-* I IE-2 AND IMU+MU-IIIIMU+)=(.B+-o3IE-2 FOR PIMUI>AGEV, 9181~  
Y 
Y w AMMOSOV2 BE ST FNAL FOUND N MU+E+ EVENTS WITH ESTIMATED 1 BKGD. 2182e 
Y W 3 EVS HAVE ASSOC.VO. RATE(MU+E+IIIMU÷)=IA.8+5.3-3.2IE-4 FOR EINUBAR 2182" 
Y w I>IOGEV,P(MUI>AGEV,PIE÷I>.AGEV IS MUCH HIGHER THAN (X~D ESTIMATION. Z/8Z* 
Y 
Y X BALLAGH BE AT FNAL GIVE [MU-E÷I/( IMUI=I.73+-.L1)E-2, (MU+E-)f(IMU)= 2182" 
Y x ( I . I+ -O.B)E-B FOR PIEI>.BGEV= EVENTS ARE CONSISTENT WITH CHARM PROD 2/82* 
Y X MODEL EXCEPT FOR EXCESS AROUND RECOIL MASS=6 GEV IN MUeE-(AND MU+ 2182" 
Y X ML~I EVENTS. NUE AND NUEBAR INDUCED DILEPTON RATE IS APPROX. Do 01. 2/82" 
V 
Y Y JONKER 81 I S CERN-SPS EXP. OPPOSITE SIGN DIMUONS ARE CONSISTENT 2/82* 
Y Y WITH CHARM PROD AND DECAY. SAME-SION YIELD IS MUCH HIGHER THAN QCD. 2/82* 
Y Y RATIOISANE/DPO.)=(.14+-.04+-.03)I(.18~-.06+~o03)) FOR NEU(NEUBARI. 2/82~ 
Y 
Y Z NISHIKAWA 8 !  IS FNAL EXPT. RATIO IMU-MU-)/IMU- RISES TO (2 .5÷ - I . 0 )  [ / 82 .  
Y Z E-3 AT E(V[S)=250 GEV. LIKE-SIGN MUDNS SEEM NOT FROM HEAVY LEPTON 1/82~ 
Y Z OR QUARKS HEAVIER THAN CHARM. THEY MAY COME FROM ASSOC.PROD OB 1/82" 

z GH DR ER CD LIES [0~* 2 BELOW DATA Y CHARM ANTI-CHARM THOU IST D Q - , 1/82. 
Y 
Y I TR[ NRO B/ IS FNAL EXPT. (PROMPT MU-MU-IllMU- =(0.34+-O.091E-B AND 1/8Z* 
Y i IPR,MU-MU÷I/IMU-- =(O.ET÷-O. OB]B-Z BOTH FOR P~MU)>IO GEV. MU-MU- EVB L/82~ 
Y 1 ARE TWO ORDERS OF NAG LARGER THAN LEADING QCD CHARM-ANTICHARM PROD, [/82~ 
Y 
Y COMMENT 
Y A SYSTEMATIC DESCRIPTION OF OPPOSITE-SIGN D[LEPTONS AND ASSOCIATED ~/B2~ 
Y VOS IS GIVEN BY A CHARM PRODUCTION MODEL. ON THE CTHER HANO, THE 4/B2. 
Y LIKE-SIGN OILEPTON RATE IN NEUTRINO ANO ANTINEUTRINO REACTIONS HAS 4182" 
Y BEEN MEASURED TO BE MUCH HIGHER THAN THEORETICAL EXPECTATION. 4/82~ 
Y (SEE AMMDSOV2 B I ,  JONKER 81 ,  N ISH IKAWA B I ,  AND TRINKO 8 [  ABOVE* I  4 / 82 *  
Y FOR THEORY STATUS SEE EG. BARGER, KEUNG, PHILLIPS, PR D24 244(I9811 4/82= 

~o 
vo 
vo 

~o o 

VD 
VD 
VD 

VD 
VD 
VO 
VO 

? 
VO 

v o  
VD 
VD 
VO 
VO 
VO 
VD 
V8 

NUMBER OF VOS PER EVENT IN NEUTRINO NUCLEON--> MU- E÷ VD ANYTHING 11179 
WHERE THE VD IS A KOS OR A LARBDA ISEE ALSO SECTION Y AND VOAI 11/79 

A l OLDEN 7B HLBC 2 /76  
A I BLIETSCHA 76 HLBC 2/76 
B 4 VONKROGH 76  HLBC 2 /76  

IB  0 .6  O.E  BALTAY 77 HLBE 11179  
11 1.84 0.63 0.53 BOSETT[ 77 HYBR KOSIIMU-E÷IEVENT I i /TB  

C 3 OLDEN 77  HLBC [Z I77  
B l.T D.7 BOSETTII 7B HYBR KOSI(MU-L÷)EVENT 11/79 
5 [ .2  O.B ERRIQUEZ 78 BEBC 1179  

D 9 O.B3 0.25 0.20 ARMENISE 79 HYBR KO/{NU+MU-IEVENT 1180 
D 3 0.03 O. O6 0.04 ARMENISE 79 HYBR LAMDAIIMU÷MU-IEV 1180 
E l 8ARANOV 7q HLBC 7179 
F IB [ . I  O,B BALLAGH 81HYBR KO/IML~E÷IEVENT 2182" 
F 2 0.07 0.07 O,O3 BALLAOH BI  HYBR LAMDAV(RU-E÷IEV. 2/82* 

A THE DEDEN 7B AND BLIETSCHAU 76 EVENTS ARE FRON CERN 217b 
A GABGAMELLE NEUTRINO EXPOSURES. THE MASSES OF THE E+ VO SYSTEM FOR 2/76 
A THE TWO EVENTS ARE 1.24, 1.91 GEV FOR LAMBDA DR 0.65, 1.ST FOR KO. 217& 

B THE YON KROGH 7B EVENTS ARE FROM AN FNAL I5 FT NEON BUBBLE CHAMBER 2/76 
B EXPOSURE. ALL FOUR E÷ EVENTS FGUND HAVE ASSOCIATED KOS. 2/7B 

C DEOEN 77 EVENTS INCLUDE THOSE OF DEOEN 7B AND BLEIFSCHAU 76 .  [ 2 / 77  

D ARMENISE 79 IS A CERN SPS EXPT. 1180 

E BARANOV 79 EVENT FROM SKAT(SERPUKHOVI. MAY BE LAMBDA/C÷ TO E+NEU 1179 
E LAMBDA, 7 /79  

F BALLAGH B1 IS FNAL EXPT. MOST VO'S ARE KO'S SUGGESIING THAT EVS ARE 2182" 
F PREOCM,O-MESON PROD AND DECAY AND THAT BR(LIC+-->LAN E÷ I l l S  SMALL. 2/82* 

AVG 0,106 0.089 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) 

VOA NUMBER OF VOS PER EVENT IN ANTINEUTR[NO NUCLEON--->MU~E-VO ANYTHING 12/79 
VOA WHERE VO IS A KOS,LAMBDA OR LAMBDABAR(BEE ALSO SECTION Y AND VO) IZ179 
VOA A 0 BERGE TT HLBC 3/77 
VOA B B 1.8 0.7 BERGE 79 HLBC 12179 
VOA C 3 0.6 0.6 O.B BALLAGH B) HyBR {KO+LANBDA)/(MU+E-) 2/BZ* 
VOA 
VOA A BERGE 77 USE8 FNAL 15 FT CHAMBER FILLED WITH P~NEDN. SAW TWO 3/77  
VOA A POSSIBLE NU E EVENTS, COMMENSURATE WITH PREDICTEO BACKGROUND, 3/77 
VOA A NEITHER WITH ASSOCIATED VO. 3/77 
VOA 
VOA B BERGE79 QUOTES Z[÷-B NEUTRAL STRANGE PARTICLES FOR 12(MU÷E-l. WE 12179 
VOA B DIVIDE. 12179 
VOA 
VOA C BALLAGH 81 IS FNAL EXPT. 2/B2" 
VOA . . . . . . . . .  
VOA AVG O.gB O.BB AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .4)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VAP NUMBER OF 9OS PER EVENT IN ANTI-NEUTRINO NUCLECN-->SAME-SIGN 2182" 
VAP DILEPTON ANYTHINGIWHERE THE VO IS A KDS DR A LAMBDAISEE ALSO SEE.Y) 2/B2~ 
YAP A 3 1.0 1.2 I .O AMMOSOVE BI HYBR VO/IMU+E÷IEVENT 2/B2" 
YAP 
YAP A AMMOSOV2 81 IS FNAL EXPT, 2/82* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R) CHARMED HAORON BRANCHING RATIO INTO IMU NEU ANYTHING)/TOTAL 
R1 A 8 A FEW PERCENT BENVENU2 75 SPEC FNAL NEUTRINO NU 2/76 
RI B 315 APPROX 0.15 HOLDER 77 SPEC 12/77 
R[ C 0 . [ 9  OR LESS BAUM 77 12/77 
R[ D 3 D.[B 0.18 O.OT DEDEN 77 HLBC 1/78 
RI 
RL A BENVENUTIB T5 LOOKS AT ANTINEUTRINO NUCLEON - ->  MUON HADRONS, SEES Z/76 
RI A EXCESS EVENIS ABOVE INCIDENT ENERGY 30 GEV. COMPARES BENVENUTI[ 78 2/76 
RI A OIMUON EVENTS WITH EXCESS EVENTS TO GET BRANCHING RATIO. 2/76 
RL 
RI B HOLDER 77 VALUE IS FROM NEU AND ANEU INDUCED CIMUON EVENTS OF 12/77 
R[ B ORBOSITE SIGN. SEE SEC, Y LISTING ABOVE. BR CALCULATED USING EFF [2/T7 
RI B BASED ON DECAY OF D÷(IBSD) TO KO MU+ NEU. 12171 
R1 
R[ C BAUM 77 PUTS UPPER LIMIT ON E÷- MU-* PROD AT ISR. INFERS BR ABOVE 12/77 
RI C FROM THISt ASSUMING THAT ALL DIRECT ELECTRONS COME FROM THE 0. 12/77 
R/ 
R/ D OEOEN 77 IS FOR CHARMED BARYON --> LAMBDA LEPTON÷ NEU ANYTHING. 1/78 
RI D SEES ] NEU N - ->  MU- E÷ VO X EVENTS AND EXCESS OF 42÷-20 NEU N - -> 1/78 
Rt D BU- LAMBDA X EVENTS OVER EXPECTED ASSOC. PROD.. SUGGESTS CHRM,BAR, [178 

RZ CHARMED HAORDN (ASSOC. VO) BRANCHING RATIO INTO SEMILEPTONICS/ALL 
R2 A E O. I  OR MORE BLIETSCHA 76 HLBC M=2.5-4 GEV 2176 
R2 
R2 A THIS BR.RATIO AND MASS ARE REQD, BY OBSERVED RATE AND CHARM SCHEME. 2/76 

R3 CHARMED HADRDN BRANCHING RATIO INTO (E NEU ANYTHINGI 12/77 
R3 A O. I I  0 . 03  BRANDELZ TT SPEC E÷E-  4 -5 ,2  GEVIECMI  LZ(TT  
R3 A 0 . [ 6  0 . 06  BRANDELE 77  SPEC ERE-  4 -5 .2  GEVIEOM] 12 /7T  
R3 0 .  B82 0 .019  FELLER 78 SNAG E÷E-  3 .9 -7 .~GEV ECM 11 /79  
R3 
R3 A FIRST BRANDELIK 77 VALUE USES INCLUSIVE ELECTRON EVENTS, SECOND 12/77 
R3 A VALUE(ERROR STAT ONLY( USES EVENTS WITH A BECGND ELECTRON. 12177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CE CHARMED HADROh EVIDENCE IN  COSMIC RAYS 
CC SEE ALSO THE REVIEW BY R.NIU, PROC, 19 INTL. CONF. ON HOP, TOKYO, 4 /B2  = 
CC 197B, P.4~7. 4 /B2 "  
CC 
CC A i EVENT NIU 71 EMUL 9176 
CC A NIU 7] DEFECTS CHGO PARTICLE OECAYING INTO HAORON+PIO. MASS=1.78GEV 9176 
CC A AND TAU=2.2 E-I4 IF SECONDARY IS PION. MASS=Z.?5 GEV AND TAU=3*6 B/76 
CO A E-t4 IF IT IS PROTON. POSSIBLE EVIDENCE OF PAIR PRODUCTION. 9/16 
CC 
CC B 8 EVENTS TASAKA 73 EMUL R/76 
CC B SAME TYPE AS NIU EVENT. TAU BETW I ,B  AND LTB E--13. R/76 
CC 
CC C I EVENT SUGIMOTO 75 EMUL L/77 
CC C SAmE TYPE AS NIU EVENT. TWO SUCH PARTICLES PRODUCED TOGETHER. 1/77 
CC C TAU[=6.E-[3, DECAYS TO CHARGED PRONG ÷ ETA. TAU2=4.E-1E, DECAYS TO 1177 
CC C CHARGED PRONG ÷ PIO. MASSES OF BOTH PARTICLES ARE ABOUT 2.0 OEV IF 1177 
CC C DECAY PRONG IS PROTON, I .T  IF DECAY PRONG IS KAONt AND 1.55 IF 1/77 
CC C DECAY PRONG IS PI .  COMBINED MASS OT THE TWO NEW PARTICLES = ~ . I  GEV 1/77 
CC C OR 3,8 GEV ASSURING THE DECAY PRONGS TO BE KAONS OR PIDNS 1177 
CC C RESPECTIVELY. CONSISTENT WITH LAMBDAIC÷ LAMBOABAR/C-.SEE GAISSER 76 1177 
CC 
CC D 4 EVENTS SAWAYANAG 79 EMUL I/DO 
CC D SAWAYANAGI 79 ANALYZE BRAZIL-JAPAN COLLAB DATA AT M7, CHACALTAYA. 1180 
CE D THE VERY HIGH RATE 6124 OF X-PARTICLE EVENTS MAY BE DUE TD HIGH [IBO 
CC D ENERGY OE THE INCIDENT HAORONS iAPPROXIMATELY 10" '9  GEV). 1/80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke~ at front of Listings. 

Stable Particles 
CHARM S~ARCH~S 

EN CHARNEO HADRON OBSERVATIONS IN MISC. ENUL.EXPTSt WHERE LIFETIME SEEN 3/77 
EN I 2 EVENTS HOSHINO 75 ENUL TAU E - I2  TO E-Z6 4 / 8 2 *  
EM A I EVENT JAIN 75 ENUL TAU APROX. lOE-13 2/77 
EN E 2 EVENTS KQMAR TB EMUL TAU .LT,  E-1S 6177 
EN C 1 EVENT EURHOP T6 EMUL TAU APPROX E-LB 3/TT 
EN 0 0 I .SE-~O OR LESS CLm.qO CORENANS 76 E~UL TAU E~12 TO E-J6 3/77 
EM E 3 EVENTS (SENILEPTQNIC) DANNIK 77 ENUL TAU E-I3 TO E-15 12179 
EN F I EVENT BANNIK2 TT EMOL TAU APPROX E- I6  12/79 
EM G 0 T.E-SO DR LESS CL=.RO BOZZOLI 77 300,400 GEV P-NUCL 1/78 
EM H 0 0.0018 OR LESS CL=.90 NUNOPA 77 ENUL + -  TAU E-12 TO E-]4  I / T 8  
EM I 9 EVENTS ROMAN 78 EMUL TAU=I.2 E-1A l /DO 
EM J I EVENT PAIR PROD USH)DA T8 EMUL 6DO GEV P-NUOLEUS 2/T9 
EN K 3 EVENTS ALLAS! A ?~ HYBR TAU APPROX E-J3 12/T9 
EN L l ANGEL(N[ 79 HYBR TAU=Z TO S E-13 1Z/TD 
EM M 2 ANGELIN2 T9 HYER NEU BEAM 1/80 
EM N 1 EVENT (SEPILEPTONIC( FUCH! 79 EMUL TAU APPROX E-1B 12/T9 
EN 0 I EVENT PAIR PROD FUCHI2 79 EMUL 40O GEV P-NUCLEUS I2 /79  
EM P 9 EVENTS KOMAR 79 EMUL 6DO GEV P NUCLEUS 12/7R 
EN 0 l EVENT KONAR2 79 ENUL 2DO GEV P [ -  NUCLEUS 12/79 
EN R 6 EVENTS ADANOVICH 81 SPED CHARM PAIR PHOTOPRO 1 /82"  
EM S 6 EVENTS FUCHI 8]  ENUL CHARN PAIR PROD. 1 /82"  
EM T S EVENTS TOLSTOV 8I  ENUL TOGEV P. 50GEV P i -  2 / 8 2 *  
EM 
EM 1 HUSHINO TS IS FNAL 20B GEV PROTON EXPT. SEES THO EVENTS, ONE 4 / 8 2 *  
EN | NEUTRAL DECAY AND ONE CHARGED DECAY WITH SHORT LIFTINES. 6 / 8 2 *  
EN 
EM A JAIN 75 IS A FNAL 300 GEV PROTON EXFT. EVENT SHOWS DECAY OF NEUTRAL 2/77 
EM A INTO HADRDN-E-NEU, TARING PLACE .019 CN FROM THE PROD VERTEX. MAY 2177 
EM A 8E LEPTONIC DECAY OF CHARMEO PARTICLE, 2/T7 
EN 
EN E KOMAR 75 IS FNAL 200 GEV/C PROTON EXPTo SEE 2 EVENTS WITH SINGLE 4/T7 
EM B ELECTRON EMITTED FROM NEAR INTERACTION. 6 /77 
EM 
EM C BURH~P T6 EXPT BONE AT FERNILRB HIGH ENERGY NEUTRINO BEAN, USED A 3/TT 
EM C DUMB]NATION OF ENULSION AND SPARK CHAMBERS. THEY SEE A PARTICLE 3/T7 
EN C M[TH TAU=ABOUT 6 E-13 SEC DECAYING TO VO + 3 C~O TRACKS. DECAY 3/77 
EN C MOOE APPEARS DIFFERENT FROM PREVIOUSLY OBSERVED NOOES OF EHARMEU 3/7T 
EM C HAORON DECAYS, SEE READ 79 FOR FURTHER ANALYSIS AND O|SCUSSION. 7/79 
EN 
EM D COREMANS T6 USEO 300 GEV/C PROTONS. AND LOOKED FOR ABOVE LIFETIMES. B/77 
EM 
EM E DANNIK 7T USES 70 GEV PROTON BEAM AT SERPUKHOV. I2 /79  
EM 
EM F BANNIK2 77 USES 60 GEV P ) -  BEAM AT SERPUKHOV. MASS APPROX 2.6  GEV. 12/79 
EM 
EB G DOZZOLI 77 IS FNAL EXPT LOOKING FOR ASSOC PROD OF CHARMED PARTICLES ] /T8  
EM G WITH TAU=BE-1S TO 3E-IS SECONDS AND NASS LT 4,B GEV. 1178 
EM 
EH H MUNDRA TT IS FNAL 600GEV P EXPT. ABOVE VALUE IS RATIO TO P [÷ -  PROD. 1/78 
EM 
EN I KOMAR 78 IS AO0 GEV/C PROTON EXPT AT FNAL. C.S.  APFROX 1E-2B CM**2. 1/80 
EM 
EN J USHIDA 78 SEES TWO NEUTRALS WITH TAUS 3.0ZE-1A AND 1.IBE~I2 IF 2/79 
EM J MESONS, 4 . 2 1 E - I N  AND 1 . 2 3 E - ] 2  IF BARYONS. ASSUMES MESON DECAY MODES 2/T9 
EM J K-E÷NOANO P|D KO~ BARYON OECRY MODES XI-E÷NU AND PIO XIO. 2/T9 
EP 
EM K ALLASIA 7D USES NIOE BAND NEU BEAM AT DARN. SEES DECAY OF NEUTRAL I2 /T9  
EN K SHOBT-L[VEB PARTICLE. I 2 / / 9  
EM 
EM L ANGEL(N( ?9 IS NEU BEAR EXP AT CERN-SPS. SEE ALSO EURHOP 76. [ 2 / 7 9  
EM 
EN N ANGELINI2 T9 EVENTS INCLUDE LAM/C+ - ->P I÷K-P  NITH ESTIMATED OECAY 1180 
EM M TIME ( T . B ~ - O . 1 } * E - 1 3  SEE. 1/80 
EM 
ER N FUCNI T9 |S 400 GEV P NUCLEUS EXPT AT FNALo ] 2 / 7 9  
EN 
EM 0 FUCH[2 79 EVENT GIVES TAU 2.8~6.  BE- IB,  SEE ALSO USHIOA TB. 12/T9 
EM 
EM P KDMAR 79 EVENTS GIVE TAU APPROX ] .SE -16  SEC. CS/NUCLEDN=I.2E-2E. 12179 
EM 
EM D KUMAR2 79 EVENT NAY DE CHARMED BARYON TD E+E- MAORONS VIA N . C .  12/T9 
EM 
EM R AOAMOV|C H B] IS 0 ERN SPS EXPT WITH 2O-70 GEV TAGGED PF~TONS. SEEN 6 1 /82"  
EM p EVENTS DF CHAEM PAIR PROD. IN EMULSION OF WHIOH ONE IS (LAMBDA/Ce L/82e 
EN R DOBAR). SEE LISTINGS FOR LIFETIMES OF CUGD AND NEUTRAL D~S. 1 /82"  
EN 
EM S FUEHI 81 IS EMULSION EXPT EXPOSED TO CERN SPS 360 GEV/C P I -  BEAM. ] / 8 2 "  
EM S ALL NEUTRAL DECAYS ARE CUNSISTENT N[YH O0(DOBARI LEAOIN~ TO TAUIDU| 1/82" 
EM S = ( 3 . 1 + 2 . 0 - 1 o 6 ) E - ] B  SEED CS(PI N--->C PEAR XI=( 66+-22)E-30 EM**2. 1 /82 .  
EM 
EM T TOLSTOV 8 [  OBSERVED 2 SEN[LEPTONIC ANO S HAORON|C DECAY EVENTS OF 2182~ 
EM T NEUTRAL PARTICLES WITH LIFET(MES(O.O2,0oOS,0,OE,O.I,I.SI*IOe*-]B 2/82* 
EM T SEC. PARTICLE IDENTIFICATION IS POOR AND NO DISCUSSION OF 2/82~ 
EM T DETEETION EFF[EIENEV IS GIVEN SO NO NEAN LIFE IS OETAINABLE. 2 /82*  

CHARMED HADRON PRODUCTION IN NEU NUCLEON INTERACTIONS(RATIO TO C,C.l l i t 9  
A 66 O.OO7 0.002 BALTAY 78 HE BC DO--> KO PI+ E l -  1/79 
A IL O.OQI O. OOl BALTAY T8 HLBC O+--> KO PT+ 1 /79  
B O.Ol  OR LESS BERGE 78 HBC DECAY TO LAMBDA PIS 12/79 

D B O,O~ OR LESS BERGE 78 HBC DECAY TO KO PIONS 12/79 
O C 2 O.O~I 0,026 BLIETSCHA 79 HDC O$+ PRODUCTION/C.D° 1/80 
O D 2D ARMENISE 81HYBR CHARMED BARYONS 2 / 8 2 *  
D E 2 0.0017 O. OOlO GRASSLER 81HBC LAN/C~->P K- Pie 1 /82"  
D 
O A BALTAY 78 IS FNAL EXPT. NO 00 SEEN IN N.C. EVENTS. |119 
D 
O B BERGE 79 ALSO SET NEU P - - >  MU- O l - - >  KO N I P I ) )  X/D.C.  <O.O] AT 12179 
O B CL= 0.9. 12/7R 
D 
D C BLIETSCHAU 79 IS CERN BEBC EXPT. SEES ONE EVENT NEU P-->NU- P 0.÷ 1180 
D C AND ONE EVENT NEU P-->MU- P De÷ PI+ P I - ,  WHERE D*~--->DO PI+ IN BOTH 1/80 
O C CASES. (lEO 
D 
D O ARM ENISE 81 ANALYZED CERN-SPS $5000 C.C. NEU EVENTS FOR ALL CHARMED 2182" 
D O BAR~SN DECAY MODE WHICH INCLUDE LAMBOAO OR (KOBAR El. FOUNO EXCESS 2182" 
D O 29 EVENTS IN Q=I CHANNEL AROUND M-2.23GEV AND CStBR- ( I~ .B+ -7 .~ IE -~O 2 / 8 2 *  
O O DR**2. FOR 0=2 CHANNEL CS*BR < 3 .31 -40  ONe*2 AT CL=.RO. 2 /B2*  
D 
O E GRASSLER EI IS CERN BEBC EXPT. SEEN 2 EVENTS INTERPRETED AS 1182~ 
O E NED P - - >  MU- P [ *  (LAMDDA/C÷ - - >  P K- P I ÷ ) .  ABOVE VALUE 1S FOR ] / 8 2 *  
O E CS(NEU P - - >  MU- (LAHIC÷ - - >  LAMBOA PI+I XI / C . C .  1 /82*  
D . . . . . . . . .  
O AVG O.OO20 O. OO]3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF | .91  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DA 
OA 
OA 

DA B LEADS TO ABOVE LIMITS, 

****** ********* ********* ********* ********* .******** ********* .******* 

REFERENCES FOR CHARMEO HADRON SEARCHES 

CHARMED HAD~OA PRODUCTION IN NEUBAR NUCLE(~ REACTION (RATIO TO C,C.l l lB2* 
0 0 .08  OR LESS CL=ogo EANOUREKI BO HBC LOW EN. NEUBAR BEAN 1 / 8 2 .  
0 O.OOZ DB LESS EL=.90 ANMOSOV 8] HLBC O- - - >  KO P I -  1/82e 

B 0 0.003 EB LESS CL=.90 AHMOSOV 8]  HLBC DOBAB-->KO PI÷ E l -  1182~ 

A FANOORAKIS BO IS BNL EXRT WITH LOV ENERGY NEUDAR BEAN (E ABOUT Io3 14825 
A GEV). LOOKED FOR DELTA(Q)=-DELTA)S) EVENTS° ABOVE LIMIT CORRESPONDS 14E2# 
A TO CSINEUBAR P - - >  HU+ CHARM) < 3.B E-DO ON**2. 1 /82"  

A/'[NDSOV B] IS FNAL EXP. OUARK-PARTON MODEL FIT SUGGESTS O.06÷-O.O2 1182" 
OF VOIS IS FROM CHARM PROD. NO OBSERVATION OF PEAKS IN INVAR. MASS 1 /82 "  

1/82" 

+N]KUMO,NAEDA iTDKY+YOKOHANA) 
÷YAMAMOTO (KONAI 

+BECKER,BIGGS,BU~GER,CHEN÷ (MIT+BNLI 

÷CAUTIS,COHENtCSORNA,KALELKAR ÷ (COLU+BINGJ 
BENVENUTItCLINE.FORD+ (HARVtPENN,WISC,FNAL) 
BENVENUTItCL[NEeFURO÷ IHARVtPENNeWISEvFNAL) 
AUBERT,DENVENUTI* IHARV~PENN,WISC,FNAL~ 

BENVENUT(tEL[NEtFORD÷ (HARVIPENNtWISCeFNAL) 
BENVENUTI,ELINE.FORD÷ (HARV~PENNtWISC. FNALI 
BENVENUTI~CCINEeFORO+ (HARV,FENNrM]SCtFNAL) 
+GOBBI,KENAH.REREN÷ (FNAL+NWES+ROCH÷SLAC) 
+EKSPONG,HOLMGRENtNILSSON+ (STOH÷LIVP) 

(AACH÷BRUX÷CERN÷EPOLeRILA÷ORSA+LOUC) 

+KURAMATA~NAEDA+ (NAGO÷YOKO÷TOKY÷AICH) 
P. L.  JAIN, B. GIRARD (BUFF) 
+ORLOVA,TRETYAKOVA,CHERNYAYSKII (LEBO) 
KONARvORLOVA,TRETYAKOVAeCHERNYAVSKII (LEBOI 
÷SATO.SAITO (TWAS÷TOKY) 
+ANSORGE,C ARTER,MOUNT,N EALE÷ (CAVE) 

+AL PGARO, ANDERSEN~BERGVATN+IOSLO+STOH+HEC $1 
+CARDIMONAtMATTHENS, SIDNELL÷ (RSU~OSU~CERL) 
CERN÷DARE+FOM÷LANC÷LIVF÷MCHS÷RHEL+UTR÷LUND 
÷BERTULUCChVIKTOROV,VINCELLI÷ (SERP÷CERNI 
+BARTLETTgBOOEKeBROk'NtBUCNHOLZ + (CIT+FNAL) 
+GAINEStPEOPLES.KNAPP~ [FNAL÷EOLU+HAWA÷ILL) 

B(NTINGER, LUNDYRAKERLQF÷ (FNAL+NIDH÷PURO) 
(AACH+BRUXeCERN÷EPOLeMILA+ORSA+LOUC) 

÷DHENG,DELPAPA~DORFANgDOUNGVAN÷ (UCSC÷SLAC) 
(LOUC÷FNAL+BELG÷DUUD+CERN÷LO|C÷ROMAtSTRB+) 

+FITCHtKADEL,WEBB,WHITTAKER + [PRIN+BNL) 

÷SACTON÷ (BELG+DUUC+L(~JC+R(~A+STRBeWARS) 
÷NAVADH,DOWELLeKENYON~ (OMEGA GROUPS) 
+NILKINS,NINDtHAOOPIANtALfiRIGHT÷ (FSU+BRAN| 
+KO,LANOER.PELLETT~ (UCO~CRAC+WASH+WARS) 
+LEEeLEUNG~SMITH ÷ (DOLU+HAMA+ILL÷FNAL) 
O. J .  DUINN, R. H. NILBURN (TUFTS) 
÷FRYtCAMERINI,CLINE+ [WISC÷LBL+C ERN÷HAWA) 

÷BLOCK+ (AACH÷UCR÷CERN÷HARV÷LAUS÷MUNI÷NWES) 
+EPSTEIN,GRIGORIEVtKALGANOV + (ITEP+SERP) 
÷BINGHAMqBOSETTI,FRETTER÷ (LBL÷HAWA÷WASH) 
+HIBESeHYETON, KALELKARIORANCE + (COLU÷RNL/ 
+BDBODZHANOVeSALOMOV,SUNTSZINYAN+ (JINR) 
÷BD8ODZHANOV,LESKIN,MUKHTAROV+ IJINR) 
•DERRICK, DOMBECK,NUSGRAVE ÷ (ANL÷PURD) 
÷BAR TLETT, BOOEK,BRONN + (CIT+FNAL+ROCKi 
+BLOCK.BDHM+ (AAEH÷UCR+CERN÷HARV+MUNI÷NWES) 

÷OIBIANCA.ENANS + (FNALeSERP÷ITEP÷NIDHI 
+BOYER.FAISSLERtGARELICKtGETTNER + (NEAS) 
BLETZACKERtNIEHtSONI [STON÷UCSD) 
+GALTIERI,LYNCH + (LBL+C~N+HAMA+WISC] 
+CANPANINI.CAPILUPPI,DESSAROLI+ IBGNA+FIRZ) 
BRANOELIK ÷ (AACHeDESY+HANB÷NPEMeTOKV~ 

÷SANDERS,SMITH~THALER,ANDERSON+ [PRIN÷EFI) 
÷ (AACHtBELG+CERNeEPOL+MILA÷L&LO÷LOUCi 
+FINLEV, JOHNSON,LOEFFLER ÷ (PURO÷NICH÷FNALI 
+GILBERT,KEY,GORDON,LAI (TNTO+BNL) 

(BERKELEY÷DARN+HAWAII÷WISCONSIN) 

÷KNOBLOCH.NAY÷ (CERN+DORT+HEID+SACL÷BGNA) 
+KNOBLOCH*MAY÷ (CERfl÷OORT÷HEID÷SADL+BGNA) 
JONCKHEERE,COOK,CSORNA + (WASH+LALO+UCD) 
COOK,CSORNA,HOLMCA~EN+ (WASH+LALD÷UCDI 
NA,OH (MSUI 
+PUTTtSTUTELEY,YOCK (AUCK) 
+PERUZZIgLUKE,LUTH÷ (SLAC+LBL+NNES÷HAMA) 

+MATTHEWS,SIDWELL + (MSU+CARL+FNAL÷OSUI 
(AACH+BARI+BERG+BRUX+CE~N+EPOL+MILA÷ORSA+) 

+BEZZUBOV,BUDANOVtBUSHNIN,GURIN+ (SERPI 
÷BEZZUBOV,BUOANOV~GORIN,DENISENKO+ (SERF) 
÷EPSTEINeFAKHRUTDINOV~ (ITEP+SERP) 
+BOUEHEZtCARROLL,CHADWICK÷ (SLAC÷OUKE÷LOIC) 
+CAROUMBALIStFRENCH,HIBBStHYLTON÷(COLU+BNL) 
÷ELOCK,BOEHM÷IAACH÷UCR+CERN÷HARV÷MUNI+NWESI 
EERL÷BUOA+OUBNAeMOSCON÷PRAG+SOFI÷TB|LIS[ 
BENVENUTI+ (FNAL+HARV~OSU÷PENN+RUTG÷WISCI 
BENVENUTI÷ (FNAL+HARV+OSU+PENN+RUTG+WISC) 
+BOGERT~CUNDYtBIBIANCAe(FNAL+UCB÷HAWA÷MICH) 
+BEDEN + (AAEHeBONN+EERN÷LOIC+OXF÷SAEL) 
+DEDEN ÷ (AAOH+DONN+CERN+LOIC+OXF÷SECLI 

+FITCH,KADEL,WEBB,WHITTAKER + IPRIN+BNL) 
+OARRIULAT, EGGERT ÷ (CERN+SACL÷ZURII 

BARI÷D[RM~BRUX+EPOL+RHEL÷SACL+LOUC 
+LITKE,MADARAS,RONAN+ (LBL+SLAC+NWES+HAWA) 
÷BUCHANAN, NOOULMAN,POSTER ÷ (UCLA÷SLAD) 
FERGUSON+BUCHANAN, NODOLMAN + (UCLA*SLAC/ 

÷NOLOEReKNOELOCH+(CERNeDORT+HEIO÷SACL+BGNA) 
J~CHOLKOWSKA+ (ORSA+BELGeCERN÷LOIC÷MONS} 
+ORLOVAtSALMANOVA, TRETYANOV+ (LEBO) 
M,J.LAUTERBACH (YALE) 
+GDBBI~KEREN,ROSENtRUCHTi+ INWES+ROCH÷FNAL) 
SPELBRING,GOBBI,KEREN ÷ INWES+ROCH+FNAL) 
+F~CHI.HO~HINO÷ (AICHI+NAGGYa÷YOKOHAmAJ 

N|U 71PTP ¢6 ]6A6 
TASAKA 73 PTP 50 lET9 

AUBERT 75 PRL 3S A16 
ALSO 77 NA 

BALTAy 75 PRL SA 1118 
BENVENU1TS PRL D4 41g 
BENVENU2 T5 PRL 34 5BE 

ALSO 74 PRL 33 9B4 

BENVENOS 75 PRL 35 ]IRR 
BENVENU6 75 PRL 35 1203 
B ENVENUB 7B PRL 3B 1249 
BLESER 75 PRL 35 76 
CARLSSON 75 NP Egg 45]  
DEOEN 75 PC 58B 381 

HOSHINO 7E PTP $3 IE59 
JAIN 75 PRL 36 1238 
KONAR 75 JETPL 21 23R 

ALSO 76 SJNP 26 27S 
SUGI~TO T5 PTP 53 1BAD 
WARD 75 NF BIOI 27 

AANLIN 76 NP 8 ]07  476 
AEDLINS T6 PRL 3T 4 ]7  
ALBRDW 76 NP D ] [ 6  361 
APEL T6 SJNP Z6 50T 
BARISH 76 PRL 36 939 
B(NKLEY TE PRL 37 578 

BINTINGE 76 PPL 37 TB2 
BLIETSCH 76 PL 60D 207 
BUNNELL T6 PRL 37 85 
BURHOP 76 PL 65B 299 
CESTER 76 PRL 37 1178 

C ORENANS 76 PL 651 680 
GHIDINI 76 NP D l t I  189 
HAGOFIAN 76 PRL B6 29B 
KLEMS T6 APP 67 497 
KNAPP 76 PRL 37 882 
QUINN 76 PR D14 2857 
VONKRCOH 76 PRL B6 710 

ALDER 7T PL 66B 601 
ASRATYAN 77 PL TIE 639 
BALLAGH T7 PRL 39 1850 
BALTAY 77 PRL 3~ 82 
EANN[K T7 JETPL 25 550 
BANNIK2 77 JETPL 26 2TS 
BANISH 7T PR BIB 1 
RARISH2 77 FRL 39 981 
BAUM 77 PL 68B 279 

BERGE 77 PRL 38 266 
ELANAR 77 PRL 38 ]92 
BLETZACK 77 PRL 39 1241 
BOSETT[ TT PRL 38 L268 
BOZZOL[ 7T LNC 19 32 
BRANDEL2 TT PL TUB 387 

BRANSUN 77 PRL 38 SAD 
DEDEN TT PL 678 6T6 
U[TZLER 77 PL TIE 4BE 
GODDARO T7 PR DIE 2T30 
HA(DT 77 JPG 3 1 

HELDER 77 PL 69B 377 
HOLDER2 TT PL TOE B96 
JONCKHEE 77 PR 016 2073 

ALSO 76 PL 6AE 221 
NA TT PRL 38 ]72 
MUNDRA TT LND ]8  $56 
PICCOLO 7T PRL 39 1503 

ABOLINS TB PL 7BE 355 
ALIBRAN 78 PL 76B 136 
ANTIPOV 78 JETPL 28 657 
A NTIPOV2 78 JETPL 2R 661 
ASRATYAN 78 PL TgB 697 
BALLAN 78 PRL 60 761 
BALTAY 78 PRL 41 73 
BAUM 78 PL TTB 337 
BBDNPST 78 SJNP 2B 360 
BENVENUT 78 PRL 41 725 

ALSO TB PRL 6 ]  1206 
BERGE 78 PR DIE 1359 
ROSETTE1 78 PL TSB 380 
BOSETTI2 7B PL 748 143 

CESTER 78 PRL 40 139 
CLARK T8 aL TTB 339 
ERRIGUE2 78 PL 77B 227 
FELLER T8 PRL ~O 1677 
FERGUSON T8 PL 79B 161 

ALSO 79 PR 0 1 9  1935 

HANSL 78 PL 768 I39 
JACHOLKO 78 NP B162 53 
K~AR 70 JETPL 2B 633 
LAUTERBA 78 PR DE7 2507 
LIPTON T8 PBL ~0 608 
SPELBRIN 78 DRL 60 605 
~SH{OA 78 LNC 23 577 
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Data Card Listings 
For notation, see key at front  o f  Listings. 

ALLASIA 
ANGEL(N( 
ANGEL(N2 
ANTIPOV 
ARMENISE 
AT[YA 

BARANOV 
8ARANOV2 
BAUER 
BBDMPSST 
BERGE 

BLIETSEH 
BRANSON 
BROWN 
CHILINGA 

ALSO 
COTEUS 

DEGROOT 
DIAMANTB 
DISHAW 
DRTJARD 
ORIJARD2  

FUCHI 
FUCHI2  
G[BONI 

ALSO 
KDMAR 
KOMAR2 
LOCKMAN 
READ 
SAWAYANA 

ADANOVIC 
ALLISON 
ANDERSON 
ARMENISE 
ASTON 
AUB ERTI 
AUBERT2 

BALLAGH 
BALLAGH2 
BARLOUTA 
BROMBERG 

CLARK 
CLARK2 

ALSO 
FANOURAK 
FRITZE  

JACQUES 
RITCHIE 
SANDWEIS 
SOUKAS 

ADAMOVIC 
ADBVA 
ARMGSOV 
ARMOSOV2 
ARMENISE 
AUBERT 

BALLAGH 
BASILE 
BASILE2 
FUCHI 
GRASSLER 

IRION 
JONKER 
NISHIKAW 
TELSTOV 
TRINKO 

GAISSER 

79 PL 87B 2E7 
T9 OL 8DE 428 
79 PL 848 150 
7B JETPL 30 3~3 
79 PL 868 I I 5  
79 ORL 63  4 1 4  

79 PL B IB  2 6 I  
TO SJNP B~ 622 
79 PRL 43 LEE[ 
79 SJNP 29 86 
T9 PL BIB 8~ 

7g PL 868 lOB 
79 PR D20 337  
Eq PRL 43  4 tO  
T9 PL 838  136  
79 NP B I51  29 
79 PRL 4~ I438 

79 PL BAB 103 
79 PRL 43  | 77~  
7B PL 858 E42 
79 PL 81B 250 
79 PC 8SB 452  

7q NC 5 I ~  18 
79 PL BSB 135 
79 PL 858  437  
T9 THESIS-~VARO 
T9 SJNP 29 40 
79 SJNP 29 50 
7g PL 858 4~3 
T9 PR D I9  1287  
79 PR D20 I t 37  

BO PL 8BB A27 
80 PL 938  509  
80 PR D21 3078  
80 PL 948  5BT 
80 PL 9~B 113  
80 PL g48 q6 
80 PL BSB lO l  

80  PL BOB ~28  
80  PR D21 569 
80 NP B IT2  25 
8O PR D22 l~13 

80 PRL ~5  682 
80 PRL 45 E~65 
B1 ~P ~2~ 559 
80  PR D21 582 
80 PL 96B  427  

BO OR D21 1206 
80  PRL 44 2E0 
BO PRt ~4 t lON 
80 PRL ~ E64 

81PL  998  271 
81 PL 102B  285 
81NP  8177  365 
81PL I 06B  15E 
81PL  IO~B 40q 
81 PL 106B A t9  

81 PRO 24  T 
81 NC BBA 230 
81 NC 65A  457  
81 LNE 31  t g9  
81 PL BOB 159 

81PL 998 455 
81PL  IOTB 2RI 
81PRL  46  1555 
81 JETPL 33 232  
81 PR 023  1889 

(ANKA+BRUX÷CERN÷OUUC÷LCUE÷KEYN+PISA+ROMA÷) 
[ANKA÷BRUX+CERN~OUUC~LOUC+KEYN+PISA+ROmA~ 
(ANKA÷BRUX+EERN+DUUC+LOUC+KEYN÷PISA÷ROMA÷I 

÷BEZZUBDV,BUDANOV,GGRIN,OENISOV÷ (SERPI 
÷ERRIQUEZ~ (BARI~CERN+EROLeMILA+ORSA~ 
÷HOLMES,KNAPP~LEE÷ ICOLU+ILL÷FNAL) 

÷IVANILDV,KONYUSHKDeKORABLEV~ (SERP) 
÷VOLKOV, IVANILOV,KONYUS~KO,KORABLEV+ (SERPI  
+KILEY~BALL,CHANG,CHEN,G~ff]DS+ (MSU÷FNALI 
BERL+BUOA÷OUBNA+MOSC÷PRAG+SERP÷SOFIA÷TBILI 
÷BOGBRT,ENDORE,HANFT÷ {FNAL+SERP÷ITEP~MIEHI 

RLIETSCHAU~ (AACH÷BONN+CERN+MPIM*DXF) 
*MCDONALD, SANDERS, SMIIH,THALER÷ (PRIM*EFT) 
÷BARISH,BARTLETT,BODEK,S~AEVITZ+ [C IT+STANI  
CHILINGAROV,CLARK÷ (CERN÷SAEL÷ETHI 
CHILINGARDV~CLARK÷ [CERN÷SACL*ETH) 
+DIESBURG~FINE,LEE,SDKOLSKY÷ ICOLU+[LL÷BNL} 

÷HANSL~HOLDER (CERN+CORT÷HE[D÷SACL÷BGNA) 
DIAMANT~BERGER,DISHAW,FAESSLER÷ (STAN÷CIT) 
*DIAMANT-BERGER,FAESSLER,LIO* (SLAC+CIrl 
÷FISCHER,GEIST÷ (CERN+CDEF÷HEID÷KARLI 
+FISCHER÷ (EERN÷CDEF÷DORT÷HEIO÷LAPP*WARS) 

*HOSHINO,KURAMATA~ (NAGOYA÷AICH[+YOKDHAMAJ 
÷HOSHINO.KURAMATA,NIU÷ (NAGOYA÷AICHI÷YOKO| 
AACH÷CERN+HARV÷MUN[*NWES+UCR COLLABORATION 
O.O I51TONO IHA~V I  
+DRLOVA,SALMANOVA,TRETYAKOVA + (LEBDI  
+ORLOVA,TRETYAKOVA,CHERNYAVSKII {LEBDI  
+MEYER.RANOER,SCHLEIN,WEBB÷ (UCLA÷SACL) 

(FNAL÷BELG÷DUUC÷L~IC÷LDUC÷KEYN÷MULHOUSE÷) 
K. SAWAyAN~G[ [WASEDA} 

ADAMOVICH+IOHOTO~EMUL,EMEGA-PHOTON C~LLS.I 
BRUX÷CEBN÷OXF+PAOO÷ROMA+RHEL+TRST COLLAR. 
+COLEMAN, KARHI,NEWMAN÷ (EFI÷ILL÷RRINI 
+ (BARI÷BIRM+LIEH+EPOL+RHEL÷SACL÷LDUCI 
÷(BONN÷CERN÷EPOL+GLAS÷LANCeMEHS÷LALO÷LPTP÷) 
÷BASSOMPIERRE÷[EUROPEAN MUON COLLABORATION) 
÷BASSOMPIERRE÷IEUROPEAN MUON COLLABORATION) 

÷BINGHAM÷ tUCB,LBL,FNAL,HAWA,WASH,WISC) 
+BINGHAM+ (UCB~LBL÷FNAL~HAWA+WASH*W[SCI 
BARLOUTAUD,BIRD* {BGNA÷BLAS~RHEL÷SACL*TORII 
÷DICKEY,FOX,OOMEZ~ (CIT÷FNAL÷ILLC*INOI 

÷JOHNSON~KERTH,LOKEN÷ {UEB*LBL$FNAL÷PRINI 
+JOHNSON,KERTH,LOKEN÷ (UCB÷LBL÷FNAL÷PRINI 
GOLLIN,SHOEMAKER~SURKO÷ IPRIN÷LBL÷FNAL) 
FANOURAKIS.RESVANIS+ (ATHU÷ATEN÷WISC) 
AACH÷BONN~CERN÷LOIC÷~XF+SACL COLLABORATION 

÷KALELKAR,MILLBR,PLANO÷ IRUTG÷STEV÷CDLUI 
+BDDEK,COLEMAN,MARSH÷ IRDCH+CIT÷FNAL+STANI 
SANOWEISS,CARDELLO,COOPER+ (YALE+FNALI 
÷WANDERER,WENG,BREGMAN÷(BNL÷HARV~DRNL÷PENNI 

AOAMOVICH÷(PHOTON-EMUL,OMEGA-PHOTON COLLS . )  
+AOUILAR-BENITEZ÷ {LEBE~EHS CQLLABORATIONI 
+OENISOV,ERMOLOV÷ (SERP÷FNAL÷ITEP÷MICHI 
+DENISOV,ERMOLOV+ (SERP+FNAL÷ITEP+MICH) 
*FOGLI-MUCIACCIA÷(BARI÷CERN*EPDL÷MILA÷LALO| 
÷BASSOMPIERRE~IEUROPEAN MUON EDLLABORATIONI 

*BINOHAM* (UCB÷LBL+FNAL÷HAWA÷WASH*WISCI 
+ROMEO,CIFARELL[~ (EERN÷BGNA÷FRAS÷PG[AI 
÷ROMEO~EIFARELL[+ (CEBN+BGNA~ERAS~PGIAI 
÷HOSHINO,MIYANISHI÷ INAGO+AICH÷TOKY÷YGKC) 
÷LANSKE~SCHULTE÷ {AAEH+BONN+CERN÷MPIM*OXFI 

÷SEEBRUNNER~ (AACHeEERN÷FARV÷MUNI÷NWESI  
CHARM C~LLAB. (ANIK÷CERN+HAMB÷ITEP*ROMAI 
NISH[KAWA÷ INWES÷CIT÷FNAL+ROCH÷RDCK[ 
÷SHABRATOVA,BOBODZHANOV,TSIN-YAN÷ (JINRI 
÷BENVENUTI÷ (WISC*PENN÷FNAL÷HARV÷OHIO÷RUTG) 

REVIEWS REFERRED TO IN ~ATA CARDS 

T.K.GAISSER,F.HALZEN {BART÷WISCI 76 PR DIB  3153  

L BOTTOM HADRON SEARCHES[ 
> 

SEE ALSO THE LISTINGS FOR THE BI5200) AND THE 
LAMBBAIBOI55OUlo 

HO CROSS SECTION FOR THE PRODUCTION OF A IB, ANTI-Of PAIR IN 
HD HADRONIC REACTIONS (CM~*Z /NUCLEON) .  
HD 
HD A 8, E-53 OR LESS EL=,90 COLBMAN 80 SPEC 228 GBV/C P l -  NUDL B/81= 
HD B 50. E-33 OR LESS CL=*gO DIAMANT-B 80 SPED 4DO GEVIC P FE 81Bt* 
HD C 30 (3 .B÷ -1 .2 )  E-35 BASILE 81 SFM P P - ->  LAMIBO E÷ X 1182" 
HD D ORIJARD 82 SFM P P 63 GEV ECM ~ /82 "  
HD 
HD A COLEMAN 88 LOCK FOR PC- NUCLEON - ->  B RRAR ANNTHING~ FOLLOWED BY B/8 I=  
HO A B - ->  J/PSI X, ANTI-B - ->  MU X I AND THE CHARGE CONJUGATE OECAYSI, B/81* 
HD 
HB B DIAMANT-BERGER BO LOOK FOR P FE - ->  J/PSI MU X, P FE - ->  MU MU HU 8181" 
HD B X, AND P FE - ->  MU+ MU~ X. TABLE ? OF THEIR PAPER GIVES CS LIMITS 8181" 
HD B FOR SEVBR~L FINAL STATES. 8/81* 
HD 
HD E BASILE 8L IS P P AT 62 GEV ECM AT THE CERN-ISR. A 6-STANDARD- ~/82~ 
HD C DEVIATION PEAK IS SEEN IN THE P K- Pl÷ P I -  MASS SPECTRUM WHEN 4/82~ 
HD C TRE~E~ENG ON AN ~* AND KEEPING ONLY THE K- PI÷ IN THE DO REGION, 4182* 
HO C SEE THE LAMBCAIBO LISTING FOR THE MASS OF THE PEAK. THE ABOVE 4182* 
HD C CROSS SECTION IS AFTER THE ABOVE AND OTHER CUTS ARE MADE. ~182" 
HO 
HO D DRIJARO B2~ WITH SAME ACCELERATOR, ENERGY, AND DETECTOR AS BASILE 4182* 
HD O 8L ,  SEE NO L~MBDA/BO PEAK, AND CLAIM THAT NEITHER EXPERIMENT HAS 4182. 
HD D THE SENSITIVITY TO SEE SUCH A S|BNAL. 4182 "  

BE BOTTOM HAORON PROOLK~TION IN (E÷  E-I COLLISIONS. SBE ALSO THE 
BE LISTING FOR THE BI52001. 
BE 
BE A AL l  79  ECM=g .& -17  GEV B IB I *  
BE B BARTEL 80  JADE ECR=27 -35  GEV ~ /82 ,  
BE E BERGER 80 PLUT ECM=I2-3[.6 GEV B/B[* 
BE 
BE A ALl 79 ANALYZE SPHERICITY AND THRUST DATA TAKEN BY PLUTO ANU T~SSO BIBL* 
BE ~ AT DBSY-PETRA. SUGGBST ONSET OF A (B-QUARK ANT[-B-OUARKI THRESHOLD G/B(= 
BE A IN THE ENERGY RANGE 9.4<ECM<[3.O GEV. 8181* 
BE 
BE B BARTEL BO IS JADE COLLABORATION AT OESY-PETRA. AN UPPER LIMIT OF ~/82~ 
BE B 2E-B SEE IS GIVEN FOR THE B-MESON LIFETIME, ASSUMING ITS MASS IS &182~ 
BE B 5 GEV. ~/82* 
8E 
8E C BERGER 80  ME~SURE INCLUSIVE MUON PRODUCTION BY PLUTO AT OESY-PBFB~. B/B I~  
BE C BR(~--QUARK-->MU X)  IS BETWEEN 0 AND D.33. BIB(* 

MU BOTTEM HADRON PROD. ~ROSS SECTION IN MU NUCLEON INTERACTION (CM*~2/. 2/82* 
MU SEE ALSO SECTION MU IN CHARM SEARCHES. 2/82~ 
MU 
MU A 1.2E-35 ER LESS EL=.90 AUBERT 81SPEC 2500FV MU* ON FE 2182. 
MU 
MU A AUBERT 8E IS MU+ N AT THE CERN SPS. OBSEBVE TWO MU÷MU+MU+ AND 2/82* 
~U A ONE MU+MU-MU- WRON~SIGN EVENTS. 2182 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Y BOTTOM HADRON PRODUCTION IN  NEUTRINO NUCLEON - ->  2 LEPTONS ANYTHING 12 /8 I *  
Y AND ANT(NEUTRINO NUCLEON --> 2 LEPTDNS ANYTHING. SEE ALSO SECTIONS E2181. 
Y Y, vo, AND VAP IN CHARM SEARCHES. 12181* 
Y 
Y A 2 l  MU÷MU- ARMENISE 80 HLBC NEUBAR BEAM 12/81" 
Y B 2 MU+E÷(W>5.6GEVI AMMOSDV 81HYBR NEUBAR INDUCED 2/82* 
Y C 6 MUfE-,MO÷#U- IS<W<6.SGEVI BALLAGN 81HYBR NEUBAR INDUCED 2 /82~  
Y 
Y A ARMENISE 80 IS AT THE CERN-SPS WITH BEBC EXPOSED TO A WIDE-BAND I2/BL* 
Y A ANTINEUTRINO BEAM. OBSERVED PEAK AT W AROUND 6 DEV IN D[MUON 12/81* 
Y A EVENTS MAY BE DUE TO BOTTOM BARYON PRODUCTION. 12/BE* 
Y 
V B AMMOSOV 81 AT FNAL OBSERVED 2 MU~E+ EVENTS WITH W>S.AGEV, PERHAPS 2/82* 
Y 8 ~UE TO B-BARYON PRODUCTION ANO DECAY, RATIO TO CHAROEO CURRENT |S 2 /B2 .  
Y B (B .+3 .3 - I .B )E -3 .  2 / 82 *  
Y 
Y C BALLAGH 81 AT FNAL OBSERVE EXCESS IN SAME MASS REGION AS 2182. 
Y C ARMENISE 80. 2182~ 

REFERENCES FOR BOTTOM HAYDN SEARCHES 

ALItKOERNER,WILLRDOT,KRAMER (DESY÷HAMBI 
÷ (BAR[÷BIRM+LIBH+EROL÷RHEL÷SADL+LOUCI 
JADE C.IDESY÷HAMB÷HEID÷LANC+MCHS÷RHEL÷TOKYI 
PLUTO E.(AACH÷BERG+OESY+HAMBsUMO~SIEG÷WUPPI 
÷ANOERSON, KARHI,NEWMAN.+ (EFI÷ILL+PRIN| 
DIAMANT-BERGER,D[SHAWt÷ (STAN÷SLAC~CITI 

÷DENISOV.ERMDLOVt+  (SERP~FNAL* ITEP÷M1EH)  

ALl 79 PL BOB 315 
ARNENISE 80 PL B&B 527 
BABTEL BO ZPHY C6 285 
BERGBR 80 PRL ~5 1538 
COLEMAN BO PRL ~4 I313 
DIAMANTB 80 PRL 46 501 

AM~OSOV BI  PL 106B 1BI 
AUBERT 81 PL lOEB RIg ÷BASSOMPIERRE÷(EUROPEAN MOON (~]LLABORATIONI 
BALLAGH 81 PRD 24 7 ÷BINGHAM,+ (UCB~LBL÷FNAL+HAWA~WASH÷WISCI 
8ASILE 81 LNC 3 I  g7 ÷BONVICINI,CARA ROMEO÷(CERN÷BGNA÷FRAS÷PGIAI 
DRIJARO 82 PL lOEB 3B I  ÷FISCHER,÷ (CERN÷CDEF~BORT+~EID+LAPP+WARSI 

> 

TE TOP HADRON PREOUCTIDN IN IE~ E-I COLLISONS 
TE A NONE ECM=22-31.6 GEV BARTELI 79 JADE R B/BI* 
TE B NONE ECM=22 -31 .6  GEV BARTEL2 T9 JADE <S> 8181 "  
TE C NONE BARBER 79 MRKJ R,<S>.<T> L2 /RL~  
TE 0 NONE ECM=B2-3I.G GEV BERGER T9 RLUT R,<S>.<T>~MU 81BL* 
TE E NONE EOM=30-B5 GBV BARBER 80 MRRJ R,<T>,MU B/Die 
TE F NONE ECM=12-31.6 GEV BERGER BO PLUT MU 8181" 
TE G NONE ECM=33-35.8 GEV BARTEL 81 JADE MU 2182¢ 
TE 8 /B I *  
TE COMMENTS 
TE ALL ABOVE MEASUREMENTS ARE DONE AT DESY-PETRA. THB LAST COLUMN 81BI* 
TE SPECIFIES MEASURED QUANTITIES. 8181. 
TE 8181 ,  
TE B BARTEL2 79 OBSERVE NO SIGNIFICANT ACCUMULATION OF SPHERICAL EVENTS. 8/81.  
TE 
TE D BERGER 79 FIND R=3. BB~0.22 WHICH ALONG HIIH SPHBRICITY AND THRUST 8/81* 
TE D BEHAVIORS IS AGAINST OPEN TOP ANTI-TOP CHANNEL BELOW 30GEV. F INAL  B /S t *  
TE D MUONS ARE ALSO CONSISTENT WITH EXPECTATION WITHOUT TOP QUARK STATE. 8181" 
TE 
TE E BARBER BO F[BD NO EV(DENCE FOR AN OPEN TOP ANTI-FOP THRESHOLD IN R, B/Bt* 
TE E THRUST DIST. AND INCLUSIVE MUONS. ENERGY SCAN IN THE RANGE 29.B<ECM 8181" 
TE E <31.6GEV REVEALS NO HADRON RESONANCE CORRESPONDING TO A (TOP-QUARK BIB/*  
TE E ANTI-TOP-CUARKI BOUND STATE. 8/BL* 
TE 
TE F BERGER 80 MEASURES INCLUSIVE MUONS WITH MOMENTUM >2 GEVIC, AGREE 81El* 
TE F WITH EXPECTED SEMILERTONIC DECAYS FROM CHARMEC AND BOTTOM MESONS. 8/81* 
TB 
TE G BARTEL 81 MEASURES INCLUSIVE MUDNS WITH MOMENTUM >I .4  GEV/C. AGREE 2/82* 
TE G WITH EXPECTED 5BMILEPTONIC DECAYS FROM CHARMER AND BOTTOM MESONS. 2182" 

REFERENCES FOR TOP HADRDN SEARCHES 

BARTBLI 79 PL EBB 171 JADE C,(DESY+HAMBeHEID+MCHS+LANC~RHEL÷TOKY) 
BARTEL2 79 PL 89E 136 JADE C.(DESY+HAMB÷HBID+MCHS÷LANC*RHEt~TOKYI 
BARBER 79  PL 85B  463  NARK-J  COLLAB. (AACH+DESY÷MIT+AIKO~BHEPI 
BBRGER 79 PL BAB 413  PLUTO E. [AACH+BERG+BESY*HAMB4UMD÷SIEG~WUPPI  
BARBER BO PRL 4A 1722 MARK-J COLLAB. [AACH+OESV~MIT÷AIKO~BHEP) 
BERGER BO PRL 45  1538 PLUTO C.(AACH÷BERG~DESY+HAMBsUMD÷SIED÷WUPP) 
BARTBL 81PL  998 877 ~BORDS~IOBSY+H~MB~HEID~LANC+MCHS÷NHEL~TOKYI 
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Data Card Listings 
For notation, see key at front of Listings. OTHER STABLE 

Stable Particles 
PARTICLE SEARCHES 

J OTHER STABLE PARTICLE SEARCHES I 
> 

We collect here those searches which do not 

fit neatly into one of the above search catego- 

ries. Tnese include axion searches (section AX), 

supersymmetric partner searches (SYM), trimuon and 

four-lepton production in neutrino and anti-neu- 

trino reactions (T, FL), and heavy particle 

searches in accelerator experiments (EE, Cff, CS, 

D, ICH, RPI, BD) and in cosmic rays (F). 
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AXION (AO) PRODUCTION RATIO TO RIO PROD CROSS-SEE.  
FOR THEORY AND REVIEW SEE WEINBERG PRL 40 ,  223  1197D I~  W[LCEEK 
PRL 4D,  279  ( [ 978 ) ;  OONNELLY PR D ID ,  EBOT ( IR7B I~  BARSHAV ET AL . ,  
PRL 46 ,  I~61 I I 9811 i  AND BARROSO÷MUKHOPAOHYAY PL IOB~ 91 119818. 
FOR INVISIBLE-AXIOM THEORY SEE E.G. WISE, GEORGI AND GLASHOW 
PRL 4T, 402 (L9BE), AND FOR VERY HEAVY AXION THEORY SEE E.G. TYE 
PRL 47 ,  103R (19B [ ) .  FOR K - ->  Pl AO SEE ALSO E .G. ,  GOLDMAN 
ANO HOFFMAN. PRL 40 .  220  (197D); FRERE ET AL . *  PL 103B, 129 [E9D1) .  

1. E-B OR LESS EL=.90 ALIBRAN 78 HY~ BEAM DUMP 
6.  E-9 CR LESS EL= .95  ASRATYRN T8 CRLO BEAM DUMP 

A R.4E- I~ DR LESS CL=.90 BELLOTTI  78 HLBC FOR MASS-1.5 MEV 
A 4.1E- 9 DR LESS CL= .9D  BELLOTT[ 78 HLDC FOR MASS-{ MEV 
A E.SE- D OR LESS CL= .90  BELLOTT[ 7D HLBC BEAM DUMP 

I .  E-8 OR LESS CL=.90 BOSETTI 78 HYBR BEAM DUMP 
DDNNELLY ?B 

0.5E-8 OR LESS CL=.90 HANSLI 78 WIRE BEAM DUMP 
M[CELMACH 78 
VYSOTSSKI 78 

F BECHIS 79  CNTR 
G EALAPRICE 79 CARBON 
H I .  E -8  OR LESS CL= .90  COTEUS 79 OSPK BEAM DUMP 
I 1. E-3 OR LESS CL=.9R DISHAW 79  CALO 400 GEV P R 
j ZHITNITSK 79 FE&VY AXIOM 
K 0 FRISSNER BO OSPK BEAM DUMP,AO-->E÷E- 
L I .E -8  CR LESS CL=.90 JACQUES 80 HLBC 28 GEV PROTONS 
L 1 .E -14  OR LESS EL=.90 JACQUES 80  HLBC BEAM DUMP 
M SOUKAS 80 CALO 28GEV P B.OUMP 
N 0 ASANO 8E CNTR STOPPED K~->P [÷  AO 
0 12 FAISSNEI B l  OSPK CERN PS NU WIDEBAND 
P 15 FAISSNE2 8 l  OSPK BEAM DUMP,AO-->2GAM 

8 K IM  81 DSPK 26  GEV P NUC- ->A0  X 
0 ZEHNDER 8E CNTR BA*- -> (A~->2GAM)BA 

S EDWARDS 8E CBAL J/PSI-->GAMMA+AO 

A BELLOTTI 78 FIRST VALUE COMES FROM SEARCH FOR A-->E+E-. SECOND 
A VALUE COMES FROM SEARCH FOR A- ->2GAMMA,  ASSUMING MASS<2*MASSIE-). 
A FOR ANY MASS SATISFYING THIS,LIMIT IS ABOVE VALUE*(MASS~*-4D. 
A THIRD VALUE USES DATR OF PL 6DB 401  AND QUOTES CSIPRODI*CSIINTER- 
A ACT ION)< [Oe* -67 "  DM**4* 

B BOSETTI 78 QUOTES CSIPRODI*CSIINTERACT)< 2.E-AT CM**4 

DONNELLY 78 EXAMINES DATA FROM REACTOR NEUTRINO EXPTS OF REINES 76 
AND GURR 74 AS WELL AS SLAC BEAM DUMP EXPT* EVIDENCE IS NEGATIVE. 

D MICELMACHER 78 FINDS NO EVIDENCE OF AXION EXISTENCE IN REACTOR 
O EXPTS OF REINES 76 AND GURR 74. (SEE REF UNDER OONNELLY TB BELOW(. 

VYSOTSSKII 7D DERIVED LOWER LIMIT FOR THE AXIDN MASS. 25 KEV FROM 
LUMINOSITY OF THE SUN AND 200 KEV FROM RED SUPERGIANTS. 

F BEEH[S 79  LOOKED FOR THE AXION PRODUCTION IN LOW ENERGY ELECTRON 
F BREMSSTRAHLUNG AND THE SUBSEQUENT DECAY INTO EITHER 2 GAMMAS OR 
F E~ E- .  NO SIGNAL FOUND. C.L.=O.9O LIMITS FOR MODEL PARAMETER(S) 
F ARE GIVEN. 

G CALAPR[CE T9 SAW NO AX[ON EMISSION FROM EXCITED STATES OF CARBON. 
G SENSITIVE TO AXION MASS BETWEEN I AND 15 MEV. 

H COTEUS 79 IS A BEAM DUMP EXPERIMENT AT BNL. 

DISHAW 79 IS A CALORIMETRIC EXPERIMENT AND LOOKS FOR LOW ENERGY 
TAIL OF ENERGY DISTRIRUTUIONS DUE TO ENERGY LOST TO WEAKLY 

I INTERACTING PARTICLES. 

J ZHITNITSKII 79 ARGUE THAT A HEAVY AXIOM BY YANG (B<M<4O MEV) 
J CONTRADICTS EXPERIMENTAL MUON ANON. MAGNETIC MOMENTS. 

K FAISSNER 80 IS SIN BEAM DUMP EXPT WITH 590 MEV PROTONS LOOKING FOR 
K A~->E~ E- DECAY. ASSUMING AO/PIO=5.5E-7,0BTAINED DECAY RATE LIMIT 
K 20/IAO MASS) MEV/SEC (CL=.9O).WHICH IS ABOUT 10=~-7 BELOW THEORY 
K AND INTERPRETED AS UPPER LIMIT TO MASSIAOI < 2#  MASS(E-). 

L JACOUES BO IS A BNL BEAM DUMP EXP. FIRST LIMIT ABOVE COMES FROM 
L NON-OBSERVATION OF EXCESS NC-TYPE EVENTS (CSIPRODI*DS(INTERACT) < 

?.E-68 CM**4.Ct=O.90).  SECOND LIMIT IS FROM NON-OBSERVATION OF 
AXION DECAYS INTO TWO GAMMAS OR E÷E-, AND FOR AXIOM MASS A FEW MEV. 

M SOUKAS 80 AT BNL OBSERVED NO EXCESS OF NC-TYPE EVENS IN BEAM DUMP. 

N ASANO BE IS XEK EXPT. SET BR(K÷ - ->P I+  AOl < 3.BE-D AT CL=.OO. 

O FAISSNER1 81 SEE EXCESS MU E EVENTS. SLY}GIST AX[ON INTERACTIONS. 

P FAISSNER2 81 IS SIN 590HEV PROTON BEAM DUMP. OBSERVED 14 .5÷ -5 .0  EVS 
P OF 2 GAMMA DECAY OF LONG-LIVED NEUTRAL PENETRATING PARTICLE WITH 
P M(2 GAMMAI • APPROX. 1 MEV. AXION INTERPR. WITH ETA-AO MIXING GIVES 
p MIAOI=(BSO÷-251KEV, TAUT2 GAMMAD=IT.R÷-R.TIE-3 SEE FROM ~BOVE RATE. 

KIM 81 ANALYZED 8 CANDIDATES FOR AO-->2 GAMMA OBTAINED BY AAEHEN- 
PADOVA EXPT AT CERN WITH 26 GEV PROTONS ON BF. ESTIMATED AXION MASS 
IS AROUT 30D KEV AND LIFE IS (O. 86 TO 5.6)E-R S DEPBOING MODELS. 
FAISSNER, PRIV. COMM* SAYS AXION PROD. UNOERESTIMATEO AND MASS 

O OVERESTIMATED. CORRECT VALUE AROUND 200 KEV. 

6 /78  
12179  

1 /79  
1 /79  
1 /79  
6 /78  

12 /79  
6 /78  

12 /79  
l /DO  

L2 /79  
9181#  
7 /T9  

12179  
9 /81 "  
1 / 82 "  
9 /B I#  
9181# 
9/81# 
2182~ 
5 /82 *  
2 / 82 *  
1182 '  
1182 "  
4182*  

L /79  
1279 
1179  
1179  
1279 

6 /78  

12 /79  
12 /79  

12 /79  
12279 

1 /80  
l /DO  

12 /79  
12/79 
12 /79  
12 /79  

9181 "  
9 / 81 "  

12 /79  

12179  
12/79 
12 /79  

9181 "  
9 / 81 *  

[ / 82 *  
1182 "  
1182 .  
1282 "  

9181 ,  
9181 "  
9 / 81 "  
9 /B l$  

9 /B i *  

2 /82 *  

5 / 82 *  

2182 '  
2 7 B 2 "  
2 /82 *  
2182*  

1 /82 "  
1282 "  
1162 "  
4 / 82 *  
4/82* 

AX R ZEHNDER 8 t  LOOKED FOR BA*-->BO BA TRANSITION WITH AO-->2 GAMMA. 1182# 
AX R OBTAINED 2GAPMA COINCIDENCE RATE < 2.2E-5 ISECICL=.DSI EXCLUDING I182# 
AX R MASS(AO)>160 KEVIOR 200 KEV DEPENDING ON HIGGS MIXING). I IBZ# 
AX R HOWEVER. SEE BARRDSO ÷ MUKHOPADHYAY, REF. ABOVE. 4182~ 
AX 
AX S EDWARDS 82 LEOKED FOR JIPSl-->GAMMA÷AXION DECAYS BY LOOKING FOR 4 /82*  
AX S EVENTS WITH A SINGLE GAMMA {OF ENERGY APPROX. I / 2  THE J/PSI MASS), 4 /82*  

4 /B2~  AX S PLUS k~]THING ELSE IN THE OETECTOR. THEY FIND 
AX S BRIJIPSI-->GIMMA÷AXIDNI<I.4E-S AT CL=.9O. THIS RESULT IS 4182~ 
AX S INCONSISTENT WITH THE AXION INTERPRETATION OF THE FAISSNER2 81 4 /82*  
AX S RESb%T. 4 /82 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T TRIMUON PRODUE7ION IN  NEUTRINO NUCLEON INTERACTIONS 
T SEE ALSO SECTION 'NEU' IN 'HEAVY LEPTON SEARCHES' AND 
T SECTION 'Y '  IN 'CHARMED HADRON SEARCHES'. FOR EXTENSIVE DISCUSSION, 
T SEE ALBRIGHT 78 (PR DID, lOB), HANSL TB (NP B142. 38 l ) ,  AND XANE 79 
T (PR DIg, 1978 ) ,  
T 
T A 2 EVENTS MU- MU MU DARISH 77 SPEC NEU BEAM 7 /77  
T A BARISH T7 EVENTS CONTAIN FAST MU- AND 2 ADDIT IONAL  MUONS WITH LOW 7 /77  
T A ENGERY IN DIMUON REST FRAME. SLOW MUONS COULD COME FROM EITHER 7/77 
T A VIRTUAL PHOTCN OR VECTOR MESON OR FROM ASSOC PROD OF CHARMED 7177 
T A PARTICLES WHICH DECAY LEPTON[DALLY. 7/77 
T 
T B 6 SEEN BENVENUTI 77 NEUL 5 1 6 N E U , I I 6 N F U B A R  12 /7 /  
T D BENVENUTI 77 IS FNAL EXPT. CAN BE EXPLAINED BY PROD OF NEW HEAVY 12177 
T B LEPTON - ->  MU- NEUBAR NEW LIGHTER LEPTON - ->  RL~ M t~NEU.  12177  
T 
T C BLETZACKE 77  RVUE 1 2 / 7 7  
T C BLETZACKER 77 EXPLAINS TRIMUON AND LIKE SIGN OIMUON PROD AS ASSOC 12/77 
T C PROD OF CFARM. 12/77 
? 
T D 3 SEEN HOLDER 77 SPEC 12 /77  
T O HOLDER TT EVENTS ARE MU-MU-M÷ AND MU-MU*MU÷ WITH NEU REAM, AND 12/77 
T D MU÷MU-MU- WITH NEUBAR BEAM. RATE RELATIVE TO CHARGED CURRENT EVENTS 12/7T 
T D IS 4 .10#~ -5 ,  12177  
T 
T E ALBRIGHT 78 RVUE 12 /79  
T E ALBRIGHT 78 CEMPARES DATA OF TRIMUON AND FOUR-MUON EVENTS L ISTED 12 /79  
T E ABOVE WITH SIX MODELS. 12/79 
T 
T F 7 SEEN BENVENUTI 78 NEUL 8 /78  
T F BENVENUTI 78 IS FNAL EXP7* 6 OF THE EVENTS ARE SEEN USING A 95  PENT 8/78 
T F NEU BEAM, i USING AN DR PENT NEUBAR BEAM. SEE MORI 78 FOR LIMITS 8/78 
T F OF THE RROB THAT THE TRIMUONS ARE PRODUCED BY A NEW SHORT-LIVED B/7B 
7 F SOURCE OF NEUTRINOS.  8 /78  
T 
T G 76 EVENTS MU- MU- MU+ HANSL2 TB SPEC NEU BEAM 1/79 
T G HANSL2 78 IS CERN SPS EXPT. RATE RELATIVE TO SINGLE MUON EVENTS IS I179 
T G (3 .0+ - .48~101* -5  FOR EINEU)>3O GEV. CAN BE EXPLAINED AS C.E. 1/79 
7 G INTERACTIONS WITH ADDITIONAL LOW MASS MU PAIRS. NO EVIDENCE *OR NEW 1/79 
T G HEAVY LEPTON. 1 /79  
T 
T H 39 MU-MU-MU÷ SEEN RENVENUTI 79  NEUL NEU BEAM 7/79 
T H BENVENUTI 79 INCLUDES 9 EVENTS FROM DENVENUTI 77 AND 78. RATE 7279 
T H RELATIVE TO SINGLE MUON EVENTS IS 11.1~.5)#10**-4 FOR E(NEU)>IOO 7/79 
T H GEV. CONSISTENT WITH E.M. AND DIRECT PRODUCTION OF MU PAIRS. 7179 
T H CHARM ASSOC PROD MAY ACCOUNT FOR 20 PERCENT OF PRODUCTION. NO 7179 
T H EVIDENCE POR NEW HEAVY LEPTONS OR HEAVY QUARKS. 7/79 
T 
T I 8 MU+MU+MU- DEGROOT 79 SPED NEUBAR REAM 12179 
T 1 DEGRDOT 79 IS CERN SPS EXPT. RATE RELATIVE TO SINGLE MUON EVENTS 12/79 
T I IS ( I .B~ -O .E IE -5  FOR E(NEU)>=RO GEV AND PIMU)>=4.5 GEVIC. COULD BE L2179 
T I EXPLAINED AS C.E. INTERACTION ACCOMPANIED BY A MUON PAIR OF EITHER 12179 
T I HADRONIC OR E.M. ORIGIN AS IN NEU CASE. NEGATIVE SIGNAL FOR HEAVY 12/79 
T I LETPON. 12 /79  

FL FOUR-LEPTON PRODUCTION IN NEUTRINO-NUCLEON INTERACTIONS 2179 
FL A l 2MU~ 2MU- HOLDER 78 SPED 2179 
FL B 1 2E-  E4 NU+ LOVELESS TB HBC 2 /79  
FL 
FL A HOLDER 78 EVENT IS FROM CER~-SPS CERT. RATE RELATIVE TO MU+MU- 2/79 
Ft  A EVENTS IS 1 .4E-4 .  2/79 
Ft 
FL B LOVELESS 78 EVENT IS FROM FNAL EXPT. EVENT ALSO HAS [ KOS AND 7 2/79 
FL B GAMMAS. 2 /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MU Ol -  AND TRI-HUON PRODUCTION IN MU NUCLEON INTERACTIONS 
MU SEE ALSO SECTION 'MU' IN HEAVY LEPTON SEARCHES AND CHARM SEARCHES 10/81"  
MU A 11 TRIMUON EVENTS CHANG 77 SPED 12277 
MU A 32 DIMUON EVENTS CHANG 77 SPED 12/77 
MU B 450 NU+MU- 223 MU-HU- EVENTS LEBRITTON 80 SPED WCV(VIRTUAL PHOTON- 12181. 
MU B 158 MU-HU-MU* EVFNTS LEBRITTON 80 SPED NUCLEON) < 4 .5  GEV [21B l *  
MU 
MU A CHANG 77 DIMCDN RATE IS GT B* IO** -A  THAT OF INCLUSIVE MUON RATE. [2 /77  
MU A CROSS SECTION UNCORRECTED FOR ACCEPTANCE IS 5 "L0#* -86  CM#*21NUCLELN 12/77 
MU 
MU B LEBR[T IDN  BO IS BNL EXP. LOOKED FOR MUOPROOUCTIDN OF SHORT- 12 /81 "  
MU B LIVED PARTICLES BELOW CHARM THRESHOLD. TRIMUONS ARE CONSISTENT WITH 12181# 
MU B QED TRIDENT PLUS RHO DECAY AND DIMUONS ALSO WITH KN(]~4N SOURCE S. AT 12/81" 
MU B CL=.9O CSIMU-~-->M+ X)*BRIM÷ -->MU÷ x#  < 1.b4 E-3~ CM**Z AND CSIMU- 12181* 
MU B N-->M- X)~BRIM- -->MU- X)<.81E-34 CM**2 WITH M÷- SHORT-LIVED MESON. 12/81* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EE HEAVY PARTICLE ~RODUETION CROSS-SECTION IN E÷ E- REACTION 2/82* 
EE (RATIO TO CS(E+E- -->MU+MU-)). SEE ALSO SECTION EE IN QUARK SEARCHES 2182" 
EE AND SECTION EE IN MAGNETIC MONOPOLE SEARCHES. 2782* 
EE A O 5.0 E-2 CR LESS CL=.OO BARTEL BO JADE Q=(R,4,58/3 2-IRGEV 2182" 
EE B O 1.6 E-2 OR LESS EL=.95 KINOSHITA 82 PLAS Q=3-IBO,M<I4.SGEV 2/82e 
EE 
EE A BARTEL 80 IS DESY PETRA EXPT WITH WCM=R7-35 GEV. ABOVE L I~ IT  IS FOR 2 / 8 2  ~ 
EE A INCLUSIVE PAIR PROD AND RANGES BETWEEN I .E - I  - I .E -2  DEPENDING ON 2188* 
EE A MASS AND PROD MOMENTUM DIST. (SEE THEIR F IGS .9 , IO , I I I .  2/82= 
EE 
EE B KINOSHITA 82 IS SLAG PEP EXPT AT WCM=29 GEV USING LEXAN AND CR-39 2182" 
EE B PLASTIC SHEETS SENSITIVE TO HIGHLY IONIZING PARTICLES. 2 /B2~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CH HEAVY PARTICLE PRODUCTION CROSS SECTION (CM#*R) 
CH A O l ,  E -3 I  OR LESS LEIPUNER 73 CNTR +- M=3-1l GEV 5/7b 
CH B O.B - I , 3E -31  OR LESS CARROLL 78 SPED M=2.-2.5 GEV 1 /79  
CH 
CH A LEIPUNER 73 IS AN HAL 30D GEV P EXPT. WOULD HAVE DETECTED PARTICLES 427b 
CH A WITH L IFET IME GREATER THAN 200 NSEC. ~276 
CH 
CH B CARROLL TB LOOK FOR NEUTRAL, S=-2 DIHYPERDN RESONANCE IN  [ 1 7 9  
CH B P P - ->  2K~ x .  cS VARIES WITHIN ABOVE LIMITS OVER MASS RANGE ~ND 1779  
EH B PLAB=5.L-5.9 CIVIC.  I179 



Stable  Particles 
OTHER STABLE PARTICLE SEARCHES 

CS HEAVY PARTICLE PRODUCTION CROSS-SECTION ICM*~2/NUCLEONI 
CS A O 2.SE-35 OR LESS GUSTAFSDN 76 CNTR O TAU GT tOe* -7  1 /77  
CS 
CS A OUSTAFSDN 76 IS A 300 GEV FNAL EXPT LOOKING FOR HEAVY (MGT 2 GEVI i177 
CS A LONGLIVED NEUTRAL HADRONS IN THE M4 NEUTRAL BEAM. THE ABOVE TYPICAL 1/77 
CS A VALUE IS FOR M=3 GEV AND ASSUMES AN INTERACTICN CRESS SECTION OF 1 /77  
CS A I MB. VALUES AS A EUNCTIDN OF MASS AND INTERACTION CROSS SECTION 1171 
CS A ARE GIVEN IN FID. 2, 1117 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D HEAVY PARTICLE PRODUCTION DIFFERENTIAL CROSS SECTION (CM**Z15R-GEV) 
D A O 1.5E-36 OR LESS DDRFAN 65 CNTR BE TARGET M=3-7GEV 5176 
D A O 3.OE-3B DR LESS DORFAN 65 ENTR FE TARGET M=3-7GEV f i l76 
D O 2,4E-35 OR LESS CL=.OO BINON 69 CNTR O=- M-I-E*8 GEV 3177 
0 B O 2 .4E -35  DR LESS CL=.OO ANTIPOVI ?L CNTB O=- M=h2 - l . T . 2 .1 -4  3 /77  
D C O 1,21-35 OR LESS CL=.90 ANTIPOV2 71 CNTR Q=- M=2.2-2o8 3177 
D O O B,BE-34  OR lESS CL=,9O ALPER 73 SPED + -  M=1.5-24 GEV BI76 
D E O I ,  E-3I OR LESS EL=.90 APPEL 74 CNTR +- M=3.2-7,2 GEV 2176 
O F O 2,21-33 OR LESS CL=.OO ALBRDW 75 SPED Q=~-I W54-15 GEV 1177 
D F O I . IE -33  OR LESS CL=.OO ALBROW 75 SPED 05 . -2  M=6-27 GEV 1 /77  
D G 0 B. E-BS OR hESS CL=*9O JOVANOVIC 76 EMIR ~ -  M515-26 GEV 2 lTb  
D G O 1.5E-34 DR LESS El=.90 JDVANOVIC 75 CNTR 0=+-2, M=B-lO GEV 2476 
D G O 6 .  E -35  ~R LESS CL=.90 JOVANOVIC 75 CNTR O=* -2 ,  M=IO-B6 OEV 21Tb 
D H o E.61-36 DR LESS CL=.OO BALDIN 76 ENTR Q- - I ,  M=B.|-9.4 GEV 1/77 
0 
D A DORFAN 65 IS A 30 GEV/C P EXRT AT BNL. UNITS ARE PER GEV MOMENTUM 5176 
D A PER NLW~LEUS. 5176 
D 
D B ANTIPOVI TI LIMIT INFERRED FROM FLUX RATIO. 7C GEV P EXPERIMENT. B/77 
D 
D C ANTIPOV2 TI IS FROM SAME 70 GEV P EXP. AS ANTIPOVI 71 AND BINON 69. 3/77 
D 
D D ALPER 73 IS CERN ISR 26÷26 GEV P÷P EXPT. P>.9 GEV, .E< BETA <.65. 5/76 
D 
D E APPEL 76 IS ~AL 300 GEV P+W EXPERIMENT. STUDIES FORWARD PRODUCTION 2176 
D E OF HEAVY (UP TO 24 GEV] CHARGED PARTICLES WITH MOMENTA 24-200GEV(-I 2/76 
D E AND 40-[SOGEV (÷CHGI, ABOVE TYPICAL VALUE IS FOR 75 GEV AND IS B176 
D E PER GEV MOMENTUM PER NUCLEON. 5/76 
D 
D F ALBROW 75 IS A CERN ISR EXPT WITH ECM=S3 GEV. THETA=40 MR. SEE 1177 
D F FIG. S FOR MASS RANGES UP TO 35 GEV. 1177 
O 
D G JOVANDVIC~ 75 IS A CERN ISR 26÷26 AND 15+16 GEV P÷P EXPERIMENT. 2/76 
D G FIGo4 COVERS RANGES 05 | / 3  TO B AND M=3 TO 26 GEV. 2 /76  
D G VALUE IS PER GEV MOMENTUM. 5176 
D 
D H BALDIN 76 IS A 70 GEV SERP EXP* VALUE IS PER AL NUCLEUS AT |/77 
D H THETA=O. FOR OTHER CHARGES IN RANGE -0°5 TO -3 .0 ,  CL=.9O LIMIT IS I171 
D H I2.EE-36PIABSlCHARGE] FOR MASS RANGE (2 .1  TO 9,SGEVItABS(CHARGEI. I/TT 
D H ASSUMES STABLE PARTICLE INTERACTING WITH MATTER AS DO ANT/PROTONS, 1/77 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ICH LONGLIVED PEAVY PARTICLE INVARIANT C.S. ICM*e21GEVt*21NUCLEONI L/79 
]CH A O 1.1E-37 OR LESS CL=.OO CUTTS 78 CNTR NASS=4-[O GEV 1179 
ICH B O 3.01-37 OR tESS CL=.OO VIOAL TB CNTR MASS=4.5-b GEV 12/79 
ICH C O b.  E-33 DR LESS CL=.9O ARMITAGE 79 SPED M=1.87 GEV TIT9 
ICH C O 1.5E-33 OR LESS CL=.OO ARMITAGE 79 SPED M=E.B-3.O GEV 7179 
ICH D O BOZZOLI 79 CNTR Q=÷- (B /3 ,1 ,4 /3 ,21  1 /80  
ICH 
ICH A CUTTS 78 IS P BE EXPT AT FNAL SENSITIVE TO PARTIDLES OF TAU>SE-ESEC I179 
ICH A VALUE IS FOR -.3<X<O AND PT=O.[?5. 
ICH 
ICH B VIDRL 78 IS FNAL 400 GEV PROTON EXPT. VALUE IS FOR X=O AND PT=O. 2179 
ICH B PUTS LIFETIME LIMIT OF <5*105*-B SEE ON PARTICLE IN THIS MASS RANGE 2179 
ICH 
[CH C ARM [TAGE 79 IS CERN-ISR EXPT AT ECM=S3 GEV. VALUE IS FOR X=O.I AND 7/79 
ICH C PT=O, IB. OBSERVED PARTICLES AT M=[.B7 GEV ARE FOUND ALL CONSISTENT ?179 
ICH C WITH BEING ANTIOEUTERDNS. 7179 
ICH 
ICH O BOZZOLI 76 IS CERN-SPS ZOO GEV P N EXPERIMENT, LOOKS FOR PART[ELE I /SO 
ICH O WITH TAU LARGER THAN |OS*-B SEC. SEE THEIR F IG. I I - - IE  FOR PRODUCTION I180 
ICH D CROSS SECTION UPPER LIMITS VB MASS. 1/80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RPI LONGL[VED HEAVY PARTICLE PRODUCTION [CSIHEAVY PARTICLEIICSIPIONI I IB/BL* 
RPI A O BUSSIERE BO CNTR Q=+- (213 ,11413 ,21  | 2 / 8 | *  
RPl 
RPI A BUSSIERE 80 IS CERN-SPS EXPT WITH 2DO-B40 GEV PROTONS ON BE AND AL 12 /8 |~  
RPI A TARGET, SEE THEIR FIG.6-7 FOR CS RATIO VS MASS. 12/815 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CA CROSS-SEE FOR PROD AND CAPT OF LONG-LIVED MASSIVE PARTICLES ICM**2)  
CA A O 0 .1 -9E -36  OR LESS FRANREL 76 CNTR TAU=L TO IOOO HRS 7 /76  
CA B 0 1 .4 -9E -36  OR LESS FRANKEL 75 CNTR TAU=50 MS TO LO HPS 2/77 
CA C O 2 -20E-34  OR LESS ALEKSEEI TB ELEC TAU=IO0 MS TO E DAY 6 /77  
CA C 0 0 .E -81 -34  OR LESS ALEKSEE2 76 ELEE TAU=5 MS TO 1 DAY 3 /77  
CA 
CA A PRANKEL 74 LOOKS FOR PARTICLES PRDOUCED IN THICK At TARGETS BY 7/76 
CA A 300-600 GEV/C PROTONS. 7176 
CA 
CA B FRA~KEL 75 IS EXTENSION OF FRANKEL 74.  2177 
CA 
CA C ALEKSEEVI1,BI  76 ARE 61 -70  GEV P SERP EXPT. CS IS PER PB NUCLEUS, 3 /77  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data  Card List ings 
For.notation, see key at front of Listings. 

F HEAVY PARTICLE FLUX IN  COSMIC RAYS (NUMBER/CM*~2-SEC-SRI 
F O 5 .OE- I I  OR LESS CL=.9O JONES 67 ELEC M=5 TO IS GEV 3 /77  
F 0 3 ,DE- tO  DR LESS BJORNBOE 68 DNTR M ABOVE 5 GEV 4 /77  
F O 3 .01 -8  DR LESS DARDO 72 CNTR 4 / 7 7  
F 0 I ,$E-9 OR LESS TONWAR 72 CNTR NGT 10 GEV 4177 
F A 5 6 .  E-9  CR MORE YOCK 76 CNTR MOT 6 GEV 1 /76  
F B 7. E - IO  DR LESS CL=.9O YOCK TB ELEC + -  OGT T OR LT -71  9 /76  
F O I .DE-9  OR LESS BRIATORE 76 ELEC 4 /77  
F B 1.3E-9 CR LESS CL=°9O BHAT 78 CNTR +- MGT I GEV 1/80 
F 3 4.3÷-1.3 E--It GOODMAN 79 EL EC M>= 5 GEV 7179 
F C 3 3 .0E -9  YOCK 80 SPRK M APPROX.=4. B MP 10 /61 *  
F D O 3.5E-11ER LESS CL=.gO ULLMAN 81CNTR PLANCK-MASS E÷19GEV 21825 
F D O T. E-IT OR LESS CL=,OO ULLMAN 81CNTR N=|.E-16GEV OR LESS 2182~ 
F E 3 2,  E -g  YORK BL SPRK O=+-E W ABOUT 4.SMP 1 /82 "  
F E 3 YOCK BE SPRK FRACTIONALLY CHO0 1/825 
F 
F A YOCK 74 EVENTS COULD BE TRITONS. 1176 
F 
F B BHRT 78 IS AT KOLAR GOLD FIELDS. LIMIT IS FDR TAU • tO*e-6 SEC. t/8O 
F 
F C YOCK 80 ENENIS ARE WITH CHARGE EXACTLY OR APP~X, EQUAL TO UNITY. |O/Bi t  
F 
F D ULLMAN 81 IS SENSITIVE FOR HEAVY SLOW SINGLY CHARGE PARTICLE 21825 
F D REACHING EARTH WITH VERTICAL VELOCITY 100-350 KM/S. 2/82~ 
F 
F E YOCK B[ SAW aNOTHER 3 EVENTS WITH O=÷-I AND M ABOUT 4.5MP AS WELL [ /82"  
F E AS 2 EVS WITH N>5.BWP,Q=÷-,?5*-.05 AND N>2,BMP,O=÷-.TD÷-,OS AND I I/BE* 
F E EVENT WITH M=(9.B÷-B.IHPtQ=+-.89~-.O6 AS POSSIBLE HEAVY CANDIDATES. |182* 

TCH TACHYON FLUX IN COSMIC RAYS INUMBERICMt~Z-SEC-SRI [O /BL*  
TCH A O 2 .31 -10  ER LESS CL=.O5 BHAT 79 CNTR 101815 
TCH A BHAT 79 IS AT DOTACANUNDI220ON ABOVE SEA). N~ SIGNAL IN 3621 HOURS 10/815 

LIGHT (BETkEEk NU AND E RASSESl PARTICLE MASS[UNITS-ELECTRON NASSESI 
O NONE BETWEEN 6 AND 25 BELOUSOV 60 CNTR SPINOR,TAU>E E-8 5 /76  

C O NONE BETWEEN 2 AND B5 GORBUNOV 60 CC SPINORtTAU>E E-9 5 /76  
C O NDNE BETWEEN S AND I75 COWARD 63 CNTR SPINOR,TAU>22 E-[O 5/76 
C O NONE BETWEEN 5 AND 175 COWARD 63 CNTR SCALAR,TAU>A8 E-10 5 /76  
C A O NONE BETWEEN 2 AND 13 BLAGOV 75 CNTR SPINORtTAU>2E-EOSEC 2176 
C A O NC4~E BETWEEN 2 AND 10.6 BLAGOV 75 CNTR SCALAR,TAU>2E-LOSEC 2/76 
C B O NONE BETWEEN 110 AND E8O VIERTEL 78 EMIR TAU >2.E-5 SEE L/BO 
C 
C A BLAGOV 75 BOUNDS ON LIFETIME DEPEND ON MASS AND IMPROVE AS MASS 4177 
C A DECREASES. AT 2 GEV THE EXPERIMENT IS SENSITIVE TD TAU>3E-[E SEC 4/77 
C A FOR SPINOR, TAU>SE-IL SEE FOR SCALAR. 4 /77  
C 

B VIERTEL 78 SEARCHES FOR MU÷ -->X+ NEU. FINDS BR<B,5E-6 IN MASS 1180 
B RANGE GIVEN ABOVE (CL= .9O l .  BEST L IM IT  BR<5.E-7  ICL= .90 I  IS FOUND t /BO 

C 8 AT MASS=B0 MEN. 1/80 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SYM SUPERSYNNETRIC PARTNER OF NUON IO /8L *  
SYM A O NONE BETWEEN 3 AND 15GEV BARBER BO MRKJ E+E- -->PARTNERS 10181* 
SYM 
SYN A BARBER 80 SEARCHED FOR SPIN-O PARTNERS OF MUONS. NO IhK;REASE OF E0/81¢ 
SYM A ACOPLANAR MUENS WAS OBSERVED. ABOVE MASS LIMIT IS CL=*OB. 10181* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CON CONCENTRATION OF HEAVY (CHARGE+t) STABLE PARTICLES IN MATTER 
CON 2.E-21 TO 1.E-21 DR LESS SMITH 79 SPED WATER,M=6-BSO MPRDT 7179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H HIGGS BOSON MASS LIMIT (GENT 1/82* 
H A O O.A09 CR MORE DZHELYADI 81 ETAPRIt4-->ETA HIGGS L /82 "  
H 
H A DZHELYAOIN 81 OBTAINED BR(ETA PRIFI-->ETA NU+NU-)<I.SE-5 ICL=.901 [ /82*  
H A WHICH EXCLUDES A LIGHT HIGGS BOSOM IN NU÷MU- CHANNEL. 1182* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BD A LOSECCD BE CALO 28 GEV PROTONS 1/825 
BO 
BO A LOSECCO 81 IS 8NL EXPT. SEES NO SLOW NEUTRALS AT TOF. LIMIT FOR CS( 1182~ 
BD A PRODI=CSIINT) RATIO OF HVY LEPTONS TO PRONT NEUS IS 2 .2E -B ICL= .9O l .  | / 825  
BD A NO EXCESS N.C,EVS LEADS TO CSPSCSI*ACCEPTANCE<2.26E-TE EM*=41NUC=S2 l iSZ t  
BD A (CL=.OOIFDR LIGHT NEUTRALS* ACE. DEPENDS ON MODELS { 0 . |  TO 4 .E -41 .  1 /825  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ION HIGHLY IONIZING PARTICLE FLUX (UNITS NUNBBR/M~=E-YRI 
I(~N O (O .S I  CR LESS EL=*95 KINOSHITA 8 t  PLAS Z/BETA 30 -100  21825 

5 * 5 * 5 5  . 5 5 * 5 * * * *  * . 5 . e * * 5 *  * 5 . * * . 5 . *  * * ' 5 . * * * *  * * * * * * ' 5 *  5 5 * * * * * * *  * ' 5 5 5 5 . *  
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Data Card Listings 
For notation, see key at front of Listings. OTHER STABLE 

Stable Particles 
PARTICLE SEARCHES 

BELOUSOV 60 JETP 11 I tR3 
GGRBUNDV 60 JETP 11 51 
COWARD 63 PR 131 1782 
DORFAN 65 PRL lA  99~ 
JONES 67 PR 16~ tSB~ 

BJORNBOE 68 NE 853 261 
BINON 69 PL BOB 510 

RNIIPOVI T l  PL 360 16A 
ANTIPOV2 71NP B31 235 
DARDO 72 NC 9A Blq 
TONWRR 72 JPA 5 5b~ 
ALPER 73 PL CAB 265 
LEIPUNER 7B PRL 31 E226 

APPEL 7A PRL 32 628 
FRANKEL 76 PR 09 1~32 
YC1CK 76 NP B76 175 

ALBROR TB NP B97 189 
BLRGOV T5 YAO.FIZ. 21,300 
FRANKEL T5 PR O12 256[ 
JCVANOV( 75 PL 560 105 
YOCK 75 NP BE6 216 

ALEKSEEI 76 SJNP 22 $3~ 
ALEKSEEE 76 SJNP 23 633 
BALOIN 76 SJNP 22 26~ 
BRIATORE 76 NC 31A 553 
GUSTAFSO 76 PRL 37 676 

BARISH 77 ~RL 38 577 
BENVENUT 77 PRL 38 1110 
BLETZACK 77 FRL 38 12~1 
CHANG T7 PRL 39 519 
HOLDER T7 PL 700 393 

ALEREGHT T8 PR D18 108 
ALIBRAN ?B PL TAB IRA 
&SRATYAN TB PL TgB A97 
BELLOTTI T8 PL 76B 223 
BENVENDT 78 PRL 60 ABB 
BHAT T8 =RAm 10 115 
BDSETT| 78 PL TAB 143 

CARROLL T8 PRL 4I  737 
CUTTS 78 PRL At 313 
DONNELLY T8 PR 018 1E07 

ALSO 76 PRL 37 315 
ALSO T4 PRL 33 179 

HANSLI TB PL TAB 1~9 
HANSL2 TB PL TTB 116 

ALSO 7B NP 01~2 381 

REFERENCES FOR OTHER NEW PARTICLE SEARCHES 

+RUSRKOV~TANB,CERENKOV (LEBD) 
÷SPIRIOONOV,CERENKOV {LEBD) 
• GITTELHANtLYNCH,RITSON (STAN) 
÷EAOES~LEOERBANeLEE~TING (C01.U( 

(HICH÷WISC+LBLeUCLA+RINN+COSU+COLO+MURA) 

• OAMGAROtHANSENtCHATTERGEE+ (BOHR÷BERN) 
DUTEIL,KACHANOV,KHROMOV.KUTYIN+ (SERPI 

÷OENISOV~OONSKOV~OORIN,KACHANOV+ (SERPI 
+DENISOV.DONSNOVIGOR[N= KACHANOV÷ (SERF) 
DAROOtNAV&RRAtRENENGO~SITTE (TOBIJ 
TONWAR,NARANAN,SREEKANTAN (TIFRI 

(CERN+LIVP÷LUND~BOHB÷RHEL+STOH+EERG+LOUC) 
+LARSEN,SESSORS,SHITH,WILLIABS+ (BNL+YALE) 

• BOUBQUIN,GAINES,LEDEBMAN, PARR+ (COLU÷FNALI 
+FRATI,RESVANIS,YANG,NEZRICK (PENN+FNAL( 
PoC.H.YOCK (UNIV OF AUEKLANOI 

+BARBER~BENZ+(CERN÷OAREeFOM+LANE+MCHS+UTRE) 
÷KOBARtNURASHOVA~SYREIShCHIKOVAe (LEBD) 
+FRATI~RESVANIS~YANG~NEZRICK (PENN+FNAL( 
JOVANOVICH+ (BANI÷AACHeCERN÷EENO+HARV+TOR|| 
P.CoM, Y~CK (UNIV OF AUENLANOeSLAE( 

ALEKSEEV~ZAITSEVtKALININA~KRUGLOV+ (JINR( 
ALEKSEEV,ZAITSEV,KALININAt KRUGI.OV+ (J1NR) 
÷VERTOGRAOOVeVISHNEVSKII,GRISHKEVICH+(JINR( 
+OARDO~PIRZZOLI,NRNNOECHI÷ ILCGT+FRAS+FREI| 
GUSTAFSON,AYRE,JONES~LONGO,BURTHY (MICH) 

+8ARTLETT,BOBEKtBROWN + (CIT+FNAL+ROCKI 
BENVENUTIeCLINE~ (FNAL+HARV+PENN+RUTG+WISC) 
BLETZACKER~NIEH,SONI (STON+UCSB) 
• CHEN,VAN GINNEKEN (MSU÷FNAL) 
+KNOBLOCH,N~Y+ (CERN+DORTeHEIO+SACL~RGNA) 

+SMITH,VERNASEREN IFNAL+STON+PURD) 
AACH÷BARIeBERG+BRUX÷CERN+EPOL+HIL~+ORSA¢ 
+EPSTEIN,FAKHRUTDINOV+ (ITEP+SERP| 
+FIORINI~ZANOTTI (N|LA] 
BENVENUTI÷ (FNAL+HARV+PENN+RUTG*WIBC| 
+RAMAN~ MURTY (TIFR) 
+OEOEN* (AACH÷BONN+CERN+LOIC+OXF~ SACL) 

+CHI~NG~JOHNSON~KYEIA~KI + (BNL+PRIN) 
+DULUOE + (BROW÷FNAL+ILL+BARI÷BIT+W~RS) 
+FREEOHAN,LYTEL,PECCEI,SCHWARTZ (STAN| 
REINES,GURR,SOBEL 
GURR,REINES,SDBEL 
+HOLDER.KNOBLOCH+ICERN+~ORT÷HEIO+SACL+BGNA) 
+HOLDER,KNOBLOEH+(CERN+OORT+HEIO+SACL÷BGNA( 
HANSL~HQLOER+ (CERN+CORT+~EID+SAEL÷BGNR) 

HCLBER 78 PL 738 105 
LOVELESS 78 PL 780 505 
NICELRAC 78 LNE 2I  661 
mORl 78 PRL 40 A32 
VIDAL 78 PL 7TB 346 
VIERTEL 78 LNC 22 235 
VYSOTSSK 78 JETPL 27 B02 

ARMITAGE T9 NP B150 87 
BHAT 79 JPG 5 L13 
BECHIS 79 PRL ~2 1 5 l l  
BENVENUE 79 PRL A2 1024 
BOZZOLI 79 NP 0159 363 
CALAPRIE 79 PR D20 2TOO 
COTBUS 79 PRL 62 1438 

DEGROOT T9 PL BSB 13L 
OISHAN 79 PL 85B 142 
GOODMAN 79 PR 019 2572 
smITH 79 NP BIA9 525 
ZHITNITS T9 SJNP 29 51T 

BARBER 80 PRL A5 1q(}6 
BARTEL 80 ZPHY E6 2~B 
BUSSIERE BO NP B176 I 
FAISSNER BO PL 96B 201 

JACQUES BO PR 021 I206 
LEBRITTG 80 PL BOB 2El 
SOUKAS BO PRL A~ 566 
YOCK BO PR 022 61 

ASANO 81 PL IO~B 159 
DZHELYAO 81 PL I050 239 
FAISSNEI 81 ZPHY ElO ~5 
FAISSNE2 B1 PL IO38 234 
KIH 81 PL lOBE 55 

KINDSHIT 8 l  PR 02~ 17~7 
LOSECCO 81 PL ~020 209 
ULLMAN 81 PRL 47 28~ 
YOCK 81 PR 023 1207 
ZEHNDER 81PL I06B A94 

EDWARDS B2 PRL 48 B03 
KINDSHIT 82 PRL &8 77 

+KNOBLOCHtBAY÷ (EERN+OOBT÷HEIO÷SAEL+BGNA) 
÷BENRDA+ (HISCH.EL+UEB+FNEL÷HAHA÷HASH| 
M1CELMACHER,PONTECORVO (JINR} 
÷BENVENUTI+ )FNAL÷HARV÷PENN÷RUTG÷WISE) 
÷HERBwLEDERHANtSNYOER+ (COLUeFNRL÷STONeUCB( 
+HAHN~SCHACHER (BERN) 
VYSOTSSRII+(INSToAPPL.MATH.~USSR ACA. SCIo) 

+BENZ~BOBBINK+ (CERN+OARE÷FOBeMCHS+UTRECHE) 
BHAT,GOPALAKRISHNAN,GUPTAtTONWRR {TIFR} 
÷DOHBECB~ (UH~COLU+AoFoR.R.I.~BETHESOA| 
BENVENUTI¢ (FNRL÷HARV¢OSU+PENN+RUTG÷WISCI 
+BUSSIERBtGIACOMELLI (BGNA÷CERN+LAPP+SACLI 
CALAPRICE,DUNFORB, KOUZES,HILLER÷ (PRIN( 
+OIESBURG,FINE~LEE,SOKOLSKY+ (COLU÷ILL÷BNLI 

+HANSL,HOLDER+ (CERN÷OORT+FEID÷SACL+BGNAI 
÷DIAHANT-BERGER,FAESSLER,EIU4 (SLAE÷CIT( 
eELLSWORTH,ITO,NACFALLtSIOHAN + (UMO) 
+BENNETT (RHEL) 
ZHITNITSKII,SKOVPEN (NOVOI 

+REEKER.BE|+ )AACH÷DESY+mIT÷RIKO+BHEP] 
JADE C.(DESY+HAMBeHEID÷LANCeRCHS+RHEL+TBKY( 
÷GIACOMELII~LESQUOY+ (EGN&÷SACL#LAmP| 
+FRENZEL,HEINRIGS~PREUSSGER,SANN,SAHM{AACH~ 

+KALELKAR~MILLER,PLANO+ IRUTG+STEV+CDLUI 
LEBRITTON.MCCAL,MELISSINOSe (ROCH÷BNLtNSF) 
÷NANDERER~WENG~BREGNANe(BNL+~ARV+ORNL÷PENN) 
YOCK (AUCK| 

÷KIKUTANI,KUROKANA+ (KEKeTOKV~OBAK) 
+GOLOVKIN.KONSTANTINOV,KONSTANTINOV÷ (SERF) 
FAISSNER~F~ENZELtORIMM~HANSLeHOFFMAN÷(ARCH( 
FAISSNER,FRENZEL,HEINRIGStPREUSSOEB+ (AACH~ 
BoK.KIB,CHoSTAHM IAACH( 

K.KINOSHITA~PoB.PRICE (UCBI 
+SULAK,GALIKeHOBSTKOTTE÷ (MICH÷PENN÷BNL) 
J.D.ULLMAN (LEHH÷BNL( 
P.E.B.YOCK (AUCK) 
A,ZEHNDER (ETH) 

÷PARTRIOGE~PECK+ (EIT+HARV+PRIN+STAN÷SLAC) 
KINOSHITA,PRICE,FRYBEROER [UCB+SLAC( 
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Data Card Listings 
For notation, see key at front of  Listings. 

S=O, C=O MESON STATES 

F ~  8 CHARGED PIONI1AO,JPG=O~-)  I=1  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  g NEUTRAL PIONIIBB,JPG=O--i I=I 

SEE STABLE PARTICLE DAIA CARD LISTINGS 

* * * * * , t .  * * * * * * * * *  * * * * * *= * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

F ~  14 ETA( 549, JPG=O-+I I=O 

SEE STABLE PARTICLE DATA CARD LISTINGS 

J 9 RHO(TTO, JPG = I -+ )  I=1 

Note on the p0 Mass and Width 

Because of the broadness of the p meson, its 

shape is not very well described by a Breit-Wigner 

formula, which is a narrow-resonance approxima- 

tion. Although most experimental distributions 

can be well described by a relativistic Breit- 

Wigner formula with a P-wave width and an addi- 

tional shape parameter (PISUT 68), the resulting 

resonance parameters will clearly depend on this 

model. A consistent set of such determinations 

(PISUT 68, ESTABROOKS 74, BARTALUCCI 78, WICKLUND 

78, HEYN 80) yields moo = ( 7 6 9  _+ 3 )  M e V ,  F p o =  

(154 + 31 MeV. 

Attempts have been made to determine the p 

pole position in a more model-independent way 

(LANG 79, BOHACIK 80). It is comforting that 

these determinations agree perfectly with the 

above mass average (LANG 79, however, finds a 

somewhat smaller width). 

Independent support comes from an SU(4)-gen- 

eralization of the Gell-Mann-Okubo mass formula, 

which in the limit of exactly ideal mixing can be 

written (MON~ONEN 75) 

P = 2(~K - ~ D * )  + CJ(D - K * )  

2(@ - @) - (D* - K*) 

Since the masses of the vector mesons on the 

right-hand side have all been determined to a much 

better precision than that of the p, they can be 

used to determine that the mass of the p = ( 768  + 

2) MeV. The theoretical error due to non-ideal 

mixing is only of the order of +1.5 MeV. 

Thus we conclude that the mass of the p is 

(769 ~ 3) MeV, somewhat lower than quoted in the 

1976-80 editions. 

½ 
M 

M 

M CHARGED ONLY 
M R (760.01 19o01 
M R I768.0I 15.01 
M R I 765 .0 I  (5.0) 
M R (T6O.O) ( 5 . o l  
M R (TOO.O) ( 5 .O l  
M R 2775 1753.51 ( tO .5 l  
M R ( 758 .0 )  (iO.O) 
M R ( 749 .D I  IJ.Ol 
M R ( 768 .0 )  ( 5 . 0 )  
M R 1773.0) (2.0) 
M 

M Z 900 767.  6 .  
M A 9650 766.8  1,5 
M x 6500 766. 7. 
M . . . . . . . . .  
M AVG 766 .8  1 .4  

MO NEUTRAL ONLY 
MO R 300 1760 .8 )  l iD .O f  ABOLINS 63 
MO R BOO (770.0) (tO,Of GOLDHAOER 64 
MO R (750.0) 15 .0 )  ALFF-STEI 66 
MO R |775.0~ (5.0) HAGOPIAN[ 66 
wo R (770.) 15.) HAGOPIANB 66 
NO R 4207 (758 .0 }  ( 7 .B I  JACOBS 66 
MO R (765 .01  I 8 .O I  JAMES 66 
MO R (760 .01  13.01 WEST 66 
MO P 4000 1765.1 (B .O)  ASBURY 2 67 
MO R 1768.01 ( 2 . 01  BACON 67 
MO R I 761 ° I  |3 . )  HUWE 67 
MO R (770 .0 )  ( 4 . 01  MILLER 67 
MO R 1775,0I 12.0) ARMENISE 68 
MO R 1768 .4 l  12.4I MALAMUO 69 
MO P 1765.0) (IO.O| ALVENSLEB 70 
MO P (775.] (5 . I  GLADDING 73 
MO H 177B. I 12,) HYAMS 73 
NO H 1770.1 (9. I ESTABROOK 74 
MG G 1775 , )  12 . )  GRAYER 74 
MB D 1776.31 IO.4) ROOS 75 
MO CH (769.51 (O.71 LAND 79 
MO 
MO 2250 775°0 3.0 HYAMS 68 
MO A 13300 769.2 1.5 PISUT 68 
MO 1TOO 774.0 3.0 REYNOLDS 69 
MO 14OK 767.7 1.9 BIGGS TO 
MO 1930 767 .0  4 .0  BALLAM 72 
MO 2430 770.0 4.0 BALLAM 72 
MO Z 11200 T73.5 1 .7  JACOBS 72 
MO b8OO 764.0 3.0 RATCLIFF 72 
MO C 32000 775 .0  4 .0  RROTOPOPE 73 
MO 4100 767. 4. ENGLER 74 
MD 76000 76B.O loO DEUTSCHMA 76 
MOE 767 .6  2 .7  BARTALUCC TB 
MO X 769.0 3.0 WICKLDND TB 
MOE 776.1 2.6 BECKER 79 
MO C H 768.0 4*0 BOHACEK BO 
MOE B l TD .  2. HEYN BO 
MO . . . . . . . . .  
MO AVG 769 .65  0 .74  AVERAGE (ERROR INCLUDES 

(SEE IDEOGRAM BELOW I 

g RHO MASS IMEV) 

WE NO LONGER LIST S-WAVE BREIT-WIGNER FITS, PBAR P DATA WITH HIGH 
COMBINATORIAL BACKGROUND, AND INSIGNIFICANT OR DOUBTFUL DATA. 
SEE ALSO THE MINI-REVIEW ABOVE. 

CARMDNY 64 HBG ÷ 3.5 PI÷P,TCU[ 
BLIEDBN 65 MMSP 3-5 Pl- P 6/66 
ALFF-STEI 66 HBC + 2-B RE÷ P 6/66 
HAGOPIANI 66 HOE 3 .0  P I -  P 6lAb 
HAGOPIAN2 66 HBC 2.14 PI-,TCUTI2 9 /67  
JACOBS 66 HBE - B-3PI-IT CUT 20 6/68 
JAMES 66 HOE ÷ 2.1 P I÷ ,TCUT2.5  8266 
WEST 66 HBC 2 .1P I -  P 10166 
MILLER 67 HBC - 2.7 PI-,T CUT20 9166 
BATON 68 HBC - 2 .8  PI-,T CUT13 7 1 6 9  

EISNER 67 HBC - 4.2 PI-,T CUTIO l/T3 
PISUT 68 RVUE [.7-3.2PI-,CTtO 6/68 
BYERLY 73 OSPR - 5 .  Pl-  P 2174 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

HOE O 3.50I+P 
HBC O 3.7 PI+P 
HBC O 2-3 Pl+ P 6/A6 
HBC O 3.8 PI- P 6166 
HBC 0 B.l PI-,TCUT 12 2/67 
HBC O 2-3PI-,T CUT 20 6/68 
HBC 0 2.1PI+ P 6 1 6 6  
HBC D 2 .1P I -  o t 0 / 66  
CNTR O GAMMA ÷ PB I/TO 
HBO O [ .7  PI-P 9 / 6 7  
HBC O 2.4 Pl- P 7 /57  
HBC O 2.7 PI-,T CUTBO 9/56 
OBC O 5 . !  PI÷D 6 /68  
RVUE 0 2 -4  P I -P  1 /73  
CNTR O GAMMA A,TCUT.OI 1/73  
CNTR O 2.9-4.7 GAMMA P 2/74 
ASPK O I7.PI-P,PI+PI-N 1 /74  
RVUE O 17 PI-P,PI+PI-N 12/75 
ASPK O 17.PI-P,PI+PI-N 2274 
RVUE O PHASE SHIFTS 12175 
RVUE 0 1 /82 *  

8SPK 0 11.2 P I -  P 9 / 6 8  
RVUE O 1.7-3.BPl-,CTtO 1/73 
HBE O 2 .26  PI- P 12/78  
CNTR O PHOTOPROD. 1 1 7 3  
HOD 0 2.8 GAMMA P I173 
HBC O 4 .7  GAMMA P 1 /73  
HBC O 2.8 PI -  P 1 /73  
ASPK O 15. PI-PoTCUT.3 2 /74  
HBC O 7.1PI+P,TCUT,4 2/74 
OBC O 6. P|÷N,P[*PI-P 12175 
HBC 0 16.  Pl+ P 4 /78  
CNTR O BREMS,E+E-P 12/77 
ASPK O 9,4,6 PI+-PN 4178 
ASPK O lT *P I -P  PDLARIZ 12179 
RVUE 0 1182* 
RVUE PlON FORM FACTOR 91B1" 

SCALE FACTOR OF 1.4; 

WEIGHTED AVERAGE = 769 .65  ~ 0 . 7 4  

ERROR SCALED BY 1 4  

- ~+  

755  765  

NEUTRAL  RHO MASS (MEV)  

CH ISQ 

. . . . .  HEYN 80  RVUE O ,O  

. . . . . . .  BOHACIK 80 RVUE 0 . 2  

+ .BECKER 79  ASPK 6 ,2  

. . . . . .  W ICKLUND 78  ASPK O .O  

. . . . . . .  BARTALUCC 78  CNTR 0 .6  

. . . . . . .  DEUTSCHMA 76  HBC 2 7 

. . . . . . . . . .  ENGLER 74  DBC 0 .4  

- ~  .PROTOPOPE 73 HBC 1 .8  

. . . . . . . .  RATCLIFF 72 ASPK 5 5  

. . . . . .  JACOBS 72  HBC 5 ,1  

. . . .  BALLAM 72 HBC O.O 

. . . . . . .  8ALLAM 72 HBC 0 . 4  

. . . . .  BIGGS 70 CNTR 1.1 

. . . .  REYNOLDS 6g HBC 2.1 

. . . . . . .  PISUT  68  RVUE O . I  

~ ! Y A M S  68 OSPK 3 . 2  

- -  . ' 27 .5  
775  785  795  (CONLEV 

=0 .025 )  
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For notation, see key at front of Listings. 

Mesons 
p1770) 

M ....... NOTES ........ 

M A FROM FIT OF 3-PARAMETER RELATIVISTIC P-WAVE EREIT W[GNER TO TOTAL 
M A MASS DISTRIBUTION. 
M D HEYN BO INCLUDES ALL SPACELIKE ANO TIMELIKE FIPl)  
M B VALUES UNTIL 1978. 
M C FROM POLE EXTRAPOLATION 
M O ENERGY-DEPENDENT ANALYSIE OF BATON 701HYAMS 73. 
M 0 PRQTOPOPEECU 73 PHASE SHIFTS. 
M E PURE P-WAVE SYSTEM. 
M G FROM FIT EF 3-PARAMETER RELATIVISTIC BREIT-WIGNER TO 
M G HEL IC ITY  ZERC PART OF P-WAVE INTENSITY. PECKER T9 
M G INCLUDES DATA OF GRAVER 7A.  
M H FROM PHASE SFIFT ANALYSIS OF GRAVER TA DATA. 
M P FROM PHOTOPROOUETION, MODEL DEPENDENT. 
M R INCLUDED IN PISUT 68 RVUE 
M X PHASE EHIFT ANALYSIS. SYSTEMATIC ERRORS ADDED CORRESPONDING 
M X TD SPREAG OF OIFFERENI FITS. 
M Z N&SS ERRDRS ENLARGED DY US TO WIDTH/SORTIN),SEE K~ TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 (RHO01 - IRHO÷-I MASS DIFFERENCE IMEV) 

D A 3690 -5. 5. FOSTER 68 HDC +-D PEAR P AT REST 12/78 
D 22950 2%A 2 . [  PISUT 68 RVUE P [N  T0 RHO N 6 /68  
0 A 3000 -6 ,0  6 .0  REYNOLDS 69 HBC -D  2 .26  E l -  P 12/T8 
D . . . . . . . . .  
D AVG 0.3 2,2 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.31 

D A FROM OUOTEO MASSES OF CHARGED AND NEUTRAL MOOES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 RHO WIDTH {MEV] 

W WE NO LCNGER LIST S-WAVE BREIT-NIGNER FITS, PBAR E DATA WITH HIGH 
W COMBINATORIAL BACKGROUND, AN9 INSIGNIFICANT OR OOUBTFUL DATA. 
W 

w CHARGED ONLY 
W R (77.0) I20.0)  
W R I100 .  OI 
W R IL27.OI I 5 . 0 )  
W R [ t 5O .O I  ( 20 .O I  
W R I 135 .01  IZO.OI  
W R 2775 ( t37.1)  120. OI 
N R l147 .O l  I t 9 .  O) 
W R I IA9 .O I  ( I3 .O l  
W R 1153 .0 )  [ 13 .0 )  
w R I [ 5O .O I  IB .O )  
w 
W 900 146. 13.  
w A 9650 148.2  4.1 
W X 6500 146. 12 .  
N . . . . . . . . .  
W AVG I IT.B 3.7 

WO NEUTRAL ONLY 
WO R 0DO (90 .01  I lO .  O| 
WO R 500 (lEO. Of 
WO R I tO0 .O I  
wo R 1120.O) I lO .  OI 
wo R I 135 .01  ( 2 0 . 0 )  
WO R 4207 I 122 .21  115.05 
wo R IIOB.OI l l3 .O)  
NO R I i TB .  OI ( 13 .0 )  
WO P ~OOO ( IBO.  I I 5 . )  
WO R 1148.0 )  IB .O I  
WO R I152 .1  ( l -S . I  
MO R (160 .0 l  ( 15 .0 l  
NO R I 167 .0 I  16.  Ol 
NO P 4160.05 [ lO .O I  
WO R I132 .0 )  ( 13 .0 )  
WO P IL~O.O l  15 .O l  
wo P [147 .1  I l l . )  
wo X (152.1 (2.I 
WO H 1143. )  ( 13 .1  
WO G 1163. )  14. l 
NO O 1154.55 41.01 

wo Z 2250 145 .0  12.0 
WO A 13300 163.0  15 .0  
wo LlOO 1A3.0  B.O 
WO I 40K  146.1 2.9 
WO Z 2A30 [S f i .  O I2.0 
NO Z 1930 145 .0  13 .0  
wo 6800 15T.0 8 .0  
WO C 32000 160.0 10.0 
WO 4100 1~6. 14. 
WO 76000 tS i .  O 2 .0  
WO E 150.9  3 .0  
WO X tSZ.O 9 .0  
WO G 161 .8  7 .6  
NO CH li4B.Oi {1.3)  
NO C H [40.0 6 .0  

CARMONY 64 
ALFF-STEI 66 
BLIEDEN 66 
HAGOPIAN| 66 
HAGOPIAN2 66 
JAOOBS 66 
JAMES 66 
WEST 66 
MILLER 67 
BATON 68 

HBC + 3.S PI+PtTCUI 4 
HBC + 2-3 RI+ P 6/66 
MMSP 3-5 Pl -  P 6166 
HBC 3.0 PI -  P 6166 
HBC 2 .14  PI-,TEUTI2 9 1 6 7  
HBE - 2-3PI-,T CUT 20 6168 
HBC 2 ,1P I÷ ,TCUT2o5  8 /66  
HBC - 2 . t  P I -  P 10 /66  
HBC 2.7 PI - ,T CUT20 9 / 6 6  
HBC - 2.8 P l -  P 7169 

EISNER 67 HOE - 4.2 Pl- ,T CUIlO 9/67 
PISUT 68 RVUE 1.7-3.2Pl-tCTIO 6168 
EYERLY 73 OSPK - 5. PI-  P 2174 

AVERAGE [ERROR INCLUDES SCALE FACTOR OF (.Of 

ABOLINS 63 HBC 0 3 .5  PI÷P 
GDLOHABER 64 HBG 0 3 .7  Pi+P 
ALFF-STEI 66 HBC 0 2 -3  P le  P 6 / 6 6  
HAGOPIAN1 66 HEC 0 3 .0  E l -  P 6 /66  
HAGOPIAN2 66 HBC 0 2 .14  PI-P,LOW E 9167 
JACOBS 66 HBC 0 2-3PI-.T CUT 20 6168 
JAMES 66 HflC 0 2 . l  PI+ P 6/66 
WEST 66 HBC 0 2.I E l -  P I 0 / 66  
ASBURY 2 6T ENTR 0 GAMMA ÷ PB 1173 
BACON 67 HBC 0 1.7 PI--P 9167 
HOWE 67 HBE O 2 .4  PI -  P 7 1 6 7  
MILLER 67 HBC O 2.7 PI - ,T EUT2O 9/66 
ARMENIEE 68 OBC O 5 .1PI÷D 6 /68  
LANZEROTT 68 ENTR 0 GAMMA P 1 /73  
MALAMO0 69 RVUE O 2-4 PI-P 1173 
ALVENStEB TO ENTR 0 GAMMA AtTCUI.01 I /T3  
GLADDING 73 ENIR g BREMS. 2 /74  
HyAMS 73 ASPK 0 L7 .P I -P ,P I+P I -N  1 /74  
ESTABRODK T4 RVUE O 17 P I -P ,P I÷P | -N  12 /75  
GRAYER 74 ASPK O 17 .P [ -P ,P I+P I -N  2 /74  
RODS 75 RVUE 0 PHASE SHIFTS I2 /75  

HYAMS 68 OSPK O 11.2 E l -  P 1 /73  
P[SOT 68 RVUE O I .T -3 .BP I - ,CT [O  1173 
REYNOLDS 69 HBC 0 2.26 El-  P 12/T8 
DIGGS TO ENTR O PHOTOPROD. 1173 
RALLAM 72 HRE 0 6.7 GAMMA P L173 
DALLAM 72 HBC 0 2 .8  OAMMA p 1173 
RATCLIFF 72 ASPK 0 15. PI-P,TCUT. 5 2 /7B 
PROTOPOPE 73 HBC G 7 .1P I÷P ,TCUT .B  2 1 7 ~  
ENGLER TA DBC O 6 .  P[+N,PI~EI-P 12175 
DEUTSEHMA 76 HBC O 16.  P i t  P 4 /78  
BARTALUCC 78 CNTR O EREMS.E÷E-P 12177 
WICKLUNO 78 ASPK 0 3.4,6 PI÷-PN 4/78 

7 .2  BICKER 79 ASPK O IT .B I -P  PDLARIZ 12179 
LAND 79 RVUE 0 1/82~ 
BOHACIR BO RVUE O 1/82* 
HEYN BO RVUE 0 PION FORM FACT. 9 / 8 L *  Wo E B 155. L. 

WO . . . . . . . . .  
WO AVG 153.7 1.9 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.5) 

(SEE IDEOGRAM BELOW } 

W . . . . . . . .  NOTES . . . . . . . . .  

W A FROM FIT OF 3-PARAMETER RELATIVISTIC P-WAVE EREIT WIGNER TO TOTAL 
W A MASS DISTRIBUTION. 
W B HEYN 80 INCLUDES ALL SPACELIKE AND TIMELIKE F IP I I  
: ~ . . . . .  UNTil 1 . . . .  

FROM POLE EXTRAPOLATION 
N D ENERGY-DEPENDENT ANALYSIS OF BATON TO, HYAMS 73, 
W O PROTOPOEESDU 73 PHASE SHIFTS. 
w E PURE P-WAVE SYSTEM. 
w G FROM FiT OF 3-PARAMETER RELATIVISTID BREIT-W[ONER TO 
W G HELICITY ZERO PART OF P-WAVE INTENSITY. BECKER 79 
W G INCLUDES CATI OF BRAYER 74. 
W H FROM PHASE SHIFT ANALYSIS OF GRAYER 74 DATA. 
w P FROM PHOTOEROOUCTION, MODEL DEPENDENT. 
W R INCLUDED IN P[SUT 68 RVUE 
W X PHASE SHIFT ANALYSIS. SYSTEMATIC ERRORS ADDED CORRESPONDING 
W X TO SPREAD OF DIFFERENT FITS. 
M Z WIDTH ERRORS ENLARGED BY UE TO 4$WIDTHISQRTINhSEE K~ TYPED NOTE 

WEIGHTED AVERAGE = 153 .7  ± 1 .0  

ERROR SCALED BY 1 .3  

S 
120  140  

NEUTRAL RHO WIDTH (MEV)  

CHISQ 

. . . . . . .  HEYN BO RVUE 1 .7  

I . . . . . . .  BOHACIK 80 RVUE 0 .9  

I . . . . .  BECKER 79  ASPK 1 .2  

. . . . . .  W ICKLUND 78 ASPK 00 

. . . . . . . .  BARTALUCC 78 CNTR 0 .9  

. . . . . . . .  DEUTSCHMA 76 HBC O0  

i . . . . . . .  ENGLER 74  OBC 

L -PROTOPOPE 73 HBC 

. . . . . .  RATCLIFF 72 ASPK D2  

' . . . . . .  BALLAM 72  HBC 

. . . .  BALLAM 72  HBC 

. . . . . .  B IOGS 70  CNTR 68  
& 
I . . . . . . .  REYNOLDS 69  HBC 18  

. L - -P ISUT  68  RVUE 

. . . . . . . . .  AMS • 68  OSPK 

(GONLEV 
60  180  200  =0 .094 )  

9 RHO PARTIAL DECAY MODES 

DECAY MASSES 
Pl  RHO INTO 2Pl 139÷ IS9 
P2 RHO INTO 4PI LB9+ [09+ I09+ 139 
PO RHO INTO P( GJMMA 139* O 

P5 RHO INTO I ETA [VIOLATES GI 139+ 5 
P6 RHO INTO MU+ MU- 105+ 105 
P7 RHO INTO PI+ PI-  PIO (VIOLATES G) 139÷ I89÷ 134 
PB RHO INTO ETA GAMMA 568+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 RHD PARTIAL WIDTHS (KEV) 

W( RHO INTO (PI  GAMMA) (G3)  
WI 135 .0 )  [ 10 .0 )  GOBBI 74 OSPK - 23. PI-A,Pl-PIOA 12/75  
WI 67. 7. BERG BO SPEC - P I -A ,P I -  PIO A 1182"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 R~ BRANCHING RATIOS 

RI  RHO INTO 4P I IBP I  (P2 I / IP I I  

RI RHO÷- INTO lET÷- PI÷ P I -  PIOI / EEl*- PIOI 
Ri  [O.OO2)DR LESS FERBEL 66 HBE ÷ -  PI+-- P ABOVE 2 .5  10166 
RL 0 .0035  0.004 JAMES 66 HBC + 2.1 PI+E 11 /66  

R[ RHDO INTO [PI+ El- Pie EI-) I [El+ PI-) 
RI (O.OOBIDR LESS JAMES 66 HRC 0 2 . [  PIeP 6 / 6 6  
RI (O.O02[OR LESS CHUNG 68 HBC O 3 .2e4 .2  P I -P  7,/67 
R1 (O.OO2IOR LESS CL=.9D HUSON 68 HLEC 0 16.0 Pl -  P i / T [  
R[ (O.OOISIR LESS CL=.9O EPBE 69 HBC D 2.5-5.8 GAMMA P 10/67 

Note  on t h e  e + e- and p+~- Decays 

Extraction of a ratio for pO _~ e+e  - i s  c o m p l i -  

c a t e d  by interference with co decay. In photopro- 

duction, yA + e+e-A, there is substantial interfer- 

ence between the allowed (pO,CO) .+ e+e  - d e c a y s .  The  

interference in the colliding-beam reaction e+e - + 

~T+lr - i s  d u e  t o  G - p a r i t y - v i o l a t i n g  m i x i n g  o f  t h e  

overlapping p0 and co resonances; it alters the 

results for the rate r ( p  0 + e + e  - )  o n l y  by  a s m a l l  

amount. Therefore at present we average only the 

values from the e+e  - ÷ ~l+Tr - e x p e r i m e n t s .  

The same comment applies to the decay pO_~ ~+ -. 

R3 RHO INTOIE4 E - [ / IP [+P I - I  [UNITS lO* * - I I  [P~ ) / IP l l  
R3 
R3 SEE MINI-REVIEW ABOVE. 
R3 
R3 P 94 10 .65 t  10.145 ASBUnY 1 67 ENTR PHDTOPRODUCTION 9 /67  
R5 H (0.65[ (1.1)  [0.51 HERTEBACH 67 OSPK ASSUME SUI~I+MIXING 10/66 
R3 A 33 10,531 TO.L1[ ASTVAEATU 6B OEPK ASSUME SU(BI÷MIXING 6/68 
R3 0.50 0.10 AUSLENDER 69 DSPK E.E- COLLID.BEAH 9168 
R3 F (0.49) [0.12l  (o.  I s I  BIGGS 70 CNTR PHOTOPRODUCTION 6170 
~3 0 .4 l  0.05 BENAKSAS 72 OSPK E+E- COIL.BEAMS 12172 
~3 
R3 AVG 0.428 0.045 AVERAGE [ERROR INCLUDEE SCALE FACTOR OF [.Of 

R3 A NOT SEPARATED FROM OMEGA DECAY. ERROR STATISEICAL ONLY. 
R3 F ASSUMING RHD WIDTH 140 MEV. ERROR STATISTICAL ONLY. 
R3 H NOT SEPARATED FROM OMEGA DECAY, 
RO P POSSIBLY LARGE RHO-OMEGA INTERFBRENEE 



Mesons 

R6 RHO INTO (F[ ETA)/(2Pl) )PS)/[FI) 
R4 (O.OOB)OR LESS FER6EL 66 HBC ÷ -  PI+- P ABOVE 2.5 11/66 

R5 RHO INTO (MU+ MU-)/(PI+ PI-I IUNITS i0"*-6)  (P6)/(P[) 
R8 
R5 SEE NIN[-REVIEW ABOVE. 
R5 
R5 H 0 .97  0 .31  0 .33  HYAMS 67 OSPK El P I -  L I  H b /67  
R5 R 0.82 0.16 0.36 ROTHWELL 6R CNTR PHOTOPROOUCTION 4/70 
R5 W 0.56 0 .15  WEHMANN 69 OSPK 12 Pl-  ON C,FE 7/69 
R5 . . . . . . . . .  
R5 AVG 0.67 0 .12  ~VERAGE (ERROR INCLUDES SCALE EACTOR OF I.o) 

R5 H HYAMS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
R5 R POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS uS TO INCREASE 
R5 R THE MINUS ERROR 
R5 W RESUL7 CONTAINS (11 ~ 11} PER CFNT CORRECTION USING SU)3) 
R5 W FOR CENTRAL VALUE. THE EBROR ON THE CGRRECTICN TAKES ACCOUNT 
R6 W OF POGSISLE R~O-q~£GA INTERFER£NCE ANO THE UPPER L I~ IT  AGREES 
R5 W WITH THE UPPER LIMIT OF (OMEGA INTO MU+ MU-) FROM THIS EXPT. 

R6 RHO INTO (P(+  P l -  P IO ) / (F [÷  P ] - )  (P? ) / (P I ]  
R6 G (0.01) CR LESS CL=o86 ABRAMS 71 HBC 0 B.7 PI÷ P 11/71 
R6 G MODEL OEPENDENT,ASSUMES [ = #,2,OR 3 FOR THE 3PI SYSTEM 11/71 

R7 RHO 1NTO (ETA OAMMA)/TOT~L )UNITS LO* * -6 )  IP6 )  
R7 A )3.6) (0.9) ANDREWS 77 CNTR 0 6.7-10 GAMMA CU 12 /27  
R7 B )5.4) I T . l )  ANDREWS 7 7  CNTR 0 6.7-10 GAMMA CU 12 /77  
R7 A SOLUTION CORRESPONDING 70 GONSTRUCTIVE OMEGA-RHO INTERFERENCE 
R7 A THE QUARK MODEL PREOICTS A RELATIVE OECAY PHASE OF ZERO. 
R7 B SOLUTION CORRESPONDING TD DESTRUCTIVE OMEGA-RHO INTERFERENCE 

ANDERSON 61 PRL 6 065 
ERWIN 61 PRL 6 628 

NENNEY 62 PR 126 736 
SAMIOS 62 PRL 9 13g 
XL~]NG 62 PR 128 1849 

ABOL[NS bB PRL 11 08[ 
ALITTI 63 NC 29 5 1 5  
CMADWICK 63 PRL I0 62 
GUIRAGOS 63 PRL 11 85 
SACLAY 63 SIENA CONF 1 239 

BONOAR B4 NC 51 729 
CARMONY 64 DUBNA CONF l 486 
GOLOHABE b40RL  12 336 

ALY~A 65 PL 15 82 
ARMENISE 65 NC 37 3E1 
BlIEDEN 65 Pt L9 6~4 
CLARK 65 PR 139 B 1556 
GUTAY 65 NC 39 381 
EANZEROT 85 PRL 16 210 
ZDAN]S b5 PRL 14 721 

ACCENSI 66 PL 20 557 
ALEE-STE 66 PR 165 107E 
BALTAY 66 PR 165 I]03 
BLIEDEN 66 NC A3 71 
CANBRIDG 66 PR 166 gq4 
CASON 66 PR 168 1282 
OEUTSCHM 66 PL 20 B2 
FERBEL 66 PL 21 111 
F[OECARO 66 PL 83 1&3 
HAGOPIAN166 PR 145 1128 
HAGOP[AN266 PR 152 1 1 8 3  
HUSON 66 PL 20 91 
JACOBS 66 UCRL-16877 
JAMES 66 PR 142 8R6 
WES7 66 PR 149 I089 

ALLES-BO 67 NE 50 A 776 
ASBURY L 67 PRL [ 9  860 
ASBURY 2 67 PRL 19 865 
BACON 67 PR L67 1263 
BANNER B7 PL 25 6 300 
BARLOW 67 NC EOA 701 
BATON 6T PL 25 B NLq 

ALSO 87 NP B 3 369 
CLEAR E7 NC 49A 3gg 
OANYSZ 6T NC 51 A 501 
EISNER 67 PR 166 1695 
FRENCH 67 NO 52A 462 
HERTZBAC 67 PR 15S 1461 
HUWE 67 PL 245 262 
HYAMS 67 PL 268 68~ 
MILLER 67 PR 153 IA23 
POIRIER 6T PR 163 1A62 

ABE COLL 68 NP 6~ 501 
ARMENISE 68 NE 54A qq~ 
~STVACAT 68 PL 27 B 45 
BATON 68 PR 176 1574 
BLECHSCH 6B NE 53 A 1046 

ALSO 67 NC 52 A 134B 
CHUNG 68 PR 165 145L 
DONALD 68 NP 6 E 174 
FOSTER 68 NP B 6 IDT 
HUSON 60 PL 200  208 
HYAMS 68 NP B 7 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 1E6 1~30 
LAMSA 68 PR 166 13~5 
LANZEROT 68 PR 166 1365 
MARATEGK 68 PRL 21 1 6 1 3  
PISUT 68 NP B 6 325 

A L~;USTI1 69 PL 28 B 508 
ALtGUST12 69 LNC 2 21N 
AUSLENDE 69 SJNP 9 60 
ERBE 69 PR 188 206D 
HAISSINS 69 ARGONNE CONF. 373 
JUHALA 69 PR 186 16BE 
MALAMUD 69 ARGONNE CCNF.P.g3 
MILLER 69 PR 178 2061 
~OTT 69 PR 17~ L966 
REYNOLDS 69 PR 184 1424 
ROOS 69 NP B 10 663 

REFERENCES FOR RHO 

ANOERSON,BANG,6URKE,CARMONY,SCHMITZ (LRL) 
A.R.,R.MARCH,W.D.WALKER,E.WEST (WISE} 

V P KENNEY,W O SHEPHARO,C D GALL (KENTUCKY) 
SAMIOSIBACHNAN,LEA+ IBNL÷CUNY+COLU*KNTY) 
NGUYEN HUU XUONG,GERALD R LYNCH (LRL) 

AB~LINSILANDER,MEHLHOF~NGUYEN~YAGER #UCSD) 
ALITTI,BATON,ARMENISE+(SAEL*ORSA+BARI÷BGNA} 
CHAOWICK,DAVIES,DERRICK,CRESTI ÷ IOXF+FADO) 
ZAVEN GUIRAGOSSIAN I LRL)  
SACLAY+ORSAY+BARI + BCLCGNA- COLLABORATION 

BONDAR÷ (AACHEN+BIRM*BONN÷CESY÷LOIC+MPIM] 
CARMONY,HDA,LANDER,NG.H.XUDNG,YAGER (UCSD) 
GOLDHA6ER,BROWN,KAOYK,SHEN+ (LRL*UCB) 

ALYEAeCRITTENDEN,MARTIN,RHODE + IIND[ANA) 
SACLAY+ORSAY÷BARI÷BOLOONA COLLABORATION 
CERN MISSING MASS SPECTROMETER GROUF (CERNI 
A CLARK,CHRISTENSON,CRONIN,TURLAY(FRINCETO) 
GUTAY,LANNUTTI,TULI (FSUI 
LANZEROTTI,BLUNENTHAL,E~N, FAISSLER ÷ (HARV) 
ZDANIS,MADANSKY,KRAEMER ÷ (JHU+BNL) 

ACCENSI,ALLES-BORELLI,FRENCH,FRISK÷ (CERNI 
ALFF-STEINEERGER. RERLEY,ORUGGER+ICOLU÷RUTG) 
÷FRANZINI,LUTJENS,SEVERINS~TYCKO+)COLUMBIA) 
CERN MISSING MASS SPECTROMETER GROUP (CERN) 
CAMBRIDGE BUBBLE CHAMBER GROUP (MIT÷HARV÷I 
N M CASON (WISCONSIN) 
DEDTSCHMANN,STEINBERG + (AACH+BERLIN÷ CERN) 
FERBEL (ROCHESTER) 
G~M FIDECARO, J POIRIER,F  SCHIAVON (CERN) 
HAGOPIAN,SELOVE.ALITTI,6ATDN÷ (PENN+SACLAYI 
HAGOPIAN~PAN (PENNSYLVANIAILBL-BERKELEY) 
HUSON,AELARO,DR[JARD,HENNESSY* IQRSAY*EPOL) 
L.D.JACOBS (LRL) 
F E JAMES,KRAYBILL (YALE÷BROOKHAVEN} 
WEST,BOYD,ERWIN,WAL~E8 (WISCONSIN) 

ALLES-BORELLI,FRENCH,FRISK,+ (CERNeBONN) 
÷BECKER÷BERTRAM+JOOS~JORDAN+ (DESY÷COLU) 
+BECKER÷BERTRAM÷JOOS+JOROAN+ (DESY÷COLU) 
÷FICKINGER.HILL,HOPKINS,ROBINSON÷ (BNL) 
÷FAYOUX,HAMEL,ZSEMBERY,CHE2E~ lSACLAYeCAEN) 
+LILLESTOL*MONTAk~ET÷ (CERN÷COEF+IRAD÷LIVP) 
3.B&TDN,G.LAURENS,3.REIGNIER (SACLAY) 
J.BATON,G.LAURENS~J.REIGNIER (SACLAY) 
+JOHNSTON+COOPER÷NANNER÷ (TNTO÷ANL*WISC} 
DANYSZ+FRENCH÷SlMAK ICERN) 
÷JOHNSON+KLEIN÷PETERS+SAHNI÷YEN÷ (PUROUEI 
÷KINSON+MEOONALD+RIDDIFORO÷ (CERN*BIRM) 
HERTZBACH,KRAEMER~MADANSK)~20ANIS÷(JHU÷BNL) 
+RARQUIT÷OPPENHEIMER÷SCH~TZ*WILSON ICOLU) 
÷KOCM+PELLETT+POTTER+VONLINDERN+ICERN+NFIM| 
M[LLER,GUTAY,JOHNSON~LOEFFLER ÷ (PUROUEI 
÷BISWASICASON,DERADO,KE~NEY÷ (NDAM÷PENN) 

AACHEN+BERLIN*CERN COLLA6ORATION* 
+GHIOINIIFORINO÷ (BARI÷BGNA+FIRZ÷ORSAYI 
~STV~G~TUR~V,AZI~OV,BAt~IN~ 131NR÷MOSCOWI 
J.P. BATON, G. LAURENS )SACLAY) 
BLECHSCHMIDTeOOWO. ELSNER,+ (DESY+MCHS) 

S.U.CHUNG,O.I.OA~IJ,KIRZ,O.~.MILLER (LRL) 
+EOWARDSeFROOESENIBET7INI÷ (LIVP+OSLO+PADO) 
+GAVILLET÷LABROSSE÷~NTANET+ (CERN÷CDEF) 
÷LUBATTI,SIX,NEILLET,~ )ORS~+~ILA*UCLAI 
+KOCH,POTTER,WILSON,VCN LINOERN+ICERN÷MPlM) 
÷BLEULER,EALOWELL.ELSNER,HARTING+ (CERN) 
÷POIRIER,BISWAS,GUTAY+ (NDAM÷FURD÷SLAC) 
+PRENTICE+EOOPER+MANNER~ {TNTO÷ANL+WISC) 
+{ASDN÷BISWAS+OERADO+DROVES+ (NOTREDAME} 
LANZEROTTIIBLUNENTHAL,ENN, EAISSLER + #HARV| 
+HAGOPIAN,~ (PENN+LRL÷COLO÷PURO*TNTO+WISC) 
J.PISUT,M. ROOS [EERN) 

+BIZOT÷BUON÷HAISSINSKI÷LALANNE+ (ORSAY) 
+LEFRANCOIS,LEHMANN.RARIN.+ (ORSAY) 
AUSLENOER,BUDKER,PANTUSOVA~PESTOV÷ (NOVO) 
GERMAN BUBBLE CHAMBER COLL. (OESY) 
J.HAISSINSKI IORSAY) 
*LEACOCK.RHODE,KOPELMAN,LIBBY,+ (ISU*COLOJ 
E.MALAMUD, P,SCHLEIN (UCLA) 
R.MILLER,LICHTHAN,WILLMANN (PURDUE) 
÷AMMAR,OAVIS,KROPAO,SLATE,DAGAN÷ )NWES+ANL) 
~ALBRIGHTtBRADLEY, BRUCKER,HARMS÷ (FSU) 
M.ROOS,J,PISUT (CERN+BRATISLaVA) 
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Data Card Listings 
For.notation, see key at front of Listings. 

ROTHWELL b9 
SCHAREN 69 
WEHMANN 69 

ALVENSLE 70 
BATON 70 
BIGGS 70 
61NGHAM 70 
GALLOWAY 70 

ABRAMS 71 
BLOODWOR 71 
DEERY 71 

BAILLON 72 
B~LLAM 72 
BASDEVAN 72 
BENANSAS 72 
DRIVER 72 
EISENBER 72 
GRAYER 72 
GRAYER 72 
JACOBS 7 2  
RATCLIFF 72 
TAKAHASH 72 

BYERLY 73 
CHARLESW 73 
GLADDING 73 
HYAM$ 73 
PROTOPOP 73 

CARROLL 74 
ENGLER 74 
ESTABRO0 74 
GOBBI 74 
GRAYER T~ 
HABER 74 
NOROBERG 76 
SP[TAL 74 

MONTONEN 76 
BOOS 75 

DEUT$CHM 76 

ANDREWS 77 

BALTAY 78 
BARIALUC 78 
~ENZER TB 
WICKLUND 78 

BECKER 79 
LANG 7 9  

PRL 23 1 5 2 1  +CHASE,EARLES,GETTNERtGLASS,WEINSTEI÷INEAS) 
ARGONNE EONF.306 SCHARENGUIVEL (PURDUE) 
PR 178 2 0 9 5  ÷ENGELS,WILSON,+ {HARV+CASE÷SLAC+CORN~MCG|) 

PRL 26 786 ALVENSLEBEN,BECKER,BERTRAM,CHEN,COHEN(OESY) 
PL 33 B 526 +LAURENS,REIGNIER )SACLAY) 
PRL 24 I I ~ 7  +BRABENICLIFFT~GABATHULER~KITCHING+ (DARE) 
PRL 26 055 ÷FRETTER,MOFFEIT,BALLAM+ (LRL+SLAC*TUFT) 
PR O 1 3077 +MOTT,ALYA,LEE~MARTIN~PRICKET7 ( [ND)  

PR D 6 655 +BARNHAM,BUTLER,COYNE,GOLOHABERIHALLI+#LBL) 
NP 6 35 133 BLOODWORTHtJACKSON,PRENTICEeYOON (TORONTO) 
PR D 3 635 +BISWAS,CASON,GROVESIJOHNSON,÷ (NOTRE DAME) 

PL 38 B 5S6 ÷CARNEG[E,KLUGE,LEI7H,LYNCH,RATCLIFF÷ISLAC| 
P8 O 5 ~45 ÷OHAOWICK. BINGHkM, MILBURN~* #BL~C*LOL+TUFT) 
PL 61B tTB BASDEVANT,FROGGATT,PETERBEN (CERN) 
PL 39 B 289 ~COSME,JEAN-MARIEIJULLIAN, LAPLANCHE,÷(ORSA) 
NP B 38 1 ÷HEINLOTH,HOHNE,HOFMANNtRATHJE,+(DESY~HANBI 
PR 0 5 IE EISENBERG,BALLAM,DAGAN,÷ (REHO+SLAC~TELA) 
PHIL.EONF.PROE. 5 ÷HYAMS,JONES,SCHLEIN,BLUM, OIETL÷(CERN+MRIM) 
NP B 50 2q ÷HYANS,JONES,WEILHAMMER,BLUM,÷ (CERN+MPIM) 
PR 0 6 t2qE 
PL 38 B 345 
PR 0 6 1266 

PR 0 7 E37 
NP B 85 253 
PR 0 8 3721 
NP E 6~ 1~4 
PR 0 7 1280 

PR O IO 1430 
PR O 10 1070 
NP B 79 50[  
PRL 33 1650 
HP 6 75 189 
PR DIO 13E7 
PL 51 B 106 
PR B 9 12e 

LNC 12 627 
NP B 97 1E5 

NP B 106 626 

PRL 68 1~6 

PR D 17 62 
NC 64 A 587 
PL 76 B 512 
PRO 17 11~7 

NB B 151 46 
PR D 10 556 

L.O.JACOBS ISACL~Y) 
• 6ULOS,CARNEGIE,NLUGE,LEITH,LYNCH,÷ (SLAC) 
TAKAHASHI,6ARISH,÷ (TOHO+PENN+NOAM÷ANL) 

÷ANEHONY,COFF[NtMEANLEYtMEYERvRICE,÷ (M)CH) 
EHARLESWORTH,EMMS, BELL,+ (RHEL+BIRM÷DURH) 
• RUSSEL,TANNENBAUM,WEISS,THOMSON (HARV) 
• JDNES,WEILHA~HER,~LURtOIETL,* ICERN+MPIM) 
PROTOPOPESCUIGARNJOST,GALTIERhFLATTE+(LBL) 

÷MATTHEWS,WALKER+ (SLAC÷BUKE+WISC÷TNTO) 
÷KRAEMER~TOAFF,WEISSER,OIAZ÷ (EARN~CASEI 
P.ESTA6RODKS,A.D.MART|N (DURHI 
+ROSEN,SCOTT,SHAPIRO~ (NWES~ROCH÷CARNI 
O.GRAYER,HYANStBLOM,DIETLf÷ ICERN÷MFIM) 
÷HODOUS,HULSfZERtKIBTIAKOWSKY~LEVY÷ (MIT) 
+ABRANSONIANDREWS~MARVEY,~ #EORN+ROCH) 
R.SPITAL,D.R.YENNIE )CORN) 

C.MONTONEN,M.ROOSIN.TORNQVIST (HELS] 
M.ROOS )HELS) 

+KIRK,+(AACH÷BERL÷BONN~CERN÷CRAC÷HEIO÷WARS) 

÷FUKUSHIMA,HARVEY,LOBKOWICZ,MAYq÷ (ROCMI 

÷CAUTIS,EOHEN,CSORNA, SMITHIYEH,*(EOLU÷BING) 
6ARTALUCCI,BASINI,BERTOLUCCI, (DESY÷FRAS) 
+RIBES,RUMPF,BERTRAND, BIZOT ,CHASE,÷ (LALO) 
+AYRES, DIEBOLO,GREENE,KRAMER,FAWLICKI #ANL) 

+BLANAR,BLUM,CERRAOA÷ (MPIM+CERN÷ZEEM+CRAC) 
C.B.LANG,A.MAS-PARAREOA (GRAZ) 

BERG 80 PRL 46 706 +CHANOLEE,BIEL,HEPPELMANN,~IROCH+FNAL÷MINN) 
BOHACIK BO PR D 2 l  1 3 6 2  J.BONACIK,H*KUHNELT (BRATISLAVA÷WIENI 
HEYN BO ZPHY C 7 169 M.F .HEYN,C.B.  LANG [GRAZ) 

B B 

1 (78a)1 , OMEOA, . . . . . . . . . . .  = B  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[ OMEGA MASS (MEV) 

M R 2108 (783.4) (0.7) BALTAY 67 HBC 0 ,0  PEAR P 2/74 
M R (704 .0 )  ( 0 . 7 )  ATHERTON 70 HBC 3 .6  PBAR P, 7 FI  2 / 74  
M SR ~800 (782 .0 )  ) 0 . 8 )  OMEN 76 HBC 2 .3  PBAR P t5P I  12/75 
M 
M 2600 782°4  0 .5  RIEEARRI 69 H6C O PBAR P 9169 
M 750 786 .1  1 .2  ABRAMOVIC 70 HEC 3 .q  P I -  P 2 /74  
M F 783.2 1.6 B# GGS 70 CNTR PHOTOPRODUCTION 217A 
M 248 783 .4  l.O BIZZARRI 71 HBC 0 ,0  P PBAR K÷K- l i l T1  
M SIO 781 .0  0 ,6  BIZZARRI 71 HBE 0 ,0  P PBAR K IK I  11 /71  
M 0 783 .7  1 .0  EOYNE 7L HflC 3 .7  P I÷  P E l /T1  
M A lE  782 .5  0 .8  AGUILAR 72 HBC 3 .9 ,4 .6  K- P 12 /72  
M B TOOO 762.6 0.6 KEYNE 76 CHTR PI-P, O~EGA H 12/7S 
M 2100 783 .6  0 .8  GESSAROL( 77 HBC 11 PI-P,QMEGA P I  12 /77  
M 535 782 .7  O,q ARELDOORN 78 HOE 7 .2  PB P,P6 P OM 4178 
M 1430 781 .8  0 .6  COOPER 78 HBC .7 - .B  PB P.B PI 4 /7B 
M 3000 782 .6  O. 8 BENKHEIRI 79 OMEG 9-12  P I÷ -  P 12 /79  
M 783 .3  0 .4  EOROIER BO WIRE E÷E- ,P I+P I -P IO  0 /81=  
M 33260 782. 5 O. 8 ROOS 80 RVUE 0 -3 .6  PEAR P 12 /79  
M . . . . . . . . .  
N AVG 782.62 0 .21  AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.1) 

M B OBSERVED BY THRESHOLD-CROSSING TECHNIQUE. MASS RESCL.=4.8 MEV FWHM 
O FROM BEST-RESOLUTION SAMPLE OF COYNE 71 

M F FROM ONEGA-RHO INTERFERENCE IN THE PI=P l -  MASS SPECTRUM 
M E ASSUMINO EMEGA WIDTH | 2o6  MEV. 
M R INCLUDED IN R(~3S 77,79  RVUE 
M S ERROR INCLUDES 0.8 MEV MASS SCALE ERROR 
M 

1 OMEGA FULL WIDTH (MEVI 

W 750 8 .8  0 .0  ABRAMOVIC TO HBC 
W 11.2  2 .7  ATHERTDN 70 HDC 
H 510 10 .3  1.4 BIZZARRI 71HBC 
w 248 12 .8  3 .0  BIZZARRI 71HBC 
W R270 0 .5  1 .0  COYNE 71 HBC 
w 418 13 .3  2.  AGUILAR 72 HBC 
w 0,  l 0.0 BENAKSASL 72 OGPR 
W I0.5 1.5 BORENSTEI 72 MDC 
W E 940 7 .70  1.65 BROWN 72 MNS 
w B 20000 10 .22  0 .43  KEYNE 76 CNTR 
w 2100 9 .4  2 .5  GESSAROLI 77 HDC 
w 1430 12 .0  2 .0  COOPER 78 HBC 
W 9.0 O.B COROIER BO WIRE 
W . . . . . . . . .  
W AVG g. DO 0.29 AVERAGE (ERROR INCLUDES SCALE FACTOR OF hO)  

w B OBSERVED 8Y THRES~LD-CROSSING TECHNIQUE. MASS RESCL.=4*8 MEV FWHN 
w E ERROR TA~ES ~GC~NT OF 5YSTEMATICS ADDED LINEARLY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 9  P I -  P 6 /7D  
6 .6  PBAB P, 7 FI  5270 

0 ,0  P FBAR R IK [  11/71  
O,O P PEAR K÷K- 1 | / 7 [  

B.7 P I÷  F 11 /71  
3 .9 ,A .6  K -  P 12 /72  
E+E- COLL.BE~MS 21T8 
2 .18  K-P 7 /77  
2 .5  P I -  R,N HHS 12/72  
P I -P ,  OMEGA N 12/7S 
11P[ -P IOMEGA Pl  12477 
. 7 - .B  PB PIE PX 6 /78  
E÷E- ,F I+P I -P IO  9 /61  = 
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Data Card Listings 
For notation, see key at front of Listings. 

OECAY MASSES 
PI OMEGA INTO P(+ P l -  RIO 139÷ 139+ t34  
P2 OMEGA INTO PI÷ PI- (VIOLATES G] 139+ 139 
P3 ONEGA INTO PIB GAMNA 13A+ 0 
P4 ONEGA INTO PI+ P l -  GAMMA 139+ 139+ 0 
PS OMEGA INTO 2PIO GANMA 134+ 13A+ 0 
P6 OMEGA INTO ETA GAMMA 5A8+ 0 
P7 ONEGA INTO E+ ~- ,5+ .5 
P8 OMEGA INTO MU+ MU- 105÷ 10S 
P9 ONEGA INTO ETA PIO (VIOLATES C) E4g+ 13~ 
PIO OMEGA INTO 3 EANMA 0÷ O+ 0 
P l l  OMEGA INTO P[O MU+ MU- 134+ 10S+ 105 

F I T T E D  P A R T I A L  D E C A Y  M O D E  BI~ANCHING ~I~CTIONS 

T h e  rn~ t r i~  be low i~ d e r i v e d  f r o m  t h e  e r r o r  r n ~ t r i x  1or  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g _ _ f r ~ ¢ t i o n l ,  P i '  ~s  fol low=: T h e  d i&~onal  e l e m e n t ~  a r e  P ' ~  6P i '  w h e r e  

Ep  i = . . ~ 6 P ~ P ~ ) '  whi l e  t h e  o f t -d i&~ona l  e l e m e n ~  &re t he  n o r m a l i z e d  cor re la t ion  coe// i -  

cients <SPi6P j ~/(6P i • 6p~). For the delinition~ ot the lndividu~l Pi' ~ee the liatlnBe 

above; ordy those P. appe&ring in the matrix are ~==umed in the flt to be nonzero and 

are thue constrained to ~dd to I, 

P 1 P 2 P 3 
P [ .8990÷- .0051 
P 2 - °3764 .0140+~.0021 
P B - . 9 1 0 6  - . 0 4 0 0  .0870+- .0047 

I ONEGA BRANCHING RATIOS 

R( 
R( 
RI 
R( 
Rt 
BL 
RI 
R( 
R1 
Rt 
RL 
01 

R2 
R2 R 
R2 B 
R2 R 
R2 
R2 A 
R2 S 
R2 
R2 C 
R2 E 
R2 8 
R2 C 
R2 R 
R2 S 
R2 S 
R2 
R2 
R2 

R8 
R3 
R3 
R3 
RS 
R3 
R3 
RS 

R4 
R4 
R4 

R6 
R6 
R6 
06 

R7 
g7 
RT 
R7 
R7 

RE 
R8 
R8 

Rg 
Rq 
R9 
R9 

RIO 
RIO 

RIL 
Rl i  

RI2 
R|2 

OMEGA INTO NEUTRAL/(PI÷ P l -  PIO) (P3+...)/[PI) 
20 0 .11 0,02 BUSCHEECK 63 HBC 1.5 K-P 
35 O.00 O.03 KRAENER 64 DDC 1.2 PI+O 
65 0 .10 0 .0~ ALFF-STEI 66 HOE GORR.BY SGHULTZ(COLI 9/66 

850 0.134 0,026 OIGIUGNO 66 CNTR t . 4  P(-P 9166 
348 0.097 0.016 FIATTE 66 HBC 1.8 K-P 9/66 

0.0E 0.05 0.02 JAMES 66 HBC 2 . 1 P I ÷ P  6Z66 
19 0o i0  0,03 BARASH 67 HDC 0.0  PBAR P 7/67 
46 0.1S 0.0A AGUILAP 72 HBC 3.9~4.6 K- P 12/72 

AVG " "0~I033 " 0.009L AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
FIT 0o0960 O. OOST FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

OMEGA INTO (PI+ P I - ) I ( P I +  P I -  P |OI .  SEE ALSO R15 I P 2 W { P l l  
(O.OI I ICR ROME CL=.95 AORANOVIC 70 HBC S.9 Pl-  P 6/70 
0.014 O. O05 O.O04 BIGOS 7O CNTR PHOTOPROOUCTION [2178 

(0.03510R LESS EL=.95 BIZZARRI 70 DDC PEAR N AT REST 11Z71 
)O.OLO)OR NORE GL=.95 CHAPMAN TO HBC 1 .6 -2 .2  P PBAR 6/70 

0.022 0,009 0.01 RODS 70 RVUE 6/70 
O=OZI 0.028 0.009 RATCL)FF 72 A S P K  L5 ,P) -  P,N 2PI 12/72 

[O.Ol lS)OR MORE BURNS 73 HBC .6 -1 .1  PEAR P 12175 
(O,0A) ( 0 .02 )  LYONS 77 HEC 3-4 K-P,LAM ONEG 12/F7 

RE-EVALUATED UNDER R2 BY BEHRENO 71 USING MORE ACCURATE OMEGA 
TO RHO PHOTOPROOUCTION CROSS-SECTION RRTIO. 
ASSUMING COMPEETE RH~OMEGA COHERENCE 
ROOS 7O COMBINES ABRAMOVlCM 70 AND E(ZZARRI 70 
SIGNIFICAhT INTERFERENCE EFFECT OBSERVEDoNB OF OMEGA INTO 3P[ 
CORES FROM AN EXTRAPOLATION. 

AVG 0.0117 0.00A0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  
FIT 0.01SS 0.0026 FRON FIT (ERROR INCLUDES SCALE FACTOR DF l .O )  

OMEGA INTO (P[O GAMNAI / [P I÷  PI- PIO) ( P S ) / ( P l )  
0 ,13  0.04 JAEOUET 69 HLBC 10/E7 
0,081 0,020 EALOIN TI HLBC 2.9 P[+ P LIZTL 
0.109 0.025 OENAKSAS2 72 OSPK E÷E- CDLL.BEAMS 2Z73 
0.0B4 0.013 KEYNE 76 CNTR PI -P,  OMEGA N 121TS 

AVG 0.089B 0.0097 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.0 ]  
FIT 0.0968 0.0057 FROM FIT )ERROR INCLUDES SCALE FACTOR OF I .O)  

OMEGA INTO (PI+ PI- GAMMA)/[RI+ PI- PIO) 
(0.0S) OR LESS el=.90 FLATTE 66 HBC 
(.066)0R LESS CL=.90 NAEEFLEI 75 HDC 

ONEGA INTO (MU+ MU-)Z(P[÷ P [ -  PIO)(UN(T$ 1 0 " * - 3 )  
f l . 2 )  OR LESS GALTIERI 65 HBC 
( 1 . 7 ]  ER lESS C1=.74 FLATTE 66 HBC 
( 0 . 2 }  OR LESS WILSON 69 OEPK 

OMEGA INTO (2RIO GAMMI/(P[O GAMMA) 
( O * I I  OR LESS BARMIN 64 PXDC 
(0 .14 )  ER LESS BALD[N 71HLEC 
(O*I~) DR LESS EL=.90 BENAKSASE 72 OSPK 
(0 .18 )  OR LESS CL=O.OS KEYNE 76 CNTR 

OMEGA INTO (ETA RIO + ETA GAMMA)/(PI+ Pl- PIOI 
(O.OIT)DR LESS eL=.90 FLATTE 66 HBC 
(O.0A5)OR LESS CL=.OS JACQUET 69 HLBC 

( P 4 ) / ( P t )  
t . 8  K-P 9166 

2.2 K- P.GAMMA * 12175 

(PSW(P I )  
~,7 K-P 
l . B  K-P 9166 
12 P l -  ON C,FE 9/69 

( P 5 ( / ( P 3 )  
1 . 3 - 2 . 8  PI-P 

2.9 PI+ P 11/71 
E+E- COLL. BEANS 2/7S 
PI-P,  OMEGA N T/77 

(PO+PE)I[P1) 
1.8 K-P 9/66 

4/7O 

OMEGA INTO (NEUTRALS} / (CHARGED)  ( P 3 ~ . . . ) / ( P I ÷ P 2 . . . I  
0 ,124 0.021 FELDMAN 67 OSPK 1.2 P I -  P 3/6T 

FIT 0.0993 0.0056 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.o) 

OMEGA INTO (EPIO GANMAII(PI+PI-PIO) ( P B I I ( P l )  
( 0 ,08 )  DR LESS CL=.O5 JACGUET 69 HLBC 4/70 

OMEGA INTO (ETA GAMMAI/(R[O GAMMAI ( P 6 ) / ( P 3 }  
0.01o 0.04S APEL 72 CSPK ~-8 P I -  P,N 3GAM 21T0 

OMEGA INTO IPIO MU+ MU-) / TOTAL (UNITS IO* * -D)  I P l l )  
0.096 0.023 OZHELYADI 81CNTR 25-33 PI-P,DNE N 1 /82*  

R13 OMEGA INTO (E+ E-)/TOTAL (UNITS 10**-4) (P7) 
R13 A 33 (0 .65 )  ( 0 . 1 3 )  ASTVACATU 68 OSPK ASSUME SU(3)+MIXIhG 6/68 
RIO Z ( 0 . 4 0 )  ( 0 , 2 1 )  BOLLIN(I 68 CNTR 1.7 PI-P 9108 
R13 E [ 0 . 9 2 )  ( 0 .07 )  AUGUSTII 69 OSPK E+E-, 2PI 2 /72 
RE) 0 .80  0.10 BENAKSAS[ 72 OSPK E÷E-, 3PI 21T0 

0.6TE 0.069 CORDIER RO HIRE E+ E- ,3PI  12/79 RL3 
RI3 . . . . . . . . .  
HI3 AVG ~.725 0.072 AVERAGE tERROR [NCLUOES SCALE FACTOR OF 1.3)  

RLS A NOT RESOLVED FROM RHO DECAY. ERROR STATISTICAL ONLY. 
HI3 E RESCALEO BY US TO CORRESPOND TO OMEGA WIDTH 10. I MEV. 
R13 Z MASS RESOLUTION OF BOLLINI I IS ~ 1 0  MEV.HIS ERROR I$ + - . 1 5  
RI3 Z WITHOUT RHO-ONEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
RI~ Z CHANGE VALUE BV *-3E ~ER E~NT* THEREFORE WE I~PE&SEO F~ROR. 

Mesons 
~ ( 7 8 3 )  

RI4 OMEGA INTO NEUTRALS I TOTAL (P3÷.. . )  
RL4 O.OBA O. OIS EOLLIN| 68 CNTR 2 .1P I -  P 
HI4 0 .079 0.019 DEINET 69 OSPK 1,5 P l -  P 
RI4 0.075 0.025 EIZZARRI 71HBC O.O P PEAR 
RI¢ 42 0 .073 O. OIB BASILE 72 CNTR 1.67 P I -  P 
R19 . . . . . . . . .  
RIR AVG 0.0788 0*0092 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 
RIA FIT 0.0870 0.0047 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)  

RIS OMEGA INTO (P [  P I I I I TOTAL) .  SEE ALSO R2 (P2) 
HIS 0,032 0.028 0.019 AUGUSTI2 69 OSPK E+E- EOLL.BEAMS 8/69 
RI5 (O.O03]CP NOAE eL=.95 GOLDHABER 69 HOE 3 . 7 - 4 . 0  PI+P I 1 / 6 9  
R15 (O.OL4)OR MORE CL=.O5 ALL(SON 70 HEC I o 3 - I . T  PEAR P 6170 
RLS E (O,OOEO) (0 .0028)  IO.O022)IGGS 70 CNTR PHOTOPRODUCT|ON IZ/FB 
R15 0.0122 0.0000 ALVENSLE8 Tl  CNTR PHOTOPRODUCTION L1/71 
R15 0.013 0.012 0.009 MOFFEIT 71 HBC 2.ERA.7 GAMMA P I l l ? l  
R15 0.086 O,02R 0.018 BENAKSAS 72 OSPK E÷E- tOLL.BEANS 12112 
R15 F (0 .035 )  ( 0 . 018 )  8RANDENBU T6 ASPK 1 3 . K - P , P I ÷ P I -  1 2 / 7 9  
HI5 F (0.041 ( 0 . 0 3 l  ( 0 . 0 2 )  MOLHGREN 77 HEC 4.2 K - P , P I ÷ P I -  1 2 / 7 9  
HI5 0.016 0.009 O.OOT ~OENZER 78 CNTR E+E- COLL.DEANS 41T8 
HIS F (O.OlO) (O.OOI) NICKLUND 78 ASPK 3~A~6 P(+-PN 12179 
R15 B RE-EVALUATED UNDER RZ BY BEHREND 71 USING MORE ACCURATE OMEGA 
R15 B TO RHO PHOTOPROOUCT(ON CROSS-SECTION RATIO. 
HI5 F FROM A MODEL DEPENDENT ANALYSIS ASSUNINGCONPLETE COHERENCE. 

6 /68  
9 /69  

E1/71 
2173 

R15 
R15 AVG 
RIB FIT 

HIT 
RL7 
R[7 0 
R17 0 

HI8 
RL8 
R18 0 
Rt8 
RIB 0 D 

RL9 
RIO A 
RIO B 
RIO A 
R19 A 
RIO B 

REO 
RE0 S 
R20 S 

0.013S 0.0027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF hO) 
0.0140 O.OOZt FRON FIT (ERROR INCLUDES SCALE FACTOR DF 1.8)  

OMEGA INTO (2 RIO GAMMA) / (ALL NEUTRALS) ( P E I I I P 3 + , . . }  
( 0 ,19 )  OR LESS eL=.90 DE(NET 69 OSPK 9/69 
(0 .22 )  ( 0 .07 )  DAKIN 72 CSPN 1.4 P I -  P~N MMO 1 2 / / 2  

SEE R1E 

OMEGA INTO (P|O GANMA) / (ALL N E U T R A L S ]  ( P S I / ( P 3 ~ . . . )  
( 0 . 8 1 l  ER ~RE CL=.90 DEINET 69 OSPK 9/69 
( 0 . 7 8 I  ( 0 . 0 7 )  OANIN 72 OSPK 1.4 P l -  P~N MNO 1 2 / 7 2  

ERROR STATISTICAL ONLY.AUTHORS OBTAIN GOOD FIT ALSO ASSUNING 
PIO GAMMA AS THE ONLY NEUTRAL DECAY, 

OMEGA INTO (ETR GAMMA)/TOTAL (UNITS 10* * -¢ )  (RE) 
( 3 . 0 )  ( 2 . 5 )  ( 1 . 8 l  ANDREWS 77 CNTR 0 6 .7 -10  GAMMA CU 12/77 

(29.01 ( 7 . 0 )  ANDREWS 77 CNTR O 8 . 7 - t 0  GANMA CU 12/77 
SOLUTION GORRESPONOING TO CONSTRUCT(VE ONEGA-R~ INTERFERENCE 
THE QUARK MODEL PREDICTS A RELATIVE DECAY PHASE OF ZERO 
SOLUT(ON CORRESPONDING TO OESTRUCT[VE ONEGA-RFff3 INTERFERENCE 

OMEGA INTO (RIO MU+ MU-) / ( MU÷ MU-) ( P I l l / I R E )  12/78 
30 (1 .21 ( 0 . 6 )  DZHELYADI 79 CNTR 0 25-33 P I -  P 12179 
SUPERSEDED BY OZHELYAOIN 81 RESULT ABOVE. 
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Note on the JP Assignment of T]' (958) 

From the Dalitz plot analyses of the n' +TT~TT] 

and n' ÷ 7T+~-T decays and from the observation of 

an D' ÷ Y%( decay mode, all assignments except 

jPC= 0-+ and 2 -+ are excluded. The Dalitz plot 

analyses favor spin 0, but cannot rule out spin 2. 

The indication of anisotropy in the decay of very 

forward-produced T]' (KALBFLEISCH 73) has not been 

confirmed by BALTAY 74, thus again favoring spin 0, 

but still not ruling out spin 2 (LEDNICKY 77). 

Two recent analyses, however, seem to have 

finally established the spin 0 assignment of the ~'. 

CERRADA 77 perform a partial-wave analysis of 

the nIT~ system produced in the reaction K-p ÷ q'A, 

taking into account the ~' and A joint decay angular 

correlations. They conclude that JP is unambigu- 

ously 0- (see also DELAGUILA 77). 

ROUSSARIE 77 analyze a large sample of events 

from the reaction ~-p + ~'n at beam momenta just 

above threshold. They verify that the T]' is 

produced in a relative S-wave state, and thus the 

Adair condition is satisfied by their total sample 

of some 1800 events. The decay angular distribution 

of the ~' is consistent with isotropy, and thus 

ROUSSARIE 77 conclude that the spin cannot be 2. 
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Data Card Listings 
For notation, see key at front of  Listings. 

M 957 .  
M 8415  956 .1  
M 535  957 .4  
M 1 4 1 4  958 .  g 
M 400  958 .  
M 957.46 0.33 DUANE 74 MMS P I -  P,N MM 
M . . . . . . . . .  
N AVG 957.57 0.25 AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1 . 0 l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME WIDTH (MEV) 

W lOOO 0.28 0.10 BINNIE 79 MMS 0 P I -  P,N MM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME MASS (MEVI 

1.  RITTENBER 69 HBC 1 .7 -2 .7  K- P 9169  
1 .1  BAS ILE I  71CNTR 1 .6  P I -  P ,N  go 11 /71  
1.4 BASILEI Tl CNTR 1.6 P l -  P,N go 11171 
0.5 DANBURG 73  HBC 2.2 K -P ,LAM XO 2174 
1. JACOBS 73 HBC 2 .9  K -P ,LAN XO 117@ 

1 / 7 4  

DECAY MASSES 
Pl ETA PRIME INTO PI+ P l -  ETA 13g÷ 139+ 548 

PI IN)  ETAS DECAY INTO ALL NEUTRALS 
P1(C) ETAS DECAY CHARGED 

P2 ETA PRIME INTO PlO PlO ETA 134÷ 134+ 548 
P2(NI ETAS DECAY INTO ALL NEUTRALS 
POLE) ETAS DECAY CHARGED 

P3 ETA PRIME INTO PI÷ Pl- GAMMA 139" 139÷ D 
(INCLUDING RHO GAMMA) 

P4 ETA PRIME INTO GAMMA GAMMA O* 0 
P5 ETA PRIME INTO OMEGA GAMMA 782+ 0 
Pb ETA PRIME INTO RHOO GAMMA 759+ 0 
PlO ETA PRIME INTO P I *  P l -  E* E- 139. 139+ .5÷ .5 
P l l  ETA PRIME INTO 2 P [  139+ 139 
Plg ETA PRIME INTO 3 P( 139+ 139+ 134 
P13 ETA PRIME INTO 4 Pl 139+ 159+ 139+ 139 
Pl4 ETA PRIME INTO 5 Pl 
PI5 ETA PRIME INTO 6 P l  
PI6 ETA PRIME INTO RIO E÷ E- )VIOLATES C IN 1345 .5+ .5  

BORN APPROX.) 
Pl7 ETA PRIME INTO ETA E* E- (VIOLATES C IN 548+ .5+ .5  

BORN APPROX.) 
Pl8 ETA PRIME INTO RIO RHO 0 )VIOLATES C) 134* 769 
P19 ETA PRIME INTO RIO OMEGA (VIOLATES C) 134- 782 
P20 ETA PRIME INTO MU÷ MU- GAMMA 105+ I05+ 0 
Pgl ETA PRIME INTO ETA MU+ MU- 548÷ lOS+ 105 
P22 ETA PRIME INTO RIO MU+ MU- 134+ [05÷ 105 

F I T T E D  P A 0 . T I A L  D E C A Y  MODE B R A N C H I N G  F R A C T I O N S  

The m a t r i x  b e l o w  i s  d e r i v e d  I ron1  t i le  e r r o r  n ] a t r i x  f o r  the  f i t t ed  p a r t i a l  d e c a y  n lode  

branching fractions, P as follows: The diagonal elelnents are P • 6P where 

6 P  = ~ f 7 ~ 7 ~  w h i l e  the  u f f - d i a ~ o n a l  e l e n l e n t s  a r e  the  n o r n l a l i z e d  c o r r e [ a t i o n  c o e f f i -  
, 1 1 

c i e n t s  < b p i I P j ) / ( I p  i . EPj) .  F o r  the  d e f i n i t i o n s  of t he  i n d i v i d u a l  P.  s ee  t he  l i s t i n g s  

above ;  o n l y  t h o s e  Pt  a p p e a r i n g  in  the n a a t r i x  a r e  a s s u n , e d  in the  f i t  to be n o n z e r o  and 

a r e  t hus  c o n s t r a i n e d  to add  to 1. 

P l P 2 P 3 p 4 P 5 
P I .426T÷-,0174 
P g - . 647 [  . g2bb*- ,  0205 
P 5 -.2807 +.5OlB . 3D05÷ - .  0160  
P 4 .0BB~ -. 1086 .0042 .01eTe-.0016 
P 5 .0674 -. 2094 -.1438 -. 0078 . D276~-. 0054 

Note on B'(958) Branching Fractions 

In our calculation of the branching fractions 

of the ~' (9588, we use the decay modes ~z~ 

(including ~0~08, p0y, wT, and yy. It is assumed 

that the rate n + neutrals is 71.0%. 

In the fit we do not use the constraint 

F(n' + qw+~ - )  
R = = 2 

F(~ '  + ~ o ~ o )  

from I-spin conservation. The result of the fit is 

in agreement with it: R = 1.8 ± 0.2. 

2 ETA PRIME PARTIAL WIDTHS {KEV} 

W1 ETA PRIME INTO (GAMMA GAMMA) (G4) 
W[ C 23 (5.88 I g . 3 )  ABRAMS 79 SMAG E*E-,E÷E- RHO GA 12119 
W[ C THE SYSTEMATIC ERROR HAS BEEN ADDED lINEARLY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ETA PRIME BRANCHING RATIOS 

SEE MINI-REVIEW ABOVE. 

RI ETA PRIME INTO (P I+  RI-ET~ )NEUTRAL DEC.If/TOTAL (PIN) 
R1 281 0.314 0.026 RITTENBER 69 HBC 1 .7 -2 .7  K-P 9 / 6 9  
R[ . . . . . . . . .  
Ri FIT 0.803 0,012 FROM FIT )ERROR INCLUDES SCALE FACTOR OF [ .Of  
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
 (958) 

R2 ETA PRIME INTO (PI+ Pl-  NEUTRALSI / TOTAL (PINeP2C+PS} 
R2 33 0 .35 0.06 DAOIER 66 HBC 6.0  K-P 10/66 
R2 39 0 .4  O.E LONDON 66 H6C 2.2 K-P 10166 
R2 . . . . . . . . .  
R2 AVG 0.363 0.08[ AVERAGE (ERROR INCLUDES SCALE FACTOR OF E.D) 
R2 FIT 0.396 O. OtI FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0l 

R6 ETA PRIME INTO (P I÷  P I -  ETA (CHRGD.DECAY))ITDTAL (PLC) 
R6 7 0 .07  0.04 BAOIER 65 H6C 3.6 K-P 10/66 
R6 10 O.E 0.04 LONDON 66 HDC 2.2 K-P 10166 
R3 107 0.123 0.014 RITTENBER 60 HBC 1 . 7 - 2 . T  K-P 9169 
R3 
R3 AVG 0.116 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R3 FIT 6.123T 0,0056 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RN ETA PRIME INTO I P I *  Pl- NEUTRALS (EXCLUDING (P2CePS) 
R4 PI÷ PI- ETA (NEUTR.DEC.I)I I TOTAL 
R4 42 0 , 0 6 5  0.029 RITTENBER 69 HBC 1.7-2.7 K-P 9/60 
R~ . . . . . . . . .  
R4 FIT 0.0905 0.0069 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R5 ETA PRIME INTO (NEUTRALS) / TOTAL (P2N+PAI 
R5 [28 6.189 0.026 RITTENBER 66 HBC 1 . 7 - 2 . 7  K-P 9169 
R5 53S 6. I65 0.022 6ASILEE 71CNTR [ . 6  P [ -  P.N xo 11/71 
R5 . . . . . . . . .  
RS AVG 6. lET 6.6IT AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6) 
R5 FIT 0.E82 0 . 6 E ~  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R6 ETA PRIME INTO (Ple PI- GAMMA IINCLUOING RHO GANMA))ITOTAL 
R6 (P3) 
R6 85 Qo36 0.09 6AOIER 68 H6C 3 .0  K-P 10/66 
R6 ZO 6 .2  0.1 LONDON 66 H6C 2.2 K-P 10/66 
R6 298 0 .329 0.033 RITTEN6ER 6R H6C [ . T - 2 . T  K-P 9169 
R6 . . . . . . . . .  
R6 AVG 6.319 0.030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O) 
R6 FIT 0.301 0 . 0 1 6  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

RT ETA PRIME INTO IP Ie  Pl -  GAMMA (INCLUDING RHO GAMMAI)I(PI Pl ETA) 
R7 ( P 3 ) / I P l e P 2 )  
R7 0 .61 0.15 DAVIS 68 HBC 6.5 K- P 9/68 
R7 . . . . . . . . .  
R7 FIT 0.660 0 . 0 3 5  FROM FIT (ERROR INCLUDES SCALE FACTOR OF l . O (  

R8 ETA PRIME INTE (PIO E+ E~I/TDTAL (PC6) 
RB (0 .016)0R LESS RITTEN6ER 65 HBC 2.7 K-P lOIS6 

R9 ETA PRIME INTO (ETA E÷ E-l /TOTAL (P IT)  
R9 (O.0IIIOR LESS RITTENBER 65 H6C 2.7 K-P I0/66 

R16 ETA PRIME INTO (PIO RHOOI/TOTAL (P161 
RIO ( 0 . 6 4 )  OR LESS RITTEN6EM 65 H6C 2 .7  K-P 10/66 

NEE ETA PRIME INTOIGAMMA ONEGAi/TOTAL IPO) 
RLI R ( 0 . 0 8 )  CA LESS RITTENBER 65 HOE 2.T ~-P 10166 
RII R INCLUDES RIO OMEGA 
RII  1.051 OR LESS CL=.9O KAL6FLEI 75 HBC 2.2 K- P,GAMMA ÷ 12175 

RI2 ETA PRIME INTO ( P i e  P I -  Ee E-I/TOTAL IPIO) 
R12 IO.OD6)OR LESS RITTENEER 65 HBC 2.7 R-P 10/66 

R18 ETA PRIME INTO (2 OIl/TOTAL ( P I I I  
RE3 ( 0 . 0 7 )  OR LESS LONDON 66 H6C COMPILATION E0/66 

RE6 ETA PRIME INTO (8 OIl/TOTAL ( P l 2 )  
R16 ( 0 . 0 7 )  OR LESS LONDON 66 HBC COMPILATION 10 /56  

R15 ETA PRIME INTO (4 PIt/TOTAL ( P I 3 l  
R15 ( D . 6 [ )  OR LESS LQNDON 66 HBC COMRILATION 10/66 

R16 ETA PRIME INTO (6 PIt/TOTAL {PIS)  
R16 (0.011 OR LESS LONDON 66 H6C COMPILATION 10/66 

R17 ETA PRIME INTO (OMEGA GAMMA)/IP I÷PI-ETA) (P5W(R1)  
RE7 $6 0.068 0 . 0 [ 6  Z&NFINO 77 ASPK 8*6 P[ -P E2/T7 
R 17 . . . . . . . . .  
R17 FIT 6.06S 0 . 0 1 8  FROM FIT (ERROR INCLUDES SCALE FACTOR OF E.OI 

RIB ETA PRIME INTO (PI+ PI- GAM{ INCL.RHO GAN)(/IPI RI ETA + OMEGA GAM) 
R18 (PO)/(PI÷P2+PS) 
R18 0 .25  0.16 DAUBER 6~ HOD 1.05 K-P 10/66 
R18 . . . . . . . . .  
RI8 FIT 6.~A1 0.034 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .O I  

R19 ETA PRIME INTO (2 GAMMA))TOTAL (PAl  
R19 31 0.020 0.008 0.006 HARVEY 71 OSPK 8.65 P [ -  P,N XO 11/71 
RI9 68 O.OIT1 0.0033 DALPIAZ 72 DNTR E.6 P I -  P,N xo 12/T2 
RE9 0*025 0.007 DUANE 76 MMS P[ -P,N MM 12/ IS 
R19 6000 0o018 0.0O2 APEL 70 CNTR I5-40 PI -  P I2 /79  
R[9 . . . . . . . . .  
RE6 AVG 6.0188 0.0016 AVERAGE IERROR INCLUDES SCALE FACTOR OF I .D)  
R19 FIT 0.016T 0.0016 FROM FIT IERROR INCLUDES SCALE FACTOR OF LoOI 

R20 ETA PRIME INTO (P [+PI - I ITOTAL I P [ l l  
R20 (0 .02 )  OR LESS RITTENBER 69 HBC 1 . 7 - 2 . 7  K-P 9/69 
620 IO.OBI OR LESS CL=.?5 DANBURG 76 H6C 2.2 K-P,LAM xo 2/?~ 

R21 ETA PRIME INTO (PI+PI-PIOI /TOTAL (P I2 )  
R21 IO.061 OR LESS RITTENBER 60 HOC 1 . 7 - 2 . 7  K-P 9/b6 
R21 I0.001 OR LESS EL=.98 DANOURG 73 HOC 2.2 K-P,LAM XO 2/74 

R22 ETA PRIME INTO ( P I ÷ P I ÷ P I - P I - ) / T O T A L  (PEEl 
R22 (O. OE} OR LESS RITTENBER 69 HOC L . 7 - 2 . 7  K-P R/69 
R22 (Do6E) OR LESS CL=.9S OANOURG 78 H~C 2.2 K-P~LAM XO 2/T~ 

R26 ETA PRIME INTO (P( +P[+PI-PI-PIO)/TOTAL { P16I 
R26 ( O . O l l  OR LESS RITTENBER 69 HOD 1 .7 -2 .T  K-P 

R2~ ETA PRIME INTO ( P I + P I ~ P I - P [ -  NEUTRALSI/TDTAL IPLSeo.o) 
R2~ (D .O| )  OR LESS RITTEN6ER 69 HBC 1 . 7 - 2 . 7  K-P 9/b9 

R25 ETA PRIME INTO {RHO0 GAMMA)/{ALL PI+ P I -  GAMMA) ( P A l l ( P 6 (  
R25 O.R~ 0 .20 AGUILAR 70 HBC 3 .0 -4 .6K-P  l / T (  
R28 E A73 E.18 0.10 OANOURG 73 HBC 2.2 K~P,LAM XO 2/T6 
R28 E ~73 (0 .961 OR MORE CL=.95 OAN6URG T3 H6C 2=2 K-P,LAR XO 2 /7~  
R25 E3T 1.0E 0.18 JACODS ?3 HBC 2.0 K-P*LAM XO 1174 
R25 . . . . . . . . .  
R25 AVG 1.082 O.07T AVERAGE IERROR INCLUDES SCALE FACTOR OF E.D] 

RE5 E EQUIVN. ENT STATEMENTS 

R26 ETA PRIME INTO (RIO RIO ETA INTO 3 PI6IITOTAL (PZN(BPI6)) 
R26 6 O. LE 0.06 6ENSINGER TO DEC 2.Z PI+ 0 1 /7 [  
R27 ET~ PRIME INTO (P I+  P l -  GANMAII(P[÷ P I -  ETA(NEUTRAL DEC,It 
R27 I P 3 I I I P I N )  
R27 K (6.841 (0.101 AOUILAR 72 HDC 3 . 9 , 4 . 6  K- P 12172 
R27 K NOT AVERAGED DUE TO COMPLICATION WITH M(088].SEE KAL6FLEI 74. 
R2T 473 0. R2 0.14 OANDURG 73 HEC 2.2 K-P,LAN XO 2/T4 
R2T 192 t .  I t  0.18 JAC06S T3 H6C 2.9 K-P~LAM XO IIT~ 
R27 . . . . . . . . .  
RZT AVG 0.99 O. t I  AVERAGE (ERROR INCLUDES SCALE FACTOR OF L,O) 
RZT FIT 0.992 6.075 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.6) 

R28 ETA PRIME INTO (2 GAMMA)IIPIO RIO ETA(NEUTRAL DEC.)) 
R28 ( P R I / ( P 2 ( N ) I  
R28 16 6 . 1 8 8  0.058 APEL 72 OSPK 3.8 P I -  P,N X6 1/73 
R ~B . . . . . . . . .  
R28 FIT 6.116 6 . 0 1 5  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0( 

R29 ETA PRIME INTO (GAMMA 2NUII(EGAMMAIIUNITS IOt*-3IIP2OI/(PNI [2/T6 
R29 33 ~ .9  1.2 VIKTOROV 80 CNTR 25,63 PI-P,2NU G 9161" 

R80 ETA PRI~E INTO (ETA MU÷ MU-)/TOTAL (UNITS 10**-BIIP2E) 1/82t 
R86 [ 1 . 6 )  OR LESS CL=.00 DZHELYAO BL ONTR 30 PI-P.ETAP N 1 /82"  

R31 ETA PRIME INTO (PlO MUe MU-I/TOTAL (UNITS 10"* -5 ) (P221 1182" 
R31 ( 6 . 0 )  OR LESS CL=.60 OZHELYAD 81CNTR 30 PI~R,ETAP N [ / B 2 t  

2 ETA PRIME C-NONCONSERVING DECAY PARAMETER 

RELATED TEXT SECTION VI C 

A DECAY AS~METRY PARAMETER FOR PI÷ Pl- GAMMA 
A L52 .07  .06 RITTENDE 68 HBC 2 .L -Z .T  K-P 
A 103 .DO .IO KALBFLE[ 75 HEC 2.2 X~P 
A 29S -.069 .OTB GRIGORIA 78 STRC 2 . 1 P I - P  
A . . . . . . . . .  
A AVG -0.60[ O.O~q AVERAGE [ERROR INCLUOES SCALE FACTOR OF 1.0(  

REFERENCES FOR ETA PRIME 

DAU6ER 64 PRL 16 649 
ALSO 66 DUBNA CQNF I 418 

GOLD6ERG 64 PRL EZ 8~A 
GOLOBERG 64 PRL I3 2A9 
KALfiFLEI 66 RRL 12 527 
KALBFLE2 64 PPL 13 640 

BADIER 6E PL 17 361 
KIENELE 65 PL 10 668 
RITTEN6E 68 PRL 15 686 
TRILLING 68 PL 19 NET 

COHN 66 PL 2 [  34T 
LONDON 66 PR E48 | 6 8 4  
MARTIN 66 P[ 22,352 

6ARBARO- 68 PRL 20 349 
6ARLOUTA 66 PL 26 6 67~ 
80LLINI 68 NC 88 A 286 
DAVIS 68 PL 27 6 532 

DUFEY 69 PL 20 6 806 
MOIT 69 PR l I T  E966 
RITTEN6E 69 UCRL-18863 

AG~ILAR TO PRL 2S 163S 
6ENSI~W;E TO PL 38 B 505 

6ARDADIN TL PR 04 2TL[ 
BASILEI 71NC 6 A 37E 
6ASILE2 71 NP B 38 29 
HARVEY T1PRL 27 BE5 
OG[EVETS 71PL  35 6 69 

ACUILAR T2 PRO 6 2q 
APEL 72 PL 40 B 68O 
BINNIE 72 PL 69 B 2T8 
6LDODWDR 72 NP 6 39 S2S 
OALPIAZ 72 PL A2 6 377 
RAOER 72 PR 0 6 305R 

DANBURG 73 PR D B 87AM 
JACO6S T6 PR 6 8 1B 
KALDFLEI 78 PRL 81 8~8 

6ALTAY 76 PR 09 29S9 
DUANE 74 PRL 32 625 
GAULT 74 NC 24 A 259 
KAL6FLEI 74 PR 016 016 

GRIGORIA 75 NP 801 232 
KALOFLE[ TS PR D l l  qBT 

CERRADA 77 NP B 126 189 
OELAGUIL 77 PR D16 2833 
GESSAROL TT NP 6 126 682 
LEDNICKY TT E2-10521e22~ 23 
ROUSSARI TT PREPRINT 

ALSO 77 BUDAPEST CONF, 
ZANFINO TT PRL 68 930 

ABRAMS 79 SLAC-PUB 2421 
ALSO 7g PRL 43 477 

APEL 79 PL B3 6 161 
BINNIE 79 PL B3 E IAI  
OZHELYAO TR PL 6 86 379 

V[KTOROV 60 SJNP 32 $20 

DZHELYAD 8E PL 108 6 26% 

DAU6ER,SLATER,SMITH, STORK,T I C H O  IUCLA)JP 
DAUREReSLATEReL T SMITHeSTORK*TICHO (UCLAI 
÷GUNDZIK,L[CHTMAN,CONNOLLY,HART*+(SYRA~6NLI 
÷GUNDZIK,LEITNER,CONN1DLLY,HART.+ (SYRAeBNLI 
KAL6FLEISCH.ALVAREZeBARBARO-GALTIER[,*ILRL)JP 
G.R.KALBFLEISCH, O.OAHL,A.R]TTENBERO ILRLIJP 

GADIER,DEMOULIN.OARLOUTAUO+(EPDL÷SACL+ANST) 
KIENZLE.MAGLIC,LEVRATtLEF~DVRES + (CERNI 
RITTENEERGIKALBFLEISDH (LRL+BNL) 
*6ROMN,GOLOHA6ERS,KAOYKvSCANIO ILRLI 

COHN,~CCULLOCHtBUGG,COAOD (ORNL÷TENN÷UCNDI 
LONDON,RAU,SAMIOS,GOLDBERG • (BNLeSYRACUSE)IJP 
MART[N,CRITTENOEN, SCHRDEDER )INDIANA UII 

BAR6ARO-GALTIERI,MATISON,RITTENBERG÷ (LRLII=6 
8ARLOUTAUO+ (SACLAY÷AMSTeBGNA+RENO÷EPOL)I=D 
÷BUHLER,OALPIAZ,MASSAM+ iCERNeBGNA+STR6| 
÷AMNAR,MOTT,DAGAN,DERRICK, FIELDS INWES÷ANL) 

+GOBB[,POUCHON,DflOPS,+ iETH+CERN÷SACL)IJP 
÷ARMAR~OAVIS,KRORAC,SLATEvDAGANe (NWES*ANLI 
ALAN RITTEN6ERG {THESIS) (LRL)I=O 

AGUILAR-BENITEZ,BASSANOtSAMIOS*BARNES÷(6NL) 
6ENSINGER.ERWIN,THOMPSONtW.D.WALKER (WISC) 

8AROAOIN-OTWINOWSKA,HOFMOKL,MICHEJOA÷(WARS) 
÷6DLLINI,OALPIAZ,FRABETTI,~ICERN÷BGNA÷STRB) 
eOOLLINI,OALPIAZ,FRA6ETTI,+ICERN*6GNA+STRB) 
eMARQUIT,PETERSON,RHOADES,+ IMINN÷MICH| 
OGIEVETSKY,TYBORtZASLAVSKY (DUONA) 

AGU[LAR-6ENITEZ.CNUNG,EISNER,SAMIOS (RNL( 
÷AUSLANOER,MULLEReBERTOLUCC[,÷ (KARLePISA) 
eCANILLERhOUANEtGARBUTT,BURTON÷(LOIC÷SHMP) 
6LOODWORTH,JACKSON,PRENTICEvYOON [TORONTOI 
+FRA6ETThNASSAM~NAVARRIAeZICHICHI (CERNI 
eABOLINSt6AHL,DANDURG~DAVIES,~I)CH,÷ ILBL) 

÷KALBFLEISCHtBORENSTEIN,CHAPMAN,~(BNL÷MICHJ JP 
eCHANG,GRUTHIER,÷ 16RAN*UMO÷SYRA÷TUFTI JR 
KALBFLEISCH,CHARMANpe IONLeMIOHeLOL] JP 

÷COHENvCSORNAvHAOIOI,KALELKARI+ (COLU+BING) JR 
*BINNIE,CAMILLERI,CARR,OEDENHAN÷(LOIC÷SHMP( 
eJONES,SCADRON,THEWS (OURMeLOIC÷ARIZ) 
G.R.KALBFLEISCH (6NL) 

GRIGORIAN, LAOAGE,MELLEMAtRUDAICK~ (UCLA) 
KAL6FLEISCMeSTRANO~CHAPMAN (6NLeNICH) 

eWAGNER,ELOCRZIJL,÷ (CERN÷AMST+NIJM÷OXFI JR 
F.DEL AGUILA AND M.G.DONCEL (6ARCELDNA( JP 
GESSAROLI,÷ (6GNA÷FIRZ÷GENO÷MILA~OXFePAVI) 
R.LEDNICKY IJINR) JP 
*ERNWEIN.F ELTESSE,BORGEAUD,ROUSSARIEe(SACLI JR 
HEMINGWAY REVIEW TALK (CERN) 
÷BROCKMRN, DANKOWYCH,÷ (CARLeMCGI+OMIO÷TNTUI 

+ALAN, ALOCKER,6OYARSKI,e (SLACeLBL) 
AARANS,ALAM,BLOCKER,BOYARSK|,÷ (SLACeL6LI 
÷AUGENSTEINeDERTOLUCCI(KARL+PISAeSERP÷WIEN) 
eCARR,DE6ENHRN,JONES,KAR&MItKEYNE+ (LOItI 
DZHELYAOIN,GOLOVRIN,GRIT~UK,KACHANOV~(SERP) 

*GOLOVXIN,OZHELYADIN,ZAITSEV,MUKHIN,÷INOVGI 

DZHELYADIN,GOLOVKIN.KONSTANTINOV~÷ (SERP) 

L2/75 
12/7S 
12/7S 



Mesons 
s'(9 5) 

3 S l T8 . . . . .  o . . ,  , . o  

I ~ ~1 UNDER THIS ENTRY WE LIST PARAMETERS OF THE POLE IN IHE 
ISOSCALAR S WAVE. FOR A MINI-REVIEW SEE UNDER EPSILON. 

FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS TO THE K KBAR MASS 
SPECTRUM, SEE REFERENCE SECTION AND OUR 1972 EDITION, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 REAL PART OF THE 5 "  POLE POSITION (MEV) 

N R 1997 .  ) ( 6 . 1  
M A (997.  I 
M R (1012 . }  16.  l 
M R ( lOOT. I ( 20 .1  
M A (986.  I q s . I  
M AO {D98°0 )  I T °O)  
M ~ (988.1  
M [966°) 

M 987. T. 
M 969°0  5 .0  
M C 986. lO .  
M IV86 ; I  
M B ( 975 . l  
M 97A. 0 A.  0 
H B ( 985 . )  
M 
M 

PROTOPOPE 73 HBC Pie P I2/TT 
ESTABROOK 73 ASPK 17 PI-P,PI÷PI~N 12175 
GRAYER 73 ASPK 17 PI-P,RI÷PI-h 12177 
HYAMS 73 ASPK 17 P I -P ,N  P I+P I -  12177 
FUJ I (  7S RVUE IT PI-P,PI~PI-N I 2178  
BOHAC I K 80 RVUE 9281= 
IRVING 81 RVUE 3 /82=  
IRVING 8 t  RVUE 3282~' 

BINN[E 73 CNTR P l -  P.S~' N L2/TT 
LEERER 77 ASPK 2-2.A Pl-P 12177 
AGUILAR 78 HDC *7 PBAR P, KS KS 12/7T 
MARTIN T9 RVUE 9 /8 i t  
ACHASOV 80 RVUE g /e l *  
GlOAt  BI  SMR2 J /PS I  DECAY 1182 (= 
TORNQVI S 82 RVUE 1/82, 

AVG 975.~ 3.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4l 
(SEE IDEOGRAM BELOW I 

WEIGHTED AVERAGE = 975 .4  ± 38  

ERROR SCALED BY 1 . 4  

950  970  

.... ~ - - - G I D A L  

~ J ~ - - - A G U I L A R  

. . . . .  LEEPER 

990  (010  

REAL PART OF S*  POLE POSITION (MEV) 

CHISQ 

81 SMK2  0 1 

78  HBC 1 1 

77  ASPK 1 6 

73  CNTR 2 7 

56  

(CONLEV 
=D I~1 )  

M A 8 FROM SINGLE CHANNEL FIT TO HYAMS 73 DATA. 
M COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE MINIREV. 
M D POLE POSITIONS FROM ALMOST HOOEL-INDEPENOENT PARAMETRIZATION 
M C FROM COUPLED CHANNEL FIT TO HyAMS 73 AND PROTOPOPESCU 73 DATA, 
M C WITH A SIMULTANEOUS FIT TO THE Pl PI PHASE-SHIFTS, 
M C INELASTICITY ANO TO THE KS KS INVARIANT MASS. 
M E FROM COUPLED CHANNEL ANALYSIS OF Pl N - ->  PI P/ N OR K KBAR N DATA 
M E FROM GRAVER 73 AND COHEN 80 
M F SIMILAR TO (E ) t  BUT OMIT PIN - - >  ~I PIN  MOMENTS, AND INCLUDE 
M F K- P - - >  Ple RI- Y DATA 
M R INCLUDED IN AGUILAR 78 FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 NEGATIVE IMAG. PART OF THE St POLE POSITION (MEVI 
CORRESPONDS TD HALF-WIDTH~ NOT FULL WIDTH. 

W R [27 .1  (B . l  PROTOPOPE 73 HBC 7 .  PI+ P 12277 
W A (5 ,  l ESTABRDOK 73 ASPK IT PI-P~PI+PI-N I 2178  
W R (16 . )  ( 5 . )  GRAYER 73 ASRK 17 P I -P ,P I+P I -6  I 2 /TT  
W R (LS° )  (So |  HYAMS 73 ASPK IT P I -P ,N  P leP I -  12 /77  
W A ( t 9 . )  (3 . )  FUJI/ 75 RVUE I7 PI-P,PIePI-N 12175 

I I 9 .O I  ( 6 . 01  8OHACIK BO RVUE 9 /8L t  W AD 
w E (8.) IRVING 81RVUE 3282*  
W F (24.) IRVING El RVUE 3182" 

W 2~. 7. MINNIE 73 ENTR Pl- P~S* N 12171 
w I5,o 4 .  o LEEPER TTA  SPK 2~-2.~ PI -P  ~2/77 
w C 50° 40 .  AGUILAR 78 HRC .7 PRAR P, KS KS 12277 
W ( 7 . )  MARTIN 79 RVUE 9 /81  t 
W B 70 TO 300 ACHASOV 80 RVUE 928Ie 
W LN.O 5.0 G[DAL BI SMK2 J / P S I  DECAY I182" 
W B (260.  I APPROX. TDRNDVIS 82 RVUE l /R2~  
W 
U AVG 16.3 2.8 AVERAGE )ERROR INCLUDES SCALE FACTOR OF l°GI 

W ACR SEE NOTES UNDER REAL PART 
W EF SEE i'U3TES UNDER RE~L PAKT 
w O COUPLED EPANNEL ANALYSIS WITH FINITE WIDTH CORRECTI~S,SEE MINIREV. 
w D POLE POSITIONS FROM ALMOST MODEL-INOEPENOENT PARAMETRIZATION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 S* PARTIAL DECAY NODES 

DECAY MASSES 
PI  St  INTO K KBAR 497÷ ~qT 
P2 S* INTO PI PI  I39÷ 139 
P3 S* INTO ETA ETA 548+ 5~8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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3 St BRANCHING RATIOS 

R/ S~ INTO (PI Pl)ITOTAL (P2) 
RI [O. T I I  HYAMS T5 ASPK 17.2 P I -P ,P I+P I -  9181~ 
RE 0.78 O. O3 WETZEL 76 OSPK 8.9 RI-P,KS KS N 9/81~ 
R[ 0 .81  0 .09  O.OA CASON TR STRC I .  P I -  P,KS KS N 918L~ 
RE 0.67 0.09 LOVERRE 80 HOD A* P|- P,K K N 9181" 
RI . . . . . . . . .  
RI AVG 0.T76 0 . 0 2 6  AVERAGE )ERROR INCLUDES SCALE FACTOR DF 1.0) 

REFERENCES FOR S~ 

WANG 6L JFTP 13 323 WANG TSU-TSENGtVEKSLER,VRANA,÷ (JINR) 

BIG/ 62 CERN CONF 267 A BIGI,S ERANOTt R CARRARA+ (GERNI 
BINGHAM 62 CERN CONF 260 H H BINGMAM,M 8LOCH ÷ (EPOL÷CERNI 
ERWIN 62 PRL 9 3~ ERWIN,HOYER,MARCH,WALKERtWANGLER (WISC÷BNL) 

BALTAY 64 DUBNA CONF 1 409 8ALTAY,LACH,CRENNELL,OREN, STUMP ÷IYALE~BNLI 
BARNIN 64 OUBNA CONF I A33 BARMIN, DOLGOLENKO,YEROFEEV,KRESTNI* iITEPI 

CRENNELL 66 PRL 16 1 0 2 5  CRENNELL,KALBFLEISCH,LAI,SCARR,SCHU÷ IBNL) 
HESS 66 PRL 17 1 [09  ~DAHL÷HAROY+KIRE÷MILLER {LRL)  

BARLOW 67 NC 58A 7DI  ~LILLESTOL÷MONTANETe ICERN+CDEF+IRAO~LIVPI 
BEUSCH 67 PL 25 E 357 ~FISCHER,GOBBI,ASTBURY~ (ETH+CERN) 
DAHL 67 PR 163 1~77 +HAROY+HESS÷KIRZ+MILLER (LRL} 

ALITTI 68 ~RL 21 1705 ÷BARNES,CRENNELL,FLAMINIG~GOLOBERG,÷ 18NL) 
LAI 88 PHILAO.CONF.P.303 KWAN WU LAI (BNL) 
PHELAN 68 THESIS JAMES J. PHELAN (ANLAST.LOUIS UNIVI 

ALSO 6R PRL 2 I  316 HOANG,EARTLY,PHELAN,ROBERTSeIANL~CHIC÷NOAM) 

AGUILAR- 6D PL 29 B 241 M.AGUILAR-EENITEZ,J.BARLOW,+ (CERN÷EOEF) 
ALSO 69 NP B 1~ 195 M.AGUILAR-BENITEZ,J.BARLOW,+ (CERNeCDEF) 

HOANG 69 NC 61A  325 T.F.HOANG IANL)  
HOANG 69 PR 184 1363 ÷EARTLY~PHELAN,ROBERTS,+ (ANL÷ ILLC)  

BAOIER TO NP B 22 ~12 ÷BDNNET,DREVILLON=BAUBILL|ER,e (EPOL+IPNPI 
BATON 70 PL 33 B 528 ÷LAURENS,REIGNIER ISACLAVI 
BEUSCH 70 PHILA.CONF° P. |85 W.BEUSCH (ETH~EERN) 
HYAMS TO PHILA.CONF.P.AI eKOCH, BEUSCH,+ (CERNeMPIHeETH+LOIDeHAWAI 

ALSO TO NP 8 22 189 HYAMStKOCH,POTTER,VON LINOERN,+ (EERN~NPIM) 
OH 70 PR 0 1 8496 +GARFINKELIMDRSE~WALKERvPRENTICE(WISC~TNTOI 

ALSTON-G 71 PL 36 B I52  ALSTON-GARNJOST,BARBARO-GALTIERI,e (LBLI 

BASOEVAN 72 PL 41B 178 8ASOEVANT,FRDGGATT,PETERSEN {CERNI 
OAHERI 72 NC 9 A I +BORZATTAeGOUSSUt÷ (GEND+MILA+SACLJ 
DUBOC 72 NP B 46 A29 eGOLDBERG,MAKOWSKI, [~BNALD,÷ (LRNPeLIVPI 
FLATTE 72 PL 38 B 232 +ALSTON-GARNJOST,BAREAR~GALT IERIv + ( LSL I  
GRAYER 72 OHIL.CDNF.PROC. 5 ÷HYANSIJONESeSCHLEIN,BLUM,DIETL+(EERNeMPIN) 
WILLIAMS 72 PRD 6 3 1 7 8  P.K.WILLIAMS (FSU) 

BINN)E 73 PRL 31 [534  +CARR,DEBENHAM,OUANE,GARBUTT,÷ (LDIC÷SHMP) 
DIAMOND 73 PRD 7 1 9 7 7  e O I N K L E Y , ÷  (WISC*DUKEeCOLO+TNTO+OHIO) 
ESTABRO0 73 TALLAHASSEE ESTABROOKStMARTINtGRAYER,HYAMSe (CERN+MPIM) 
FUJ I I  73 NC 13 A 31 l  Y.FUJII,M.KATO )TOKYO) 
GRAYER 78 TALLAHAESEE +HYAMS,JONES,BLUMtOIETL,KOCH4 (CERN~MPIM) 
HYAMS 73 NP B 6~ I34 +JONES,WEILHAMMER,BLUM,DIETL,÷ (EERN+MPIM) 
OCHS 73 THESIS W.OCHS (MPIM) 
PROTOPOP 73 PRO 7 1280 PPOTOPOPESEU,GARNJOST,GALTIERI,FLATTE÷(LBL) 

GRAYER 7A NP B 75 I89  eHYAMS,JONES,BLUMvOIETL,KOCH+ (CERN÷MPIM) 
GRAYER T~ NP B 76 375 ÷HYANS,JONES,BLUM,DIETL {EERN÷MPIMI 
MORGAN 74 PL 5 IB  TI  D,MDRGAN (RHEL) 

FUJ I I  75 NP 885 179 YoFUJII,M.FUKUGITA (TOKYI 
HYAMS 75 NR B IOO 205 ÷JONES,WEILHAMMER, BLJM,DIETL • ICERN÷MPIMI 
MORGAN 75 ARCONNE EONF* 45 O. MORGAN (RHEL) 
PAWLICKI 75 PR OI2  63I eAYRES,DIEBOLO,GREENE,KRAMER,WICKLUNO (ANLI  

BRANDED T6 NPE  104 613 +C&RNEGIE,CASHMORE,DAVIER~LASINSKI~e {SLAG) 
BUTTRAM 76 PRD 13 1153 ÷CRAWLEY,DUKE,LAMB~LEEPER, PETERSON (1SUI 
CERRADA 76 PL 62 8 383 ÷GONZALEZ-ARROYO~RUBIO,YNDURAIN (CERNeMAOR) 
FLATTE 76EL 63 E 22B SoM.FLATTE (CERN] 
WETZEL 7E NP B I I 5  208 eFREUDENREICH~BEUSCH,+ IETHeEERNeLOILI 
WILKINS 76 PRD 13 1 8 3 1  ~ALBRIGHT,S÷V HAOOPIAK,LANNUTTI (FSU) 

FROGATT 77 NP B I29  8R ÷PETERSEN (GLASGUW+COPENHAGENI 
LEEPER 77 PRD 16 B05~ ÷DUTTRAM,CRAWLEY,OUKE,LAME,PETERSON ( |SU|  
MARTIN 77 NP B 121 514 eOZMUTLU,SQUIRES (DURHAM) 
PAWLIDKI 77 PRD 15 3196 ÷AYRES,COHEN,OIEBOLD,KRAMER,WICKLUND (ANLII J 

AGUILAR TB NPD 1~0 T3 ÷CERRAOAI÷ IMADR IU+BOMBAY÷CERN~PARIS) 
BALANO 78 NP B IAO 220 eGRARD,JOHNSON~÷ (MONS÷BELG~CERN÷LOIC÷LALO) 
GABON TE PRL ~ l  271 +BAUMBAUGH,BISHOR,BISWAS,KENNEY,÷INDAM÷ANL) 

ACHASOV T9 PL 88 B 367 eOEVYANIN, SHESTAKOV )NOVO) 
APEL T9 NPE  160 62 ~AUSLANOER,MULLER,REHAK+ IKARLePISAI  
BECKER 79 NP B 15 I ~6 ÷BLANAR,BLUM,CERRADA÷ [M#IM÷CERN÷ZEEMeCRAC) 
CORDEN 79 NP B IST 250 ÷DCWELL,GARVEY,JOBES,&(BIRM+RHEL÷TELAeLOWC) JP 
ESTABRO0 79 PRO Iq 2 6 7 8  P.ESTARPODKS (CARLI 
GREENHUT 79 PRD 20 2326 +INTEMANN (SETO) 
MARTIN 79 NP B 158 520 ÷OZMUTLU (DURHII,JR 
~OLYCHRO 79 PRD I 9  1317 pDLYEHRONAKOS~CA5ON~BISHOPe (NDAMe~NLI 

ACHASDV RO SJNP 32 566 ÷DEVYAN|N, SHESTAKOV (NOVO) 
BOHACIK 80 PRO 2I 1362 J.BOHACIK, H.KUHNELT (BRATISLAVAeWIEN) 
COHEN BOPR O 22 2595 eAYRES,DIEBDLD,KRAMER,PAWL|CKIe (ANL I I , JP  
LOVERRE 80 ZPHY C 6 187 ÷ARMENTEROS,OION[S(÷ (CERN÷CDEFeMAOR÷STOHII,JP 
WICKLUND 80 PRL ~5 IA69  eAYRES,COHEN, DIEBOLO,PAWLIEKI (ANL) 

ACHASDV 81PL  I 02  D I 96  ÷DEVYANIN~SHESTAKOV (NOVO) 
AGUILAR 81ZPHY C 10 299 AGUILAR-BENITEZ,DONE,MARTIN (MAOReOUR H) 
GIOAL 81 PL IOT  B 153 eGOLDHABER,GUY,MILLIKAN,ABRAMS,÷ (SLAE÷LBL) 
IRVING 8 I  ZPHY E tO 45 ÷MARTIN,DONE iLIVP+DURH) 
RDU55ARI Rt PL L05 q 304 ROUSSARIE,EURKE,ABRAMS,ALAM,e (SLAC÷LBL) 

BARBER 82 ZPHY eDAINTDN,BRODBECK,B~OOKES,÷(O ~REeLANC+SHEF) 
TORNQVIS 82 HU-TFT-R2-1 N.A.TORNQVIST (HELS) 



129 

Data Card Listings 
For notation, see at front o/Listings. 

Mesons 
 (98o) 

16 980)1 ,o OELTA(9RO.PO-D.-, ,-1 

The quantum numbers of the 5(980) resonance 

are: I G = i- from its production in D O ÷ 6~, from 

its ~ decay, and from the absence of a T~ decay; 

and JP = 0 + from the absence of a 3~ or 01T decay 

(LIPKIN 69, GRASSLER 77) and from the decay dis- 

tributions of the qTT decay. With these quantum 

numbers the 6(980) is expected to couple to the 

I=l KK system, too, and to explain the nearby KK 

threshold enhancement (ASTIER 67). 

In the scalar SU(3) nonet, the 6(980) has 

been a cause of problems. The near degeneracy 

with the S (975) has been difficult to understand: 

if the S* is mainly an ss system and the 6 mainly 

a ud system, naive mass rules predict m(S*) - m(6) 

-- 200 MeV. Similarly, naive mass rules predict 

m(<) - m(6) -- 100 MeV, whereas the < tends to ap- 

pear near 1350 MeV. 

Another problem has been the ratio of the 

widths: F(~)/V(6) is experimentally about 6, 

whereas SU(3) symmetry predicts 1.4. A solution 

to this problem came from coupled-channel analy- 

ses of the ~TT and the KK channels (MORGAN 75, 

FLATTE 76). Above the KK threshold strong absorp- 

tion makes the apparent width shrink, whereas be- 

low threshold strong analyticity effects reduce 

the apparent width. 

Recent multi-channel analyses (ACHASOV 79,80, 

BRAMON 80, TORNQVIST 82) confirm this picture, 

taking also the D'IT channel into account. More- 

over the most complete analysis (TORNQVIST 82) 

solves all the above problems at the same time. 

Thus the picture of the 6(980) that emerges 

is a quark-antiquark state with large qqqq compo- 

nents in the form of virtual two-meson states. 

The physical masses of all the scalar mesons are 

strongly influenced by the number of nearby 2-mes- 

on thresholds. Thus the 6(980) feels strongly the 

T]~, KK, and T]' IT thresholds, whereas the <(1350) 

is far away from the KIT and K~' thresholds and 

couples very weakly to the Kq threshold. This is 

the reason for the observed large~-~ mass differ- 

ence. The small S*-6 mass difference, on the 

other hand, is due to the isoscalar meson feeling 

the KK threshold a factor of 2 times stronger than 

the isovector meson does. 

Thus the conventional qqmodel is sufficient, 

and no q~q~ multiplet is necessary to explain the 

observed scalar mesons (TORNQVIST 82). See also 

the mini-reviews under e(1300) and K(1350) and 

Appendix IIC. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ETA Fl FINAL STATE ONLY. 
EO I960. I APPROX. 
80 (975.01 
15 (eBO.OI l i D .  O) 
E| (968 .0 )  ( 7 . 0 )  

B 1982.1 

30 980.0 tO.O 
20 9TO.O 1 5 . 0  

RED. lO.  
L5O 972. IO. 

C 70 989. C IO.O 
80 981.0 6 . 0  

977°0 T.O 
~7 980. I I .  
50 978.0 16.O 

R 165 990.0 T.O 
R SOD 986. 3. 

CHUNG S 68 HBC - 3.2 PI-P S/ tO 
DEFOIX 68 HBC • | . 2  P8 P,ETA P[ 11177 
MILLER 69 HBE - 6 .5  K-N,ETA PI 7169 
SARDAOIN 71 HEr • 8 P I ~ P t P  DO P I  11/77 
AEHASOV1 80 RVUE 9/81~ 

AMMAR 68 HBC ÷ -  tS.SK-gETA P[ 2/73 
BARNES 69 HBC 6-5 R-P,Pl -ETA 9169 
CAMPBELL 69 DEC ÷ -  E.? P[÷  D 1173 
DEFOIX 72 HEC 0,7 PDAP P,7 Pl 1173 
WELLS 75 HBC - 3 .1 -6  K-P,ETA PI 11/77 
GAY 76 HOE A.2 K-PtETA PI 11/77 
GRASSLER 17 HBC 16 PI-÷P,ETA PI l l / ¥ t  
CONFORTO 78 OSFK - ~.S PI-P~P X- ~/T8 
CORDEN 7B OMEG ÷ -  12-15PI-PtETA PI ~178 
GURTU 79 HEC ÷ -  6.2 K- P~ETA Pl 12/79 
EVANGELIS 81 ONEG 12 PI-PtETABPIF l /RZS 

AVG 983.6 2.1 AVERAGE IERROR INCLUDES SCALE FACTOR OF L.O} 

C SYSTEMATIC ERROR 6 MEN DUE TO ENERGY CALIBRATION ADOED 
B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONStSEE MINIRBV. 
R FROM D l I285 }  DECAY 

K REAR ONLY, SEE THE TYPED NOTE ABOVE 
16311103.3} 7.O÷SYSTEMATIC ROSENFELD 65 RVUE + -  8/66 

A IOOIlO16. I ( l O . I  ASTIER 6T HEC ~ -  O PBAR P 12/77 
316 976. 6.  DE BILLY 80 HEC 1.2-2  PB P,O OMG 6 / 8 1 *  

M A ASTIER 6T INCLUDES DATA OF SARLOW 67,CONFOPTO 6T,APMENTEROS 65. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B6 BELTAIRBOI WIDTH IMEVI 

W ETA PI FINAL STATE ONLY 
M 80 (E5.OI OEFDIX 68 HBC ÷ -  | . 2  PB PtETA Pl 1 l i t ?  
W 20 ( 5 0 . 0 )  OR LESS BARNES 69 HBC 6-5  K-P,PI-ETA 11/T7 
W 150 (BO.) I S . I  DEFDIX 72 HOE ~ 0.7 PEAR Pw7 Pl 2/76 
W 70 116.0)  ( 2 5 . 0 )  ( [ 6 . 0 )  WELLS 75 HBC - 3. t - 6  K-P,ETA PI 

N 30 80.0 30 .0  AMMAR 68 HEC + -  ,5 .SK- ,ETA PI 2/73 
N 6O. 15. CAMPBELL 69 DEC ÷ 2.7 P I t  O 1/73 
W 15 69.0 30 .0  MILLER 69 HEC - 4 .5  K-NeETA Pl 2 /?6 
B 21 31.0  2B.0 RRRDAOIN 71 HBC ÷ E PI÷P,P DO P| 2/76 
W F EO TO 3OO FLATTE Tb RVUE - 4.2 K-P,ETA PI 11/77 
W N 55.0 I5*O GAY 76 HEC - 6.2 K-P ETA PI  l l / T 7  
N 46.0  22.0  GRASSLER 77 HEC 16 PI-~P,ETR PI 11#T7 
W AT 60. SO. 30. CONFORTO 78 OSPK - 6.5 PI-P~P X- AITB 

D 50 86.0 6O.O 50.0 CDRDEN 78 OMEG + -  L2-15PI-P,ETA PI 61T8 
R 165 60.0  20 .0  GURTU 79 HDC +-  6.2 K- P,ETA PI 12279 

W E [03 TO 262 ACHASOV1 80 RVUE 9181" 
R SOD 62. [ 5 .  EVANGELIS Bl DNEG 12 PI-PtETABPIP 1 /82"  
S (SOO.I APPROX. TORNQVIS 82 RVUE 1182e 

AVG 5B.7 6. T AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O i  

N F B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE NINIREV. 
W USING A TWO CHANNEL RESONANCE PARAMETRIZATION OF GAY 76 DATA. 
w N THE ERRD R IN THE PAPER IS WRONGLY QUDTEO AT ONE POINT 
w R FROM 0t12~5)  DECAY 

M N KBAR D~,-Y, SEE THE TYPED NOTE ABOVE 
W 163 (5T. OI | 3 .  O÷SYSTEMATIC ROSENFELD 65 RVUE ÷ -  8/66 
w A 100 (25.1 APPROX. ASTIER 6T HBC +- SEE NOTE A ABOVE 9#67 
W M (120 . )  APPROX. MORGAN T5 RVUE [ . E  ROAR P 12#T5 

w A ASTIER 67 INCLUDES DATA OF BARLOW 6T~CONFORTD 6T,ARMENTERDS 65.  
N N FROM COUPLED CHANNEL FIT TO DUBDC T20ATA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~6 DELTR(980) PARTIAL DECAY MODES 

DECAY MASSES 
P l  DELTA(RED) INTO ETA P I  568+ 136 
P2 DELTAI980) INTO RHO PI 769+ 136 
P3 DELIA(RRO) INTO K KBAR 69T÷ 69T 
P6 DELTA(980I INTO PI ETA PRIME 139÷ 957 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36 OELTAIREO| BRANCHING RATIOS 

RI DELTA(R80) INTO IRHO P I I / I E T A  P l i  I P 2 I / I P I I  
RI (0.251 OR LESS CL=.70 AMMAR TO HBC ~-- 6. E,S.5K-,ETA FI 51T0 

R2 DELTA(eBOI INTO IK KB&RIIIETA P l I  ( P B I / I P l l  
R2 L 10 .25 )  IO.O8) DEFOIX T2 HBC +-  0 .7  REAR P 11/77 
R2 SEEN GAY T6 HEC - R.Z K-P ETA Pl 1117T 
R2 B L IO .7 t  I 0 . 3 )  £OROEN T80NEG 12- ISPI -P 6/78 
R2 IO.TSITO 6 .2  &CHASOV1 BO RVUE 9/81S 
R2 B COUPLED CHANNEL ANALYSIS WITH FINITE WIDTH CORRECTIONS,SEE MINIREV. 
R2 L FROM THE DECAY OF Dl12851. 

REFERENCES FOR DELTRIRBO) 

TURKOT 63 SIENNA CENF 1 661 ÷COLLINS,FUJII,KERPe (Bh%÷PITTSDURGH) 

ARMENTER 65 PL L7 364 ARMENTERDS,EDNARDSt JACOBSEN ÷ (CERN~CDEF) 
SRRASH b5 PR 139 E 1659 +FRANZINI~KIRSCHvMILLERtSTEINBERGER÷ (COLUI 
KIENZLE 65 PL 19 638 ÷ M&GLICRLEVRAT.LEFEBVRES • |CERN} 
ROSENPEL 65 OXFORD CCNF 58 A H ROSENFELD ILRL--RVUE} 



Mesons 
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ALLEN 0 66 PL ZZ 543 +GP FISHER,G GODOEN,L MARSHALL,SEARS (CO[ODE=+ 
BALTAY 66 PR 142 B 932 +LACHtSANOWEISS,TAFT,YEH, STONEHILL÷ (YALE} 
F~ACCI 66 PRL 17 890 + KIENZLE,LEVRAT,MAGLIC,MARTIN (CERN) 
OOSTENS 66 PL 22  708 +CHAVANON, CROZON,TOCQUEVILLE (SACLAY,CDEF} I= I  

ALLISON 67 PL 25B G l g  ÷CRUZ+ (OXF+MPIM+BIRM+RHBL+GLAS+LOICI 
ASTIER 67 PL 25 B 294 +MONTANET,BAUBILLIER,DUBOC+(CDEF+CERN+IR~OI 

ASTIBR 67 INCLUDES DATA OF BARLOW 67,CDNFORTO O7,ARMENTEROS 65. 
BAILLON 67 NC 50A 393 +EDWARDS+D-ANDLAU÷ASTIER÷ [CERN+CDEF+IRADI 
BANNER 1 67 PL 25 8 300 ÷FAYOUX,HAMELtZSEMBERY,CHEZE÷ (SACLAY+CAENI 
BANNER 2 67 PL 25 B 569 ÷CHEZE,HAMEL,MAREL,TEIGER+ (COEF+SACL) 
BARLOW 67 NE 50 A 701 ÷MONTANETtD-ANOLAU+ (CERN+COEF+IRAD+LIVP} 
CONFORTO 67 NP B3 46~  CONFORTO,MARECHAL+ (CERN+CDEF+IPNO+LIVPJ 

AMMAR 68 PRL 21 L832 +OAVIS,RROPAC,DERRICK,FIELDSv+ (NWES+ANLI 
C HUNG S G8 PR 165 1491 +O.OAHL. 3 .  KIRZ, O.H.MILLER (LRLI 
DEFOIX 68 PL 28 B 253 +RIVET,SIAUD,CONFORTD+ ICDEF+IPNP+CERN) 
GALTIERI 68  PRL 20 349 BARBAR(~-GALTIERI,NATISON,RITTENBERG+ (LRL }  
JUHALA 68 PL 27 B 257 +LEAEOCK,RHOOE,KOPELMAN,LIBBV÷ (IOWA+CGLOI 
SABRE CO 68 PC 26 B B74 BARLOUTAUD+ ISACL+AMST+BGNA+REHO+EPOL) 

BARNES 69 PRL 23  6 iO  +CHUNG,BISNER,BASSANO,GDLDBERD+ [BNL+SYRA) 
CAMPBELL 69  PRL 22 1204  J.H.CAMRBELL,LICHTMAN,LOEFFLER,+ (PURDUE) 
CRENNELL 69 PRL 22 Z39B +KARSHON,KWAN NU LA I , *  (BNL+NYU) 
JUHALA 69  PR [ 84  IR61  +LEACOCK,RHODE,KOPELMAN,L IBBY ,÷  ( [SU+COLO)  
KRUSE 69  PR 177 t qB I  KRUSE.LOOS,GOLDWASSER (ILLINOIS) 
LIPKIN 69 PRL 22 212 +MESHKOV (REHG+NBS) JP 
MILLER 6g PL 29 B 255 D.H.MILLER,S.L.KRAMEP,D.D. CARMONY,+(PUROUE} 

ALSO 69 PR IBB 2011  YEN,AMMANN,CARNONY,ELSNER,+ (PURDUE) 
SCHROEOE 69 ~R 18B 20BI SCHROEDER,KERNAN,FISHER,LIBBY,+ (ISU+COLO) 

ABOLINS 70 PRL 2S 569  +GRAVEN,MCCARTHY,GoSMITH,L.SMITH+ (LRL+UCCI 
AMMAR 70 PRD 2 430  +KROPAC,DAVIS,DERRICK,+(KANS+NWES+ANL+WISCI 
COOPER 70 NP B 23 605 +HANNER,MUSGRAVE,POLLARD,VOYVDOIC (ANL I  
YIOU 70 THESIS, A 646  TCHIU-PUNG YIOU (ORSAY} 

ANDERSON 71 PRL 26 lOB +DIXIT,+ (CHIC+ANL+CARL+LASL+CNRC+NAGOYA) 
BARDADIN 71 PR D4 2711  BARDAOIN-OTWINOWSKA,HOFMOKL,MICHBJDA÷IWARSI 

BINNIE 72 OL 39  B 275 +CAMILLERI,DUANE,GARBUET,BURTON+ILOIC+SHMPI 
CHESHIRE 72 PRL 28 520 +HOFFMAN,GARFINKEL~+ (IGWA+ANL+PURDI 
OEFOIX 72 NP B 44 125 ÷NASCIMENTO,BIZZARRI,+ (CDEF+CERN} 
DUBOC 72 NP B 46 429  +GOLDBERG, MAKOWSKI,DONALD,+ [LPNP+LIVPJ 
HOLLOWAY 72 PHIL.CONF,PROC.133+HULOtKOBTZ,KRUSE,BERNSTEIN,+ ( [ LL+ ILLC}  

ATHERTON 73 PL 43 B 24g +FRANEK,FRENCH,GHIO IN I tH ILPERT ,+  (CERNI 

BINNIE 74 PRL 32 392 +CAMILLERI,CARR,DEBENHA~,+ (LOIC+SHNP) 
KALBFLEI 74 NP B6S 279 KALBFLEISEH,VANOERBURG,+ (BNL+RUTG÷INDI 
MORGAN 74 PL 5IB 71 D.NORGAN (RHEL}  

BUTTRAM 7S PRL 35 970 +CRAWLEY,DUKE,LAMB,LEEPER,PETBRSON (ISU) 
MORGAN 75 AR~NNE E~NF. 45 O.MORGAN (RHEL) 
WELLS 75 NP B lO1 333 +RADOJIC[C,ROSCOE,LYONS IOXF) 

GAY 76 PL 63  B 220  +EHALOUPKA,BLOKZIJL,HEINEN+(CERN+AMST+NIJMI JP 
FLATTE 76 PL 63 B 224 S.M.FLATTE (CERNI 

GRASSLER 77 NP B 121 189 + (AACH+BERLeBONN+CERN~CRAC+HEID+WARSI 
[RV[NG 77 PL 70 B 217 A.C.IRVING (LIVERPOOL[ 
MARTIN 77 NP B [2E  514  +OZMUTLU, SQUIRES (DURHAM] 
MAY 77 PRO 16 1983  +ABRAMSON, ANOREWS,BUSNELLO,+ IROCH~CORN} 

CONFORTO 7B LNC 23  4 1 9  B+G CONFORTD, KEY+(RHEL+TNTO÷CHIC+FNAL+WISCI 
CORDEN 78 NP B 144 253 +EORBETT,ALEXANDER,+ (BIRM+RHEL+TELA+LOWCJ 
MARTIN 78 AMP I14 1 A.O.MARTIN.M.R.PENNINGTGN (fERN) 

ACHASDV 7g PL 88  B 367  +OEVYANIN,SHESTAKDV (NOVO) 
ESTABRDO 79 PRO 19 2678  P.ESTABROOKS (CARL) 
GURTU 79 NP B ISE  IB l  +GAVTLLET,  BLOKZ IJ I , +  (CERN+ZEEM+N[JM÷DXFI  
MARTIN 79 NP B IBB  520  ÷OZMUTLU (DURH] 

ACHASDVI BO SJNP 32 5G6 +DEVYANIN, SHESTAKOV (NOVU) 
ACHASOV2 BOPL 96  B 16B +DEVYANIN, SHESTAKOV (NOVO) 
BRAMON BOPL q 3  B 65 ÷MASSO (BARE) 
DE B ILLY  BO NP B E76 I +BR[AND,DUDOC,LEVY+ (CURI+LAUS+NEUC*GLASI 

EVANGELI BI  NP B 17B 197 EVANGELISTA÷(BARI+BCNN÷CERN÷DARE+L[VP+MILAI 

TCRNQVIS 82 HU-TFT-B2-1 N.A.7ORNQV[S7 (HELS) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
| | 

I ( 020)I . . . . . . . . . . . .  G . . . . .  i .o  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PHI MASS (MEV) 

M WE ONLY AVERAGE MASS ANP WIOVH VALUES WHEN THE 
M SYSTEMATIC ERRORS HAVE BEEN EVALUATED* 

M 410 lOIq.9 0 . 3  STOTTLEMY 71HBC 2.q K-P,Y K KDAR II/71 
M D 120 l O l q .  6 O.5 AGU[LAR 72 HBC 3 .9 ,4 .6  K- P LB/75 
M 0 TO0 1019.0 0.5 AGUIIAR 72  HBC 3.9,4,6 K- P I2/75 
M 1 3 I  1020 .4  0 .5  COLLEY 72 HBC [O .K+  P ,K+  P PHI  12 /72  
M IO0  1020 .3  0.4 BAtLAM 73 HBC 2.B - 9 .3  ~ p 1/74 
M TOLD.4 0.7 BINNIE 73 CNTR PI-P,PHI N 4 /78  
M AR 500((OLD.5) (0.61 AYRES 74  ASPK ~--~PIIK--P,K+K-- 12/77 
M 9B4 1 0 1 9 . 4  O.B BESCH 74 CNTR 2 GAMMA P,PK*K- 12/7B 
M AR 170(I020o31 [0 .4)  DE GRGOT T4 HBC 4.2 K-P,L ~+K-  12/77 
M 454 1019 .7  0.5 KALBFLEIS 76 HBC 2.18 K-P.K KBAR 7/77 
M AR1300 [ ID19 .71  ( 0 . 2 )  AKERLOF 77  SPEC 400  P+A ,K+K-  12 /77  
M AR 905(E020.4) (0,3)  BALD} 77 CNTR TO K-P,K--PHI P 12/77 
M A 383(1020.0) ( l .O )  BALD[ 77 CNTR EO PI-P,Pl-PHI P I 2 / 77  
M AR2504(I020.01 (0.21 BALD( 77 CNTR ZO K+P ,K+PH[  P 12/77 

AR 721(1022.0) IT.O) BALDT 77 CNTR [0 P P,P PHI P 12 /77  
M 800 1018.9 O.6 COHEN 77 ASPK 6 PI-  PN,K÷K-PN i2 /77  
M 1019 .52  0 .13  BUKIN I 78 OLYA E+E- CGLL.BEAMS 9 /B1 '  
M 337  1019 .4  0 .5  COOPER 7B HBC .7 - . ~  PB P ,KS  KO 4 /78  
M 1100 I019.54 0.12 B~RKOV 79 EMUL E+E- COLL.BEAMS 3/82*  
M R 6730(I01g.7) (Ool) DAUM BI SPEC P BE,K+ K- X 9 /B I *  
M C 766  1019 .8  O .7  IVANOV 81CLYA L -1 .4  E+E- ,K+K-  l lB2 *  
M ( IOlq.  31 (0.1)  ARENTON 82 SPEC II.8 POL.P  P,KK 1/82" 
M 250B0  1019 .67  0 . [ 7  PELL INEN B2 RVUE 1 /821  
M . . . . . . . . .  
M AVG I019.614 0.06g AVERAGE [ERROR INCLUDES SCALE FACTOR OF I .OI  

M A SYSTEMATIC ERRORS NOT EVALUATED. 
M C SYSTEMATIC ERROR ADDED LINEARLY BY US. 
M D MASS ERRORS ENLARGED BY US TO WIDTH/SQRT(N),SEE K*  TYPED NOTE 
M R I~LUDED IN PELLINEN B2 RVUE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 PHI WIDTH (~EV) 

W WE ONLY AVERAGE MASS AND WIDTH VALUES WHEN THE 
W SYSTEMATIC ERORRS HAVE BEEN EVALUATED, 

W D 150 ~.2 1.4 AUGUSTIN 59  OSPK E+ E- COLL.BEAMS 12/72 
W 4.09 0.29 BIZOT 70 USPK E+ E- COLL.BEAMS 12172 
W D 68L  ~ .67  0.72 BALAKIN 710SPK E+ E- COLL.BEAM 12175 
W DIBO 5 .6  1.7 AGUILAR 72 HBC 3.9,4.G K- P 12/75 
W D 100 4 .7  1 .9  AGUILAR 72 HBC 3*914 .6  K- P 12/75 
W D 13L B .O 1 .B  COLLEY 72 HBC [O .K+  P ,K÷  P PHI 12 /75  
W D 454  3 .8  0 .7  BORENSTEI 72 HBC 2 . lB  K-P~K KEAR 7177  
W D I00 3 .8  1.5 BALLAM 73 HBC 2,B - 9.3 G P 12/75 
W 4.5 I .E  BINNIE 73 CNTR PI-P,PHI N 4178 
W AD 500 (4 .5 l  [ 0.8) AYRES 74 ASPK ~6PI/K--P,K+K- 12/75 
w D 984 4 .4  0 .6  BESCH 74 CNTR 2 GAMMA P,PK+K-  12 /75  
w 3 . 8 ]  0 .37  COSMB 2 74 OSPK E+E- COLL.BEAMS 2174 
W AD 170 (4.2]  ( I . 3 ]  DE GROOT 74 HBC 4,2 K-P,L K÷K-  I2175 
W A 01300  4 .5  O. BO AKERLOF 77 SPEC 400  P+AeK+K-  12177  
W B O368] 4.36 0.29 DUKIN E 78 OlYA E+E- COLL.BEAMS 91BI@ 
W D 337  3 .6  0.8 COOPER 7B HBC .T-*B PB P,KS KO 4178 
w D1100  4 . 5 8  0 .55  BARKOV 79 EMUL E÷E-  COLL.BEAMS 3 /B2~  
w D 4.3 0.6 COROIER BO WIPE E+E-,PI+PI-PIO g / B E *  
w D 766  4 .2  0.6 IVANOV BI DLYA 1 -1 .4  E+E- ,KeK-  1182 "  
W . . . . . . . . .  
W AVG 4 .21  0 .13  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

W B A SYSTEMATIC ERRORS NOT EVALUATED. 
W NUMBER OF EVENTS INCLUDES A SMALL BACKGROUNC CONTRIBUTION, 
W D WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SORT(N), SEE K* TYPED NOTE 

5 PHI PARTIAL OECAY MOOES 

DECAY MASSES 
Pl PHI INTO K+ K- 493+ 493 
P2 PHI INTO KL KS 497+ 497  
P3 PHI INTO PI+ P I -  RIO (INCLUDING RHO PI) 139+ 139+ 134 

5AB+ 0 P4 PHI INTO ETA GAMMA 
P5 PHI INTO B+ E- .5 + .5 
P6 PHI INTO MU+ PU~ 105+ 105  
P7 PHI INTO PIO GAMMA 134+ O 
P8 PHI  INTO PI+ P I -  [VIOLATES GI IBD+ 139 
P9 PHI INTO PI+PI-GAMMA [39+  139+ 0 
RIO PHI INTO OMEGA GAMMA (VIOLATES El 782+ 0 
PI t  PHI INTO EIA  RIO (VIGLAIES CI 548+ I 3  4 
PI2 PHI INTO R~O GAMMA (VIOLATES El 769+ 0 
PI3  PHI  INTO ETA NEUTRALS 
P14 PHI INTO 591 139+ 139÷ 139÷ 139+ 
RIS PHI INTO PI+ Pl-  PI+ PI -  (VIOLATES G) 139+ 139+ I39+ 139 
P IE  PHI  INTO RHO P I  76(;+ 139  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The m a t r i x  h e l o w  i s  d e r i v e d  f r o m  the e r r o r  m a t r i ~  fo r  the f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s ,  P a s  f o l l o w s :  The ~ n a l  e l e m e n t s  are P i  ± BPf, ~ h e r e  

6P  1 = ~ w h i l e  the  o £ f - d i a ~ o n a l  e l e z n e n t s  a r e  the  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

e i e n t ~  /,EPiEP j ) / ( S P  i , EPj). F o r  the  d e f i n i t i o n s  of the  i n d i v i d u a l  P.  see t h e  l i s t i n g s  

above ;  o n l y  t h o s e  P i  a p p e a r i n g  in  the  m a t r i x  a r e  a s s u m e d  in  the  Eit to be n o n z e r o  and 

a r e  t h u s  c o n s t r a i n e d  to add  to  f .  

P I P 2 P 3 p 4 
P I . 490B+ - . 0101  
P 2 - .  7157  .3461+-. OOgg 
P 3 - .  3TB7 - . 3 4 1 7  . 147B+ - .  OOT3 
P 4 -, 1094 - .  1038 - .  0122 .0154 - - . 0022  

4 PHI BRANCHING RATIOS 

E l  PHI INTO (K+ K - I / (K  KBAR + Pl+ P l -  RIO) IPl) I{PI÷P2÷P3) 
RI 252 0.48 0,04 LINDSEY 66 HBC 2.7 K-P I0/66 
RI 0 .540  0.03~ BAtAKIN 710SPK E+ E- COLL.AEAM f l i T }  
RI O.4B& 0,044 CHATELUS 71 OSPK E+ E- COLL.BEAMS 11 /71  
R} 270 0.49 0.06 DE GROOT 74 HBC 4.2 K-P,L PHI 12//5 
R I  321 0 .45  O.OE KALBFLE IS  76 HBC 2 .1B  K -P  7177  
R1 . . . . . . . . .  
RI AVG 0.497 0,010 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) 
RI FIT O.4gB O. OIO FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.3} 

R2 PHI INTO (KL KS)/IK KBAR + PI+ PI -  R IO )  (P2II(PI+P2+P31 
R2 167 0.40 0.04 tINDSEY 66 HBC 2.7 K-P 10/66 
R2 0.257 O.038 BALAKIN 710SPK E÷ E- COLL.BEAMS 1173 
R2 13D 0.27 0.03 KALBFLEIS 7G ~BC 2.1B K-P 7/77 
R2 A 270 (0.37) (0.05) DE GROOT 74 HBC 4 .2  K-P,L PHI 12177 
R2 A SUPERSEDED BY LOSTY 7B UNDER R19. 
R2 . . . . . . . . .  
R2 AVG 0.300 0.042 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2.1} 
R2 FIT 0.351 0,010 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.31 

R3 PHI INTO (PI+ p I -  PIO IINCL.RHO PI))/TOTAL IP3) 
R3 E 0 . I39 0.007 PARROUR2 76 OSPR E+B- COLL.BEAMS 7/77 
R3 E USING TOTAL WIDTH 4 . [  MEV. THE 3 PI MODE IS MORE THAN BO PER CENT 
R3 E RHO PI  AT THE 90  PER CENT C .L .  
R3 . . . . . . . . .  
R3 FIT 0.1478 0.0073 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2l 

R5 PHI INTO [RL KSII(K KBAR) (P2I I IP I÷P2I  
R5 iO 0.40 O. IO SCHLEIN 63 HBC 2.0 K-P 10/66 
R5 52 0 .48  0 .07  BADIER 6S HB C 3 .0  K--p [ L i b 7  

0.44 0.07 LONDON 66  HBC 2.2 K-P 10 /66  R5 
R5 . . . . . . . . .  
R5 AVG 0.448 0.044 AVERAGE (ERROR INCLUOEE SCALE FACTOR OF [.O) 
R5 FI3 0.414 0,011 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.3) 

R6 PHI INTO [P[+ P I -  PlO 
R6 0.30 0 .15  
R6 0.237 0.039 
RB . . . . . . . . .  
R6 AVG O.E4I 0 .038  
R6 FIT 0 .177  o .010  

R1 PHI  INTO (P I *  P I -  PIO 
R7 0.47 0.06 
R7 0 .56  0 .13  
R7 . . . . . . . . .  
R7 AVG 0 .486  0.054 
R7 FIT 0.427 O. 02R 

( INCL*RHO P I ) ) I [K  ROAR) [P3 ) / [P I+P2 )  
LONOON 86  HBC 2 .2  K -P  I 0166  
CERR~OA T7 HBC 4 .2  K- -P ,LAM 3P I  12177 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(INCL.RHO P l ) ) I IKL  KS) (PBII iP2) 
COSME I 74 OSPK E+E- COLL.BEAMB 2/74 
DUKIN 1 7B OLYA E+ E- CDLL,BEAMS 9181* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
FROM FIT (ERROn INCLUDES SCALE FACTOR OF 1 .3 )  
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
~(1020), H(lt90) 

RIO PHI INTO (VU÷ MU-I/TOTAL (UNITS 10"*-4) (PC) 
RED 2.3~ l .  OI MOY bg ENTR PHOTOPROD. LL/70  
RIO 2.17 0 .60  EARLES 70 CNTR 6 .0  BREMSSTR. lllTO 
RIO 2 .69  0 .A6  HAYES 71ENTR PHOTOPROD. [ [ / 71  
R i0 . . . . . . . . .  
RIO AVG 2 .48  0 .34  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l*D) 

Rl l  PHI INTO (ETA GAMMA)/TOTAL (P~ l  
RIIA 25 0 ,026  O. OOT BENAKSAS 72 OSPK E÷E- COLL*BEAMS 2 /73  
R I IA  06 0 ,015  O.O0~ COSME 76 OSPK E+E- LOLL.BEAMS 1E / IS  
RI[0 [O*024)OR LESS CL=O.95 COSME T60SPK E*E- COLL.BEAMS 7177 
RI I  0 , 0135  0.0029 ANDREWS 7T CNTR 6 .7 -10  GAMMA CU 12/77 
RLLA FROM 2 GAHMA DECAY MODE OF ETA 7 /77  
RI1B FROM PI+PI-PIO DECAY MODE OF ETA 7177 
R tL . . . . . . . . .  
RII AVG 0.0152 0.0026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 
Rl l  FIT 0,0154 0.0022 FROM FIT  (ERROR INCLUDES SCALE FACTOR OF I.O) 

RI2 PHI INTO [P[+ Pl-  GAMMA)ITOTAL (PO) 
RI2 ( 0 . 04 )  OR LESS LINOSEY 65 HBC 2 .7  K-P 227~ 
HIE (O.OOTIOR LESS CL=*9O COSME 1 74 OSPK E+E- COLL,BEAMS 217~ 
RI2 (.06) ER LESS CL=.go KALBFLEI 75 HBC 2.2 K- P,GAMMA ÷ I2175 

RI3  PHI INTO (ETA NEUTRALSI/(K KOAR] (P I3 ) / (P l+P2 )  
RI3 10.[51 OR LESS LINOSEY 66 HBC 2 ,7  K-P 10166 

RL4 PHI INTO (OMEGA GAMMA) / TOTAL [PIO) 
RE~ (O.051 OR LESS LINOSEY 66 HBC 2 .7  K-P IO /6b  

RIE PHI INTO [RHO GAMMA) / TOTAL (PI21 
RL5 (0.02) ER LESS LINOSEY 66 HBO 2 .7  K-B [0/66 

Rib  PHI INTO IE+ E- l /TOTAL (UNITS 10 . * - 6 l  (P5 )  
RE6 2.81 0*25 BALAKIN 710SPK E÷ E- COLt. BEAMS 11171 
RI6 3.50 0.27 CHATELUS 71 OSPK E+ E- COLL.BEAMS I[ /71 
RIB 3.3 0.3 COSME I 74 OSPK E+ E- COLL.BEAMS 217~ 
RIb E 3 .10  0 .1~  P~RROUR1 T60SPK E+ E- COLt*BEAMS 7 /77  
RIB 3 *00  0.21 BUK[N I TB OLYA E ÷ E- COLL.BEAHS 9/BEe 
RI6 . . . . . . . . .  
RE6 &VG 3 .107  O*Og6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 

RI6 E USING TOTAL WIDTH ~.2 HEV° THEY DETECT 3 P] MOOE AND DESERVE 
HI6 E SIGNIFICANT INTERFERENCE WITH OMEGA TA IL ,  THIS IS ACCOUNTED FOR 
RIB E IN THE RESULT QUOTED ABOVE 

RI7 PHI INTO (RIO G~MMAI/[TOTALI (PT) 
RIT 7 (0*0025) (0.0012) BENAKSAS 72 OSPK E+E- COLL. BEAMS 2/T3 
RE7 32 0.00[4 0 .0005  COSME T6 DSEK E+ E- COLL.BEAMS 12/77  

RIB PHI INTO [P I+  P l - ) / (TOTAL)  (UNITS 10 . * - 4 )  (PC1 
R18 12 .7 )  OR LESS CL=.D5 ALVENSLE T2 OSPK GAMMA÷C [ / 72  
Rl8 I ~ .O I  OR LESS CL=.9S JULLIAN 76 OSPK E+ E- COLL.OEANS 9 /81 "  
RIB (6.6t OR LESS CL=.95 EUKIN 2 70 OLYA E÷ E- COLL.BEAMS 9 /81  • 
RE8A 1.94 E*03 0,8[ VASSERMAN 01 OLYA E+ E- COLL.BEANS 9/Bl~ 
R18A USING PHI INTO (E+ E-J/TOTAL = 3 .1  

R I9  PHI INTQ IKL  KS) / [K÷  K- )  (P2 ) / (P I (  
R l9  l ~  0 . 09  0.10 AGUILAR 72 HBC 3 .q ,¢ .6  ~ -  P 12 /72  
RL9 [ 25  ( I . [ 5 )  (0 . [5 [  COLLEY TZ NBG IO.K+ P~K÷ P PHI l E / 72  
RL9 0 ,7E  0,05 LAVEN 77 HBC 10 K-P.K÷K-LAHSO IZ /77  
RE9 0 .7 [  0 . 08  LYONS 77 HBC 3-~ K-P~LAMB PHI L2 /77  
RIO 0.70 0.05 BUKIN I TE OLNA E+ E- COLL.BEAMS D/8I* 
Rig 0 .82  O.OB LOSTY 70 HOd 4 .2  K -P ,PH I  HYP 4 /78  
R E9 . . . . . . . . .  
RIR AVG Q.T36 0 .030 AVERAGE tERROR INCLUDES SCALE FACTOR OF I .O )  
R19 FIT 0.705 0 .032  FROM FIT (ERROR INCLUDES SCALE FACTOR OF L .3 (  

R20 PHI INTO (P [+  Pl-  P[O([NCLoRHO P I l l (K÷  K- )  IP3 | / (P [ I  
R20 3~ 0 .28  0 .09  AGUILAR 72 HBC 3 .g t4 .6  K- P 12/72 
R20 . . . . . . . . .  
R20 FIT 0.301 0*0[8 FROM FIT IERROR INCLUDES SCALE FACTOR OF Io2) 

R21 PHI INTO 12PI+ 2PI- -  P IO ) / (K÷  K - (  [P141 / (P1 )  
R2[ 10 .02 ]  OR LESS CL=O.95 AGUILAR T2 HBC 5 .q tA .6  K- P 121T2 

R22 PHI INTO I F[+ F [ -  PI÷ P [ - ]  /TOTAL [UNITS LO~e-'6) (P151 
R22 (B*7) DR LESS CL=.90 CORD[ER 79 WIRE E÷ E-,AP[ 12/T9 

R23 PHI INTO (RHO P I ) / (P I÷  P [ -  P IO I  (PE6 ) / [P31  
R23 [ 0 . 8 )  OR MORE CL=.90 JULLIAN T6 OSPK E+ E- COLL.BEAH 

REFERENCES FOR PHI 

BERTANZA 62 PRL 9 180 BERTANZAtBRISSON,CONNOLLV,HART ÷ (BNL+SYRA) 

ARMENTER 63 SIENA OONF 2 70 ARMENTERDS~EONAROS,AST1ER+ (CERN*DOEFI 
GELFAND 63 PRL 11 ~38 GELFAND, MILLER,NOSSBAUN,KIRSCH~ (E~U+RUTGI 
SCHLEIN 63 PRL lO 368 SOHLE[N~SLATER~SMITH~STORK~TICHO (UCLA) 

BAOIER 65 PL 17 337 BAOIER~DEMOULINtBARLOUTAUO* (SACL÷ANSI) 
BERLEY 65 PR 139 B 1097 D BERLEY,N GELFAND (BNL÷COLUMBIA) 
GALTIERI 65 PRL 16 27q A BARBARO GALTIERI,R O TRIPP [LRL) 
LINDSEY 65 PRL IS  221 JAMES S LINOSEY,GERALD A SMITH (LRL)  

LINGSEY 65 OATA INCLUDED IN LINOSEY 66 BELOW 
MILLER D 65 CU-237)NEVIS I 3 I }  DAVID C MILLER [THESIS) ICOLUMBIA) 

GRAY, L 66 PRL 1T 501 
LINDSEV 66 PR 167 g13 
LINOSEYt 66 PL EO 03 
LONDON 66 PR 14~ [034  

ABRAMS 67 NO TECH REP T20 
BARLOW 67 NC 50A 70 l  
CHASE 67 PRL [E 710 
DAHL AT PR 163 137T 
HERTZBAC 6T PR 155 1661 
KHACHATU 6T PL 24B 34g 

ABRAMS 68 RR 175 [6~7 
ASTV&OAT 68 PL 27 B 45 

ALSO 67 PRL 19 869 
DECKER 68 PRL 21 150~ 
BINNIE 68 PL 2TB 106 
BOLL(NI 6B NO 56 A lET[ 
HOSTEK 68 PRL 20 1057 
WEHMANN 68 PRL 20 7 6 B  

+HAGERTY,BIZZARRI,CIAPETTI • (SYRA÷ROMAIJPG 
JAMES S LINDSEV~ GERALD A SMITH (LRL) 
J.S.LINOSEY, G.A.SM|TH (LRL) 
LONDON,RAU,SAMIOS,GDLOEERG * (BNL÷SYRACUSEI 

GERALD ABRAMS , THESIS (H&RYLANOI 
÷LILLESTOL+NDNTANET+ ICERN*CDEF*IRAD÷LIVP) 
R.C.CHASE,P.ROTHWELL,R.WEINSTEIN (CEA+NE~S) 
÷HARDY*HESS÷KIRZ+NILLER (LRL) 
HERTZBACH,KRAEMER,MADANSKI,ZOANIS+IJHU÷BNLI 
KHACHATURYAN+AZIMOV÷BALDIN÷BELOUSDV¢IDU3NA) 

+GLASSER,KEHDE,SECHI-ZORN, WOLSKY (MARYLAND) 
ASTVACATUROV,AZIHOV~BALCIN+ (JINR÷MOSEOW) 
ASEURY,BEGKER,BERFRAMeTING÷ IOESY+COLUNBIAI 
+BERTRAM,BINKLEY,JOROAN,KNASEL÷ (OESY÷MIT) 
÷DUANE+FARUQI÷HORSEY÷ (LOIC÷RHELI 
+BUHLER,OALPIAZeMASSAM÷ (CERN+BGNA+STRBI 
÷EISENHANOLER,HCCLELLAN,MISTRY÷ (CORNELL) 
÷ENOELS+ (HARVARO~CASE÷SLAC+CORNELL÷MCG[LL) 

AUGUSTIN 69 PL 28 B 5IT +BIZOT.OUON,DELCOURT,HAISSINSKI,+ (ORSAY) 
MOY 69 THESIS KEN MIN MOY [NORTHEASTERN UNIVERSITY[ 
SEOTTER 60 NC 62 A 1057 +ERSKINE.PALER,+ (BIRN÷GLAS+LDIC÷MPlM+OXF) 

B[ZOT TO PL 32 ~16 ÷BUON,EHATELUS,JEANJEAN,LALAhNE,÷ (ORSA) 
ALSO 69 PEREZ-Y-JORBA, LIVERPOOL SYMP.6g 

BIZO72 70 LNC 4 1273 
EARLES 70 PRL 20 1312 
HYAMS 70 NP B 22 E89 

ALVENSLE T[ PRL 27 441 
BALAKIN 71 PL 34 B B2B 
EHATELUS 71 LAL [2~7(THESIS) 

ALSO 70 SIZOT 
DIBIANCA 71NP B 3S 13 
HAYES 7|  PR D 6 Bqg 
STGTTLEM 7[ ORO 250~ 170 

AGUILAR 72 PR D E 20 
ALVENSLE 72 ~RL 28 66 
BALAKIN 72 PL ~0 E 431 
BASILE 72 NP B 44 605 
BENAKSAS 72 PL A2 B 511 
EORENSTE ?2 PR D 5 1559 
COLLEY 72 NP B 50 l 

6ALLAM 73 DR O T 3150 
BINNIE 73 PR D B 278q 

LYRES 74 PRL 3E 1~63 
BESCH 74 NP BTO 257 
BIZZARRI T4 NC EOA 393 
COSME 1 T~ PL 4B B 155 
EOSME 2 T~ PL ~8 B 159 
DE GROOT T~ NP 874 T7 

KALBFLEI 75 PR DII 987 

EOSHE 76 PL 63 B 352 
J ULL1AN 76 TBLI SI VOL.2 RIg 
KALBFLEI 76 PR D 13 22 
PARROURI 76 PL 63 B 357 
PARROUR2 76 PL 63 B 362 

AKERLCF 77 PRL 3g 861 
ANDREWS 77 PRL 38 [gB 
BALD] 77 PL 68 B 381 
CERRADA 77 NP B 126 241 
COHEN TT PRL SE 269 
COURANT 77 PR D L6 [ 
EVANGEL TT NP B 127 384 
LAVEN 7T NP B 127 63 
LYONS 77 NR B 125 207 

B~RTALUC 78 NC ~4 A 587 
BUKIN I TB SJNP 2T 5IB 
EUKIN 2 78 SJNP 27 521 
COOPER 7B NP B 166 I 
LOSTY 78 NP B [33 38 

BARKOV 79 [YAF 70 -93  
COROIER 79 PL B 81 389 

CORDIER 80 NP 8172 13 
RODS BO LNC 27 321 

DRUM Bl PL [00 B 639 
IVANOV Bl PL lOT B 297 

ALSO 82 PRIVATE EOMM. 
V~SSERHA 81PL  99 B 62 

÷DELCOURT*JEANJEANvLALANNEt+ IORSAY} 
+FAISSLER,GETTNER,LUTZ,HDY.TANG,÷ (NEAS} 
+KOCH,DOTTER,V.LINGERN,LOW ENZ,LUTJENS(EERNI 

ALVENSLEBEN,BECRER,BUSZA,CHEN,+ (~IT+OESYI 
+BUDKER~PAKHTUSOVA~SIDOROV,SKRINSKY,+INOVOI 
Y.CHATELUS (STRASBOURG) 

÷EINSCHLAG~ENDORF,ENGLERtFISK,+ (CORNI 
+IMLBY,JOSEPH.KEIZER,STEIN (CORN) 
A.R,STOTTLEMYER,THESIS IMARYLANO) 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS IBNLI  
ALVENSLEBEN,BECRER~BIGGS,BINKLEY*(M[T+DESY) 
*BONIN,PAKHTUSOVA,SIDOROV,÷ (NOVOSIBIRSK( 
÷OALPIAZ,FRABETTI~ZICHIOHI+(CERN÷BGNA+STRB) 
+COSME,JEA~MARIE,JULLIAN, LAPLANEHE+(ORSAYI 
BORENSTEIN,OANBURG,KALBFLEISCH,+ (BNL÷MICH( 
+JOBES~RIDOIFORO,GRIFFITHS,+ (BIRM÷GLAS) 

+CHAOWICK,EISENBERG,BINGHAM,+ ISLACeLBL) 
+CARR,OEBENHAMvDUANE,GARBUTT~+ (LOIC+SHNPI 

+DIEBOLD,GREENE,KRAMER,LEVINE,+ (ANLI  
÷HARTNANN, KGSE,KRAUTSCHNEIDER,PAUL,÷ (BONN) 
÷CIAPETTI,OIONISI,OORE,GASPERO+ IRONA) 
+JEAN-MARIE,JULLIANtLAPLANCHE,+ IORSAY) 
+JEAN-MARIE,JULLIAN,LAPLANCHE,+ (ORSAY) 
+HDOGLAND,JONGEJANS,METEGER÷ IAMST+NIJN) 

KALBFLEISCH,STR&ND,CHAPMAN (BNL+MICH) 

+COURAU, DUDELZAK,GRELAUO,JEAN~MARIE+IORSAVI 
S.JULLIAN (ORSAYI 
KALBFLEISEH, STRANDtCHARMAN (BNL*MICH) 
+GRELAUO,COSME,COURAU.OUOELZAK,÷ (ORS&Y) 
+GRELAUD,COSME,COJRAU,OUDELZAN,÷ (ORSAY) 

÷ALLEY,BINTINGER,OITZLER,+ (FNAL+MICH+PUROI 
+FUKUSHIMA~HARVEY, LDBKONICZ,MAY,+ (ROCNI 
÷BDHRINGER,OORSAZ,HUNGERBUHLER,+ (GENEVAI 
÷BLOCKZIJL*HEINEN,+ (AMST÷CERN÷NIJM÷OXF) 

÷AYRES,OIEEOLD,KRANER,PAWLICKItWICKLUNO(~NLI 
÷MAKDIShMARSHAK,PETERSON,RUDOICN,* (MINN) 
EVANGELISTA,+ (BARI+BONN÷CERN~OARE+GLAS+) 
+OTTER,KLEIN,+ (AACH÷BERL÷CERN÷LOIO+WIEN) 
*COOPER.CLARK (OXFI 

BARTALUCCI,BASINhBERTOLUCCI÷ (DESY+FRAS| 
÷KUROADZE,SEREONYAKOV,SIOOROV+ (NOVO) 
+KURDAOZE~SIOOROVtSKRINSKII+ (NOVO) 
÷GURTU,MONTANET,+ (TIFR÷CERN÷COEF+M&OR) 
÷HDLMGREN, BLOKZIJLe÷ (CERN÷AMST+NIJM÷OXF) 

÷ZOLOTOREVtMAKARINA,MISHAKOVAv÷ (NOVO) 
+DELCOURTtESCHSTRUTH,FULDA*+ (LALO( 

+OELCOURT*ESCHSTRUTHtFULDA÷ (ORSAy) 
÷PELLINEN IHELS) 

÷BARDSLEY+ (AMST÷BRIS÷CERN+CRAC+MPIH+RHEL) 
÷KURDADZE,LELCHUK,SIOOROV,SKRINSKY,÷ (NOVO) 
S.I.EIDELMAN (NOVOI 
VASSERMAN, KURDADZE,SIOOROV*SKRINSKY÷ (NOVOI 

ARENEON 02 ANL-HEP-PR 81-22 ÷AVRESeOIEBOLDtHAYeSAUEReSHALLOW÷(ANL÷ELHT) 
PELLINEN 82 HU-TFT-B2-3 A.PELEINEN, M.ROOS (HELS) 

l = I t = t  f l i t  ~ i l t  t t t t t i t i t  t l l t t t i = t  $ t t t t t l l l  I t t t t t t t t  t l i t i l t t t  t t i l i l i l  

m m 

I H ( 1 1 o o ) 1  30 H( . . . . . . .  G . . . . . . . .  
I = 

30 H ( I [DOI  MASS (NEV} 

M C I IO0 .  60 .  OANKOWYCH 81SPEC OB PI  Pt3 RI N 

N C USES THE MODEL OF BOWLER TS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 H I l l 901  WIDTH (HEVI 

N C 320. SO. OANKOWYEH 8 [  SPEC OB RI P,3 P IN  

W G USES THE MODEL OF BOWLER 75 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 H(EE90) PARTIAL DECAY MODES 

DECAY MASSES 
PE H( I lDO)  INTO RHO PI  769÷ 134 

REFERENCES FOR H I I IO01  

BOWLER 75 NP E97 227 ÷GAME,ATTCHISON,OA[NTON (OXF÷DARE) 

DANKOWYC Bl PRL ~6 580 ÷BROCKNAN. EDMARDS+(TNTO+BNL÷CARL+MEGI÷OHIOI 



Mesons 

IB(  35) I 1, B , , , 3 ,  . . . .  i . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l l  8 MASS (MEV}  

M 376  1200 .  20 .  BALTAY 67  HBC + -  O.O POAR P 2 /67  
M 1220 .  20 .  CHUNG 68 HBC - 3 . 2 , 4 .2  P l -  P 9167 
N 12~0 .0  20 .0  ANDERSON 70  CNTR O 5 -18  GAMMA P L I IEO  
M 1236 .0  I 5 .  O HOOGLAND 70  DEC - 3 . 0  K -  O 2 /71  
M 1200 .0  15 .0  MIYASHITA 70  HBC - 6 .7  P I -R ,AP I  I I / 7O  
M W (1228 . )  15 .  l FRENKIEL  72  HBC + -  O, PEAR P I , 5  PI  12 /72  
M 0 1163  12A3.  6 .  OTT 72  HDC ÷ 7 .1P I÷  P ,P  B÷ 2 /73  
M 1235 .  15 .  AFZAL 73  HOE + I I . T  P I÷  P 2 /73  
M 1268 ,  16 .  AFZAL 73  HBC - 11 *2  P I -  P 2 /73  
M 1400  I 222 .  ~ .  CHALOUPKA 74  HBC - 3 . 9  P I -P ,P  E -  12 /75  
M 600  1220 .  T .  KARSHON 74 HBC + 4 .9  P I÷P ,P  B+ 12 /75  
M 890  1265 .0  11 .0  FLATTE 76 HBC - 4 , 2  K -P ,P [ -ONEGA 7 /77  
M ASO 1251 .0  8 .0  GESSAROLI 77 HBC - I t  P I -P tP I -  OME 12177  
M 225  12~0 .0  IS .O  BALTAY 78 HBC + 15 P I+P ,P  4P l  4 / 78  
M 360 (1208 .0 )  ( 18 .01  GAV ILLET  78  HBC + A .2  K-P~BACNWARO 4 /78  
M 105  123~o0  15 .0  BLDDDHORT 80  HBC - 8 . 2  K -  P~Y~+ E-  12/79 
N 1239. 5. EVANGELIS 810NEG - 12 Pl-P,OME PIP 1/82" 

AVG 1232;S 3.~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .6 }  
ISEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 1252 .5  ± 3 .4  

ERROR SCALED BY  1 .6  

1160  1200  

B MASS (MEV) 

i i i i i!  ohio 81  OMEG 1 ,7  

80 HBC 0 .0  

78  HBC 0 .3  

~ - -  . . . . .  GESSAROLI 77  HBC 5 ,3  

. . . . . . . .  FLATTE  76  HSC 1 .3  

I . . . . . . . .  KARSHON 74  HSC 3 .2  

. . . . . . . .  CHALOUPKA 74  HBC 6 .9  

I .AFZAL  73  HBC 4 .9  

-F-- -  . . . . . . .  AFZAL  73  HBC 0 .0  

. . . . . . .  OTT  72  HBC 3 ,1  

. . . . . . .  M [YASHITA  70  H6C  4 .7  

. . . . . .  HOOGLAND 70  DBC O .1  

+ ~ . . . . .  ANDERSON 70  CNTR 0 .1  

--" ~ . . . . .  CHUNO 68  HBC 0 ,4  

" -  ~ B A L T A Y  67  HBC 2 .6  

34 .6  

. . . .  (CONLEV 
1240  1280  1320  1360  =0 ,002 )  

M 0 W FROM FIT OF THE MASS SPECTRUM 
M FIT REQUIRES AN ADDITIONAL JP=I- RESONANCE 
N N AT 1256 MEV, WIDTH L29  MEV. 

....................................... 

I I  E WIDTH (MEVI 

W 60  100 .0  20 ,0  ABDL INS  63  HBC 
W 376  IO0 .  30 .  BALTAY 67  HBC 
W ISO .  20 .  
w IOO.O  2 O.O 
W 132 .  O 20 .0  
w 113 .0  A4 ,0  
W W l I 26 .  l { 10 .1  
w O 1163  134 .  2 3 .  
W I20 .  50 .  
w 130 .  BO. 
w 1400  135 .  20 .  
w 600  I 56 .  22 .  
w 890  182.0 65.0 
W A50  155 ,0  32 ,0  
W 225  [ 70 ,0  50 .0  
w 360  (163 .01  ( 50 .8 }  
W 1 0 3  150 .0  $0 .0  
W 1 7 0 .  15 .  
W 
W 

+ 3 .S  P I+P  
+ -  O.O PBAR P 2 /67  

CHUNG 68  HBC - 3 . 2 , 4 .2  P l -  P 9167 
EROFEEV 70  HBC 3 .25  PI i P 1 /71  
HOOGLAND 70  OBE - 3 . 0  K -  D 2/71 
NIYASHITA TO HBC - 6 .T  P I -P ,@P1  11270  
FRENKIEL 72 HOE O° PBAR PI ,5  P [  12/72 

26 .  OTT 72 HBC + T . l  P ]+  P~P B+ 2173 
AFZAL 73 HBC + 11 ,7  P l÷  P 21T3  
AFZAL 73 HBC - I L . 2  P i -  P 2 /73  
CHALOUPKA TA HBC 3 .9  P I -P~P  B -  IZ /T5  
KARSHON 74 HBC ÷ 4 .9  P I+P ,P  B÷ 12 /?5  
FL&TTE 76 HBC Ro2 K-P ,P I -OMEGA 7 /77  
GESSAROLI 77 HOC 1 1 P I - P , P l -  ONE 12 /77  
B~LTAY 78  HBC + LS P I+P ,P  APT 6 /78  
GAVILLET 78  HOE + 4.2 K-P, BACKWARO 4/78 
BLOODNORT 80 HOE - 8.2 K- P,Y$+ E- [2179  
EVANGELIS 8 I  OMEG 12 PI-P,OME P( P 1182~ 

SCALE FACTOR OF 1 .1 )  AVG 137 .2  6.6 AVERAGE (ERROR INCLUOES 

M 0 W FROM FIT OF THE MASS SPECTRUM 
W SEE NOTE UNDER THE MASS ABOVE.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11 B PARTIAL  DECAY MODES 

DECAY MASSES 
P l  B INTO OMEGA+PI 782+  139  
P2 B INTO 2Pl+ 291- 139÷ 139÷ 139+ 1 3 9  
P3 B INTO K KBAR 493+ Aq9  
P~ B INTO PI  P( 139+ 139  
P5 B INTO Pl PHI 134+1019  
P6 B INTO ETA P I  IFDRB[DDEN BY G( 548+ I39  
P7 B INTO R KBAR P I  493÷  493+ 139  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l I  B BRANCHING RATIOS 

RIO  D IS  RATIO FOR B (12351  INTO OMEGA P I  
R IO  
RIO 0 .3  o .1  CHALOUPKA 74 HBC - 3 . 9 -7 .5  P [ -P  l / T~  
RIO 600  0 .35  0 .25  KARSHDN T~ HBC 4 .9  O I+P~P B÷ 12 /75  
RLO 0 .21  0 .08  CHUNG TB HBC 7 .1P I+P  IZ /TB  
RIO 0.4 0. I O.[ GESSAROLI T? HBC - I 1P I -PeP I -  ONE I IV?7 
RIO 
RlO AVG 0 .291  0 .052  AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O I  

R1 B INTD (~PI)I(EMEGA P l l  (P2 l / (P l )  
R1 (O .51  OR LESS ABOLINS 63  HBC + 3 .5  P I+P  

132 

Data Card Listings 
For notation, see key at front  of  Listings. 

R2 B INTO [K KBARII(OMEGA PI) (P3} / (P I )  
R2 (0.02) CR LESS OAHL 67 HBC - 1 .6 -~ .2  PI -  P LOlbb 
R2 (O . IO )  ER LESS EL= .DO BALTAY 67  HBC + -  0 . 0  PEAR P 2/67 
R2 (ODDS) OR LESS CL= .95  B IZZARRI  69  HBC + -  O PEAR P 91E9 

R3 B INTO (PI P I l / (P l  OMEGA) (PA I l (P1 )  
R3 (0 ,3}  DR LESS ADERHOLZ 64 HBC 4.0 PI÷P 7V66 
R3 (0 .151  OR LESS CL= .90  OTT 72 HBC + 7 .1P I+  P 12172 

R4 B INTO {PI PHI) / IPI OMEGA( (RS I I (P I I  
R4 (O .O IS IOR LESS OAHL 67  HBC 1 .6 -4 .2  P I -  P 10166  
RA (0o04 }  OR LESS CL= .95  B IZZARRI  69 HBC + -  O PEAR P 9/69 

R5 B INTO (ETA  P l )  / (P I  OMEGA} (PE I / (P I )  
RS (0 .25 )  OR LESS CL=o90  BALTAY ET HEC ~ O.O PBAR P 2 /67  

R6 6+- INTO ((K KBAR}~ PIO) / |P l  OMEGA} 
R6 (0,081 OR LESS CL=.90 BALTAY 67  HEC +- 0.0 PBAR P 2167  

R7 B+- INTO (KS KS P [+ - )  I (PI ONEGAI 
R7 (0 .021  OR LESS CL=ogO BALTAY 67  HBC + -  O.O PBA-  P 2 /67  

R8 B+- INTO (KS KL P I~ )  / (PI OMEGA) 
R8 IO .OE)  OR LESS EL= .90  BALTAY 67  HBC + -  0 . 0  PEAR P 2 /67  

ABOLINS 63 BRL I I  361 
BONDAR 63 PL 5 209 

AOERHDLZ 64 PL IO 240 
CARMDNY 64 aRL I 2  254  

GOLDHABE 65 PRL 15 118  

BALTAY 67 PRL 18 93 
DAHL 67  PR [ 63  1377 
LEE 67  PR I sq  r ISE  
SLATTERV 67 NC 50A  377  

ASCOLI 68 PRL 20 t a i l  
BOESEBEC 68 NP B 4 501 
EASO 68 NO 54  A 983  
CHUNG 68 PR 165  14g I  

BIZZARRI 69  NP B 14 IS9 

ANDERSON 70 PRO I 27 
CASD 70 LNC 3 707  
CASDN 70 PRD 1 8E l  
EROFEEV 70  SJNP I I  [SO 
HONES 70 PRO 2 827  
HODGLANB TO PL 33  B B3 I  
MIVASHIT TO PRD 1 771 
POLS 70  NP B 25 109 
gERBROUC 70  LNC 4 L267  

DEVONS 71PRL  27  16 [~  

FRENKIEL  72 NP B 47 61  
OTT 72 LBL -1547  
SISTERSD 72 NP B 48 693 

AFZAL 73 NCL 15 A 61 
ARMENISE 73 NC 17  A 707  
ARMENISE 73 LNC 8 A25  
ARNOLD 73 LNC 6 TOT 
CASON 73 PRD 7 LgT I  
CASON L 73 NP B 64 14 
CHUNG 73 RL AT B 526  
COHEN 73 PR B 8 23 

8ALLAM 74 NP 876  375  
CHALOUPK T4 PL 51B 407  
~ARSHON 74 PR D ID  3608  

CHUNG 75 PR D I I  2A76  
OUBCVIKO 7S SJNP 20 229  

FLATTE 76 PL ERB 225  

GESSAROL 77 NP B 128  382  

BALTAY 78 PRO 17 E2 
GAVILLET T8 PL 78 B 158 

BLOODWOR 80 LNE 27  555  

EVANGEL} 8 I  NP E L78 197  
WONG B I  PRL 46 9~4 

REFERENCES FOR B 

ABOLINS,LANDER,MEHLHOP,XUONG,YAGER (UCSDI 
BONDARtDODO+ (AACHEN+BIRM÷HAMB÷LOIC+MPIN) 

AACHEN+BERLIN+BIRM + BO~+HAMBUR÷tOIC÷MPIM 
CARMDNY,LANOER,RINOFLEISCH, XU(~WGtYAGER(UCBI Jp 

G GOLDHABER,S GOLDHABEReKADYK,SHEN (LRL )  

÷SEVERIENS÷YEH+ZANELLO (COLU+BNL) 
÷HAROY+HESS+KIRZ+MILLER (LRL )  
÷MOEBS,ROE,S INCLA IR tVANDERVELDE IM ICH}  
÷KRAYBILL÷FORMAN+FERBEL (YALE÷ROCHI 

+CRAWLEY,RORTARA,SHAPIRO ( ILL}  JP 
BOESEBECK,DEUTSCHMANN,+ (AACHEN+BERLIN÷CERN} 
+CONTE+CORDS÷DIAZ+ (GENOVA+HAMB+MILA÷SACL) 
S.U.CHUNG,O.DAHLtJ.KIRZtO. H.NILLER (LRL) 

+FOSTER,GAVILLET,MONTANET,+ (CERN÷CDEF} 

+GUSTAVSON,JOHNSDN,÷ (SLAC~CIT*UCSB÷NEASI 
+CONTE,TOMASINI~EORDS+(GENO+~AMB÷MILA÷SACLI 
÷ANDREWS, BISWAS,OROVES,HARRINGTON,+ (NOAH) 
+VETLITSKY,WLADIMIRSKY,GRIGOREV,+ IITEP} 
÷CASON~BISWAS~HELLAND, KE~EV,NCGAHAN÷(NDAN) 
SABRE COLLABOR. (AMST+SACL +SGNA+REHO+EPDL) 
MIYASHITA,VON KROGHIKOPELM&N~LIBBY }COLD} 
+BOECKNANNtCIRBA,÷ (EONN+OURH+EPOL+TORI}  
WERERDUCK,RINAUDO~÷ (TORIeN [JM÷BONN~LBL}JP  

+KOZLOWSKI,HORWITZ~+ (COLU+SYRA) 

+GHESQUIERE,L(LLESTDL,CHUNGt~ (CDEF+CERN)JP 
R.L.OTT THESIS (LBL )JP  
SISTERSON, H&RRISON,HEYDA,JOHNSONt+[HARVARD) 

+BASSLER,÷ (DORH+GENO+DESY+MILA÷SACLI JP 
+FORINOtCARTACCI,+ (BARI+EGNA~FIRZ) 
+FORINO,CARTACCI,+ (BARI÷EGNA÷FIRZI 
÷ENGEL ,ESCOUBES,KURTZ ,LLORET ,PATY t÷  IST~B I  
+BISWAS,KENNEY,MADDENtSANDER,SHEPHARD(NOAM) 
÷MADOEN,BISHOP,BISWAS,KENNEY,÷ INDAMI 
+PROTOPORESCU,LYNCH~ELATTE,÷ (BNL÷LEL~UCSC} JP 
+FERBEL,SLATTERY (RDCHESTERI 

÷CHADWICK, BINGHAM, FRETTER+ ISLAE+LBL+MPIM} 
E HALOURK&,FERRANO0, LOSTY,MON TANET (CERN} JP 
• MIKENBERG,EISENBERG,PITLUCKtRONAT+ (REHOI  JP 

+PROTOPOPESCU,LYNCH,FLATTE,+ (BNL+LBL*UCSC) JP 
M.S.OUBOVIKOV,I.A. EROFEEV (ITEP) JP 

÷GAY, BLOKZIJL,METZGER,+iCERN+AMST+NIJM+OXFI JR 

GESSAROLh÷ (BGNA+FIRZ+GENO*MILA+OXF+PAVI) Jp 

+CAUTIS,COHEN,CSORNA, SMITH,YEH,+(COLU+RINGI 
+DIONISI,GURTU,+ (CERN+AMST,NIJM+DXF) JR 

BLOODWORTH,+ (BIRM÷CERN+GLAS÷MSU÷LPNPI 

EVANGEL ISTA+(BARI+BONN+CERN÷DARE÷L IVP÷MILA I  
+KEY,FRISKEN,CLINEvOEBONTEeITNTD+YORKePURDI 

................ :: ::o :: ::::: ::::: ::: ::: I / ( 1 2 5 o ) 1  , , - 
I - - I  EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 

SEE ALSO THE RHO PRIMEII600) MINI-REVIEW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

69 RF~] PRIMEII250I MASS (MEVI 

M 1256. TO. FRENKIEL 72 HBC +- O. RBARP,OMEDA Pl 12177 
M 1266 .0  S .O BARTALUDE 79  MASP OT GAM P ,E÷E-  P [ 2 / 7 9  

A (12S0 . }  ASTON 80 OMEG 20 -70G P,DME RIO 9 /81 .  
M A I I I qO . }  lAO.) BARBER 80 SREC 3-5 G P,OMEG PIO 9V81e 
M . . . . . . . . .  
M AVG [264.0 4.5 AVERAGE IERROR INCLUDES SCALE FACTOR OF [.O) 

M A NOT SEPARATED FROM B(1235},NOT PURE JR=l- EFFECT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6~ RHO PRIMAl12501 WIDTH IMEV) 

W 130. 20, FRENKIEL 72 HBC * -  O.PBARB,OMEGA Pl 12E77 
W I10.0 35.0 BARTALUCC 79 HASP 07 GAM P,E÷E- P 12179 
W A (300.) ASTDN BO OMEG 20-70G P.CME RIO 9181" 
W A (320.1 [ IO0. )  BARBER 80 SPED 3-~ D P,OMEG RIO 918[* 
W . . . . . . . . .  
W AVG 125.1 17.4 AVERAGE IERRDR INCLUDES SCALE FACTOR DF (.Of 

W A NOT SEPARATEC FROM B(1238),NOT PURE JP=t-- EFFECT 
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Data Card Listings 
For notation, see key at front of Listings. 

Mcsons 
p (z25o), Kt27o) 

ANDERSDN 70 ER D 1 2T 

POODLSKY 71 UCRL 20121 

FRENKIEL 72 NP E 4T 61 
NOLF 72 ITHACA N.Y. 

C HUNG 73 PL 47 8 526 
ORAMON 73 LNC 8 659 

BALLAM 74 NP 876 375 
CHALOUPK 74 PL 51B 407 
CONVERS[ 74 PL 520 490 
ESTABRO0 74 NP BT9 301 
KARSHDN 74 PR DID 36D8 

ALLES 75 NC 30A 136 
EHUNG 75 PR D l l  2426 
ESTABRO0 75 NP 005 322 
FAOGGATT 75 NP Bq l  454 
HYAMS 75 NP BEDO 2D5 

BASSOMPI T6 PL 65 E 3~7 

B UONEV 77 PL 70 B 365 
COSTA TT PL 6T B 21B 
GESSAROL 77 NP 8 126 382 

8UKIN 2E PL 73 B 226 

REFERENCES FOR READ PRIME(1250) 

+GUSTAVSI~N,JOHNSON,+ (SL AC+CIT+UCSB+NEAS) 

W.J.PDDDLSKY.PH.O. THESIS ( t E L l  

+GHESOUIEREILILLESTOL~CHUNG,+ [COEF+CERN)JE 
CONF. G.WOLF,P.210 ISLAC) 

÷PROTOPOPESCU,LYNCHeFLATTE,+ (ENL+LBL+UCSCI 
A.BRAMON (FRASCATI) 

+CHAOWICK,BINGHAN, FRETTER+ (SLAC+LEL+MPIMI 
CHALOUPKA,FERRANDO,LOSTY,MONTANET (CERNI 
÷PAOLUZ[,CERADINI,GRILLI÷ (ROMA~FRAS) 
P.ESTABROOKS.A.O.MARTIN (DURH) 
+MIKENBERG,EISENEERG,PITLUCK.RONAT+ (REHOI JP 

ALLES-BORELLItBERNARDINI+ (CERN+BGNA÷FRAS} 
+PROTOPOPESCU.LYNCH,PLATTE,÷ (BNL÷LBL~UCSCI 
P.ESTABROOKS,A.D.MARTIN (DURHI 
C.D.FROGGATT,J.L.PETEESEN (GLAS+NDRO) 
+JONES,WEILHAMMER.OLUM,DIETL+ (CERN+NPINI 

BASSOMPIERRE,BINDER,+ (NULH+STRB+TORI) 

N.M.BUONEVtV.M.BUDNEV,V.V.SEREBEYAKOV(NOVOI 
COSTA DE BEAUREGARD,PHAM,PIRE,TRUONG IEPOLI 
GESSAROLII÷ (BGNA+F[RZ+GENO*M[LA*OXF+PAV|] 

+VASSERMAN,KOOP,KUROADZE, SIDOROV,÷ (NOVOI 

BACCI 79 PL 8 86 234 +OE ZORZI,PENSO,STELLA*+ (ROMA+BGNA+FRASI 
BARTALEIC 7D NC 49 A 207 BARTALUCCI,BASINI,BERTOLUCCI+ (DESY+FRASI 

ASTDN 80 EL 92 B 211 (BONN+CERN÷EPOL÷GLAS÷LANC÷MCHS+ORSA+PARIS+) 
BARBER 80 ZPHY C 4 Ibg +DAINTON, BROOBECKIBROOKES,+(OARE÷LANC+SHEFI 

****** ********* ********* ********* ********* ********* ********* ******** 
l B 

I f ( t 2 7 O ) l  s . . . . . . . . .  o . . . .  , , . o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 F MASS (MEVI 

M 1276. 11. RARIN 67 HBC 8.5 PI÷ E 9467 
M T 1060 1261. E. ARMENISE 68 DEC B.L PI÷N,P PI÷ - 1173 
M T 360 1270. lO.  ARMENISE 68 DEC S,1 PI÷N*P HID 0 1173 
M 1265. 8. BOESEBECK 68 HBC 8 Pl t  P 6168 
N J 1268.0 6 .0  JOHNSON 68 HBC 3 . 7 - 4 . 2  --PI-FP P 7169 
N 1275.0 13.0 ARMENISE 70 HEC 9 P i t  N 1171 
M L2T3.D 7,0 ARMENISE TO HBC 9 El÷ N - -  MN P I171 
M 600 1270.0 tO.O OH 70 HBC 1.26 E l -  P,P F L/TL 
M E (1273 .0 )  (6 .01  STUNTEBEC 70 HBC 8 . P I - P , 5 . 4  PI+D 11/71  
M 5300 1277.0 4 .0  FLATTE Tt  HBC 7.0  PI+ P 6/71 
M 2000 1261.0 10.0  JACDBS 72 HBC 2.8  P I -  P 1173 
M 600 1258.0 10.0 TAKAHASH[ 72 HBC 8. P l -  P,N 2P[ 1/73 
M 4600 1172. 4. ENGLER 74 DBC 6. PI+N,PI+PI-P 12/71 
M [H ( 1269, ) ( 4. ) ESTABROOK 75 EVUE 17 PI-EIPI÷PI-I~ 121T5 
, IG (1275 . )  ( N . )  HYAHS 70 ASPK 17 P I - P , P I ÷ P I - N  12175 
M 16000 1284.0 10.0 OEUTSCHMA 76 HBC 16 Pl-'-P 4/T8 
N 1173.8 2 .8  2 .7  BECKER 79 ASPK IT P l -  P POLAEIZ 12/79 
M 12E2.0 B.O COROEN 79 OMEG EZ- I5PI -P ,  N 2E1 L2/T9 
M 1281.0 7 .0  GIOAL 81 SMKE J/PSI DECAY 1/82= 
N . . . . . . . . .  
M AVG |2T2,R 1.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) 

N G INCLUDED IN BECKER 7'9 ANALYSIS 
M H USES SAME DATA AS HYAMS 7E 
N [ ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
M J JOHNSON 68 INCLUDES BONOAR 631 LEE 64,  DERAOO 65* EISNER 67. 
M T MASS ERRORS ENLARGED BY US TO WIDTHISDRT(NI,SEE K* TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S F WIDTH (MEV) 

w ISE. 17. RABIN 67 HDC 8.5 PI÷ P 0167 
W T 1960 216. 20. ARMENISE 68 DEC 5.1 PI+N,P PI+ - 1170 
w 128. 23. BOESEBECK 6B HEC 8 PI*  P 6168 
W J 176.0 13.0  JOHNSON 68 HOE 3.T-4.2 PI-NP N 7/69 
W 131.0 2B.O ARMENESE TO HBC 9 El÷ N - -  P 1171 
w T 173.0 25.0  ARREN[SE TO HBC 9 El+ N - -  F P 2174 
w T 600 120.0 20.0  OH 70 HBC 1.26 E l -  P,P F 2/7& 
W 196.0 18.0 STUNTEBEC 70 HEC B . P I - P t B . 4  PI÷O 1L/T1 
W 5300 183.0 15 .0  FLATTE TL HDC 7. P[+EtDECTA+÷F L / T I  
W 2000 130.0 25.0 JACOBS 72 HDC 2.8 P l -  P 1/73 
W T 600 166.0 28.0 TAKAHASH[ 72 HBC 8. El- P,N 2PI 1173 
W 4600 EqE. 16. ENGLER 74 DBC 6.  P I *N,PI+P÷-P 12175 
w IH (209.) (EO.I  ESTABROOK T5 RVUE 17 PI-PePI÷PI-N 12175 
W IGt6000 (188, l (4 . |  HYAMS 75 ASPK |T PI-P,PI+PI-N 12/75 
W 225.0 38.0  BEUTSCHMA 76 HBC 16 PI*P 4/78 
N T 650 18T.0 30 .0  ANTIEOV TT CIBS 0 25 PI-P*E SEE 1182" 
W 183. E 8.3 7.R DECKER 79 ASPK 17 P I -  P POLARIZ 12179 
W 216.0 13.0  CORDEN T9 OMEG I 2 - I S P I - P ,  N 2PI 12179 
W 186.0 2T.0  GIDAL 8L SMK2 J/PSI DECAY 1182~ 
W 
w AVG 179.4 6.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6)  

(SEE IDEOGRAM BELOW I 

w G INCLUDED IN EECKER 79 ANALYSIS 
W H USES SANE DATA AS HYANS 75 
w I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W J JONNSON 68 INDLUOES BONDAR 63v LEE 64e DERADO 65v EISNEE 67.  
W T WIDTH ERRORS ENLARGED BY US TO 4*WIDTH/SORT(NhSEE K* YYPED NOTE 

WEIGHTEO AVERAGE = 179 .4  ± 6 4  

ERROR SCALED BY 1 6  

~ - - 4 - -  C H I S Q  

GIDAL B1 SMK2 0 1  

. . . . .  CORDEN 79  OMEG 7 . 9  

- - - H ~  ~ I I I I  - . A N T I P O V  77  C I B S  0 . 1  

I I J I ~ - D E U T S C H M A  76 HBC 1 . 4  
r i [ 

.J~- -~ ,~  . . . . . .  ENGLER 74 DBC 0 . 6  

~ I  . . . . . .  TAKAHASHI 72 HBC 0 2  

t I l l  . . . . . .  JACOBS 72 HBC 3 9  

/ ~  . . . .  F L A T T E  71 HBC 0 . 1  

. . . . . .  S T U N T E B E C  70  HBC 0 . 9  

] . . O H  70 HBC 8 . 8  

~ . . . .  A R M E N I S E  7 0  HBC 0 . 1  
. . . . .  ARMENISE 70 HBC 3 . 7  

. . . . .  JOHNSON 6B HBC O . 1  

• "BOESEBECK 68 HBC 5 . 0  

/ I ~ A R M E N I S E  68 DBC 3 4  

+ . . . . . . . . .  R A B I N  67 HBC 2 . 1  

3 8 . 5  
50 1 5 0  2 5 0  3 5 0  ( C O N L E V  

F W I D T H  ( M E V )  = 0 0 0 1 )  

5 F PARTIAL DECAY MOORS 

DECAY MASSES 
Pl  F INTO PI PI 139+ 139 
P2 F INTO EFT+ 2PI -  139+ 139+ 139+ 139 
P3 F INTN PI+ P I -  2PlO 139+ 139+ 136+ 134 
P4 F INTO K KBAR 407+ 497 
P5 F INTO K KBAR PI 497+ 497+ 139 
P6 F INYO ETA PI PI 568+ 139÷ 139 
P7 F INTO ETA ETA $48+ 548 
EB F INTO GAMMA CANNA O+ 0 

S F PARTIAL WIOTHS 

wt F INTO GAMMA GAMMA (KEVI [G8I  XZ/T8 
WI A 2.3 O.B BERGER SO PLUT E+ E- 9/81" 
W10 3.2 0.8 BRANDELIK 81TASS GAM GAM,2PI L182* 
WI D 3.6 O.B ROUSSARIE 81SMK2 GAM GAMt2Pl 1 1 E 2 *  
WE D 2.7 O.B EDWARDS 82 COAL GAN GAN,2PIO 2182. 
W1 OH (2.91 (1.2! (1.0| EDWARDS 82 CBAL GAM GAN, 2PIO 2/82* 
WE . . . . . . . . .  
W1 AVG 2.00 0.60 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 

WL A USING MASS, WIDTH AND BR(F TO 2El) FROM PDG 1978 
WI O SYSTEMATIC ERROR ADDED LINEARLY OY US. 
WI H IF HELICITY=2 ASSUMPTION IS NOT MADE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 F BRANCHING RATIOS 

RI F INTO (2PI+ 2 P I - ) / ( P I  E l )  ( P 2 ) / I P l )  
R1 0,047 0.013 OH 70 HEC 1.26 E I -  PIP F 2 / T 3  
AI 154 0 .007 O. OOT ANOERSON 73 DEC 6. Pl÷NwP FO 1/76 
RI (O.003IOR LESS C . L . = . 9 0  8UGG 73 DEC 8. PI+N,P FO 1/76 
RX TO O.OB1 0.025 EISENBEEG 74 HBC A*9 PI+P~DEL÷÷FO 11/71 
RE 285 0.043 O. D07 .011LOUIE 76 HBC 3.0 P l -  P,N FO 11/71 
RI 160 0.024 0.006 ENNS TB 08C 4. PI÷N,P FO 11/75 
R1 . . . . . . . . .  
R1 AVG 0.0360 O. O04B AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1,2)  

R2 F INTO t E l L  E l -  2P IO) / (P I  E l )  ( P 3 l / [ P l l  
R2 SHOULD BE TWICE R1 IF DECAY IS RHO-RHD (SEE ASCOLI 681 
R2 600 0 .15 O. O6 EISENBERG 76 HBC 4.9 PI÷PtDEL++FO 11/15 
R2 (0.07) EMNS 75 DEC A. PI÷N,P FO 11/75 

R3 F INTO (K KBARI/ (PI  E l l  ( P R I / ( P l )  
R3 WE ONLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ADCOUNT F-A2 
R3 INTERFERENCE EXPLICITLY OR DEMONSTRATE THAT A2 PRODUCTION 1S 
RB NEGLIGIBLE. 
R3 (O.OATI IO ,O lE l+  SYST. BEUSCH 67 OSPK 
R3 20 0.031 0.012 AOERHOLZ 69 HBC 
R3 0.020 0.015 EMRS 75 DOG 
R3 W (0.0291 (O. OO6l WETZEL 76 OSPK 
R3 C O.ON7 O.OOS PAWLIDKI 77 SPED 
R3 N 0.028 0.005 CASON 78 STRC 
R3 O. 030 O. 005 MJ~RTIN Tq RVUE 
R3 N 0.027 0,009 POLYCHRON 79 STRC 
R3 0°036 0.001 COSTA 80 ONEG 
R3 0.069 0.023 0.001GORLICH EO ASPK 
RO 0.039 O. OOB LOVERRE 80 HBC 
RO (0.031 OR LESS CL=.95 AGUILAR 81HBC 
R3 . . . . . . . . .  
R3 AVG 0.0352 0,0020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2 I  

(SEE IDEOGRAM BELOW ( 

R3 C THIS DETERMINATION HAS QUANTITATIVELY ACCOUNTED FOR BOTH F-PRIME 
R3 C AND A2 INTERFERENCE EFFECTS. 
R3 M TAKES INTO ACCOUHT THE F-F I INTERFERENCE 
R3 N BY EXTRAPOLATION TO THE PIQN POLE 
R3 W USING F PRIME WIDTH = 40 NEV 

S . T , l Z  PI -P 9 /67 
8 P[÷  P ,K÷K-PI -  12/75 

k .  P I ÷ N , P  FO 11/1S 
8.9 P l -P ,KS KS T/TT 
E. P[ N,K÷ K- N 12/77 
T, PI-P,KS KS N 12/T8 

121T9 
7. PI -P,KS KS N 12/T9 
1-E.2 PI-E,K+K-N R / E l l  
17,18 P(-P POLAR 121T9 
4. P I -P ,K K N 12/79 
4.2 K-P,LAR 2K L /82s  
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For 
Data  Card Listings 

notation, see key at front of  Listings. 

/ 
0.00 

WEIGHTED AVERAGE = 0 . 0 3 5 2  ~ 0 . 0 0 2 3  

ERROR SCALED BY 1 .2  

CHISQ 

0 2  . . . . . . . . . .  LOVERRE 80 HBC 

"GORL ICH 80 ASPK 

. . . . . . . . .  COSTA 80 OMEG 0 1 

• M A R T I N  79 RVUE 1 . 1 

- CASON 78 STRC 2 , 1 

-PAWL ICK [ 77 SPEC 56 

• EMMS 75 DBC 0 . 5  

- A D E R H O L Z  69  HBC O. 1 

10.4 

~ ' (CONLEV 
0 . 0 4  0 . 0 8  O. 12 = 0 .  1 6 5 )  

F INTO (K K B A R ) / ( P I  P I )  

R4 F INTO [KO K- El+ AND C.C.)ItRI Pl( (PElf(PC) 
R4 (.OO$)DR LESS CL=.95 EMMS 75 DOE 4. El÷NAP FO [1175 

R5 F INTO (ETA Pl P i l l ( P [  E l )  ( P 6 1 / i P I I  
R5 (.OIO)CR LESS EL=.95 EMMS 75 OBC A. PI÷N,P FO 11178 

R6 F INTO (ETA E T A ) l I P [  PI I  ( P T l / ( P l l  
R6 (.09) OR LESS CL=.95 EISENBERG 74  HOE 4.9 PI+P~OEL÷÷FO 1 1 / 7 5  
R6 {.O[6)OR LESS CL=.95 EMMS 75 DBC A. PI+N,P FO [1175 
R6 (.051 OR LESS EL=.95 EDWARDS 82 CBAL CAM GAM,AGAMMA 2182, 

RIO F INTO [PI  PII /TOTAL (El*) 
RlO 60(] 0.8 0.04 DH 70 HBC 01 .26  PI- PAP F 1111 

BEAUPRE 7[ HBC 08 El+ P,DELTA÷+E 1/71 R I 0  250 0 .85 0 .05 
RIOIH (0.821 IO. Ol) ESTABROOK 75 BVUE 17 PI-P,PI÷PI-N 12/75 
RIOIG (0.8031 (0.003# HYCMS 75 ASFK i7 PI-P,PI÷PI-N 1~/75 
RIO 0.847 0 . 0 1 6  BEEKER 79 ASPK 17 E l -  P POLARI~ 12/79 
RIO 0.75 0.0~, CDRDEN 7q OMEG I 2 - [ S P I - P ,  N 2PI 12/79 
RID . . . . . . . . .  
RIO AVG 0.831 0 . 0 1 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 

(SEE IDEOGRAM BELOW I 

RIO G INCLUDED IN BECKER 79 ANALYSIS 
RIO H USES SAME DATA AS HYANS 75 
RIO) ERROR TAKES ACCOUNT OF SPREAD DF DIFFERENT PHASE-SHIFT SOLUTIONS 

WEIGHTED AVERAGE = 0 .831  ± 0 . 0 1 9  

ERROR SCALED BY 1 4  

C H I S Q  

- I . . . .  CORDEN 79 OMEG 4 . 1  

• . BECKER 7g ASPK 1 . 0  

• 8 E A U P R E  71 HBC 0 . 1  

~ ~ 7 0  HBC (CONLEVS"80'6 

0 , 5 5  0 . 7 5  0 . 8 5  0 . 9 5  1 , 0 5  = 0 , 1 1 9 )  

F INTO (PI  P I ) / T O T A L  

SELOVE 62 PRL 9272 
~DNDAR 63 PL 5 1 8 3  
GUIPAGOS 63 PRL 1 1 8 5  
HAGOPIAN 63 PRL I0 533 
VE[LLET 63 PRL 10 Z9 

ADERHOLZ 6~ PL i0 840 
BRUYAN[ 6~ PL tO 832 
LEE 64 PRL 1 2 3 6 2  
SOOICKSO 64 PRL 18 485 

BARMIN 65 SJNP i 230 
BARMIN 65 SJNP 1 6 2 3  
CHUNG 65 PRL 15 325 
DERAUO 65 PRL 14 878 
GUIRAGOS 68 PRL I I  85 

REFERENCES FOR F 

SELOVE,HAGDPIAN,BROOY, BAKER,LEBOY (PENNI 
BONOAR÷ (AACHEN+BIR~+BONN÷DESY+LO[C÷MPIM} 
E.G.T. GUIRABDSSIAN (LRLJ 
v HAGOPIANtW SELOVE (PENN( 
VEILLET,HENNESSY,BINGHAM,BLOCH+(EPOL+MILANI 

AACHEN÷BERLIN~BERLIN+EONN+HANBURG+LOIC+MPI IJ 
BRUYANT,GOLOBERG,HOLDER,FLEURY÷ (EERN+EROL) I 
LEE,ROE,SINCLAIR,VANDEBVELDE (MICH) 
SDDICKSON,WAHLIGtMANNELLhFRISCH+ (BIT) [ 

+OOLGOLENKO,ELENSKY,ERDFEEV÷ (ITE p MOSCOW) JP 
+DOLGDLENKO÷ERDFEEV+KRESTNIKOV+ ([TEP MOSC) 
CHUNG,DAHL,HAROY,HESS,JACOBS,KIRZ {LRL# 
DERADO,KENNEYoPOIRIER.S~EPHARD (NOTRE DAME) 
Z G T GUIRAGOSSIAN (LRL) 

WANGLER 65 PR 137 8 61~ r p WANGLER,A R ERWIN.W WALKER (WISCONSIN) 

~CCENS| 66 OL 80 557 ACCENSI,ALLES-BORELLI,FRENCH,FRISK+ (EERN) 
JACOBS 66 UCRL-E6BT? L.D.J~COBS,TMESIS iLRLI 
~AHLIG 66 PR 147 9~I ÷SHIBATA,GOROON,FRISEHeMANNELLI (MIT÷PISA) J 

BARLOW 67 NC 50A TOt 
BEUSCH 67 PL 85  B 357 
OAHL 67 PR 1 6 3  1377 
EISNER 67 PR 164 1699 
POIRIER 67 PR 163 [A6B 
RABIN 67 THESIS 

ARMENISE 68 NC 5A A 909 
ASCOLI 68 PRL 21 [712 
BOESEBEC 68 NP B 6 SO[ 
FOSTER 68 NP 8 6 107 
J [ M N S ( ~  68  PR 176 [ 6 5 1  
LAMSA 68 PR 166 1395 
WHITEHEA 68 BE 5~A EL7 

ADERHOLZ 69 NP B I i  259 
AGJ[LAR 69 PL 29 B 241 
ARMENISE 69 LNC 2 50[ 
CASO 69 NC 62 A T59 
DONALD 69 NP B [ i  551 

AGUILAR 70 PRL 25 58 
ARMENISE 70 LNC 4 I~9 
BADIER 70 NP B 22 512 
OH 70 PR 0 1 2~9~ 
STUNTEBE 70 PL 32 B 391 

8ARDADIN 71 OR D~ 2711 
BEAUPRE 71 NR 8 28 77 
FARBER T[ NP B 29 ~37 
FLATIE 71 PL 34 B 551 

AGUILAR 72 RR D 6 29 
BISWAS 72 PR 9 5 156~ 
FDGLI 72 NC 8 A 670 
GRAYER 72 PHIL.CDNF.PROC. 5 
JACOBS 72 PR D 6 1291 
KEMP 72 NC 8 A 611 
SEARROTT 72 LNC 3 271 
TAKAHASH 72 PB D 6 1266 
WHITEHEA 72 NP 8 48 365 

ANDERSON 73 PRL 31 562 
BUGG ?B PB O 7 3864 
CHARLESW 73 NP B 65 293 
HYAMS 73 NP B 64 134 
TOET 73 NP B 63 2~8 

EISENBER 7~ PC 52E 239 
ENGLEE 7~ PR DID 2070 
GRAYER 74 NP B 75 189 
HOLLDWAY T~ PR 09 1161 
L OUIE 7~ PL ~8B BE5 

EMMS 75 NP B96 155 
ESTABRO075 NP 895 382 
HYAMS 75 NP BIOO 205 
PAWLICNI 75 PR Dl2 631 

DEUTSCHM 76 NR B lOB ~26 
WETZEL 76 NP B El5 208 

ALEXANDE 77 NP B 131 365 
~NTIPOV 77 NP B E19 ~5 
PAWLICKI TT PR D 15 3196 

~ALTAY TB PR D 17 62 
CASON 7B PRL 41 271 

SEEKER 79 NP B 151 46 
COBDEN 79 NP B [57 250 
MARTIN 79 NP 8 158 580 
RDLYCHRO 79 PR D 19 1317 

BERGER 80 OESY 80136 
COSTA 80 NP B 175 AS2 
GORLIEN 80 NP B IT4 16 
LOVERRE 80 ZPHY C 8 187 

AGU ILAR BI ZRNY C 8 3E3 
BRANDEL[ 8[  EPHY C [0 [17 
GIOAL 81PL 1 0 7 8  153  
ROUSSARI 8 1 P L  [ 0 5  8304 

÷LtLLESTOL+MONTANET+ (CERN+EDEF+IRAD÷LIVP) 
+FISCHER~GOBBI,ASTBURY÷ {ETN÷CERNI 
+HARDY+HESS+KIRE÷MILLER (LRL) 
+JOHNSON+KLEIN+PETERS÷SAHNI÷YEN~ (PURDUEI 
+BISWAS,CAS~N.DERADO.KENNEY+ INDAM+PENN) 
M. RABIN (RUTGERSI 

+FORINO+CARTACCI÷ (BARI+BGNA÷FIRENZE+ORSAY) 
G.ASCOLI,H.B.CRAWLEY,D.W.NORTARA,+ (ILL! 
BOESEBEEK,DEUTSCNMANN,÷(AACNEN+BERLIN+CERN| 
+GAVILLET+LABROSSE÷MONTANET÷ (CERN+COEF] 
+PDIRIER,BISWAS~GUTAY+ (NDAM+PURO+SLACi 
+CASON+BISWAS+DERADO÷GROVE8÷ (NDTREDAMEI 
+MCEWEN,OTT,AITKEN÷ (AERE+SHMP÷LOUC) 

*BARTSCH,÷ IAACH+BERL+CERN+JAGL÷WARSI 
M.AGUILAR-BENITEZ,4.EABLOW,+ (CERN÷COEFI 
÷GHIOINI,FORINO,CARTAECI+ (BARI÷BGNA+FIRZI 
÷CONTE,BENZ,+ (GENO+DESY*FANB÷MILA÷SACLi 
+EOWARDS,BURAN,BETtlNI,e (LIVPeDSLO~RADOI 

AGUILAR-BENITEZ,BARNES,BASSANO,÷ (BNL+SYRAI 
+GHIDINI,FORING,CARTACCh+ (BARI÷BGNA÷FIRZI 
+8DNNET~OREVILLON,BAUB]LtIER,+ (EPOL+IPNP) 
÷GARFINKEL,MORSE,WALKER,PR£NIICE(WISC+TNTOJ) 
STUNTEBECK,KENNEY,DEEBY,BISWAS,CASON÷(NDAM) 

BAROANIN-OTWINOWSKA,HOFMOKL,+ (WARS( 
+DEUTSCMMANN,GRAESSLER~ (AACH÷BERL+CERNI 
+DE PINTD,BISWAS,CASON,DEERY,KENNEY~+(NDAM| 
+AL SION~GARNJOST,BARBARO-GALTIERI,+ (LBL) 

AGUILAR-BENITEZ,CHUNG,EISNER,SAMIOS (BNL) 
÷C~SON,HARRINGTON,KENNEY,SHEPHARD (NDAMI 
FOGLI-MUCIACCIA,PICCIARELLI IBARI) 
÷HYAMS,JDNES,SCHLEIN,BLUM,DIETL+(CERN÷NPIM) 
L.D.JACOBS (SACLAYI 
+MAJOR,CONTRI,+ (DURH+GEND+MILA+EPOL÷LPNPI 
SCARROTT,KEMP (DURHAM) 
TAKAHASNI,BARISHt+ (TDHOePENN+NDAM÷ANL) 
WHITEHEAO,AULD,÷ (AERE÷RNEL÷SHMPeLOUC) 

+ENGLERtKRAEMER,TOAF,DIAZ,+ (DARN÷CASE| 
+CONOO.HART,COHN,ENDORF.÷ |TENN+ORNL+CINC) 
CHARLESWORTH,EMMS,BELI,+ [RHEL+BIRM÷BURH) 
+JONES,WEILHAMMER,BLUM,DIETL,÷ (EERN+MPIR) 
+EHUAN~MAJDR,RINAUOO,÷(NIJM+BDNN÷DURH+TORII 

EISENBERG,ENGLER,HABEB,KARSHON+ IREHO) 
+KRAEMER,TOAFF,WEISSER,D[AZ+ (EARN+EASEl 
G.GRAYER,HYANS,BLUM,DiETL,+ (CERN÷MPIM) 
+HULD,JORDAN,KOETZ,BERNSTEIN+ (ILL÷ILLCI 
÷ALITTI,GANDOIS,CHALOUPKA+ (BACL+CERNI 

+KINSON,STACEY,VDTRUBA+ (BIRN÷DURH÷RHEL) 
P.ESTABRODKS,A.D.NARTIN (DURH) 
÷JDNES,WEILHAMMER,BLUM,DIETL+ (CERN÷MPIM) 
+AYRES~DIEBOLD,GREENE,KRAMER,WICKLUND (ANL) 

+KIRK,+(AACH÷BERL÷BDNN÷CERN+CRAC+NEID+WARSI 
+FREUDENREICH,BEUSCH,÷ (ETH+EERN÷LOICI 

ALEXANDER,CDRDEN~÷ (TELA÷BIRM+RHEL÷LOWC) 
+BUSNELLD,DAMGAARO,KIENZLE,÷ (SERP÷GEVAI 
+AYRES CDHEN,DIEBOLD,KRAMER,WICKLUND (ANL) 

*CAUTIS,COHEN,CS~NA,SMITH,YEH,+(COLU÷BING) 
*BAUMBAUGH,BISHDP,BISWAS,KENNEY,÷(NDAM+ANL] 

+BLANAR.BLUM,CERRADA÷ (NPIM÷CERN~ZEEM÷ERAE] 
+OOWELL,GARVEY, JQBES,+(BIRM÷RHELeTELA+LOWC) 
+OZMUTLU (DURH) 
PDLYCHRONAKDS,CASDN,BIS~OP÷ (NDAM+ANL) 

÷GENZER+(AACH~BERG+DESY+HAMB*UMD÷SIEG÷WUPGI 
÷ (EARI÷BONN÷CERN+GLAS+LIVP÷MILA+WIEN) 
+NICZYPORUK,ROZANSKA÷ [CRAC+MPIM+CERN÷EEEM) 
÷ARMENTEBOS,DIONISI+ (CERN+CDEF+~ADReSTOHI 

eALBAJAR,ARMENTEBOS,+ (CERN+COEF+WADR+STOHI 
BRANDEL[N, BDERNEN,+ (TASSO COLLABORATION( 
+GULORABER,GUY, N[LLIKAN,ABRANS,÷ (SLAC+LBL) 
ROUSSARIE,BUR~E.ABRAMS,ALAM,+ (SLAC÷LBL) 

EOWARDS 82 PL I[O B 82 +PARTRIDGE,PEEK,* (CIT+EARV+PRIN~STAN+SLAC) 

IA,( eT0) I ..................... 
The l o n g - s t a n d i n g  q u e s t i o n  concerning the 

resonance interpretation of the A 1 has been con- 

siderably clarified since the last edition of this 

Review. The results of the partial-wave analyses 

obtained in two recent high-statistics experiments 

dealing with the diffractive (DAUM 80,81) and 

charge-exchange (DANKOWYCH 81) production of the 

3~ system in ~p interactions, clearly show that 

the behavior of the l+S0 + intensity with the 3~ 

mass and the phase variation of the I+S0 + (p~) 

amplitude with respect to other waves [already 

reported in a study of diffractive production 

from nuclei (PERNEGR 78)] require the presence of 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
Az(1270) 

both Deck background and a resonance. 

The resonance parameters of the A 1 resonance 

are obtained by fitting the data (intensity and 

relative phases) to a phenomenological amplitude 

containing direct resonance production and a co- 

herent Deck background which is rescattered 

through the resonance (BOWLER 75, BASDSI/~T 77). 

In the context of this model-dependent analysis, 

the Deck background is responsible for making the 

peak of the I+S0 + intensity occur some 110 MeV 

below the most likely resonance mass. 

We take the mass values for the A 1 from these 

reactions (1240 ~ 80 MeV, DANKOWYCH 81; 1280 ~ 30 

MeV, DAUM 81). Note, however, the result reported 

in a study of a backwardly produced 3z system in 

the reaction K-p + Z-~+~+n- (1041 ~ 13 MeV, GAVIL- 

LET 77). Based on a rather small statistical sam- 

ple, GAVILLET 77 fitted the l+s partial-wave in- 

tensity in terms of a single Breit-Wigner function 

disregarding a possible background component in 

the l+s wave. 

10 AI MASS (MEV) 

N A B 1270. TO 13BO. BOWLER TB RVUE ÷ -  7-40 P i e -  P 6181$ 
M (1382 . )  BASOEVANT TT RVUE 25,40 P I -  P 61B1$ 
M F (104L .0 )  ( t 3 .  O) GAVILLET T7 HBC + 4.2 K- PtS 3El L2177 
M E (1230 .0 )  (3O.O) AARON 81RVUE 1/825 
M D 1260.0 BO.O DANKDWYCH 81SPEC 08.4B P I -P t3P I  N 6/81e 
N O 1280.0 30 .0  DRUM 81 CNTR 63,94 P I -  P 12/79 

M AVG L2T5. l 28.1 " AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1o01 

N A USES DATA OF ANTI POV T3,ASCOLI 76,0TIER 7A,TABAK 74,THDMPSON TA° 
M B USES ANTIPOV 73 DATA. WE SELECT SOLUTION B OF BASOEVANT FT. 
M D USES THE MODEL OF BOWLER 75 .  
M E USE S NULTICHANNEL AITCHIS~-BOWLER NODEL. 
M E USES DATA FROM DRUM BO AND DANKOWYCH El. 
M F PROOUCEO IN R- BACKWARD SCATTERING. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W A B 240. TO 280. 
W (4TO.} 
W F (230 .0 )  ( 5 0 . 0 )  
M E (3BO.O) ( 6 0 . 0 I  
W D 380.0 lOO. O 
W 0 300.0 B0.0  DAUN Bl CNTR 63,94 P I -  P 
W . . . . . . . . .  
w AVG 316.0 44.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OR 1.0) 

M A B USES DATA OF ANTIPOV 73,ASCOLI TA, OTTER TA,TABAK 7R,THOMPSON 74. 
w USES ANTI FI~V T3 DATA. WE SELECT SOLUTIC¢4 B OF BASDEVANT 77. 
W E o USES THE MODEL OF BOWLER TS. 
W USES HULTICHANNEL AITCHISON-BOWLER MODEL. 
w E USES DATA FROM DAUN 80 AND OANKOWYCH 81. 
w F PROCUCEO IN K- BACKWARD SCATTERING. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 AT PARTIAL DECAY HODES 

DECAY MASSES 
PI A[  INTO RHO PI T69e 13D 
P2 AI INTO KBAR K 49B÷ 497 
P3 At  INTO PI (PI  P I I  S NAVE 139÷ 139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 AI BRANCHING RATIOS 

R4 AI [NTO (PI  IP l  P I )  S WAVB)/(RHO PI )  IPB)#(PE) 
R4 E (O.OR2) AAR(TN BI RVUE 
R~ E USES NLLTICHANNEL AITCHISON-B(TdLER MODEL. 
R4 E USES DATA FROM OAUN BO AND DANKONYOH BE° 

REFERENCES FOR AI 

BELLINI 63 NC 29 896 BELLINI,FIORINI,HERZ,NEGRI,RATTI IMILAN} 

BOWLER 75 RVUE +-  T-kO P I+ -  P 6 / 8 1 .  
BASDEVANT 77 RVUE 25,40 P l -  P 6 / 8 1 .  
GAVILLET TT HBC + 4,2 K- P,S 3P1 12/77 
AARON Bl RVUE 1 /82*  
DANKQWYCH B~ SPEC OB.~5 PI -P,BPI  N 6/B15 

1/825 

AACH+BER L÷BIRN+BONN+OE SY•HAMBL~G+LDIC+MRIN 
GOL DHABERtBROWN,KADYKeSHEN+ (LRL+UC8) 
LANDER,ABOLINS,CARNONY,HENDRICKS ÷ (UCSD) JP 

+CARNONYeLANDER,XUONG, YAGER (LA JOLLAII=I 
ALITTI,BATDN,DELER,CRUSSARO÷ (SACL÷BGNA) 

+DRIJARD+HENNESSY÷ IORSAY+WILAN•SACL+UCB) 
DEUTSEHNANN,STEINBER& + (AACH~BERLIN+CERNI 
R I HESS (THESIS, BERKELEY) (LRL) 

+ C R U Z +  IOXF÷MPIM÷BIRN+RHEL+DLAS÷LOICI 
+HARDY÷HESS÷KIRZ÷NILLER (LRL) 
DANYSZ÷FRENCH+SINAN (CERNI 
+LEACOCK+RHOOE+KDRELMAN÷ IIOWA÷COLC) 
eKRAYBILL+FORMAN÷EERBEL (YALE+ROCH) JP 

+FORINO+CARTACC(+ (BARI+BGNA÷FIRZ+ORBAYI 
• CRAWLEY,NRUSE,NORTARA,SOHAFER,+ IILLINOIS) 
+BRODY,CHAOWICK~FRIES,GUIRAGOSSIAN÷ (SLACIJP 
BOESEBECK,DEUTSCHMANN,+(AAEHEN+BERLIN+CERN) 
+C ONTE÷CORDS+DIAZe [OE~VA÷HAMB+NILA*SACL) 
S.U.CHUNG, O.DAHL,J.KIRZ,D.H.MILLER ILRL) 
+HOUGH,COHN,BUGG÷ (BNL÷ERNL+UCND÷TENN+PENN) 
+MAURER,MICHALON,OUDET+ (HEID+STRASBOURG) 
+COCEONI+ IAACH+BERL÷BONN~C ERN+W ARS} 
+PRENTICE*COOPER*MANNER+ ITNTD+ANL+WISC] 

G.ALEXANDER,A.FIRESTONE,G.GOLOHABER (LRL) 
+BINON+DIDDENS÷O~EIL+KLDVNINO+... (CERN) 
+COLLINS,+ (BNL~CARN) 
BERLINOHIERI,FARBER,* IROCH) 
÷EDWARDS,BURAN,BETTINI,÷ (LIVP÷DSLO÷PAO0) 
÷DE NONTAIGNAC,M~RAND,STRACHNAN+ (PARIS) 
÷LEACOCK,RHODE,KOPELNAN,LIBBY,+ (ISU÷COLO) 
+KINSON,SCARRe+ (BNL+UCND+ORNLI 

ADERHOLZ 64 PL 10 2B6 
GDLOHABE 64 PRL 12 336 
LANDER 64 PRL [B B46 A 

ABDLINS 6B ATHENS(OHIO)CONF. 
ALITTI 65 PL 15 69 

ALLARD 66 NC 46A 337 
DEUTSCHE 66 PL 20 82 
HESS 66 UCRL-I~832 

ALLISON 67 PL 25B 619 
DAHL 67 ~R 163 1377 
DANYSZ 67 NC 5 1 A  801 
JUHALA 67 PRL 19 ~BSB 
SLATTERY 67 NC 5OA 377 

ARMENISE 6B PL 26 B BB6 
ASCOLI 68 PRL 2 1 1 1 B  
BALLAM 68 PRL 21 ~36 
BOESEBEC 68 NP B • SOt 
CASD 68 HE 54 A 9BB 
CHUNG 6B PR 16B 1491 
CNOPS 68 PRL 21 1609 
FRIDMAN 68 PR 167 1268 
JUNKMANN 68 NP BB 471 
KEY 68 PR 166 1430 

ALEXANDE 69 PR I83 1168 
ALLABY 69 PL 29B 1q8 
ANDERSON 69 PRL 22 1390 
BERLINGH 6D PRL B3 42 
DONALD 69 NP B 11 55I 
FAYOLLE 69 NP B 13 40 
JUHALA 60 PR 186 1461 
KENYON 69 PRL 23 IA6 

ARMENISE 70 LNC 4 log 
ASCOLI TO PRL 25 ~62 
BRANDENB TO NP B16 36D 
CASD 70 LNC B TOT 
CRENNELL 70 PRL 24 781 
GAREL|CK TO PHILAD.CENF.P.ZOB 
RABIN 70 PRL 26 D25 

ASCOLI 71PRL 26 929 
BEMPORAD 71 NP B 33 397 
BERGER 71PHENOMENOLOGY 1N 
RINAUDO 71NC 5 A 239 

BERENYI 72 NP B 37 B21 
BEOODWOR 72 NP B 46 402 
DIEBOLD TB 
LAMSA TZ 
MORSE T2 

ANTIPOVl 73 
ANT IPOV 2 T3 
ARNOLD 7B 
ASCOt( 1 73 
ASCOLI 2 73 
ATHERTON 73 
READ 73 

ASCOLI 74 
BOWLER 7~ 
KRUSE 7A 
LICHTNAN 74 
OTTER 74 
TABAK 74 
THAMES01 74 
THONPSO2 74 

ABASHIAN 75 
AITCHISO 75 
ASCOLI 7B 
BEUSCH 75 
BOSETTI 75 
BOWLER 75 
OIAZ 75 
ENMS 1 75 
EMMS 2 7B 
H(~RNE 35 
KANE 75 
WAGNER 75 

BAUBILLI 76 NP B 115 237 
BENZ 76 NP B 115 385 
BRAYSHAW T6 ERE 36 33 

BALTAY TT PRL 3q SOl 
BASDEVAN TT PR D 16 657 
CAUTIS TT THESIS NEVIS 22l  
CERRAOA TT NP B 126 24 l  
FERRER TT THESIS,LAL 129S 
GAVILLET 77 EL 69 B 119 
HABER TT NP B 159 429 
LONGACRE 77 ORE 3B 1509 
SCHULT 77 PR D 16 62 

ALEXANDE 78 PL 73 B 99 
BALTAY 76 PRO 17 62 
BASOEVAN 78 PRL 40 9~4 
CORDEN 7B NP B 136 77 
FERRER 1 T8 PL T4 B 287 
FERRER 2 TB NPB 1B2 TT 
JAROS TB PRL 40 1120  
PERNEGR TB NP B 134 636 
ROBERTS 78 PRO IB B9 

CORUIER ~9 RL B 81 B89 
KASPER 79 NP B 156 2OT 
MAZZUCAT 79 NP B E56 53B 

DAUM BO PL B9  B 281 
WAGNER BO ZPHY C 3 1D3 

AARON B1 PRO 24 1207 
BELLINI 8| PRL 
DANKOWYC BL PRL 44 580 
DAUN Bl NP B 182 26~ 
FOSTER B1NP B 187 2BI 

BAUBILLIER,RIVOAL,ARMENISE + (BARI+LDNP) 
+BRAUN •(AACHEN+BONN•HAMBURG+HEIDBERG+MPIM) 
O.BRAYSHAW (SLAC) 

+CAUTIStKALELKAR (COLUMBIA) JP 
BASDEVANT,BERGER (FN&L+ANL) JP 
C.V.CAUTIS [COLUMBIA) JP 
• BLOCKZIJL,HEINEN+ (AMST+CERN+NIJM+OXF) JP 
A.FERRER SOR[A (ORSAY) 
÷BLOCKZIJL,ENGELEN~ (AMST+CERN+NIJM÷OXF) JP 
HoE.HABER*G.L.KANE (UNIV. OF MIEHIGAN) 
+ A A R O N  (NORTHEASTERN,BOSTON) JP 
• WYLD (ILLINOIS) JP 

ALEXANOEReRNIES,~(DESY÷AACH+HAMB÷SIEG~WUPG) 
+CAUTIS,COHEN,~S~NA,KALELKAR+ (EOLU÷BINGI 
BASDEVANT,BERGER (FNAL÷ANL) JR 
OOWELLvGARVEYtJOBES÷ (BIRN+RHEL~TELA+LOWCI JP 
*TREILLE,RIVET ÷ (ORSAY÷CERN~CDEF+LPNPI 
+TREILLEtRIVET + (ORSAY+CERN~CDEF+LPNPI 
~ABRANStALAN÷ (SLACeLBL÷NWES+HANA} 
*AEBISCHER* (ETH÷OERN÷LOIC+MIL&I JP 
+KRUSE,EDELSTEIN+ (ILL÷CARN+NWES+ROCHI JP 

÷DELCOURTtESCHSTRUTH,FULDA,+ (LALO] 
÷EHAPNAN,DEROACH,GOLD,KLEIN,NARTIN+ (NELBI 
MAZZUCATO, PENNINGTON÷ (CERN÷ZEENeNIJN~OXF) 

÷HERTZBERGEReIANST+CERN~RAC+NPIM÷OXF+RHEL) JP 
+ALEXANDER+ (AACH+CESY+~ANB÷SIEGeWUPP) 

÷LONGACRE (NEAS+BNLI 
÷OI CORATD,FRABETTII÷ (NILA+JINR+BGNA) 
+BROCKNAN,EDWAROS+(TNTO+BNL÷EARL÷MCGI÷OHIO) 
~HERTZBERGER+(ANST+CERN÷CRAC÷MPIM+OXF+RHEL) 
÷BLOKZIJLvARNENTERDSt+ (OXF+ZEEM÷EBRN+NIJH) 

BATAV.CONF.3P.17 R.D(EBOLD RAPPORTEUR TALK (ANLI 
NP B 41 388 +EZELL~GAIOOS,WILLMANN (PURDUE) 
NP B R3 TT ÷OH,WALKER,JDHNSTONpYOON (WISC+TNTOI 

NP B 63 153 +ASCOLI,EUSNELLO,FOCACCI,+ ICERN÷SERPI 
NP B 63 [43 +ASCOLI,BUSNELLO,FOCAECI,+ (CERN+SERP) 
NC 17 A 393 +ENGEL,ESCOUBES,GEMESY,JANOSSY,÷(STRB÷BUDA) 
PRO 8 3894 ÷JONESvWEINSTEIN,WYtD ( I L L )  
PRL 31 795 ~CHAPIN,CUTLER,HOLLOWAY,KOESTER,KRUSE*(ILL| 
PL 43 B 269 +FRANEK~FRENCH,GHIDINIIHILPERTt+ (BERN) 
NP B 66 51[ B.J.READ [DESY) 

PR D9 1963 ÷CUTLER,JONESvKRUSEeROBERTSeNEINSTE[N+(ILLI 
NP B74 493 +DAINTON,KADOOURA,AITCHISON (ORE) 
PRL 32 1 3 2 8  +ROBERTS,EOELSTEIN+ (ILL+CARN+NWES÷ROCH) 
NP B81 31 +B[SWAS,CASON,KENNEY,MCGAHAN,+ (NORM) 
NP BED | ÷RUDOLPH+ (AACH+BERL+BONN+CERN~HEID) 
BOSTON CONF. P.~6 +RONAT,ROSENFELD,LASINSKI• (LBL+SLACI 
PR D9 B6C THONPSONvGAIDOStMCILWAIN,WILLHANN (PURO) 
NP B6D 3E1 THOMPSON,BADEWITZ,GAIDOS,NCILNAIN÷ (RURD) 

PRL 36 691 +BEAHER,BROSS,EISENSTEIN,+ (ILL÷ANLeISU) 
PL 59 8 28B I.J.R.AITCHISON, R.J.GOLDING (OXFORD) 
PRO 12 63 G.ASCOLIt H.W.WYLD (ILLINOIS) 
PL BBE D7 ÷POLGAR,FREUDENREICH+ (CERN+ETH+LOIC+~ILA) 
NP B 101 304 +OTTER÷IAACH~BERL÷BONN÷OERN÷HEID+LOIC+WIEN) 
NP EgT 227 •GAME,AITCHISON,DAINTON (OXF~DARE) 
PR 12 D 1272 ~DIBIANCA,FICKINGER,DADO, ENGLER÷(CASE+OARN) 
NP B93 1 ~JONESvKINSONtBELLIDALE~ (BIRN+DURH÷RHEL) 
PL 60 B 109 +JONES,KINSQN,BELL,DALE+ IBIRN~DURH+RHEL) 
PR D11 gq6 +S.HAGOPIANtV.HAOOPIAN,BENSINGER+(FSU÷BRANl 

TENTH RENCONTRE OE NORIOND (MICHI 
PL BBB 201 +TABAK,CHEW (LBLI 

• GHIDINI,FDRING,OARTACCI,+ IBARI~BGNAtFIRZ) 
÷BRDCNWAYeE RAWLEY, EI SENSTEI N,~NFT,÷ f i l l )  J P 
÷BRENNER,IDFFREDOtJOHNSON,NIM* (HARVARD) 
eCDRDS~COSTA+ (GENO+OESY+HA~B+MILA+SACI) 
÷KARSHQN,LAI,SCARR,SIMS IBNL) 
D.A.GARELICK,REVIEW (NORTHEASTERN) 
+GALTIERI,OERENEO,FLATTE,FRIEDMAN÷ (LR1) 

ILLINOIS+GENO÷HAMB+MILeSACL+FARV+TNTO+WISC 
÷BEUSCH,MELISS[NOS,+ (CERN+ETH~LOIC+HILA) 
PARTICLE PHYSICS, CALTECH 197| (LRLl 
+BDECNNANN,MAJOR÷ITORI+BONN+EURH+NIJM+EPDLI JP 

+PRENTICE,STEENBERG,YOON,WALKER (TNTO+WISC) 
BLOODWORIH,JACKSON,PRENTICEtVOON (TORONTO( 



Mesons 
r/(12?5), D(1285) 
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SEEN IN PHASE SHIFTS ANALYSIS OF THE ETA PI+ P I -  
SYSTEM WITH PI+  P I -  IN AN S-WAVE (STANTON 79 ) .  
WAlT CONFIRMATION. OMITTEO FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

37 ETA(1275 )  MASS (MEV) 

M ( 1275. I APPROX. STANTON 79 CNTR 0 B.BPI-P,ETA 2Pl 12179  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

37 ETA(12751  WIOTH (MEVI 

W [70 . )  ~PPROX, STANTON 79 CNTR 0 8.4P[-P,ETA 2P[ IZ /79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

37 ETA(1275) PARTIAL DECAY MODES 

DECAY MASSES 
P l  E T A [ 1 2 7 5 1  TNTO DELTA PI  g83+ 13g 
P2 ETA) 1275)  INTO ETA P [+  P [ -  B48+ 139+ 13q  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

37 ETA(1275 )  BRANCHING RATIOS. 

R1 ETA(L275) INTO DELTA PI (P1) 
RI LARGE STANTON 79 CNTR 0 E.4P[-P~ETA 2PI 12/79 

REFERENCES FOR ETA( I275 )  

STANTDN 79 PRL 42  346  +BROCKMAN, OANKOWYCH,÷ )DSU+CARL÷MEOIeTNTO) JR 

I D ( l e B S )  I B D,,, . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 D MASS (MEV) 

M S 50011280.) (3 . )  THUN 72 MMS 13 .6  P I -  P 12/72 
M 3411271 .0 )  ( 10 .0 )  CDRDEN 78  OMEG 12 -15P I -P .~÷K-P I  4178  
M P 6611275 .0 )  APPROX. STANTON 79 CNTR 8.5PI-P,2GAM 2P I  12179  

M 1283.0 5.0 OAHL 67 HBC 1 .6 -4 .2  P I -  P 10/66 
M 1290. 7. O-ANOLAU 68  HBC 1.2 PBAR P,  5-6 PFS 6/68 
M 1270 .0  LO.O CAMPBELL 69  DBC 2 .7  PI÷ O 8 /69  
M 1285. 7. LORSTAO 69  HBE 0 .7  PB P, 6,5-BODY 9 /69  
M 1303.0 B.O BAROADIN 71 HBC B PI÷ P, P÷BP| 9169 
M 1283 .0  ~ .0  BOESEBECK 71HBC 16 .0  P l  P,5 PI 6 /71  
M 150  1292. IO.  DEFOIX 72  HBC 0 .7  PBAR P,7 P l  1 / 73  
M 180 1286. 3. DUBOC 72 HBC 1.2 PgAR P,BKNP[ I2172 
N 210 1279.0 5.0 GRASSLER 77 HBC 16 .  P I -+  P tL/77 
M RB 1295.0 12.0 BORDEN 78  OMEG 12-1501-P, N 5El 4 /T8  
M 320 1282.0 2.0 NACASCH 78  HBC =7+ .76  PB P,KKBP 4 /7B  
M 200  1288 .0  9 .0  GURTU 79  HBC 4 .2  K-- P ,ETA  2P| 12179  
M 31 1275 .0  6 .0  BROMBERG @0 SPEE 100 PI -P ,2KPIX 1182. 
M 103 1283 .0  .3.0 DIONIS[ BO HBC 4. PI -  P,K KE P) 12179 
M 1278. 6 .  EVANGELIS 810MEG 12 PI -P ,ETA3P IP  1182" 
M 

M AVG I283.0 1.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I . I I  

M P FROM PHASE SHIFT ANALYSIS OF ETA P [÷P I -  SYSTEM. 
M S SEEN IN THE MISSING MASS SPECTRUM 

B D WIDTH (MEV) 

W R {35 .0 )  ( 10 .0 )  OAHL 67 HBC 1 .6 -4 .2  P l -  P 11 /71  
fl R I60 .  l ( 15 . )  LORSTAD 69 HBC 0 .7  PB P, 6,5-BODY 11/71 
W R (46 .0 I  [ 24 .0 )  BARDADIN 7 1 H B C  B P I+  P, P+6P[  l i l T [  
N R 1SO 128 . )  ( 5 . 1  DEFOIX 72 HBC 0 .7  PBAR P .7  P9 1173  
W R lBO I 46 . )  (R . !  OUBOC 72 HgC 1.2 PBAR =,2K6P[ 12/72 
W S O 500 (37 .  I { 5 . )  THUN 72 MMS 13.4 P [ -  o 12 /72  

34 155 .0 )  ( 3g .  OI CORDEN 7B OMEG I2 - [ 5P I -P ,K+K-P I  4 / 78  
P 110.0) APPROX. STANTON 79  ENTR 8*5PI-P,2GAM 2P I  12 /79  

W U 46. 20. O-ANDLAU 68  HBC 1 .2  PEAR P, 5 -6  PFS 2172  
R 30.0 15 ,0  CAMPBELL 69  OBC 2.7 PI+ O 8/A9 
H lO .O  10.0 BOESEBECK 71HBC 16.0 Pl P ,5  PI 6 /71  
R 210  24.0 18 .0  GRASSLER 77 HBE 16. P I ~ +  P 12 /77  
W O 85 70.0 30 .0  BORDEN 7B OMEG 12-15PI-P,  N 5PI 41TB 
W 320 28 .3  6 .7  NACASCH 7B NBC .7+.76 PB P,KKBP 4 /78  
N 200 25 .0  1E .O  GURTU 79  HBC 4 .2  K -  P ,ETA  2P [  12 /79  

31 22.0 2L.0 BROMBERG BO SPEC 100 PI -P .2KPIX 1/82*  
103 29.0 10.0 DIONISI BO HBC 4.  P I -  P,K RB P) 12/79 

W 26 .  [ 2 .  EVANGELIS 8L OMEG 12 PI-P,ETA3PIP l lB2 *  
g . . . . . . . . .  
W AVG 26.3 3.g AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  

W O WIDTH ERRORS ENLARGEO BY US TO 6*WIDTHISORT(N),SBE K* TYPED NOTE 
W P FROM PHASE SHIFT ANALYSIS OF ETA P I÷R I -  SYSTEM. 
g R RESCLUTIOR NOT UNFOLDED 
W U S SEEN IN ThE ~ISSING MASS SPECTRUM 
W UNFOLDED BY DDBRZYNSgl 71 

@ D PARTIAL DECAY MODES 

DECAY MASSES 
P l  O INTO K KBAR Pl ~97÷ 697+  1 3 6  
p 2 o INTO Pl PI  RHO IN+  136+ 759 
P3 D INTO ETA Pl P I  5#8+ 1B4÷ 134 
06 O INTO DELTA Pl 985÷  136  
P5 0 INT0 2P I *  BPl-  139÷ 139+ 139+ 139 
P6 D INTO K* KBAR 891÷ 497 
P7 O INTO 4 P I  139÷ 139÷ 139÷ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PART£AL DECAY MODE BRANCHING FRACTIONS 

The matrix below i s  derived from the error  matrix for the fitted partial  decay mode 

b r a n c h i n g  f r a c t i o n s ,  P i '  a s  follows T h e  d i a g o n a l  e l e m e n t s  a r e  P'I ± 6P.I ~ h e r e  

EP i = ~ ) ,  w h i l e  t h e  o / E - d i a g o n a l  e l e m e n t s  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  { g P i g P  j ) / ( g P i  " gl~j  ) '  F o r  t h e  d e f i n i t i o n ~  of t h e  i n d i v i d u a l  P i '  Bee  t h e  l i s t i n g s  

a b o v e ;  ord  y t h o s e  P .  a p p e a r i n g  i n  t h e  m a t r i x  a r e  a ~ u m e d  i n  t h e  Eft to be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  ~o 1. 

P 1 P 3 P 7 
P 1 . 1117+ - . 0266  
P 5 .B931  , 6883+ - .  OS 86 
P 7 - . 6152  - . 9341  .~OOO+-. 0711 

B D BRANCHING RATIOS 

THE D BRANCHING RATIOS FIT IS MADE WITH THE ASSUMPTION THAT 
THE O INTO 6Pl DECAY IS ALWAYS VIA DECAY INTO I=1 PI P) 
PAIRS IE .G . ,  RHO PI  P l ) .  

RI O INTO (P I  Pl RHO) / (K KBAR PI)  {P2 I I (P i ]  
RI ( 2 . 0 )  OR LESS DAHL 67 HBC CHARGED PI CNLY 10/66 
RI D ( 4 .0 )  CR LESS DONALD 69 HBC 1.2 PBAR PREP+ 
RI D THIS IS FOR (RHOO P ie  P I - ) I IK  KBAR PIO| 

R2 D INTO (K KBAR P I I / IETA  P) P i t  (P I | / IP3 )  
R2 0 .16  O.OB CAMPBELL 69  DBC 2.7 PI+ 0 i173 
R2 K 0 .20  0.08 DEFOIX 72 HBC 0.7 PflAR P,T P) 1/73 
R2 0 .5  0 .2  BORDEN 7B OMEG t2 -150 [ -P  6/78 
R2 0 .42  0 .1E  GURTU 79 HBC 4 .2  K -  P 12179  
R2 K K KB~R SYSTEM CHARACTERIZED BY THE [= I  THRESHOLD 
R2 K ENHANCEMENT (SEE UNOER OELTAIO80)I. 
R2 . . . . . . . . .  
R2 AVG 0.229 0,061 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.2) 
R2 FIT 0.229 0.0B3 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.0) 

R3 D INTO (DELTA P I ) I IETA  PI P l ]  (P4 ) I (P3 )  
R3 SEEN OEFOIX 68 HBC PBAR P IIBO 
R3 1.0 0.3 GRASSLER 77  HBC 0 16. PI -+ P 11177  
R3 0.6 0.3 0.2 BORDEN 78 OMEG I2-15PI-P ~ /TB  
R3 0 .72  0.15 GURTU 79 HBC 4.2 K- P I2 /7R 
R3 . . . . . . . . .  
R] AVG 0 .76  0.12 AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1.0) 

R4 O INTO (2P[+ 2P I -  ( INCL. RHO Pl P IH / (ETA  P I÷P I - ) IP51 / (2 /3P3 )  
R4 0.Ag 0.15 ORASSLER 77 HBC 16. PI-÷ P 11177 
R6 0 .32  O.gO OURTU 79 HBC 4.2 K- P 12/79 
R4 . . . . . . . . .  
R6 AVG D 0.41 0.~2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O)  
R5 INTO (K~  KBAR)/TOTAL {PC) 
R5 NOT SEEN NACASEH 77 HBC .7÷.76 P@ P,KRBP 12/77 

R6 O INTO {RHO0 P I+  P I - ) / ( 2P I f  2P I l #  [ I / 392 /PS)  
R6 1 .0  O.~ ORASSLFR 77 HBC I6  GEV P [÷ -  P 11177 

R7 O INTO (RHO Pl P I ) / IETA  PI P IE  (P211(P3) 
R7 C lO. Bl OR LESS CL=.O5 BORDEN 78 OMEG Ig -15P l -P  
R7 C NOTE THAE CORDEN 78 AND GRASSLER 7T ARE IN DISAGREEMENT. 

O-ANDLAU 65 PL IT 347 
MILLER 65 PRL 14 1076 

BARLOW 67 NC 50 A 70I  
OAHL 67 PR 163 L377 

O-ANDLAU 68 NP B S 693 
DEFDIX 68 PL 2B B 353 

CAMPBELL 69 PRL 22 1204 
DONALD 69 NP B 11 551 
LDRSTAO 69 NP B 16 a3 
OTWINOWB 69 PL 29 B 529 

AMMAR 70 PR 02 630 

BARDAOIN 71PR 04  2711  
BDESEBEC 71 PL 34  B 659  
GOLDBERG 71LNC 1 627  

BERENY[ 72 NP B 37 621 
CHAPMAN 72 NP B 42 I 
DEFOIX 72 NP B 44 125 
DUflOC 72 NP B 46 ~29  
THUN 72 PRL 28 1733 

VUILLENI 75 LN~ i~ IA5 
WELLS 75 NP B 101 333  

HANDLER 76 NP B 110 I 73  
VU ILLEM|  76 NE 33A  133 

ORASSLER 77 NP B IZI 189  

CCRDEN 7B NP B 146 253  
IRV ING 78 NP B 139 327  
NACASDH 78 NP B 135 203  

GURTU 7q  NP B I51  18[ 
STANTDN 79 PRL 42  346  

BROMBERG BO PR D 22 1513 
DE B ILLY  BO NP B 176 t 
DIONISI 80 NP B 169 i 

EVANGELI 81NP  B t78  l gT  

REFERENCES FOR D 

+BARLOWtADAMSDN,e (COEF+CERN+IRAOeLIVPI 
÷CHUNG,DAHL,HESS,HAROY,KIRZ,+ {LRL+DCB) 

÷MONTANET,O-ANOLAU+ ICERN+CDEF+IqAD+LIVPI 
+HARDY+HESS+KIRE+MILLER (LRLI I  JP 

÷ASTIER,BARLOW+ (CDEF+CERN÷IRAD÷LIVPII JP 
*RIVET,SIAUD,CONFDRIO÷ (CDEF+IPNP+CERN] 

÷LICHTMAN,* (PURD) 
+EDWAROS,BURAN,BETTINI,+ )L[VP÷OSLD÷PADO) 
B.LORSTAD,O-~NOLAU,ASTIER,÷ (CDEF+CERNI JP 
S.OTWINOWSKI (WARSAWl 

÷KROPAC,DAVIS,OERRICK÷ (KANS+NWES*ANL÷WISCI 

BARDADIN-OTWINOWSKA,HDFMDKL,MIEHEJDA+(WARS) 
(AAEH+BERL+BONN+EERN+CRAE+HEID+WARS) 

+MAKOWSKI,TOUCHARD,DONALD,+ ( IPN÷L IVP I  JP 

÷PRENTICE,STEENBERG,YODNeWALKER (INTO÷WISE( 
*CHURCH,LYS,MURPHY,RINO,VANDER VELDE (MICHI 
÷NASCIMENTO,BIZZARRI,÷ [CDEF+CERN) 
+GOLOBERG,MAKOWSK[,DOF~ALD,* (LPNP*LIVP) 
+BLIEDEN,FINOCCHIARC,EOWEN,+ (STON*NEAS) 

VUILLEMIN,+ [LAUS+NEUC+LPNP+LIVP+GLASI JR 
+RADOJICIC,ROSCOE,LYONS,+ (OXFI 

+PLANO,BRUEKER,KOLLER÷ IRUTO÷STEV÷SETO) 
VUILLEMIN+ (LAUS÷NEUC+LPNP+LIVP~GLASI 

+(AACHEN+BERLIN+BONN÷CEBN+CRACOW+NEIO+WARSI 

+CORBETT,ALEXANDER,+ (BIRM+RHEL+TELA+LOWCI JP 
A.C.IRVING,H.R.SEPANGI [ L IVP I  
+OEFOIX,OOBRZYNSKI,f (PARISfMADRIO÷CERN) 

÷GAV[LLET,BLOKZ[JL,+ (CERN+ZEEM+NIJMfOXF) 
÷BROCKMAN,OANKDWYDH,÷ (OSU÷CARL÷MCGI+TNTO] JP 

*HAGOERTY, ABRAMS,DZIERBA(CIT÷FNAL+ILLC+IND) 
+BRIAND,DUBOC,LEVY+ (CURI*LAUS÷NEUC+GLAS) JP 
÷GAVILLET,APMENTEROS+ (EBRN+MAOR+CDEF÷STOH) 

EVANGELISTA*(BARIeBDNN÷CERN+DARE÷LIVR÷MILA) 

* * * * * *  * * * * * * * * *  ~ * * * * * * * *  * * * * * * * * *  * * * * * * * *~  * * * * * * * * *  * * * * * * * * *  * * * * * * 4 *  
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Mesons 
 (,300) 

B • 

S-Wave ~ and KK Interactions 

In this note we discuss information on the 

non-strange IGj PC = 0+0 ++ partial wave (S wave) 

coupled to the ~ and KK systems. 

Near the ~ threshold the S wave shows no 

resonant behavior. For a discussion of the rele- 

vant scattering lengths and various resonance- 

like kinematic effects, see .our 1978 edition. 

Up to the O meson mass region, the phase 

0 is (qualitatively) uniquely determined: shift d 0 

it rises monotonically and reaches 60 ° to 70 ° 

near 700 MeV (SONDEREGGER 69, BATON 70, BAILLON 

72, CARROL 72, FRENKIEL 72, GAIDOS 72, PROTO- 

POPESCU 73, HYAMS 73, OCHS 73, ENGLER 74, ESTA- 

BROOKS 74,75. GRAYER 74). 

In the early phase-shift analyses two 

solutions for 60 were found (the "up-down ambi- 

guity") in the 700 to 900 MeV region. The "up" 

solution corresponds to an £ resonance under the 

Q meson with mass and width similar to the p mes- 

on, the c (800). The "down" solution is charac- 

terized by an approximately energy-independent 

phase shift of almost 90 ° , showing no resonant 

behavior. This ambiguity was considered resolved 

in favor of the "down" solution by the observa- 

tion of a very rapid decrease in the modulus of 

the S-wave amplitude between 900 MeV and the KK 

threshold, followed by a sharp drop in the elas- 

0 
ticity. 60 is ~90 ° at about 900 MeV and reaches 

~180 ° around 990 MeV (FLATTE 72, GAIDOS 72, HYAMS 

73, BINNIE 73, ENGLER 74). However, the region 

is complicated by the simultaneous presence of 

the S resonance and the opening of the KK chan- 

nel, permitting almost discontinuous jumps from 

one solution to another. 

Without polarization information, the reac- 

tion nN + 7TnN cannot be analyzed unambiguously 

due to the fact that there are more helicity am- 

plitudes than observables (see, e.g., DONOHUE 75). 

Thus one is obliged to make some supplementary 

assumptions. 

An amplitude analysis (ESTABROOKS 74) of the 

largest IT-p (unpolarized) + n+ - IT n experiment 

(HYAMS 73, GRAYER 74) still finds both the "up" 

and "down" solutions. This analysis assumes both 

spin coherence (the unnatural-parity-exchange, s- 

channel helicity amplitudes are nucleon spin-flip, 

i.e., no Al-like exchange) and phase coherence 

(the S-wave amplitude and the unnatural-parity- 

exchange, meson helicity-zero P-wave amplitude 

have the same phase). These assumptions may tend 

to bias the results (MORGAN 74, DONOHUE 75,79). 
+ - 

The advent of ~-p (polarized) + ~ ~ n data 

(BECKER 79) has made both the spin coherence and 

phase coherence assumptions unnecessary. Analyz- 

ing their data in a model-independent way, BECKER2 

79 also find both the "up" and the "down" solu- 

tions. 

The reaction ~+p + z+~-A ++ has been analyzed 

in the region 660 to 860 MeV (OWENS 76, DONOHUE 

79) and in the region 600 to 920 MeV (GELFAND 78), 

using all the information carried by the A ++ de- 

cay. The conclusion from both analyses is that 

the e(800) of the "up" solution cannot be ruled 

out. 

The only way to rule out a narrow £ under the 

p meson (the "up" solution) is to study the ~0~0 

system. With the exception of one experiment 

(BISWAS 81), all the n0~0 experiments agree that 

no such narrow resonance is present and that the 

"down" solution describes the data well (DEINET 

69, SONDEREGGER 69, SHIBATA 70, BENSINGER 71, 

APEL 72,79, BRAUN 73, SKUJA 73, RIESTER 75, GRIVAZ 

76, DAVID 77, BORREANI 79,81). The phase shifts 

of BISWAS 81 lie much lower than all others in the 

300-700 MeV region, thus requiring a sudden phase 

motion in the p region to matdh the "down" solu- 

tion above the p. 

The region of elastic ~ scattering is known 

to extend to about 990 MeV, near the KK threshold 

(BATON 70, CARROLL 72, PROTOPOPESCU 73, HYAMS 73, 

OCHS 73). Beyond 1 GeV we therefore have to con- 

sider the two channels ~ and K~, and beyond ii00 

MeV the qq channel also opens up. In addition, 

the solutions have inherent ambiguities related 

to the Barrelet zeros of the amplitudes. Thus 

HYAMS 75 find four solutions in the region 1.0 to 

1.8 GeV, ESTABROOKS 74 find eight solutions, and 

CORDEN 79, extending the ~ analysis to 2.08 GeV, 

find another eight solutions. 
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In the past many of these solutions have been 

ruled out by imposing continuity in various ways, 

as well as analyticity and unitarity (FROGGATT 

75,77, COMMON 76, MARTIN 78). 

Unfortunately, the polarization information 

(BECKER 79) has not yet been fully analyzed. One 

notes that a model-independent partial-wave anal- 

ysis (BECKER2 79) agrees qualitatively with solu- 

tions ~ and ~' (of MARTIN 78). 

The ~ and ~' amplitudes describe the experi- 

mental moments in each bin without any explicit 

smoothing; they are analytic in s and approxi- 

mately analytic in cos@. They take into account 

all waves up to Z = 4. The ~ solution has a 

highly elastic S wave, whereas the S wave of 

solution ~' is somewhat inelastic (MARTIN 78). 

The unique solution of FROGGATT 77, which has ex- 

plicit smoothness built in and which takes account 

only of Z < 3 waves, is rather similar to ~. How- 

ever, it has problems with unitarity, apparently 

because of the neglected G wave (MARTIN 78). 

The S wave is clearly resonant in the data of 

BECKER2 79. In the 1150 to 1400 MeV region both 

the S-P and S-D phase differences show the pres- 

ence of a broad resonance, and the intensity of 

the S wave confirms this by exhibiting a peak at 

about 1300 MeV with a width of about 300 MeV; see 

Fig. l(a). 

The amplitude analysis of the ~-p ÷ ~+~-n 

experiment of CORDEN 79 has two preferred solu- 

tions which are close to ~ and ~', giving some 

support for an 6(1300). Also the S wave in the 

~0~0 system tends to confirm the 6(1300) by stay- 

ing near its unitarity limit around 1200 MeV 

(APEL 79). 

Independent evidence for the ~(1300) comes 

from studies of the KK systems. In the reaction 

~-p ÷ o 0 
KsKsn, the S wave exhibits a large intensity 

in the 1300 MeV region (WETZEL 76, LOVERRE 80), 

with some evidence for a bump. Moreover, the 

Y~ moment shows a large negative excursion indi- 

cating S-D interference (CASON 76, WETZEL 76, 

POLYCHRONAKOS 79, GOTTESMAN 80, LOVERRE 80). The 

main problem is the isospin of the bump: if OPE 

were the only mechanism, I=0 would be assured. 

However, an I=l non-OPE contribution in the same 

region cannot be excluded. Moreover, the I=l 

K-K ° system does show some peaking (MARTIN 79), 

so one will possibly have to disentangle two res- 

onances in the KsK S0 0 bump. 

In agreement with this, the K+K - system pro- 
+ 

duced in ~-p, n n, and n-p (polarized) scattering 

clearly shows the S wave peaking at 1300 MeV [see 

Fig. l(b), (c)]; again, both I=0 and I=l may be 

present (PAWLICKI 77, MARTIN 79, COHEN 80, COSTA 

80, GORLICH 80, WICKLUND 80). 

To get from phase shifts to'resonance parame- 

ters and qq-composition one has to make coupled- 

channel analyses. It has become evident that it 

is not enough to consider the channels ~n and KK 

only; nQ must also be included. Two such fully 

unitarized analyses (ACHASOV 79,80,81, TORNQVIST 

82) finally appear to bring order to the scalar 

SU(3) nonet. TORNQVIST 82 is more general in 

considering simultaneously all the pseudoscalar- 

pseudoscalar meson pairs coupling to the full 

scalar multiplet, but confirms well the earlier 

results of ACHASOV 79,80. 

The picture emerging (TORNQVIST 82) is that 

of a dominantly qq-system with large qqqq compo- 

nents in the form of virtual two-meson bound 

rn~ r: (G eV) 
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~_~200 
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, . l .  ++÷. 
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I ' { , { ~ J 

~.~ ~.3 t5  
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Fig. i. (a) The absolute intensity (in pb) of the 
~+~- S wave in 40 MeV bins (without dividing by the 
bin size), as given by the "down" solution of 
BECKER2 79. (b) Absolute intensity (in ~b/GeV 3) 
of the K+K - S wave, as given by the favored solution 
of COHEN 80, for Itl < 0.08 GeV 2. (c) The absolute 
intensity (in ~b/40 MeV bin) of the K+K - S wave, as 
given by the favored solution of GORLICH 80. 



139 

Data Card Listings 
For notation, see key at front of Listings. 

states. At the SU(3) level, two i s o s c a l a r  r e s o -  

S*  nances are needed, a n a r r o w  superimposed on 

a broad 6. The position and width of the S are 

well determined by its interference with the ~, 

visible as a dip in the ~ + ~ cross section. 
* + -- 

The S appears particularly clearly as a ~ ~ peak 

in J/~ decay (GIDAL 81) and as a 2-prong peak in 

yy interactions (BRANDELIK 81). 

The mass and width of the E, however, are 

difficult to define in any simple way, its Breit- 

Wigner shape being completely distorted by hadron- 

ic mass renormalization effects (cusps) from the 

~, KK, and ~ channels (MORGAN 74, ACHASOV 

79,80,81, IRVING 81, TORNQVIST 82). 

The long-standing contradiction between the 

small coupling of the S to ~ - evidence for a 

pure ss system - and the Gell-Mann-Okubo mass for- 

mula prediction of the S bein@ an SU(3) singlet, 

is also now resolved. The mixing angle turns out 

to be a very strong function of energy, nearly 

ideal below the KK threshold, but rapidly ap- 

* " t proaching the configuration S -octet/e-szngle at 

about 1400 MeV (TORNQVlST 82). This also lends 

support to the simpler analyses which find an av- 

erage KK branching ratio in the 1300-1400 MeV re- 

gion of the order of 10% (MARTIN 78, ESTABROOKS 

79, GREENHUT 79, COSTA 80, GORLICH 80, LOVERRE 

80). 

For further discussion of the scalar nonet, 

see the mini-reviews under 6(980) and <(1350) and 

Appendix IIC. 

I4 EPSILON MASS IMEV) 

M [1256 .01  FRDGGATT 77 RVUE P I÷P I -  CHANNEL 12177 
R I t 270 ° )  APPROX. MARTIN 78 RVUE PI÷PI- CHANNEL 12177 
M l l BO0 . )  APPROX* POLYCHRON 19 SIRe T. P I -P ,KS  KS N 12179 
M 1425. IS. WICKLUND 80 SPBC 6. PI NiX÷ K- N 91Bl~ 
M [1394.) IRVING 81 RVUE PI+PI-,K KBAR CH 3182~ 
M (~390.) APPROX. TORNDVIS 82 RVUE I182~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E4 EPSILON WIDTH (MEVI 

W E (400 . )  APPROX. FROGGATT 77 RVUE PI+PI- CHANNEL 12177 
W ( t50 . )  APPROX. POLYCHRON 79 STRC 7* P I -P ,KS  KS N LEFT9 

160. 30.  WICKLUND 80 SPEC 6.  P[ N,K+ K- N 9281 .  W 
W P (220.1 IRVING 8 |  RVUE PI÷PI-,K KBAR CH 3182*  
W l l AO0 , )  APPROX. TORNDVIG 82 RVUE LIB2~ 

w E WIDTH DEFINED AS DISTANCE BETWEEN 63 ANO 135 DEGREES PHASE SHIFT* 12177 
W P FROM POLE POSITION 

14 EPSIEON PARTIAL DECAY MODES 

DECAY MASSES 
P I  EPSILDN INTO PI PI 139+ 139 
P2 EPSILON INTO K KBAR 497~ 497 
P3 EPSILON INTO ETA ETA 548+ 54B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mesons 
E(1300) 

IB EPSILON BRANCHING RATIOS 

RI EPSILDN INTO (PI PIIITOTAL (Pl) 
RI (O.T3J HYAMS TS ASPK 17.2 PI-P,PI+PI- 
RE 0*936 0 , 0 1 9  0 .015  GORLIEH BO ASPK 17,18 PI -P  POLAR 

LOVERRE BO HBC 4. P[- PeK K N R[ ( 0 . 93 )  
R[ 10.93) APPROX. TORNDV[S 82 RVUE 

R2 EPSILON INTO (K KBAR)/(PI P[ I (PB)/IPE) 
R2 0 .08  0.01 COSTA 80 OMEG O [0 P I -P .K÷  K- N 

REFERENCES FOR EPSILON 

SANTOS 62 PRL 9 139 

BLOKHINT 63 JETP 17 BO 
BOOTH 63 PR I 32  2314 
KIRZ 63 PR 130 EBB( 

BARISH 64 PR I35 B 4 t6  
CRAWFORD 64 PRL E3 42E 
DEL FABR 64 PRL EZ 67~ 
KALMUS 6~ PRL [3 q9 

BATON 65 NC 36 II69 
BIRGE 65  PR 1 3 9  B 1600  
BROWN 65 CORAL GABLES 219 
DURAND 65 PRL tA 329 

BETTINI 66 NC 42~ 695 
JACOBS 66 PRL 16 669 
KOPELMAN 66 PL 22 118 
LOVBLACE 66 PL 22 ~32 

ANDERSON 67 PRL 18 Bg 
BEUSCH 6T PL 25 B 357 
CLEGG 67 PR I 63  1664 
CORBETF 67 PR 156 1451 
GUTAY 67 PRL tB 162 
JOHNSON 67 PR 163 1497 
MALAMUD 67 PRL 19 I 0 5 6  
WALKER 67 RMP 39 695 
WALKER 67 PRL 18 630 

BANDER 68 PR 16E 1679 
BISWAS 68 OL 2T B 513 
BRAUN 68 PRL 21 E275 
OUTTA-RO 68 PR 169 1357 
EISENHAN 68 PRL 20 758 
FDSTER 68 NP B 6 tO7 
HYAMS 68 NP BT I 
JONES 68 PR 166 1405 
J OHNSDN 68 PR 176 1651 
LOVELACE 68 PL 28 B 266 
MARATECK 68 PRL 21 1613 

÷BACHMAN,LEA÷ (BNL+CUNY+COLU+KNFV) 

BLOXHINTSEVA,GREIBINNIK,ZHUKOV * (DUBNA) 
+ ABASHIAN (LRLI 
÷SCHWARTZ + TRIP~ (LRL) 

BARISH,KURZ,PEREZ-MENDEZ,SOLCNON (LRL] 
+GROSSHAN,LLOYO,PRICE,FCWLER (LRLI 
OEL FABRO,DE PRETIS,JONES+ IFRASCATI)  
÷KERNANIPUtPOWELLeOOND (LRLeWISCONSINI 

J.P.BATDN~ J.REGNIER (SACLAY) 
+ELY+GIDAL÷KALMUS+EAMERIN[+ [LRL÷WISCI 
BROWN+FA[ER (NORTHWESTERN) 
L. DURAND AND Y.T. CHIU (YALE) 

+CRESTI,LIMENTANIILORIAtPERUZZO*IPADO+PISA) 
• SELOVE ILRL) 
÷ALLBN,GODOEN,MARGHALL ÷ (COLGRADO÷IOWAI 
LOVELACE,HEINZ,D(X~NACHIE ICERN) 

+FUKUI+KESSLER+ ICHIC+ANL+CNRC+MCGILL+L OQM) 
+FISEHER,GOBB[,ASTBURY+ IETH÷CERN) 
A.B.CLEGG (LANCASTER} 
+DAMERELL+MIDOLEMAS÷NEWTON (OXF+RHELI 
÷JDHNSDN+LOEFFLBR÷MCILWAIN+ IPURDUE~LRL) 
+GUTAY,EISNER,KLEIN,RETERS,SAHNI,YEN*IPURDI 
E.MALAMUD + P.E*SCHLEIN (UCLA) 
W.D.WALKER (WISCONSIN) 
+CARROLLtGARFINKEL,OH IWISCONSINI 

+SHAW,FULCO (UC IRVINE+S.BARBARAI 
• CASON, J~NSON,KENNEY,POIRIEP+ (NDAM) 
BRAUN,CLINE,SCHERER (WISCONSINI 
B. DUTTA-ROY, I.R. LAPIDUS (STEVI 
EISENHANDLFR,MISTRYeMCSTEK + [CORNELL) 
+GAVILLET+LABROSSE÷MONTANET+ (CERN+CDEF) 
• KOCH,POTTER,..VON L[NDERN,LORENICERN÷M~IM) 
÷CALDWELL÷ZACHAROV+HARTING~BLEULER÷ (CERN) 
+POIRIBR,BISWAS,GUTAY~ INDAU+PURD÷SLAC) 
C.LOVELACE (CERN) 
+HAGOPIAN,÷ IPENN+LRL+COLO+PURD+TNTO+WISC) 

BIZZARRI 69 NP BIA EBeISEE P.EDOI+FDSTERtGAVILLET,GHESDUIERE+ (CERN*COEFI 
OAVISON 69 PR 180 ~333 ÷BACASTOW*BARKAS,÷ IUCR÷UCB) 
DE(NET 69 PL 30 B 359 +MENIIONEtMULLER,STAUDENMA[ER~÷ IKARL*CBRNI 
ELY 69 PR lEO 1319 
FELDNAN 69 PRL 22 316 
GUFAY 69 NP B 12 31 
HALL 69 NP B 12 573 
HOPKINSO 69 NC 59 A EB[ 
MALANUO 69 ARGONNE CONF.P.93 
MORGAN 69 NP B IO 261 
ROBERTS 69 PL 29 B 368 
SCHARENI 69 ARGONNE DONF13OE 
SCHAREN2 fig PR [BE IRB7 
SMITH 69 PRL 23 335 
SCNDERBG 69 SEE EASDEVANT 72 
STRUGALS 69 PL 29 B SEE 

ALSO 70 NP B 2A 358 
WAGNER 69 NE 64 A (B9 

BARTSCH 70 NP B 22 I 
6ATDN 70 PL 33 B 528 
BRODY 70 ~RL 24 948 

÷GIOAL,HAGOPIAN,# (UCB+LDUCtWISC) 
÷FRATI,GLEESON~HALPBRN,NUSSBAUMt+ (PENN( 
+CARMONYtCSONKA,LOEFFLER,MEIERE IPURDUE) 
+MURRAY,RIDDIFORD (BIRMINGHAM] 
J.HOPKINSON, R.G.ROBERTS (CERN) 
E.MALAMUO, P.SCHtEIN (UCLA) 
D. MORGANeG.SHAW (RHELI 
R.G. ROBERTS, F. WAGNER (CERN) 
SEHARENGUIVEL IPURDUEI 
SCHARENGUIVELIPURD÷LRL÷CERN+COLO+PENN÷TNTO| 
G.A.SMITH. R.J.MANNING IMSU÷LRL| 
SONDEREGGERtBONAMY ISACL) 
÷CHUVILO,FENYVES,÷ (WARS~JINR~BUDA) 
STRUGRLSKI,CHUVILO,FENYVES,GEMESY,+ )DUBNA) 
F.WAGNER {CERN) 

÷KEPPEL~GENSCH,MDRRISON,+ (AACH+BERL÷CERNI 
+LAURENS,REIGNIER (SACLAY) 
~GROVES,VANBERG,MAGLIC÷(PENNeRUTG÷URNJ~ANLI 

OIAZ 70 NP B L6 239 +GAV[LLET, LABROSSE,MDNTANET÷ (CERN+COEFI 
HYAMS 70 PHILAD.CENF.P*B1 ~SCHLEIN,BEUSCH,÷ (DERN+HPIM*ETH~LD(C+HAWA) 
MAUNG 70 PL 33 B 521 +MASEKtMILLER~RUDERMAN~VBRNDNt÷ IUCSD÷LRL) 
MORGAN I TO SPRINGER TRACTS MOD.~HYS. IVOL.SSvR.1.  MDRGANwPISUTIRHEL÷CERN) 
MORGAN 2 TO PR D 2 520 O.NORGAN,G.SHAW IRHELI 
NIELSEN TO NP B 22 525 *LYNG-PETERSEN,PIETARINEN (NORDITA) 
OH TO PRO I 2 6 9 ~  ÷GARFINKEL,MORSE,WALKER,PRENTIEE(WISC~TNTO) 
SCHARENG TO NP B 22 ]B SCHARENGUIVEL,GUTAY,NILLER,+ (PURO+PENN) 
SHIBATA TO PRL 25 1 2 2 7  ÷FRISCH,WAHLIG IMIT) 

ALSTON-G 71 PL 36 B 152 ALSTON-GARNJOSTtBARBARO-GALT IERI,+ iLEL) 
BANAIGS 71 NP B 28 509 +BERGER,OUFLO,GOLDZAHL,EDTTEREA~ISACL÷CAEN) 
BEAUPRE 71 HP B 28 77 ÷OEUTSCHMANN,GRAESSLER,÷ IAACHeBERL+CERN) 
BENS[NGE 7I PL 36 B [34 EENS[NGERtERWIN~THOMPSONIW.D.WALKER (WISCI 
DUBAL 71 NP B 32 53E L.DUBAL,D.J.BROWN (CNRC+CARL) 
GUILLOU 71NC 5 A 659 LE GUILLDU,MOREL,NAVELET ICERN) 
GUTAY 71 NP B 27 486 +SCHARENGUIVELtFUEHStGAIOOS~MILEERe+ (PURDi 
HAMILTON 71 SPRINGER TRACTS NOD.PHYS.,VOL. 57,P.~I J.HAMILT(~ (NOROITAI 
KIM 7 I  PR D 4 265 +BANDER (UC I I  
LYNG PET 71 PHYS.REPRTS 2 ESS U.LYNG PETERSEN (REVIEWI (CERN) 

APEL 72 PL 41 B 542 
BAILLDN 72 PL 38 B 555 
BASDEVAN 72 PL 41 B I78 
BRODY 1 72 ORL 2B 1215 
BRDDY 2 72 PRL 28 1217 
CARROLL T2 PRL 2B RIB 
ELVEKJAE 72 NP B 43 445 
FLATTE 72 PL 38 B 232 
ERENKIEL 72 NP B 47 BE 
GAIDDS T2 NP B 46 469 
PRASAD T2 PR D 6 3216 
NIELSEN 7Z NP B 69 586 
WH[TEHEA 72 NP B 48 365 
WILLIAMS 72 PRO 6 RITE 
ZYLBERSZ 72 PL 38 B 457 

ANJOS 73 NP BET  ~T 
BANAIGS[ 73 PL ~3 B 535 
BANA[GSB 73 NP B 67 ! 
BASDEVAN TO NiX CONF.P.BBO 
BEIER 73 PRL 30 399 
BINNIE 73 PRL 3 !  Z536 
BRAUN 73 PRO 8 3796 
HYAMS 73 NP B B4 |34 

FOR OTHER RESULTS ON SAME 

+AUSLANOERtMULLERtBERTOLUCC[,* (KARL+PISAI  
+CARNEGIE,KLUGE.LEITH,LVNCH*RATCL1FF~(SLACI 
BASDEVANTtFROGGATTvPETERSEN (CERNI 
eGRDVES,MAGLICHtNOREM,÷ IPENN+RUTG+UPNJI 
H.BRDDV (PENNSYLVANIAI 
+DIAMONO,FIREBAUGH,MATTHEWS,+ (WISC+TNTD) 
F.ELVEKRAER I&ARHUS) 
+ALSTON-GARNJOST,BARBARC-GALT IERI, (LBL) 
÷GHESQUIERE,LILLESTOL,CHUNG,+ (CDEF÷CERN) 
• MCILWAIN,THONPSDN,WILLMANN IPURDUEI 
÷BREHM IUNIV.OF MASSACHUSETTSI 
H.NIELSEN, G.OADES INORD÷AARHUS) 
WHITEHEADvAULDv~ IAERE+RHEL+SHMP~LOUC] 
P.K.WILLIAMS )FSU) 
ZYLBERSZTEJNtBASILE,BDURQUIN,÷ IGEVA+SACL) 

+D.LEVY,A.SANTORO (SACLAY) 
• CDTTEREAUIFABBRIe+ ISACL*EAEN~FRASI 
÷BERGER.GOLOZAHL.COTTEREAUt+ {SACL~CAEN[ 
J.L.BASDEVANT RAPPOMTEUR TALK (PARIS VII 
÷BUCHHOLZtMANN.PARKERIROBERTS IPENN) 
#CARR,DEBENHAM,OUANE.GARBUTT,e (LOIC+SHMP) 
÷O.CLINE (WISe) 
÷JDNES,WEILHAMMER,BLUM,DIETL~+ (CERN÷MPIMI 
EXPERIMENT SEE GRAYER 74 

? /8 [ "  
9181"  
918L*  
[ / 8Z~  



Mesons 
~(1300), ~r(1300), A=(t320) 

OCHS 73 THESIS 
PILKUHN 7S NP B 65 460 
PROTOPOP 73 PR D 7 1280 
RISSER TB PL 4 3  B 6 8  
SNUJR 73 PRL 3 l  653 

BASDEVAN 74 NP B 72 413 
BONNIER 7~ NP D B3 440 
CARROLL 74 PRO |0 1430 
ENGLER 74 PR 0 10 E070 
ESTABRO0 74 NP B 79 301 
GRAYER 7 4  NP B 70 375 
JONES 74 NR B 83 98 
MORGAN 74 PL 51 B 71 
ORITO 74 PL 48 B 380 
PASCUAL 74 NP 8 83 862 

BAR-N[R 75 NP B 87 109 
58RRY 75 NP S 88 2 3 g  
8ASDEVAN T5 NP B 98 285 
OONOHUE 75 NC 25 R 409 
ESTABROD 75 NP B 98 522 
FROGGATT T5 NP 8 9 1  4 8 4  

FUJI( 75 NP B 05 1T9 
HYAMS 75 NP B lO0 205 
MORGAN T5 ARGONNE CONF. 45 
RIESTER T8 NP 0 96 407 
SH|MADA 75 NP B 100 225 
SRIN[VRS 28 PR 0 12 681 

BANA[GS 76 NP E 105 52 
CASON 76 PRL 36 E495 
C ERRADA 76 PL 62 B 3S3 
COMMON 76 NP B 108 I09 
FLATTE 76 PL 60 B 228 
GRIVAZ 76 Pl 61 B AO0 
OWENS 76 NP B E12 814 
PAWL|CKI T6 PRL 37 I666  
WETZEL 76 NP 8 115 208 

FRDGGRIT 77 NP B 12q 89 
DAVID 77 PR 0 16 2027 
MARTIN 77 NP B 121 814 
PAWL|CKI 77 PR D 15 319G 
ROSSELET 77 PR ~ L5 574 

NO'ELAN T8 NP B 140 7 3  
GELFAND 78 NP B 139 365 
HOLMGREN 78 PL 77 B 804 
MARTIN 78 ANP El4 1 

ACHASOV TO PL B 88 067 
APBL 70 NP B 160 42 
DECKER 1 70 NP B 150 30 E 
BEC KEN 2 T9 NP B E5 1 46 
BORREANI 79 NP B 1 4 7  28 
CORDEN 79 NP B 157 250 
DONOHUE 79 NR B 15B E23 
ESTABRO0 79 PR D I 9  2678 
GREENHUT 79 PR D 20 2326 
MARTIN 79 NP B 158 520 
POLYCHRO 79 PR D I9 1317 

ACHASOV BO SJNP 32 ~EA 
80HACIK 80 PR D 21 1342 
COHEN 80 PR 0 22 2595 
COSTA 80 NP B 175 402 
DE 81LLY 80 NP B E76 1 
GORLICH 80 NP B ET4 1 6  
GOTTESMA 80 PR 0 22 1503 
LOVERRE 80 ZPHY C 6 I~7 
WICKLUND 80 PRL 4 5  1 4 6 9  

ACHASDV 81PL  102 B 196 
AGOILAR 01 ZPHY C lO 299 
AG~ILAR2 81ZPHY C 8 3 1 3  
BOREANI 81 NP B 187 42  
BISNAS 8E PRL 4 7  1378 
BRANOELI 81ZPHY C IO E17 
GIDAL 81 PL 107 B 153 
IRVING 81ZPHY C IO 45 

TORNQVIS 82 HU-TFT-82-1 

THESIS INFANT 
+SCHMIOT,MARTIN,+ (KARL+CERN+LOUO+NIJMI 
PROTDPOPESCU, GARNJOST~GALTIER[tFLATTE+ILBL) 
T.RISSERtM.O.SHUSTER (SACL) 
+WAHLIG.RISSER,PRIPSTEIN,NELSON.+ I LRL I  

BASOEVANT,FROGGATT.PETERSEN [LPTP+NORO) 
B.BONNIER,N.JOHRNNEGSDN IEERNI 
+MATTHEWS.WRLKER÷ IStAC+DL~E+WISC*TNTC| 
÷NRAENER.TORFFtWEISSER.DIAZ+ (EARN÷CASE| 
P.ESTABROOKS,A.D.NARTIN (OURH) 
+HYAMS,JONES,BLUM.DIETL [CERN+MPIMI 
+RLLISONISAXON (OXFI 
O.NORGAN (RHELI 
+FERRER,PAOLUZI,SANTONICO (FRAS+RO~A} 
P.PASEUAL,F.J .YNDURAIN (BARC+MADUI 

+RISSER,SHUSTER (CERN+UCSB+TELR| 
G.W.BARRV IPURD| 
BASDEVANT,CHRPELLE.LOPEZ,SIGELLE ILPTP) 
J.T,OONOMUEIY.EEROYER IBORO) 
P.ESTABRODKS,A.D.MART|N IOURH) 
C.D.FROGGATT,J.L.PETERSEN (GLAS+NOROI 
Y.FUJIIIN.FUKOGITA (TOKY| 
÷JONES,WEILHAMMER,BLUM,OIETL* (CERN+MRIN| 
D.NORGAN [RHEL| 
+ARNOLD,ENGELwPATY [STRBI 
T.SHIMROA {TOKY( 
SR[NIVASAN,HELLANDILENNDX,KLEN+ INOAM+ANL| 

÷BERGER,GOLOZAHL.COTTEREAU÷(SACL+CAEN+FRASII,JP 
+POLYCHRONAKOS,BISF~R,BISNAS,+ (NOAM+ANLII J 
+GONZALEZ-ARROYOvRUBIO,YNDURAIN (CERN+MADRI 
A.K.CONMON (KENT) JP 
S.M.FLATTE [CERNI 
+DAVIS,HALSTEINSLID,IRWIN,+(LALO+BERG+EPOLI 
+EISNER,CHUNG,PRDTDPOPESCU ICASE+RNL) 
+AVREStCOHEN.DIEBOLD.KRAMERtWICKLUNO (ANL I I~JP  
+FREUDENREICH,BEUSCH,+ (ETH~ERN+LDIC| 

+PETBRSEN IGLASGOW+COPENHAGENI 
+VILLET.RYED,BAREYRE,BORGEAUO,+ (GAOL) 
÷OZNUTLU, SQU[RES IOURHRM) 
+RYRES,COHEN,DIEBOLD,KRAMERvWICKLUND (ANLII J 
÷EXTBRMANN,FISHER, BERGER.BLGCH,+|GEVR+SRCL| 

+OERRADR,+ IMRDRID+BOMBAV÷CBRN÷PARIS) 
+DAGAN,LISSAUER.DREN,RBRAMS~ (TBLA÷UEB| 
+PENNINGTON [STOH+CERN} 
A.D.MRRTIN,M.R.PENNINGTON {CERNI 

+OEVYANIN,SHEBTRKOV (NOVO) 
+AUSLRNOER,MULLER.REHRK+ (KARL+PISA| 
+BLANAR.BLUM,CBRRADA+ (MPIM÷CERN+ZEEM+CRAC| 
+BLANAR.BLUN,CERRROR÷ (MPIMeCERN+ZEEM+CRRC| 
+FISHER,GUY,ELY,LEUTZ~+ITDRI*RHEL+LBt*CERN) 
+DOWELLIGARVEY,JOBES,+IBIRM÷RHEL+TBLA÷LOWE| JP 
• LEROYER IBO~D+ANL~XF)  
P.ESTABROOKS (CARL| 
+INTEMRNN (SETO| 
+OZNUTLU (OURHII~JP 
RDLYEHRONAKOS,CASON~BIS~P+ (NOAM+ANLII~JP 

+DEVYANIN,SHESTAKOV INOVO) 
J.BDHACIK.H.KUHNELT (BRATISLAVA+NIENI 
+AYRES,OIEBOLD,KRAMER,PAWLICKI+ IANLII,JP 
+ (BARI+RONN+CERN+GLAS+LIVP+MILA+WIFN) 
+BRIAND,DUBOC.LEVY+ (CURIeLAUS*NEUC÷GLRS| JP 
+NICZYPORUE~ROEANSRA* ICR~C+MP[MmCERN~ZEE~I 
GOTTESNAN,JACOBS.+ ISYRA÷BRAN+BNL+CINCI 
+ARMFNTEROS.DIDNISI÷ {EERN÷CDEF÷MAOR+STOH|I,JP 
+AYRESeCOHEN,DIEBDLD,PAWL|EKI (ANL] 

+OEVYANIN, SHESTANOV INOVO) 
AGUILAR-BENITE Z,OONE,MARTIN (MADR÷DURH) 
+ALBAJAR,ARMENTEROS.+ (EERN÷COEF+MROR+STOH| 
+GUY,MARCHETTO,NAURIZIO.+ (TORI+RHEL+CERN) 
+CASON,BAUMDRUGH,BISHOP,EANNATA,+|NDAM+ANL| 
BRANDELIK+ (AACH+8ONN+DESY+HAMB+LOIC+OXF+I 
+GOLOHRBER,GUY,MILLIKAN.ABRRNS,+ (SLAC+LBL| 
+MRRTIN,DONE (LIVP+DURH| 

N.A.TORNQVIST (HELS) 

I,,( 3oo)1,8 p , ,  . . . . . . .  G . . . . . .  
I - - I  SEEN IN PARTIAL NAVE ANALYSIS OF THE 

DIFFRACTIVELY PRODUCED 3 P[ SYSTEM. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 PI|E3OO) MASS [MEVl 

M E 1273.0  50 .0  AARON 81 RVUE 1 /82 "  
M P 1200. 30.  BELLINI2 81 SPEC 40 PI-A.3PI A 1182* 
M P 1342. 20 .  BONESINI 01 OMEG I2 P I -P ,3P |  P 1 /82 *  
M (1400 .1  APPROX. DAUM 61 SPEC 03 ,94  PI- P 1 /82= 
M . . . . . . . . .  

AVERAGE ~EANINGLESS ISCALE FACTOR = 2.8) 

M E USES MULTICHANNEL AITCH[SON-BOWLER MODEL. 
N E USES DATA FROM DAUM 80 AND DANKOWYCH 81. 
M P FROM A FIT TO JP=O- EPSILON PI PARTIAL WAVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 P[[18OO) WIDTH {MEVI 

W E 580 .0  100.0 AARON 81 RVUE I182. 
W P 330. 40. BELLIN12 BE SPEC 40 PI -A~3P I  A L iB2  • 
W P 220, 70 .  BONESIN[ 81 OMEG I2 Pl-Pt3P[ P E182* 
W (600. } APPROX. OAUM 81 SPEC 63,94  Pl- P 1 /82#  
W . . . . . . . . .  
w AVERAGE MERNI~GLESS ISCALE FACTOR = 2.11 

w E USES MUtTIC~ANN~L RITC~ISON-BDWLER MODEL. 
W E USES DATA FROM DRUM 80 RND DANKONYCH 81. 
W P FROM A FIT TO JP=O- EPSILON Pl PARTIAL WAVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

140 

Data Card Listings 
For notation, see key at front of  Listings. 

59 PI(I3OO) PARTIAL DECAY NODES 

DECAY MASSES 
PL PI(13001 INTO RHO P( 769+ 139 
P2 PIT13001 INTO EPStLON P( 1300+ 139 
PO PI l lBO01 INTO PI {PI Pl i  S NAVE 139+ 139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 P I l l 300 )  BRANCHING RATIOS 

RE PIIIOOO) INTO (P I  (P I  Pl) S WAVE/(RHO PI )  (R3 ) I (P1 )  
RI  E ( 2 . 12 I  AARON 81 ~VUE 
RI E USES MULTICHJNNEL AITCHISON-BONLER MODEL. 
RE E USES DATA FRDM BAUM 80 AND DANKDWYCH 81. 

REFERENCES FOR P111300)  

OAUM 80 PL 80 B 281 +HERTZBERGER+IANST+CERN+CRAC+MPIM+OXF+RHELI 

AARON Bl PRO 24 1 2 0 7  +LONGRCRE (NEAS+BNLI 
BELLINII 81 LISBCN CONF. +IVANSHIN,FRABETTI,+ (NILR+JINR+BGNA| 
BELLINI2 81 CERN-EPlBI-98 +IVANSHIN,FRABETTI,+ (MILA+JINR+BGNAI 
BONESINI BI PL 103 B 7S +DONALD,* (NILA+LIVP+DARE~CERN+BARI+BONN| 
DANKDWYC 8I PRL 46 580 +BROCKMRN, EOWAROS+(TNTO+BNL+CARL+MCGI÷OHIO} 
DRUM 81 NP B 1 8 2  259 +HERTZBERGER+IAMST+CERN~EAC+MPIM+OXF+RHEL) 
EVANGELI 81 NP B 178 197 EVANGELISTA+IBARI+BONN+CERN+DARE+EIVP+NILA| 

i t 

IA (1 2o)1 . . . . .  , . . . . . . . .  2 ÷ - ) , - E  
ONLY EXPERIMENTS GIVING MASS ERROR LESS THAN 15 MEV 
ARE KEPT FOR AVERAGING. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 MASS (MEVI, 3PI MODE 

M 260 1311.0 6.0 
M 120 1320. LO. 
M 1010.0 14.0 
N 9NE 100A.0 4.0 
M 280 1313.0 7 .0  
M 360 1304.0 4 .5  
M 10000 1307. 5. 
M 5000 1309. 5. 

28000 L2DD. O 6 .0  
M 24000 1300. 6.0 
M 17000 I 809 .0  4.0 
M I60 1307. 7 .  
M P I 315 .  5 .  
M 1580 1306. 0. 

g leO0 1310. 7 .  
M P IZO0 1298. 8, 
M 1097 1320 .0  10 .0  
M P 490 (1343 .01  ( 11o0 l  
M 1285.0  9 .  O 
M 1306.0  8. O 
M P 25000 1317.0  2 .0  
M P 1310. 2. 
M 
M AVG 

ARMENISE 68 OBC O 8.1 PI+D 9 /67  
BOESEBECK 68 HBC 0 8 PI+ P 6158 
EISENBERG 69 HBC + 4.3,8.3 GRMMA P 12/6R 
ALSTON 70 HOE + 7.0 PI÷P,3PI P Ll7l  
BOCKMANN 70 HBC 05 .  PI+P 5170 
BARNHAM 71HBC + S.7 P l *  P ,13P l }+  L l / TJ  
B|NNIEI 71 MNS P[-P NEAR A2 THR 1117I 
RINNIE I  71 MMS - P I -P  NERR A2 THR 11/71 
BOWEN 71 MMS 5. PI- P E l /T1  
BOWFN 71 MRS + 5. P l+  P l i l l E  
BOWEN 71 MMS - 7. P l -  P 11171 
BLOODWORT 72 HBC + 5.45 DE+ P.P 3P[ 1/73 
ANTIFDVI 73 CNTR - Z5 . , 40 .  P I -  P 1/74 
CH&LOUPKA 73 flBC - 3 . 9  PI- P,P A2 2175 
EMMS 75 DBE 04. PI+N,P A20 11/75  
WAGNER 75 HBC 07. PI+P,OEL++A2 LILTS 
BALTAY I 78 HBC +0 15 Pl+P,P 4Pl 4178 
BALTAY [ 78 HBC 0 15 PI+P,OEL 8PI 4 / 78  
CORDEN 2 78 OMEG - 12-15 P I -P ,3P1N  4 /78  
FERRER 78 OMEG - g P I -P ,P  3Pl 4 / 78  
DAUM 80 SPED - 63 ,94  P I -  P= OPT 12179 
EVANGELIS 8E OMEG 12 PI-P~3P[ P 1182" 

1310.4 1.4 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.4) 
(SEE IDEOGRAM BELDW ) 

FROM A FIT TO JP=2+ RHO Pl PARTIAL WAVE 

WEIGHTED AVERAGE = 1310.¢ ± I.¢ 

ERROR SCALED BY 1.4 

~_  CH ISQ 

. . . . . . . .  EVANGEL IS  B10MEG 0 .0  
I ~  - t -  . . . . .  DAUM 80  SPEC 11 .0  

I I I  ~ . . . . . . .  FERRER 78  OMEG 03  
I " " I l l  . . . . . . .  COROEN 2 78  OMEG 7 g 

I l l  I BALTAY  1 78  HBC 0 .9  
t I l l  . . . . .  WAGNER 7 5  HBC 2 4  

-EMMS 75  DBC 1 .2  
CHALOUPKA 73  NBC 0 .2  

. . . . .  ANTIPOVl 73 CNTR 0 , 9  
-BLOOOWORT 72  HBC 0 .2  

J ~  I . . . .  BOWEN 71 MMS 0.1  :Ii: .OWEN 7, 3 °  
• . B O W E N  7 1 M M S  3 . 6  

/ ~ ~ . . . .  B INN IE1  71MMS 0 .1  
- - . INN IE1  71 MMS 05  
• - B A R N H A M  71H ,C  20  
- BOCKMANN 70  HBC O .1  

. . . .  ALSTON 70  HBC 1 .2  
" "  "E ISENBERG 59  HBC 

"OESEBECK 6 "  HBC 0 .9  
~ - ~ ~ M E N I S E  68 DBC 0 . 0  

' ' 36 .6  
1270  1290  1310  1330  1350  (CONLEV 

A2  MASS (MEV) ,  3P I  MODE =O00g )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 MASS (MEVI, CHARGED K KBAP MODE 

MR S 1500 I319.0 3.0 GRAYER 7I ASPK -- 17.2 PI-P*K-KS P 8172 
~ 730 1313.0 ~.O FOLEY T2 CN~R 20 .3  El-  P,K- US 12 /72  
MK 2726 1320.0 2.0 MARGULIES 76 SPEC 23.PI-P,K-KS 12/77 
MK lEO00 E318.0 4.0 CHABAUO 78 SPEC -9.8 PI-P,K- KS P 4/78 
MK 4700 1316.0 2.0 CHABAUD 78 SPEC - 18.8Pl-P.K-- KS P 4/78 
MK 550 [324.0 S.O HYAMS 78 ASFK + 12.7 PI+P.K+KS P 4/78 
MK P S 1318. I .  MARTIN [ 78 SPEC -tO Pl P.KS K- P 4/78 
MK 4000 1320.0 2.0 CHARAUD 80 SPEC - 17PI-NUCLEI,KSK~ 12/79 
MK . . . . . . . . .  
MK AVG 1018.08 0.77 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.1} 

MK S SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 
MK p FROM A F IT  TO JP=2+ PARTIAL WAVE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

12 A2 MASS IMEV), ETA P[ MODE 

M E 1000 1323. 8. KEY 73 CSFK - 6 .P I -P IP  PI -ETA 1176 
MEN 6200 (1326 .1  (B . )  EONFORTO 73 OSPK 6 .P I -P ,P  MMS- 117~ 
M 2561 E336.2 1 .7  DELFOSSE B1 SPEC • PI+-P,PI÷-ETA p 1 /82 "  
M 1 6 5 3 1 3 3 0 . 7  2 .4  DELFOSSE 81 SPEC P I+ -P .P I+ -ETA  P 1 /82 .  
M 
M AVG 1336.0 2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.OI 

M E ERROR INCLUDES 5 MEV SYSTENATIG MASS-SCALE ERROR 
M M MISSING MASS WITH ENRICHED MMS=ETA PI-* ETA = 2 GAMMA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 WIDTH (MEV), 3Pl MODE 

w 260 96.0 L6.0 
w 961  79.0 12.0 
w 360 111.6 1 0 . 0  
w 10000 ( 100 , )  
w 5000 72. 16. 
w 28000105 .0  5.0 
H 26000 99.0 5.0 
w 17000 lOB.O 5 .0  
w P 115. 15. 
w I 580  99. I 5 .  
w P 1600 112. 18. 
W P St200 122. 16 .  
w 1097 110 .0  15 .0  
w P 490 t i tS .O )  (16 .01  
w 150 .0  20 .0  
W P 25000 9 6 . 0  9.0 
w P 97. 5. 
W . . . . . . . . .  
W AVG 101.2 2.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

(SEE IDEOGRAM BELOW ) 

N O ONLY EXPERIMENTS GIVING MASS ERROR LT.  15 NEV KEPT FOR AVERAGING 
w E BACKGROUND SUBTRACTION MODEL-DEPENDENT. 
w D MAY BE DIFFERENT OBJECT, ALTHOUGH JPC=2++. COMPARE CRENNELL 69. 
W A ANALYSIS COMPLICATED BY NEARBY PEAK (AE.SI AND/OR A( 
W S WIDTH ERRERS ENLARGED BY US TO 4*WIDTH/SORT(NItSEE K* TYPED NOTE 
W P FROM A FIT TO JP=2e RHO PI PARTIAL WAVE 

WEIGHTED AVERAGE = 101 .2 :E 2 , 5  

ERROR SCALED BY I .2 

k CHISQ 

. . . . . . . . . . .  EVANGELIS 81 OMEG 0 . 7  

. . . . . . . . . . .  o , . u M  80 S~EC o3 

I .CORDEN 2 78 OMEO 6 . 0  

l l t l  . . . . . .  B A L T A Y  I 7B HBC 0 . 3  
I I I 

I1%' • - . E ~  ~ 5  oDc o . ,  
. . . . . . . . .  CHALOUPKA 7 3  HBC 0 0 

I t I I . . . . .  ANTIPOVI 7 5  CNTR 0 . 8  

j I + + i  . . . . . . . .  . O W E , . ,  + i  +Ms o ,  
I ~ I  . . . . . . . . .  BOWEN 7 1  MMS 0 .2  

J ~ . . . . . . . . . .  BOWEN 71 MMS 0 . 6  

+ ~ ' ~ I  +F ~ . . . . . . . . . .  BINNIE I  7 1  MMS 3 , 3  

I ~ . . . . .  BARNHAM 7 1  HBC 0,3 
l b 

. . . . . . . . .  ALSTON 70  HBC 3 4 

~ ~ A R M E N I S E  68  DEC 18.901 

• ' (CONLEV 
40 80 120  1 60 200 240 =0. I 71 ) 

A2 WIDTH (MEV) ,  3R I  MODE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 WIDTH (MEV) t  CHARGED K KBAR MODE 

WK S15DO 123 .0  13 .0  GRAYER TI ASPK -- 17.2 P [ -P ,K -KS  P I I /71 
WK 730 113.0 19.0 FOLEY 72 CNTR 20.3 P l -  P ,K -  KS 12/72  
WK $27Z4 105 ,0  8 .0  NARGUL[ES 76 CPEC - 23 .P I -P ,K -KS  12/T7 
WK 350 ILO,O 18 .0  HYAMS 78 ASPK 12.7 P[+PtK+KS P 6 /T8  
WK 11000 L26 .0  11 .0  CHABAUO 78 SPEC -9 .8  P I -P ,K -  KS P 6 /78  
WK 6730 101 .0  8 .0  CHABAUD T8 SPEC - 18 .SP I -P ,K -  KS P 6 /78  
WK P S [13 .  6 .  MARTIN E 78 SPEC -LO PI P,KS K-  P 6 /78  
WK 6000 106 .0  4 .0  CHABAUO 80 SPEC - LTP[-NUOLEItKSK- I 2 / 79  
WK . . . . . . . . .  
WK AVG 109 .6  2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

WK PS FRCM A FIT 70 JP=2÷ PARTIAL WAVE. 
WK WIOTH ERRORS ENLARGED BY US TO 6*MIDTH/SORT{NI~SEE K* TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 WIDTH (MEV), ETA PI MODE 

W IOO0 108. 9 .  KEY 73 OSPK - 6 .P l -P tP  PI~ETA 1 /76  
W M 6200 (106 . )  ( g . )  CONFORTO 73 DSPK - 6 .P I -P ,P  MMS- 1 /76  
W 2561 L12.2 5 .7  OELFOSSE 81 SPEC • P I÷ -P ,P I • -ETA  E 1182"  
W 1653 1 1 6 . 6  7. T OELFOSSE 81 SPEC - P I~P ,P [ • -ETA  P 1 /82 .  
W . . . . . . . . .  
w AVG 112.'6 6.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.O) 

W M MISSING MASS WITH ENRICHED MRS=ETA Pl--, ETA = 2 GAMMA 
w T WIDTH ERRORS ENLARGED BY US TO 6*W[OTH/SORT(N),SEE K* TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 A2 PARTIAL OECAY NODES 

DECAY MASSES 
PL A2 INTO RHO PI 769÷ 139 
P2 A2 INTO K KBAR 6R3•  6 9 7  
PB A2 INTO ETA Pl 848+ 139 
P6 A2 INTO OMEGA PI  PI  139•  139+ 78Z 
P5 S A2 INTO PI• P[- PIO EXGL.RHO P( 139+ E09÷ E36 
P6 S A2 INTO P I+  P [ -  R I -  EXEL.RHO PI 139+ 139+ I 39  
P7 S A2 INTO P I  GAMMA 130+ 0 
P8 S A2 INTO ETA PRIME P[ 957+ 139 
P9 S A2 INTO GAMMA GAMNA O÷ 0 

P S SMALE, NOT USED IN THE FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ARMENISE 68 DBC C 5 .1P I •O  9 /67  
ALSTON TO HBC + T.O PI+P,SP( P 1/71 
BARNHAM 71HBC 3 .7  P I •  P ,13P I I÷  11171 
BINNIEI Tl MMS - PI-P NEAR A2 7HR 11171 
BINNIEI 71MMS PI -P  NEAR A2 THR 11171  
BOWEN TL MMS - 5. Pl- P 11171 
BOWEN 71NMS + 5. P l+ P 11171 
BOWEN 71MHS - 7. PI- P 11171 
ANTIPOV173  CNTR - 25 . , 40 .  P l -  P 1 /76  
CHALOUPKA 73 HBC - 3 . 9  PI-- p,P  A2 2173 
EMMS 75 OBC 04. PI *N ,P  A2O L1/75  
WAGNER 73 HBC OT. PI÷P,DEL+tA2 11175 
BALTAY 178  HBE tO 15 P I+P,P  6Pl  6 / 78  
BALTAY I 7B HBE 0 15 PI+P,DEL 3PI 6/18 
COROEN 2 78 DMEG - 12-15 PI-P,3P[ N 6 /78  
DAUM 80 SPEC - 63 ,96  0 I -  P= BPI 12 /79  
EVANGELIS El OMEG 12 PI-P*3PI P 1 1 8 2 "  

Mesons 
A (1320) 

F I T T E D  P A R T I A L  D E C A Y  MODE BRANCHING F R A C T I O N S  

The m a t r i x  b e l o w  i s  d e r i v e d  f r o m  the  e r r o r  m a t r i x  f o r  t he  f i t t e d  p a r l i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n s .  P i '  a s  f o l l o w s :  The  d l a g o n a l  e l e m e n L s  a r e  P . ~ 6 P . ,  w h e r e  z 1 
6P i = _ _  ~ ) ,  w h i l e  the  o f f - d i a ~ o n a l  e l e m e n t e  a r e  the  n o ~ m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  <6pi6pj)/(6P i • 6pj). For the definitions of the individual Pi' see the listings 

above; on] V those Pi appearing in the matrix are assu~ed in the fit to be nonzero and 

are thus con,trained to add to I. 

P 1 P 2 P 3 P 6 
P 1 . 7013+ - . 0219  
P 2 .1200  . 0678 t - .  0050 
P 3 - .  0T~5 - . 0422  • 1669÷ - . 0117  
P 4 - . 8650  -.2861 - .  3948 • tObO+-.O250 

12 A2 PARTIAL WIDTHS 

WI A2 INTO GAMMA GAMMA (KEVI (GRI 
W[ F (2.S) ER LESS CL=O.95 ABRAMS 79 SMAG E+ E- 12/79 
W1F FROM RHO F( DECAY NODE 
WI D (17.0I OR LESS CL=0.9B ABRAMS 79 SMNG E+ E- 12/79 
W( 0 FROM Kt K- DECAY MODE 
Wl E 22 O.TT 0 .48  EDWARDS 82 CBAL E• E - ,P lO  ETA 2182"  
Wl E SYSTENATIC ERROR ADDED LINEARLY BY US 

12 A2 BRANCHING RATIOS 

R1 A2 (CHARGEO CNLY) INTO (K KBARJ/(RHO PI) IP21 / (PX I  
RI 0.084 0.022 CHUNG 68 HBC - 3,2 PI-P 1167 
RI 0.06 0.03 ABRAMOVIC 70 HBC 3*93 RI- P l / T (  
RL O.OT 0 . 0 3  NEF TO MMS - T.O P [ -  P 6 / 7 0  
RI 113 0 .097  0 .018  ALSTON ? l  HBC ÷ 7 ,0  PI+ P 117L 
RI 50 0 . 0 5 6  O.OL6 CHALOUPKA 73 HBC - 3.9 Pl- P ,P  A2 2123 
R1 0 .078  0 .017  F CHABAUO 78 SPEC - tO*19 P I -P .KS  K- IZ /TB  
R1 F FROM A FIT TO ALL AVAILABLE CROSS SECTIONS AT DIFFERENT ENERGIES. 
R( 
RI AVG " "0.0697''" " "''O.OOTg AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
RI FIT 0.0682 0.0071 FROM FIT (ERROR INCLUDES SCALE FACTOR OF L.Ol 

R2 A2 INTO [ETA PI)I(RHO P[ ÷ K KBAR + ETA P l l  (P3)/IPl÷P2+PB) 
R2 36 0.15 0.06 BARNHAN 71 HBC + 3.7 PI+ P 11171 

0 .13  0 .06  ESPIGAT 72 HBC +-  O.PBAR P, 11171 R2 
R2 . . . . . . . . .  
R2 AVG 0.140 0 . 0 2 8  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.0|  
R2 FIT 0,162 0 , 0 1 2  FROM FIT tERROR INCLUDES SCALE FACTDR OF 1.0} 

R3 A2 INTO (ETA PI) / (RHO PI# IPB)I(Pll 
R3 0 .22  0 .09  CONIC 67 HBC - 11 ,0  P I -P  8167 
R3 22 0.23 O. OB ASCDLI 68 HBC fi P1-P 6/68 
R3 0.12 0.08 CHUNG 68 HBC 3.2 PI-P 12166 
R3 15 0.25 0 .09  BOCKNANN TO HBC + 5 ,0  PI+P 9 /69  
R3 167 0.266 0.062 ALSTON 7 i  HBC + 7.0 PI• P 1/11  
R3 I 69  O .B i [  0 . 066  EHALOUPKA 73 HBC - 3 .9  P l -  P,P A2 2 /73  
R3 52 0.22 0.05 ANTIPOV 73 CNTR - 60. PI-P,P A2- 1176 
R3 0. [8 0.05 FORINO 76 HBC 11 Pl-  P,ETA PI 12/77 
R3 . . . . . . .  + . 
R3 AVG 0,213 0 , 0 2 0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 
R3 FIT 0,207 O.OlR FROM EIT  (ERROR INCLUDES SCALE FACTOR OF l,Ol 

R4 A2 INTO (ETA PRIME PI )  I TOTAL (P81 
R6 (0 ,02 )  OR LESS CL=.97 BARNHAM 71HBC ÷ 3,7  P I÷  P 2 /72  

R5 A2 INTO (ETA PRIME P I ( / (RHO P [ I  IP8 I / (P1 )  
R5 0 ,04  O. O3 0 .04  BOEKMANN TO HBE 05 .0  P ie  P 9169 
R5 10 .06 )  OR LESS ALSTON 71HBC • 7 . 0  PI+ P 1 /71  
RE (O .OL I IOR  LESS EL f .  TO EISENSTE173 HBC - 5 .P I -  P,P 6 P l  1176 

R8 A2 INTO (K KBARI/ IRHO PI  • K KBAR ÷ ETA P I I  (P2 I I (P t •PB÷P3 I  
R8 17 O. OB 0 .03  BARNHAM 71HBC • 3 . 7  P i t  P,KSKtP 11/T1 
RB A (0 ,0201  (O .006 t  ESPIGAT T2 flDC + -  O. PBAR P, 2172 
88 8 0 .03  0 .02  DAMERI T2 HBC LE. P I -  P 12172 
R8 0 .03  0 .02  TOET 73 HBC + B, P I÷  P,P K t  KO 12 /78  
R8 0 .09  0 .06  TOET 78 HBC 05 .P I •P~P I÷P  K KB 12/78  
R8 A NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
RB A FROM (K KBAR) AND (RHO P[) MODES 
R8 . . . . . . . . .  
R8 AVG O.OAB 0 . 0 1 2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R8 EIT 0 .0535  0 .0053  FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 1 .0 I  

R9 A2 INTO (P l t  P I -  P I - ) I (RHO0  P l - )  (P6C) / IP IC I  
R9 10.83) DR LESS CL=.9O ABRANOVIC 70 HBC - 3.93 PI- P 1/71 

Rl1 A2 INTO (Pl GANNAIITOTAL (PT) 
RtIR 0.005 0 . 0 0 5  0.003 EISENBERO 72 HBC PHOTOPROOUCTION 11171 
RIIR M 0.0065 O.0Oll MAY TT SPEC +- 9.7 GAM N,A2 X 12/77 
RI IR  PION EXCHANGE MODEL USED IN THIS ESTIMATION 
R I I  M MAY 77 GIVE PARTIAL WIDTH 660÷1-110  KEV. 
Rl l  . . . . . . . . .  
R[I AVG 0.0068 0.0011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OI 

RL2 A2 INTO [OMEGA PI  P I ) / IRHO P I )  (PA l / I F1 )  
R12 [ 0 . 19 )  IO .  OSI DEFOIX 73 HBC 0 0 .7  PEAR P,T RE 12177 
RE2 279 0.I0 0 .05  EHALOUPKA 73 flBC - B.9 P l -  P,P A2 2 /73  
R12 60 0 .28  0.0R DIAZ 76 08C O B .P I÷N .P (5P I )O  1176 
R[2 K 160 (0.29] (O.OB( KARSHON 7 6  HBC +O 6 .9  P IeP.OEL•+A2 12177 

KARSHON 76 HBC 6 .9  P IeP ,P  A2•  12 /77  R12 K BO [O .10 ]  10 .06 )  
RIB K O, lB O.OB KARSHON 76 HBC AVG OF ABOVE TWO 12177 
RI2 K K&RSHON T6 SUGGEST AN ADDITIONAL I=O STATE, SIRONGLY COUPLED 
RI2 K TO OMEGA PI RI COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS 
RE2 K AND NASSE$. WE USE A CENTRAL VALUE AND A SYST. SPREAD. 
RIZ . . . . . . .  - -  
R12 AVG 0.151" 0 , 0 6 9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 
RI2 FIT 0 .151  0.C40 FRON FIT (ERROR INCLUDES SCALE FACTOR OF l ,O )  

REFERENCES FOR A2 

AOERHOLZ ~ PL I0 226 (AACHENeBERLIN÷BIRM+BONN~HAMBURGeLDIC•MPIM) 
C H~JNG 66 PRL 12 621 ÷DAHLtHAROY,HEGSIKALBFLEISGHeKIRE (LRL I  
GOLOHABE 66 OUBNA CONF 1 680 G GOLDHABER,S GOLOHABER,DHALLDRAN, SHEN(LRL( 

ALSO 64 PRL 12 336 G+S.OOLDHABER,BROWN+KADYK~TRILLINGt• [LBL) 
LANDER 66 PRL l 3 346 +AB~INS,CARMONY,HENDRIKS, XUDNG÷ (LA JOLLAI 



Mesons 
A~( ! 320), E(1420) 
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Data Card Listings 
For notation, see key at front  of  Listings. 

ABDLINS 68 
ADBRHDLZ 65  
ALITFI 68 
CHUNG 65 
FDRINO 65 
LEFEBVRE 65 
SE[DLITZ 65 

BARNES 66 
BENSON 66 

ALSO 66 
EHRL[CH 66 
ECRBEL 66 
L~VRAT 6E 

ARMENISE 67 
BALTAY 67 
BARLOW 67 
BARTSCH 67 
BEUSCH 67 
CASON 67 
CHIKOVAN 67 
CHUNG 6T 

ALSO 66 
COHN 67  
DONFORTO 67 
CDNTE 67  
OAHL 6T 
DANYSZ 67 
SLATTERY 67  

ARMENISE 68  
ASCULI 6B 
BALLAM 68 
BENZ 68 
BOESEfiEC 68 
CASO 68 
E F~/NG 68 
CRENNELL 68 
DONALD 68 
FOSTER 68 
FRIDMAN 68 
JUNKMANN 6B 
KEY 68 
LAMSA 68 
VON KROG 68 

ADERHOLZ 69  
AGUILAR 169 
AGUILAR 269 
ANDERSON 69 
ARMENISE 69 
CH[KOVAN 69 
CRENNELL 69 
DONALD 69 
E[SENBER 69 
VETLITSK 69 

ABRAMOVI 70 
ALSTON 70 
ASCOLI TO 
8ASILE 70 
BAUD[ TO 
BAUD2 70 
BAUD3 TO 
BOCKMANN 70 
BUTLER 70 
EAROLL 70 
CASO 70 
D[AZ  70  
BZIERBA 70 
GARFINKB 70 
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I E ( , 4 2 o ) l  El, . . . . . . . . . . . . . . .  

The E(1420)  has jPC = l++  (DIONISI  80) j u s t  

l i k e  the i s o s c a l a r  companion D ( 1 2 8 5 ) .  Thus the D 

and E norma l ly  both appear in  the same e x p e r i -  

ments, 

Recently a new resonance, the I (1440), has 

been claimed in the decay J/~ +? K+K-7[ ° (SCHARRE 

80,81), on top of the E. It differs from the E 

in three respects: 

(a) No D(1285) is produced. 

(b) It has jPC = 0-+. 

(c) Its decay is dominantly ~(980)7T, unlike the 

E (1420). 

We note that the early pp annihilation exper- 

iment at rest (BAIL[ON 67) agrees with (a) and 

(b). 

We do not open a new entry for the I (1440) 

for this edition, but we group BAILLON 67 and 

SCHARRE 80,81 separately under the E(1420). 

6 E MASS (~EV l  

M NO D(1285) MESON SEEN IN EXPERIMENTS BELO~ ISEE MINIREVIBWI 
,M 1425. 7. BAILLON 67 HBC 0. PBAR P 11/66 
M 1440.0 IO.O 15.0 SCHARRE RO SWAG E*E-,J/PSI,E GAM 6/81.  
M 
M AVG 1428.6 6.4 AVBRAGE (ERROR iNCLUDES SCALE FACTOR OF i . o )  

M D[1285J MESON SEEN IN EXPERIMENTS BELOW ISEE ~[NIREVIEW) 
M [420. 20. DAHL 6T HOD ( .6-4.2 P[-  P 9166 
M [423.0 IO .O  FRENCH 6T ~BC 3 -4  PBAR P 6/bE 
M 910 1420. T. LORSTAD 69 HOC .7P8 P,A,5-BOOY glcg 
M ITO I398. IO. OBFOIX 72 HBC O.T POAR PoT PI 1173 
M Z8O [406. 7. DUBOC 72 HBC 1.2 PBAR P,2K4PI I2112 
M 36(1397.0] l ID.Of 50ROEN 78 OMEG (2-]5Pl-P,K+K-PI 4178 
M 1417.5 4. NACASCH ?B H~C .7, .75 PBAR P 4 / 7 8  
M A 1440.0 IO.O BROMOERG 80 SPEC 100 PI--P,2KPlX [ I82*  
M A MASS ERROR INCREASED TO ACCOUNT FOR DELTA MASS CUT UNCERTAINTIES 
M 221 1426.0 6.0 OIONISI 80 HBC 4. Pl-P,K K p[ N 12/79 
M 

AVG 1418.4 3.5 AVERAGE [ERROR INCLUDES SCALE FACTOR OF l .& l  
[SEE IOEOGRAM BELOW ) 
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Data  Card Listings 
For notation, see key at front of Listings. 

WEIGHTED AVERAGE = 1418 .4  ± 3 .5  

ERROR SCALED BY 1 . 4  

CHISQ 

. . . . . . .  D IONIS I  B0  HBC 1 .6  

/ 4 .  " o o o  
. . . . . . .  NACAS~ .  . H~C  0 .0  

-y-.~ . \  . . . . .  DUROC . .~o ~ ,  

~ . ] ~  ..... ~EFOlX ~ ~ ,.~ 
...... ~ORS~AO ~ H,~ 0.' 

.... FRENCH G7 HBC 0 . 2 

. . . .  67  HBC 0 .0  

(CONLEV 
1360  1 ~-00 1440  1480  =0 .  053 )  

E MASS (MEV) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E WIDTH (MEV) 

M NO 0 (1285 }  MESON SEEN IN EXPERIMENTS BELOW 
w 80. lO .  BAILLON 67 HBC O. aEAR P 11/66 

50 .0  30 .0  20 .0  SEHARRE 80 SNAG F+E- , J /PS I ,E  GAM 6181*  W 
W . . . . . . . . .  
W AVG 75.9 10 .3  AVERAGE (ERROR INCLUDES SCALE FACTOR OF t .  I I  

W B(1285) MESON SEEN2INoEXPER[MENTSo BELOW 
W 60 .0  . DAHL 67 HBC 1 .6 -4 .2  P I -  P 10 /66  
W 45 .  20.  FRENCH 67 HBC 3 -4  PBAR P 6167 
w 3EO 60. 20 .  LORSTAO 69 HBC .TPB P~AtS-BODY 916R 
W 170 50. tO. OEFOIX 72 HBC 0.7 PBAR P,7 PI 1/73 
W 280 50. I 2 .  DUBOC 72 HEC 1.2 PBAR P,ZKAPI 12172 
W 36 [ 45 .0 I  [ 30 .0 )  CORDEN TB OMEG 12 -15P I -P  t K *K -F I  6 / 78  
W 53.  20 .0  NACASCH 78 HBC . 7 , . 7 6  PBAR P 4 /78  
w 62 .0  14 .0  BROMBERG 80 SPEC lOB P I -P t2KP IX  1 /82 .  
W 221 40 .0  15.0 DIONISI BO HBC 4.  PI-P,K K P IN  12/79 
W . . . . . . . . .  
W AVG 51.7 5.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E PARTIAL DECAY MODES 

DECAY MASSES 
PI  E INTO K K* (892 )  497*  ERA 
P2 E INTO N KBAR PI ART+ 497*  E3g 
P3 E INTO PI Pl RHO 139~" E30* 769 
PA E INTO DELIA PI  983÷ 139 
P5 E INTO ETA PI  Pl 548+ 139+ 1S9 
P 6  E INTO 4 P I  1 3 9 +  1 3 9 +  1 3 9 .  1 3 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 E BRANCHING RATIOS 

RI E INTO (KBAR R* (8921  + C .C . I / IK  KBAR P I )  (P I I / (PZ I  
RI  MD [ .SO l  I . [O I  BA[LLON 67 HSC O.O PEAR P 12178 
R1 O. T6 0 .06  BROMBERG 80 SPEC 100 P I -P *ZKP IX  1 /82 "  

O,8E 0.12 DIONISI BO HBC 4. PI-P,K K P IN  12/79 R1 D N 
RI  NO D(1285)  MESON SEEN 
RI  M FROM JR=O- SOLUTION 
R1 N FROM JP= I+  SCLUTION 
R1 . . . . . . . . .  
RL AVERAGE MEANINGLESS ISCALE FACTOR = 1.01 

R2 E INTO (P I  PI RHOI / (K KBAR P I I  (P3 I / (P2 )  
RZ (2 .0 ]  OR LESS DAHL 67 HOE O 1 .6 - -4 ,2  P I -  P IO/AA 
R2 [0 °31  OR LESS EL=.95 CORDEN 78 ONEG 12 -15F I -P  ~./78 

R3 E INTO [ETA 2 P I I / IK  KBAR P l l  (P5 I / (P2 I  
R3 (E .5 )  OR LESS EL=.95 FOSTER BB HBC - O.O PBAR P 9 /69  
R3 1 .5  0 .8  DEFOIX 72 HBC O.T PBAR P 1/Y3 
R3 [O .S I  OR LESS CL=.95 COROEN 78 0MEG 12-ESPI -P  # l i b  
RB D (1 .1 )  OR LESS CL=.90 SCHARRE 80 SHAG E*E - , J /PS I tE  GAM 2181~ 
R3 O NO 0 (1285 I  MESON SEEN 

R~, E INTO {DELTA P I I / {ETA  PI  P l l  (PA I / (PS I  
RA 0°4  0 .2  DEFO[X 72 HBC 0°7 PBAR P,T PI 1 /73  
R4 MOT SEEN IN EITHER MODE CORDEN 78 OMEG 12-1SPI-P AIYB 

R5 E INTO (4P I ) / (KBAR K* IBqB I  +C,C°I (P6 ) / IFL )  
R5 (O. 00)OR LESS CL=.9S DIONISI  80 HBC A. P [ -P tK  N P IN  12 /79  

RB E INTO (K KERR P I I / (DELTA  PI + KB&R K$(BDZI +C .C ) (F21 / (P I÷PA)  
R6 C 0.65 O.2T DIONISl 80 HBC 4. PI-P 
R6 C CALCULATED USING (DELTA INTO K KBI/(DELTA I~TC ETA P I )=O.24+ -O .O7  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

BAILLON 67 NC 5OA 3q3 
EARASH 67 PR 156 1399 
OAHL 67 PR 1 6 3  1377 

ALSO 60 PRL 14 107A 
FRENCH 67 NC 52A 63B 

FOSTER 68 NP B 8 ITA 

BETTINI 69 NO 62 A 1038 
LORSTAD 69 NP B 14 63 

OEVONS 71 PRL 27 1614 

CHAPMAN 72 NF B 42 E 
DEFOIX 72 NP B 44 lZB 
OUBOC T2 NR B 46 A20 

VUILLEMI 75 LNC 16 165 
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BARASHtKIRSCHtMILLEReTAN (COLUMBIAI 
*HAROY+HESS÷KIRZeMILLER ILRL I I  JP 
MILLERICHUNGtOAHLtHESSeHAROYeKIRZ~(LRE÷UCBI 
+K[NSON+NCDONALO+RIDDIFORO+ [CERN÷BIRMI 

÷GAVILLETt LABROSSEvMONTANETt • [CERN~CDEF] 

÷CRES71,LIMENTANI,BERTANZA,BIGI÷(PAOO*RISAIIC 
B°LORSTAOIC--ANDLAU,ASTIER,+ (CDEF*CERNI JP 

÷KOZLOWSK[~HORWITZv+ {COLU*SYRAJ 

~CHUROHeLYS,MURPI'~f~RINGIVANDER VELDE (MICH) 
*NASCIMENTOeBIZZARRIe÷ (EOEF*OERNI 
÷GOLOBERG, MAKOWSKI,DONALO,* (LPNP*LIVP) 

VUILLE MIN,÷  (LAUS+NEUO÷LPNP÷LIVP+OLABI JP 

Mesons 
v.(142o), f'(z5z5) 

HANDLER 70 NP B IlO 173 
VUILLEMI 76 NC 33A E33 

GRASSLER 77 NP B 121 t89 

EORDEN TB NP 0 144 253 
IRVING 78 NP B 139 327 
NACASCH TB NP B 135 203 

TANTON 79 PRL ~2 346 

BROMBERG 80 PP O 22 15E3 
ALSO 82 PRIVATE CCMM. 

DIONISI  SO NP B 169 1 
CHARRE 80 PL 97 B 329 

CHANOWIT 81PRL 4A ~EI  
LACAZE 81NP B 186 247 
LIPKIN 81PL  106 B 116 
SCMARRE 81 BONN CONE. 163 

ALSO BI SANTA CRUZ CONF. 
ALSO 80 MORIOND I ]  83 

+PLANO, BRUCKER,K~LER+ (RUTG+STEV+SETO} 
*VUILLEMIN,* (LAUS÷NEUC+LPNP+LIVP*GLASI 

*(AACHENeBERLIN+BONN÷CERN÷CRACOW+HEID+WARSI 

*CDRBETF,ALEXANDERt* (BIRM*RHEL+TELA*LOWCI 
A.C.IRVINGtH.R,SEPANGI (L[VP) 
*BEFOIX,OOBRZYNSKI,÷ (PARIS*MADR(D+CERN) 

÷BROCKMAN, DANKOWYCH,* (OSU÷CARL*MCGI+TNTO) JP 

+HAGGERTY,ABRAMS,OZIERBAICIT*FNAL÷ILLC÷INOI 
C.BROMBERG (HSUI 
+GAVILLET, ARMENTEROS÷ (CERN*RADR÷CDEF*STOH)I,JP 
÷TRILLING, ABRAMS,ALAN,BLOCKER+ (SLAC÷LBLI 

CHANOWITZ ILBL)  
÷NAVFLET (SACLI 
LIPKIN (FNAL) 
D.L.SEHARRE (SLACI 
EOVNE,EDWARDS,+ (PRIN÷CIT÷HARV÷STAN÷SLAC) 
ASCHMANtPARTRIDGE+(PRIN*CIT*H&RV+STAN*SLAC) 

** ,1 ,***  * * *= * * * * *  * *$ , . * * * * *  * * * * , 1 , * * * *  * * * * * * *= *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

B m 

I f ( 1 5 z 5 ) l  . . . . .  (ME IS1 . . . .  G=2.., i o 
I B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 F PRIME MASS (MEVI 

M P (1515 .01  ( 7 . 01  AMMAR 67 HEC 5 .5  K-PeK KBAR 9167 
M P IO0 ( tS IR . )  [ 7 .  I AOUILAR TZ HOE 3 .914 .6  K - tK  KB 12172 
M P 46(151~.) ( 4 . )  COLLEY 72 HBC lO.Ke P~K* K-  12/TZ 
M g 4711521.) ( 7 . )  VIDEAU T2 HDC 6.N- PtK KBAR 12/72 
M P 120 (1521 .0 )  (B .O )  BRANDENBU T6 ASPK 13 .K -P ,K*K -  7177 
M N (1502 .0 )  ( 25 .01  BORDEN 79 OMEG IB - lBP l -P t  N 2Pl 12 /79  
M 
M 120 1522.0 6.0 BARREIRO TT HEC 4.15 K-P,KS KS 7177 
M 166 1S28. T. EVANGELIS 77 OMEG 10 K- P 12 /77  
M C 1506,0 7 .5  PAWLICKI 77 SPEC 6 .P I  N*K+K- 12177 
M 1492.0 29 .0  GORLICH 80 ASPK 17 P l -  PtPOLARIZ 12 /79  
M bSO 1521.0 6.0 AGUILAR 81HBC 4.2 K-P,LAN 2K 1/82" 
M $72 1521 .0  3 .0  ALHARRAN 8Z ONEG 8 .25  K-P,LAM 2K 1 /02= 
M 
M AVG 1520.4 2.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .1 )  

M C WITH A PHASE SHIFT ANALYSIS 
M C MASS ERRORS ENLARGED BY US BY FACTOR 1.5. 
M N FROM AN AMPLITUDE ANALYSIS WHERE THE F PRIME WIDTH AND 
M N ELASTICITY ARE IN COMPLETE DISAGREEMENT WITH VALUES 
M pN OBTAINED FROM KKBAR CHANNEL MAKING THE SOLUTION DUBIOUS. 
M F-AB-F PRIME INTERFERENCE IN R÷K- FINAL STATE NOT ACCOUNTED FOR. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E3 F PRIME WIDTH (MEV) 

W P (3B.OI (ZS.Ol AMMAR 67 HBC B.S K--P, K KBAR DIAT 
W P lOO (69 , )  (Z2 . )  AGUILAR 72 HBC 3 .9 ,4 .6  K -P tK  KB 12 /72  
W P 46 (ZB . )  ( 15 . )  COLLEY TZ HBC lO .K*  PeK÷ K-  12172 
w R #7 (AO.I (10. )  VIOEAU 72 HBC 4°K- P,K KRAR 12112 
W P 120 I 61 °0 )  {B .O I  BRANOENBU 76 ASPN I ] .K -P ,K+K-  7 /77  
W N (165 .0 )  ( 42 .01  CORDEN 79 OMEG 12-15PI -P~  N 2PI  12 /79  
w 1150 .OI  ( 83 .0 )  (SO.Ol  GORLICH BO ASPK 1T P I -  P,POLARIZ 12 /79  
W 
w 1Z3 62 .0  19 .0  L4 .0  BARREIRO 77 HEC A.15  K-P.KS KS 7177 
w 166 72 .0  25 .0  EVANGELIS TT OMEG 10 K- P 12477 
w C 66.0 15.0 PAWLICKI TT SPEC 6.PI NtK*K-- 12177 
w M 92 .0  30 .0  22 .0  PDLYCHRON 79 STRC T. P I -P ,KS  KS N 12 /79  
W 650 8S .0  E6 .0  AGUILAR 81HBC 4 .2  K-P,LAM 2K 1 /82 "  
w 572 80 .0  IA .O  l l .O  ALHARRAN 810NEG 8 .25  K-P,LAM 2K 1 /82 .  
W . . . . . . . . .  
W AVG 74.8 6.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

w C WITH A PHASE SHIFT ANALYSIS 
W C WIDTH ERRORS ENLARGED BY US BY FACTOR 1.5. 
W M FROM A F IT  TO THE D WAVE WITH F-F PRIME INTERFERENCE, MASS FIXED 
W M AT 1516 MEV. 
W N SEE NOTE N UNDER MASS. 
W P F-AB-F PRIME INTERFERENCE IN K+K- FINAL STATE NOT ACCOUNTED FOR. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 F PRIME PARTIAL DECAY MODES 

DECAY MASSES 
139~ 1B9 
A97÷ 497 
49B+ ORE 

13 F PRIME BRANCHING RATIOS 

RL F PRIME INTO (P I  P I I I TOTAL  (F I )  
R1C  (O. OOB6) OR LESS BEUSCH 75 OSPK B.9 P I -P ,KO KO N 12177 
R1 (O.063)OR LESS CL=O.90 BRANDENBU 76 ASPK [3 .K -P ,K .K - -  7 / 77  

IO .065 IOR LESS CL=0.95 DARREIRO TT HBC 4. XS K-PeKS KS 71TT R1 
R1C D.012 O. OO4 PAWLICKI TT SPEC 6.P[ N,K*K- 12177 
R1 N (0 .191  ( 0 .03 }  CORDEN 79 OMEG 12 -ESP l -P ,  N 2P[ 12 /79  
R1C  O LZ/T9 O.OOTS O*OOBS MARTIN 79 RVUE 
R1 O.OOT 0 .002  COSTA 80 ONEG EO P I -P ,K+  K- N 11825 
R I  C (0 .0271  (O*OTI )  (B .O lB IGORLIEH 80 ASPK 17,18 P I -P  POLAR 12179 
R1 (0 ,061  OR LESS EL=.95 AGUILAR 81HBC A.B K-P,LAM 2K | / 82 *  
R1C ASSU~INO THAT THE F PRIME IS PRODUCED BY AN OPE 
R1 PRODUCTION MECHANISM. 
RI  O MARTIN 79 USES THE PAWLICKI TT DATA WITH DIFFERENT INPUT 
RI  VALUE OF THE F INTO K KBAR BRANCHING RATIO. 
R1 N SEE NOTE N UNDER MASS. 
RE . . . . . . . . .  
R1 AVERAGE MEANINGLESS [SCALE FACTOR = [*OI 

Pl F PRIME INTO BI FI 
P2 F PRIME INTO K KBAR 
P3 F PRIME INTO K K*(892) 
P4 F PRIME INTO ETA ETA 548~ 548 
P5 F RRINE INTO PI PI ETA 13q÷ 109+ 568 
P6 F PRIME INTO P[ K KBAR 1Bg+ 497*  ART 
P7 F PRIME INTO RE* P I t  P I -  P l -  139. 139. 139+ 139 
P8 F PRIME INTO GAMMA GAMMA 0÷ O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 F PRIME PARTIAL WIDTHS 12/78 

W1 F PRIME INTO GAMMA GAMMA (KEVI (OB) 12178 

WI B (1.2) OR LESS CL=O. RB ABRAMS 79 SNAG E÷ E- 12179 
WE B USING BRANCHING RATIO F PRIME INTO N KBAR = I ,  12/78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Mesons 
{(1515), p'(1600) 

R3 F PRIME INTO IETA ETA)/(K KBAR) (PM) I [P2 ]  
R3 TO.SOl DR LESS BARNES 67 HBC 4 .6 ,  5.0 K- P 10167 

R4 F PRIME INTO (P IP [  ETAI I (K  KBAR) [PS) / (P2)  
R4 (0 .3 ]  CR LESS e l= .6?  AMMAR 67  HBC 10167  
84 (0 .41 ]  OR LESS CL=.95 AGUILAR 72 HBC 3 .q ,4 .6  K- P 12172 

85 F PRIME INTO (P I  K KBAR + K K* (B92 ] I / [K  KBAR)  (P6+P I I / (P2 I  
R3 (0 .4 I  OR LESS CL=.67 AMMAR 67  HBC 10167  
R5 I 0 . 35 )  OR LESS EL=.95 AGUILAR 72 HBC 3 .9 ,4 .6  K- P 12 /72  

R6 F PRIME 1NTO {PI+ RE+ P l -  P l - l / (K  KBARI (P7 I / (PZ ]  
R6 (0 .32 }  OR LESS EL=,95 AGUILAR 72 HOE 3. q,#.6 K- P 12/72 

REFERENCES FOR F PRIME 

BARNES 65  PRL 15 322 

CRENNELL 66 PRL 16 1025 

ABRAMS 67  PRL 18 620 
AMMAR 67 PRL 19 IOTl 
BARNES 67 PRL I 9  964 

ALITTI 68  PRL 21 1705 

LORSIAD 69 NP B 14 E3 
SCOFFER 69  NC 62 A I 0 5 7  

AGUILAR 72 PR 0 6 29  
COLLEY 72 NP B 50 I 
VIDEAU 72 PL 41B  213  

8EUSCH 75 PC 60  B 101 

BRANDEN8 76 NP 8 104 413 

8ARREIRO 77 NP 8 121 237 
EVANGELI 77 NP 5 127 384  
LAVEN 77 NP B 127 43 
PAWLICKI 77 PR 0 15 3196 

+CULWICK,OUIDONI,KALBFL ElSE H,GOZ+( BNL+SYRAI 

÷ KALBFLEISDH,tAI,SCARR,SCHUMANN + (BNLII  

÷KEHBE,GLASSER,SEEHI-ZORN, WOLSKY (MARYLANDI 
+OAVIS,HWANG,DAGAN,OERRIDK + (NWES+ANLI JP 
÷00RNAN,GOLOBERG,LEIINER ÷ (BNL÷SYRACUSEIICJP 

+BARNES,CRENNELL,FLAMINIO, GOLDBERG,+ (BNL] 

B,LORSTAD,D-ANDLAU,ASIIER,+ [COEF+CERNI 
+E~SKINE,PALER,÷ IBIRM+GLAS÷LOIE+MPIM÷BXF) 

AGD[LAR-BENITEZ,CHUNG,EISNER, SAMIDS (BNLI 
+JOBES,RIDDIFORD,GRIFFITHS,+ IBIRM+GLASI 
+VIDEAU,ROUOE,BARRELEI,DEBRIDN,+(EPBC+SACL] 

+BIRMAN,WEBSDALE,WETZEL (CERN+ETHI 

BRANDENBURG,CARNEGIE,CASHMORE,DAVIER÷(SLACI 

+O[AZ,GAY,HEMINGWAY,+ (CERN+AMST+NIJM+OXF] 
EVANGELISTA,+ (BARI+80NN+CERN+OARE+GLAS+I 
+OTTER,KLEIN,+ {AACH+BERL+CERN+LBIC+WIENI 
+AYRES,COHEN,OIEBOLO,KRAMER,WICKLUND {ANLI I  JP 

ABRAMS 79 SLAC-PUB 2421 +ALAN, 8L(~;KER, BOYARSK I ,  + [ SLAC+LBL} 
BEEKER 79 NP B 151 46 +BLANAR,BLUM,CERRABA+ (MPIM+CERN+ZEEM+CRACI 
COROEN 79 NP B 157 250  +DOWELLtOARVEY,JOBESs+(BIRM+RFI=L+TELA+LOWCI j p  
MARTIN 7g NP 8 158 520  +OZMUTLU [OURHI 
POLYCHRO 7 ' )  PRO l g  1317  POLYCHRONAKOS,CASON,8[SF~]p+ (NOAM+ANLI  

COSTA 80  NP B I75 402  + [BARI+BONN+CERN+GLAS+LIVP+MILA+WIEN) 
GORLICH BO NP B 174 E6 +NICZYPOROK,ROZANSRA+ [CRAC+MPIM+CERN+ZEEMI 

AGUILAR 81 ZPHY C B 3L3  +ALBAJAR,ARMENTEROS,+ (CERN+CDEF÷MADR+STOHJ 
ALHARRAN B l  NP B IgL  26 +8AUBILLIER,+ (BIRM+CERN+GLAS+MICH+LPNP] 

Ip( 6oo l . . . . . . .  IME, . . . . . . . . . . . .  , i o l  
I " " 1  

The p'(1600) has been seen in the p°T+z- final 

state, in photoproduction (BINGHAM 72, DAVII~R 73, 

SCHACHT 74, ALEXANDER 75, LEE 75, ATIYA 79, RICH- 

ARD 79, BARBER 80, ASTON 81), in e+e - annihilation 

(BARBARINO 72, CONVERSI 74, CORDIER 79, COSME 79, 

BACCI 80, DELCOURT 81), in electroproduction 

(KILLIAN 80), and in a ~+d experiment (DIBIANCA 

81). If the IT+Z - subsystem were in an S wave, 

as has often been assumed, one would also expect 

to see the p' decaying into p0z0~0. This has, 

however, not been seen (ATKINSON 82). Thus the 

most likely decay chain is p' ÷ Al~ ÷ p~ + 4~. 

For the determination of the p' (1600) parame- 

ters we turn to its relatively rare ?T+Z - decays, 

which do not have the problems of the above decay 

chain. The 7"[+7]-- final state has been produced in 

~-p interactions (HYAMS 73, BECKER 79), in photo- 

production (ATIYA 79, ASTON 80), and with weaker 

evidence in e+e - annihilation (reviewed by GENSINI 

78, HEYN 80). The mass and width in these exper- 

iments are consistently 1600 MeV and 300 MeV, re- 

spectively. Note, however, that these parameters 

are the results of very simplified analyses which 

144 

Data Card Listings 
For notation, see key at front  of  Listings. 

are not adequate for such a broad resonance. An 

attempt to determine the p' pole position in a 

more model-independent way (LANG 79) from the 

HYAMS 73 data yields a mass at 1660 MeV. 

The elusive p' (1250) has recently been re- 

claimed in the diffractively photoproduced ~0 

system (ASTON 80, BARBER 80). However, the JP de- 

terminations are complicated by the simultaneously 

present B(1235) resonance. In addition, other 

dynamical effects obscure the interpretation of 

the p'(1250) as a resonance. 

ES 8HO PRIME MASS (MEV] 

M Pl+ P I -  MODE 
M pH 11590 . I  ( 20 .1  HYAMS 73  ASPK 0 17 P I -P ,N  P I+P I -  L174  
M 1610 .  30 .  FROGGATT 77  RVUE 0 17 P I -P tP I+P I -N  L2 /T7  
M P R [ 1575 .  I MARTIN 78 RVUE O 17 PI -P ,P [+P I -N  12 /77  
M 1600.0 10 .0  ATIYA 79 SPEC 50 GAM C,2P[ 12179 
M 1588.0 24 .0  22.0 BECKER 79  ASPK 0 17 P I -  P POEARIZ 12179 
M P (1859. I ( 25 . I  
x M LSBO. 20. 
M . . . . . . . . .  
M AVG 1598.9 8.0 

M 2[DE+ P I - I  MBDE 
M 400  1430 .  50 .  
M M 1550. 60 .  
M L60 1550. 50, 
M 340  1450. IOO. 
M O 65 [1570 .1  ( 60 .  I 
M C 11500 .  I 
M AX [1666.I (39.1 
M 34(1780.)  
M 8 ( tSO0 .  I 
M M 30. 
M A x 60. 

LAND 79 RVUE 9 1182. 
ASTON 80 OMEG 2O-7OGAM P,B Pl 918E* 

AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O)  

BINGHAM 72 HBC 0 g.3 GAM P.P  4P I  12172  
CONVERSE 74  OSRK 0 E+ E- ,2 (P I+P I - I  12175  
SCHACHT 74 STRC O 5.5-g G P,P 4P I  12175 
SCHACHT 74 STRC 0 9-18 G P,P  4PI 12175 
ALEXANDER 75 HBC O 7.5 GAM P,P 4P l  12175 
ATIYA 79  SPED BO GAM C,4 HI+- 9181 .  
BACC[ 80 FRAG E+ E-, 2 [P I+P I - )  9181 "  
KILLIAN BO SPED i t  E -P ,2 (P [+P I - I  9181* 
PENSO 80 RVUE E+ E- ,  2 (P I+P [ - I  9181 .  
ASTON 81 DMEG 20-7OGAM P,4 Pl 9 1 8 1 .  
OELCOUR2 Bl DM1 

1520. 

1370. E+ E - . 2 (P I+P I - I  9181. 
M D 1654. 25. DIBIANDA 81 08C 0 PI+O, PP2(PI+PI - I  l l B2 *  
M . . . . . . . . .  
M AVERAGE MEANINGLESS iSCALE FACTOR = 2,0] 

M A SIMPLE RELATIV. BREITWIGNER FIT WITH MODEL DEPENDENT WIDTH 
M B ASSUMING RHO+EPSILON DECAY MODE INTERFERES WITH AI¢PI  BACKGROUND 
M C PARAMETERS ROUGHLY ESTIMATED,NOT FROM A FIT 
M D SKEW MASS DISTRIBUTION COMPENSATED BY RDSS-STODOLSKY FACTOR 
M H M INCLUDED IN BECKER 79 ANALYSIS 
M SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIOTH 
M O ONE PEAK FIT RESULT. 
M P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 
M R AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 
M R IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 
M x THE VEPP2M-DLYA AND D(]I-DMI DATA HAVE A SYSTEMAT.CALIBR.DIFFERENCE 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

65 RHO PRIME WIDTH (MEV) 

W PI~ P [ -  MODE 
W H ( IBO.)  (50 .1  HYAMS 73 ASPK 0 I7 PI-R,N P I+PI -  12175 
W P 300. tO0. FROGGATT 77 RVUE 0 17 P l -P ,P I+P I -N  12/77 
w P (340.)  MARTIN 78 RVUE 0 17 P I -P ,P I÷P I -N  12177  
w R 283.0 14.0 AFIYA 79 SPED SO DAM C,2PI 12/79 
W 175.0 98.0 53.0 BECKER 79 ASPR 0 17 P I -  P POLARIZ 12179 

[232. I (34.1 LANG 7g RVUE 0 1182' 
230.9 80 .0  ASTON 80  OMEG 20-70 GAM P,2Pl 9181* 

278,4 1 4 . 6  AVERAGE (ERROR INCLUDES SCALE FACTOR 9F I.I# 

w P 
w M 
w 
w AVG 

W 2(P[+ P I - )  MODE 
W 400 650. iO0. 8 l  NGHAM 72 HBC 
W E M 360. 190. CONVERSE 74 OSPK 
W [60  400. I 20 .  SCHACHT 74 STRC 
W E D 340 850 .  2 0 0 .  SDHAD HT 74 STRG 
W 65 [ 340 .  I [ 160 ,  I ALEXANDER 75 HBC 
w C [COO. ) ATIYA 79 SPED 
W A (790. )  (160. I BACCI BO FRAG 
W 34 [100. )  KILLIAN BO SPED 
W 8 M [230. ) PENSO 80 RVUE 
W 400. 50. ASTON 81 OMEG 
w A 510 .  50 .  OELCOUR2 B I  DMI 
w O 400. 146. D[ BIANCA 81 DOE 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.4) 

0 9 .3  GAM P ,P  ~P I  L2172 
0 E+ E- ,2 (P I+P I - ]  12175 
0 5 .B -q  G P ,O  4P I  12175 
O ~;~ER G P,P  SP I  12175  
0 7 .5  GAM P ,P  4PI  12178  

59 GAM C,4 PI+- 9/81= 
E+ E- ,  2 (P I+P I - )  9/81" 
L1E-P,ZIP[*PI-) 91BL* 
E+ E-* 2 (P I+P I - I  91Bl* 
20-79GAM P,~ PI 9 1 8 1 "  
E+ E - , 2 (P I+P I - ]  9 1 8 1 "  

O PI+D,PP2(PI+PI- )  1 1 8 2 "  

w A SIMPLE RECATIV. BREITNIGNER FIT WITH MODEL DEPENDENT WIDTH 
W B ASSUMING RHO+EPSILON DECAY MODE INTERFERES WITH A[+PI BACKGROUND 
W C PARAMETERS ROUGHLY ESTIMATED,NOT FROM A FIT 
W D SKEW MASS DISTRIBUTION COM~ENSAIED BY ROSS-STODOLSKY FACTOR 
W E H WIDTH ERRORS ENLARGED BY US TO ~*WIDTHISQRT(NI.SEE K* FYPEO NOTE 
w INCLUDED IN BECKER 79 ANALYSIS 
W M SIMPLE RELATIV. BREIT WIGNER FIT WITH CONSTANT WIDTH 
W D ONE ~EAK FIT RESULT. 
W P FROM PHASE SHIFT ANALYSIS OF HYAMS 73 DATA 
W R AN ADDITIONAL 40 MEV UNCERTAINTY IN BOTH THE MASS AND WIDTH 
W R IS PRESENT DUE TO THE CHOICE OF THE BACKGROUND SHAPE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see at front of Listings. 

Mesons 
¢( 6o0)  (z6 o) 

65 RHO PRIME PARTIAL DECAY MODES 

DECAY MASSES 
P1 RHD PRIME INTO RHO P[+ P [ -  7bg+ 139+ 139 
PZ RHO PRIME INTO AlL  4 CHARGED PI 13g÷ I39+ 139+ 137 
P3 RHD PRIME INTC RHO RHO 769+ 769 
P4 RHO PRIME INTE P[ P( 139÷ 139 
P5 RHO PRIME INTO KBAR K Aq3+ 4R3 
86 RHO PRIME INTO PI OMEGA 139÷ 782 
PT RHD PRIME INTC RHO0 P[O P[D T69+ 136÷ [34 
PE RHO PRIME INTO E+ E- .5+ .B 
P9 RHO PRIME [NTC RHO+- P [ -+  P]O 7BR+ 139+ 134 
P|O RHO PRIME INTO NBAR K*(R921 + CoC. 4~3÷ 881 
Pli RHO PRIN~ INTO RI Pl ETA 139÷ 139÷ 5~8 
Pl2 RHD PRIME [NTC RHO P[ Pi TbB+ 139+ 13q 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

65 R FW] PRIME PARTIAL WIDTHS [KEV) 

W[ RHD PRINE INTE E+ E- [GB) 

W1 D t7.5) )1.5) DELCOUR2 81DMI  E+ E-, 2(PI÷PI-) 9/E1" 

W( D 
NI 0 

MODEL DEPENDENT, NOT INDEPENDENT OF DELCOUR2 81 WIDTH TIMES E+E- 
BRA~H[NG RA~IO BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

65 RHO PRIME BRANCHING RATIOS 

R1 RHO PRIME INTO (RHO PI+ PI - | I (4  Pl ,  ALL CHARGED) (PI l l (P2) 
R1 S 10.801 B[MGHAN 72 HBC 9.3 GAM P,P 4PI 1/73 
R1 500 0*7 O . I  EEHACHT 74 STRC 5.5-18 G P,P 6PI 1217S 
81 11.0| APPROX. OELCOUR2 81 OM1 E÷E-,21PI+R[-I 1/82= 
RE S THE P[ PI SYSTEM IS IN S WAVE 14Z3 

R3 RHO PRIME [NTD (PI+ P I - ) / [ ~  PI, ALL CHARGED) (PAIIIPZ) 
83 (0.29 OR LESS 2 SIGMA BINGHAN 72 HBC 0 9.3 GAM P,P 2PI 1/73 
R3 (0.141 OR LESS ESTIMATE OAVIER TO STRC O a - lB  G P,P 6P1 1/76 
83 0.13 0.05 ASTON 80 DMEG 20-70 GAM P,2PI 9 / 8 l *  

84 RHO PRIME INTO I KO~ RI/(4 PI~ ALL CHARGED( (PS) / IPZ )  
84 (O.OAt OR LESS CL:O.BB EINGHAN 72 HBC 0 9.3 DAM P 1/73 
R4 D 0.015 0.010 OELCOUR2 810MI E+E-,KBAR K 1/82~ 
84 D ASSL~ING RHO PR [ME AND OMEGA PR[ RE TO BE DEGENERATE IN MASS. 

85 RHO PRIME INTO (PI÷PI~I /TOTAL (PA) 
85 E TO. EEl OR LESS EISENBERG 73 HEC 5 PI÷ P,DEL++2PI L176 
83 H 10.251 (0.051 MYANS ?3 ASRK E? RI-R,N PI+R(- ZETA 
85 0 .20  0.05 MONTANET 73 HBE PBAR P AT REST 12/77 
RS C (O.ZO) OR LESS COSTA 2 77 RVUE E+E-.2 PI + 4 PI 12/77 
R5 P (O.3Ol (O.O51 FROGGATT yY RVUE 17 PI-P,PI+PI-N 12/77 
RS P (0.151T0 O.3O MARTIN 78 RVUE lT PI-P,PI+P|-N 12177 
R5 0.287 0°063 0.062 DECKER 79 ASPK 0 17 P I -  P POLARIZ 12179 
R5 C ESTIMATE USING UNITARITY,TIME REVERSAL INVARIANCE,EREIT WIGNER 
R5 E EST[MATEO USING OPE MODEL. 
RS pH INCLUDED IN BECKER 79 ANALYSIS 
R5 FROM PHASE SHIFT ANALYSIS OF HyAMS 73 DATA 
RE . . . . . . . . .  
85 AVERAGE MEANINGLESS (SCALE FACTOR = 1.3) 

R& RHD PRIME INTO (RHDO RIO PIOIIIRHO÷- PI-+ P lO)  (PT)l(PB) 
86 I P T t l I P Z I  
RG 10.151 OR LESS ATKINSON 82 OMEG O 20-TOGAM P,API P 1182' 

R7 RHO PRIME INTO [P I+  PI- + NEUTRALS)I(BPI,ALL CHARGED) 
87 (P7+ . . . .  ) / IP21  
R7 U {2.61 IO.41 BALLAM Y6 HEE 9.3 GAMMA P 12175 
RT U UPPE~ LIMIT. BACKGROUND NOT SUBTRACTED 

RB RHO PRIME INTO (PI P[ ETAI / (4  PI, ALL CHARGED) (P IE) /P2  
RB (0.1) APPROX, ASTON 80 ONEG 20~TO GAM P 1182~ 
RB 0.13 0.03 OELCOUR2 81DNI E+E-/PI÷PI-NM 1182" 

R9 RHO PRIME INTO (REAR K~(8021+C.C.II(BPI, ALL EHGIIPIO) I(P21 
89 O 0 .15 0.03 DELEOUR2 81DMI  E+E-,KBAR K PI 1182" 
R9 D ASS~4[NG RH~ MR|WE AN9 OMEGA PRIME TO ~E DEGENERATE 1~ ~ A ~ .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

65 RHO PRIME G) I)*G(E÷E-IIG(TOTAL| (KEVI 

THIS COMBINATION OF A P~RTIAL WIDTH WITH THE PARTIAL WIDTH INTO 
E÷E- AND WITH THE TOTAL WIDTH SS O~TAINED F~OM THE O~OSS-SECTION 
INTO CHANNELII) IN E÷E- ANNIHILATION. 

G2 GI6 PI, ALL CFARGEDI*G(E+E-IIG(TOTAL) 
02 2 .83 0.42 8ACCI B0 FRAG O E+ E- ,  2 ( P I + P I - )  3182~ 
02 P (0o6 l  PENSO 80 RVUE O E+ E- ,  2 ( P I + P I - ;  3182~ 
02 P ASSUMING RHO÷EPSILON DECAY MODE INTERFERES WITH Al÷P[  BACKOROUND 
D2 2 .6  0 .2  OEtCO~R2 81 ON~ 0 E+ E-, 2IRS÷PI- )  3182~ 
G2 . . . . . . . . .  
G2 AVG 2 .64  0.18 AVERAGE tERROR INCLUDES SCALE FACTOR OF I.O( 

G5 GIKBAR NI*GIE+E-I /G(TOTALI 
G5 M lO .035I  (O.029t  81ZOT 80 DMI O E+ E- 3182~ 

OlD GI~BAR R=18921 ÷ C.C.I~G(E+E-I/GITOTALI 
GIO M 10.305) (ODD711 8[ZOT 80 DM1 0 E+ E- 3 /82*  

012 G(RHO P(P[)$B(E+E-I/G(TOTAL) 
G12 M (3 .5S0)  (O. OqO) BIZOT 80 DM1 0 E+ E- 3/82~ 

G N MODEL DEPENDENT 

REFERENCES FOR RFIOPRIME 

ALVENSLE TE PRL 26 Z?3 ALVENSLEBEN.BECKER.DERTRAM.OHENt÷(DESY÷MIT) 0 
BRAUN TI NP 830 213 ~FREDNAN~ GE~ER~ GIVERH&UO~* ISTRAB~0%)~I G 
BULBS 7I PRL 26 169 ÷BUSZA.KEHOE.DENISTDN,+ ISLAC+UMD÷[BM÷LBLI G 

BACC[ 72 PL 38B 5St 
BARBARIN 72 LNC 3 689 
BARTOLI T2 PR D E 2376 
BINGHAM 72 PL 4IB 635 
BRAMON T2 LNC 3 693 
DIEBOLD T2 BATAV. CONF. 
EISENBER T2 PRO 5 15 
L AYSSAG T2 NC IDA ACT 
SMAOJA 72 PH)L.CDNF.PROC36g 

CERAD(NI T3 PL 63 B 341 
C FUNG 73 ~L 6T B 526 
DAVIER 73 NP B 5B 31 
EISENEER 73 PL 63 B 169 
HVANS 73 NP B 66 136 
NREU2ER 73 RR D E tA31 
DCHS 73 THESIS 
MONTANET 73 ERICE SCEOOL 518 
PARK 73 NP E 58 A5 

BALLAM 74 NP 676 375 
~Eg,~AB~I T4 LNC EE Z61 
CHALOUPK 74 PL 51 B 407 
C ONVERSI 74 PL 526 4q3 
ESTABROD 74 NP B79 301 
FERBEL 74 PR 09 824 
GRAYER 74 NP 0 7B 189 
HIRSHFEL 76 NP B74 211 
SCHAGH~ TN ~ S81 ~OB 

ALEXA~E 75 EL 5~B 687 
ALLES 75 NC 30A 136 
CHUNG ?B PR D I E  2436 
ESTABRO0 75 NP BNE 322 
FROGGATT 75 NP B91 454 
HYAMS ~5 NP 8100 205 
LANG 75 PL 5BB 650 
LANGAENE TS PRO 13 B~7 
LEE 75 STANEORD CONF.213 
ROOS TE NP B 97 I65 

BASSDMPI 76 PL 65 B 3gT 
COMMON TB NP B 103 109 
J CHNSON 76 PL 63 8 gS 

BUBNEV 7T PL TD B 365 
COSTA 1 YY PL 67 B 213 
COSTA 2 77 PL 71 B 345 
FRDGGATT 77 NP B 129 89 
GESSARDL 77 ~P B 126 382 

GENSINI 78 PRO 17 1368 
MARTIN 78 ANP 116 1 

ATIYA 79 PRL A3 1691 
BACC[ Tg PL B 86 234 
BEEKER 79 NP B 151 46 
C~RDEN 79 NP B 157 2SO 
CORDIER 79 PL 81 B 389 
COSME T? NP B 152 215 
tANG 79 PR D l g  g56 
RICHARD T9 FERMILAB SYMP.469 

ASTON BO PL 92 B 215 
BARBER 80 ZPHY C A 169 
BAECI 80 PL 95 B 139 
BIZOT 80 MAOISCN CONF. 566 
HEYN BO ZPHY C 7 169 
KILLIAN 80 RR D 21 30D3 
O-DONNEL 80 PR D 22 711 
PENSO BO PL ~5 B 143 

ALSO 82 NC (TO BE PUB.) 

ASTQN 81 CERNIEPI81-13 
DELEOURT 81 PL 99 B 257 
OELCOUR2 81 BONN CONF. 205 

ALSO 82 PL I09B I 29  
DIBIANC& EL PR D 23 595 

ATKINSON 82 PL lOB B 55 

÷PENSO~SALVINIISIELLAIBALDINI-CE(ROHA÷~AS) JPE 
DARBARINO,CERAOIN[,÷ (FRAS+ROMA÷PADO÷UMD)IGJP 
÷FELICETTI,OGREN,÷ (FRAS÷RONA÷NAPLIIGJP 
~RABIN,ROSENFELO,SNADJA,YOST÷(LBL,UCR,SLACIIG~P 
*GREEO ITHEORETICAL PAPER) (FRASCATI) 
R.DIEBOLD RAPPORTEUR TALK (ANLI 
EISENBERG,EALLAM,DAGAN,÷ (REHO*SLAC÷TELA) 
J.LAVSSAC~FoM.RENARO (MONP] 
÷EINGHAM~FRETTER~BALLAM,CHADWIEK÷(LBL÷SLAC) 

+CONVERShEKSTRAND,GRILLI,+(ROMA*FRAS÷R~DOIIGJP 
+PROTOPDPESCU,LYNCH,PLATTE÷ (BNE÷LBL*USCI 
÷OERADO,FRIES,LIU, NOZLEY,DOIAN, EARR,+(SLACI 
EISENBERG, KANSHON*NIKENBERG,PITLUCK,÷IREHD) 
~JDNES.WEILHAM~ER~BLOM,OIETL~+ (EERN÷MP[NI 
M.J.KREUZER,A,N.BAMAL (UNIV.  OF ALBERTA] 
THESIS (MEINI 
LoMONTANET (CERN) 
J.C.H.PARK (MPIM) JR 

+CHADWICK,BINGHAM,FRETTER+ ISLAC+LBL÷MPIMI 
+O.ANGELO,SPILLAflTIN[,VALENTE IROMA+FR~S) 
CHALOUPKA,FERRAN~O,LOSTV*MDNTANET (CERN) 
*PAOLUZI~CERAOIN[~GRILLI+ )RONA*FRASI 
E.ESTABRDOKS,A.D.MARTIN (DURH} 
T.FERBEL AND P.SLATTERY (ROCHI 
G.GRAYER~HYAMS~BLUM,DIETL,+ (EERN÷HPIM] 
A.C.HIRSHFELD,G.KRAMER (HAMB) 
~DER~DO*ERIESsRAR~YOONT (MPEMI 

ALEXANOER,RENARY,GAHDSMAN*L{SSAUER÷ (TELA) 
ALLES-~ORELLI~BERNARDINI÷ (CERN÷EGNA+FRAS) 
÷PROTOROPESCU,LYNCH,FLATTE÷ (BNL÷LBL÷USC) 
P.ESTABROOKS,A.D.MARTIN lOORH) 
E.~.FROGGATT,J.L.PETERSEN {GLAS÷NORD) 
÷30NES~WEILHAR~ER,BLU~,~IETL÷ I tERN*~ I½1  
E.B.LANG,I.S.STEFANESCU (RARLI 
p. LANGACKER,G.SEGRE (PENN) 
WONYONG LEE (COLUI 
M.RQOS (HELS) 

BASSOMPtERRE,BINDER~÷ (PULH÷STRBeTORI} 
A.R.EONMDN (~ENT) JR 
÷MARTIN,PENNINGTON (DURH÷EERN| JP 

N.M.BUDNEV,V.M.BUDNEV,V,V.SEREBRYAKOV(NOVO) 
COSTA DE BEAUREGARO,PHAN~PIRE,TRUONG (EPOLI 
COSTA DE BEAUREGARD,PIRE,T,N.TRUONG (EPOL) 
C.D.FRODGATT,J.L.PETERSEN (GLAS+OOHR) 
GESSAROCI÷ (BGNA÷FIRZ÷GEND~M1LA÷OXF÷PAVll 

PAOLO m OENSINI (SLACI 
A.D.MARTIN,M.R.PENNINGTON (CERNI 

~HDLMES~KNAPP~LEE,SETD~ (COLU÷ILL÷FNAL) 
÷DE ZDRZhPENSO,S7ELLA,÷ (ROMA÷BGNA÷FRAS} 
+BLANAR,BLUM~EERRADA+ (MPIM+EERN~ZEEM÷ERAC) 
+BOWELL,OARVEY~JDBES,+(BIRM÷RHEL÷TELA~LOWC) JP 
+OELCOURT,ESCHSTRUTH,FULDA÷ IL~tO) 
÷DUDELEAK~GRELAUO,JEAN-MARIE,JULLIAN÷ (TONI 
E.B.LANG,A.MAS-PARAREDA IGRAZ| 
F.RIEHARO ILALO) 

(BONN÷CERN+EPDL+GLAS÷LA~÷MCPS÷DRSA+PARIS÷I 
+DAINTDN, BRODBEEK~BRDOKES,÷(DARE+LANC÷BHEF] 
+DE ZORZI,PENSO,BALOINI-CELIO,÷ (ROMA÷FRAS) 
÷BISELLO, EUON,COROIER,DELCOURT,+(LALO÷USTLI 
M.F.HEYN,C.B, LANG (GRAZ) 
~T~EADWELL,AHRENS,BERKELMAN,CASSEL,÷ )CORN) 
P.J.O-DONNELL (TDRONTDI 
GoPENSO, TRAN N.TRUONG (RONA*EROL) 
G.PENSO, TRAN N.TRUONG (ROMA÷EPOL) 

IBONN*CERN÷EPOL+GLAS+LANE÷MEHS÷ORSA+PARIS÷) 
÷BISELLO,BtZOT,BUON,CORDIEB,MANE (ORSAY) 
E.DELCOURT (ORSAY) 
CORONER,+ (~R~AYI 
÷FICKINGER~MALKD~DADD~ENGELER,÷ )CASE÷EARN) 

÷ (BONN+EERN÷GLAS+LANC+MCHS*EURI÷RHEL÷$HEFI 

/ 

, -  - , le( ,1640) l  . . . . .  T , ,  . . . . . . .  o . . . .  , i = o  

SEEN IN J/PSi  INTO GAMMA THETA. THEREEORE C=+. 
THETA DECAYS INTO 2 ETA, THEREFORE IG=0+. 
JP=E÷ IS PREFERRED OVER De, HIGHER SPINS NOT 
STUDIED. MEEDS CONFIRMATION. OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

68 THETAIIB4O) MASS [MEVI 

M 1660, 50. EDWARDS 82 EBAL O J/PShGAM ZETA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

08 THETA(1660I WIDTH (MEV) 

W 220. 100. 70. EDWARDS 82 COAL 0 J/PSI,GAM 2ETA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

68 THETA(16401 PARTIAL DECAY MODES 

DECAY MASSES 
PI THETA(1640} INTO ETA ETA 548+ 548 

REFERENCES FOR THETA(1640I 

EDWARDS 82 PRL 68 458 *PARTRIDGE,PECK,÷ (CIT+HARV~PRIN~STAN+SLACI 

I l B E *  

1182 ~ 



Mesons 
 (1870) A,(tB80) 

I . . I  
I o ~ ( 1 6 7 0 ) 1  ,8 OMEGA, . . . . .  . P G . - - ,  . . . .  
| | 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 OMEGAI l bT0 )  MASS [MEVI 

M 1636. 20. ARMENISE 68 DBC 5. I PI+N ,P (3P I }O  9168 
M Q 1695.0 20.0 BARNES 69  HBC O 4.6 K-P,OMEG2PI 2174 
M [670. 20. KENYON 69 DBC B. PI+N,P(3PIIO 8 /59  
M 200  1679 .  l T .  MATTHEWS 71 ODE 7 .0  P I *N ,P I3P I IO  l / T l  
M 500 1678. IN. DIAZ 74  OBC 6. PI+N,P(RPIIO 1174 

Q 200 1660. 13. OIAZ 74 OBC 8. PI+N,P(SPI)O 1 /74  M 
M P 600 1669. I t .  WAGNER 75 NBC 7. PI+P,DEL++3PI 11/75 

E 11011700 .0 I  APPROX. CERRADA 77  HBC # .2  K -P ,LAM 3P I  l Z / 77  M 
M P E 430  1673.0 [2.0 BALTAY 7B HBC 15 PI+P.OEL 3El 4/78 
M 1650.0 12 .0  CORDEN 78 OMEG 8-12 P] -  P ,N 3E l  12177  
M 60 1685.0 20.0 8AUBILLIE 79 HBC 8.2K- P,BACKWARD 12/79 
S . . . . . . . . .  
M AVG 1667.9 ~.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

M E PHASE ROTATICN SEEN FOR JP 3 -  (RHO PI I  WAVE, 
M P FROM A FIT TO I=O, JP=3 -  RHO Pl PARTIAL WAVE 
M Q FROM [OMEGA P(  P I I  MODE 

. . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 DMEGA(1670) WIDTH (MEV) 

R 112 .  bO .  ARMENISE 68 DBC 5.1 PI+N~P(3PI]O 9158 
g Q 190*1  (20.)  BARNES 69 HOE O 4.6 K-P,OMEG2PI 1 /73  
N i00, 40. KENYON 69 OBC 8. PI+N,PIBPI)O 8159 
W S 200 [55. 40, MATTHEWS 710BC T.O PI+N,P(3PIIO 11175  
W 500  167 .  40 .  O IAZ  74 DBC 6 .  P I+N ,P (3P I IO  1 /74  
w O 200  122 .  39 .  O lAZ  74 ODE 6 .  P I+N ,P (SP I IO  1 /74  
e P S 600 [73. 2B. WAGNER 75 HBC 7. PI÷P,DEL+÷RPI 11175 
W P E 430  173 .0  IG .O  BALTAY 78 HBC 15 PI+P ,  DEL 3P I  4 / 78  
W 283 .0  89.0 CORDEN 78  OMEG 8 - t 2  P1-  P ,N 3Pl 12 /77  
W S 60 168.0 80.0 BAUBILLIE 79 HBC 8,2K- P,BACKWARD 12/79 
W . . . . . . . . .  
W AVG 166 .1  12 .0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .11  

w E PHASE ROTATION SEEN FOR JP 3- (RHO PIT WAVE. 
W P FROM A FIT TO [=O, JR=3- RHO PI PARTIAL WAVE 
W S WIOTH ERRORS ENLARGED 87 US TO 4*WIOTH/SQRTIN),SEE K* TYPED NOTE 
W Q FROM (OMEGA Pl P I I  MODE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 OMEGA(t670) PARTIAL DECAY MODES 

DECAY MASSES 
P l  OMEGAILG70) INTO 3 P( (INCL. RHO El) ION+ [ 34+  [ 3~  
P2 OMEGA(1BTO ) INTO S PI  ( INCL .  OMEGA P I+P I - }  1~+  13~+ 134+ 13~* 
P3 OMEGA(L6TOI INTO RHO PI 769+ 13R 
P4 DMEGA[16TOl  INTO OMEGA 2 P l  782+  134+ t 34  
P5 ONEGA(16701  INTG B I IZ351P l  1233+  134  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 OMEGA{16TO) 8RANCHING RATIOS 

R1 OMEGA(1670 I  INTO (5  PIE/E3 PIE (P2 ) I (P I I  
RI 200 0.97 0.28 DIAZ 74 OGC 6. PI+N,Pf5PI}O 1174 

R2 DMEGAI I670 I  INTO [RHO P l l / ( 3  El) (PB IE (P l }  
R2 200 (O.TO} ~R MORE MATTHEWS Tl DBC 7.0 PI+N,P[3PI#O 11171 

R3 OMEGA([67OI INTO (OMEGA 2 PIII(RHD PIE (PR)/(P31 
R3 100 0,71 0.27 OIAZ 74 DOE 6. PI+NoP(SPI)O L2//B 

R4 OMEGA(1670} INTO (B(12351PII/(RHQ PIT (P5 I / IP3 I  
R4 POSSIBLY SEEN DIAZ 79 DEC 6.  P I *N ,P ISP I IO  1/74 

R5 OMEGA(I670) INTO (8(12351PIIIIOMEGA PI Pl) [PS ) / IP4 )  
RS l .O O.O 0.25 BAUBILL[E 79 HBC 8.2K- PtBACKNARD IZ/79 

REFERENCES FOR OMEGA(167Ol 

ARMENISE 68 PL 26B 336 

BARNES 69 PRL 23 142 
KENYON 69 PRL 23  I 46  

ARMENISE 70  LNC 4 l og  

MATTHEWS 71 PR D 3 2861 
MATTHENt 71 tNE 1 361 

DIAZ 74  PRL 3 2  260 

WAGNER 75 PL 58B 2C1 

CERRADA 77 NP B 126 241  

8ALTAY 78 PRL 40  87 
CDRDEN 78 NP B 138 235  

BAUBILL I  79  PL B 89 I 31  

+GHIDIN|,FORINO+ (8ARI+EGNA +FIRZ ÷ORSAYI 

+CHUNG,EISNER,FLAMINIO,+ ISNL I  
+K INSON,SCARR,+  (BNL÷UCND+ORNL) 

+GHIDINI,FORINO,CARTAECI~+ (EAPI+BGNA÷FIRZ) 

+PRENTICE,YOON,CARROLLt+ {TNTO+WISC) 
+PRENTIEE ,YOONtCARROLL ,+  ( INTO+WISE(  

+DIOIANCAtFICKINGEReANDERSON,÷ (CASE+CARN) 

+TABAK,CHEW (LBL }  

+BLOEKZIJL,HEINEN,* (AMST+CERN+NIJM+OXE] 

+CAUTIS,KALELKAR ICOLUI  
+C~RBETT,ALEXANDER,+ (BIRM+RNEL+TELA+LOWC) 

8AUBILLIER+ (BIRM+CERN*GLAS+MSU+LPNP) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * , * * *  * * * * * * * * *  = * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * , * * *  * * * * * * * * *  * * * * , w * * * *  * * * * * * * * *  * * * * * * * *  

m N . , I A J 1 6 8 0 ~ 1  . . . .  , . . . . .  J 
. . . .  ) I = I 

JP 

JP 

JP 

Evidence for the existence of the A 3 meson was 

previously confused due to its appearance near the 

fn threshold in the diffractive-like process ~N + 

~N, much like the A 1 meson. While everybody 

agreed that there was a ~300 MeV wide f~ enhance- 

ment in the JPLM = 2-$0 partial wave at about 1650 

146 

Data Card Listings 
For notation, see key at front of  Listings. 

MeV, some claimed non-resonant states (ANTIPOVl 

73, ASCOLII 73, BALTAY 77), while others saw evi- 

dence for a resonance in the phase variation with 

respect to other partial waves (OTTER 74, THOMPSON 

74). 

In the non-diffractive charge-exchange reac- 

tion 7T+p + ~+~-~°A++ (WAGNER 75, BALTAY 77, CAUTIS 

77) and in the hypercharge-exchanged reaction 

K-p + ~+x-~°A at 4.2 GeV/c (CERRADA 77), there is 

no evidence for A 3 production. 

Definitive proof for the resonant nature of 

the A 3 has been given by PERNEGR 78 (37 system 

diffractively produced on nuclei) and DAUM 80,81 

and EVANGELISTA 81 (3~ diffraction on proton tar- 

get). In all these experiments the 2-S0+(f~) 

partial-wave amplitude exhibits resonance-like phase 

variation. 

In a simultaneous fit to the four 2- waves 

(ez, p~, twice f~), DAUM 81 needs a heavier compan- 

ion to the A 3 in addition to the Deck background. 

This fit probably gives the most reliable esti- 

mates of the A 3 and its heavier companion, which 

we name 4(2100). 

......................................................... 

34 A3 MASS IMEV] 

M 1660 .0  20.0 
M 260  1660 .  25 .  

P 1650 .  30 .  M 
M P 1660 .  10 .  
M P E ( lAD0.] (10.)  
M 575  1540 .  10. 
M P 2M 1662.0 lO.O 
M R {1650 .0 l  
M P D 1657 .0  14 .0  
M L [1710. O) (2O.OI 
M P 1 6 7 6 .  6 .  

CASO 69 HBC - ii El-P, PI-F 12175 
CASO 72 Hec  I I . 7  El+ P 12175 
ANT(ROVE 73  CNTR 25.,40. P I -  P I2/75 
ASCOLI l 73  HBC - S.-25.Pl- P,P A3 12175 
THOMPSON 74 HBC + 13. PI÷ P,P AS+ 12175 
KALELKAR 75 HBC 15 PI*P,P P I÷F  12175 
BRLTAY 77  HBC O IS PI *  P ,P  3P ]  12177  
PERNEGR 78 CNTR - q * I 3÷ tS IP l -  NUC. 4178  
DAUM 80 SPED - 63 -94  P I -  Po OPT 1Z /79  
OAUM 81SPEC - 63,94 PI- P 1182' 
EVANGELIS 81 OMEG 12 PI-P,3Pl P 1182. 

M . . . . . . . . .  
M AVG 1663.5 R.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

(SEE IDEOGRAM BELOW ) 

M D CLEAR PHASE ROTATION SEEN IN (2 -S) , (2 -P} , (2 -D)  WAVES. 
M D WE QUOTE CENTRAL VALUE AND SPREAD OF SINGLE-RESONANCE 
M D FITS TO THREE CHANNELS. 
M E EVIDENCE FOR A ROTATIDN OF THE PHASE CLAIMED. 
M L FROM A TWO RESONANCE FIT T0 FOUR 2-0+ HAVES. THIS SHOULD NOT BE 
M L AVERAGED WITH ALL THE SINGLE RESONANCE FITS. SEE NINIREVIEW. 
M P FROM A FIT TO JP=2-S (F Pl) PARTIAL NAVE 
M R CLEAR PHASE ~OTATION SEEN IN (2-SI AND (Z-P) WAVES 

WEIGHTED AVERAGE = 1663 .5  ± 4 .7  

1600  16¢0  

A3 MASS (MEV) 

ERROR SCALED BY  1 .2  

CH ISQ 

• EVANGEL IS  81  OMEG 4 .3  

- -  . .  DAUM 80  SPEC 0 .2  

. . . .  BALTAY  77  HBC 0 .0  

. . . . .  KALELKAR 75  HBC 5 ,5  

. . . .  ASCOL [  1 73  HBC 0 1 

ANT(ROVE 73 CNTR 02  

. . . .  CASO 72 HBC O0  

ASO 69  HBC 0 ,0  

- ' (CONLEV 
1680  1720  1760  =0 .163 )  
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Data Card Listings 
For notation, see hey at front of  Listings. 

M c s o n s  

A (18eo),  '(leBo) 

3~ 

W 297 240.0 50.0 
W (130.1 
W (150.01 
W P 2DO. 10 4OO. 
W 260  ig0. I00. 
w P 30D, 50o 
w P 2TO. 6O.  
w P E (3LO . I  ( 40 . )  
w 575 240. 3O. 
W P 2000 285.0 60.0 
w R (~00.05 
W P 0 219.0 2O.O 
W L BE2.0 50 .0  
w P 260. 20 .  
w . . . . . . . . .  
w AVG 24B.3 11.2 

A3 WIDTH (MEV) 

ARMENISE 69  DEC + 5*E P ]+D ,3P I+ * -  5170 
CASO 69  HOC - I I  P l -  o 6 /68  
CASO 69  HBC 11 ,0  P l -P ,P [ -  F 6 /68  
CASO 72 H8C + 11.7 PI+ P 11T2 
CASO 72 HBC L I . 7  Pit P 1Z IT5  
ANT ]PDVI  TB ENTR 25,t40. P l -  P 12 /75  
ASCOLI 1 73  HOC - 5 . -25.PI -  P ,P  A3 I2/T5 
THOMPSON T4 HBC ÷ 13 .  P I  t P ,P  AB+ 12 /7S  
KALELKAR 7S H8C + 15 PI tPoP  P I+F  12/75 
BALTAY 77  HBC 0 15 P |÷  P ,P  3P I  12 /77  
PERNEGR 78 CNTR - 9+13+ [5 ,P I -  NUCo R /78  
OAUM BO SPEC 63~g4  Pl-  P, 3PI L2 /79  
DAUM 81SPEC - 63094  RE- P 1 /82 .  
EVANOELIS 8 [  OMEG 12 P[-P,3PI P 12B2~ 

AVERAGE (ERROR INCLUDES SCALE EACTOR OF I .C )  

W D SEE NOTE 0 UNDER MASS. 
W E EVIDENCE FOR A ROTATION OF THE PHASE CLAIMED. 
W L FRCN A TWO RESONANCE FIT ED FOJR 2-0 ,  WAVES. THIS SHOULD NOT 8E 
W L AVERAGED WITH ALL THE SINGLE RESONANCE FITS. SEE MINIREVIEW. 
W P FROM A F IT  TO JP=2~  F P I  PARTIAL WAVE 
W R CLEAR PHASE gOTAT[DN SEEN IN (2 -S )  AND (2-PI WAVES 

DECAY MASSES 
Pl A3 INTO 3 PI 134. 104+ 134 
P2 A3 INTO RHO Pl 134, 76q  
P3 A3 INTO ETA P l  134+ 548  
P4 A3 INTO 5 PI  1397 139+ 139+ 139+ 
P5 AB INTO K K*(EOZI ~97+  89 I  
P6 A3 INTO K KBAR PI  497~ 897+ 134  
P7 A3 INTO K KBAR R97+ 497  
P8 A3 INTO F P [  1273 t  134  
P9 A3 INTO OMEGA PI PI 7821  13~+ 134 
P lO A3 INTO 3 P [  139÷ 1397  139  
P I t  A3 INTO EP~ILON PI  1BOOt IB9 

3~ A3 BRANCHING RATIOS 

A2 A3~ INTO (PI+- RHOO)/{ALL RE÷- PI+ P I - )  (P2C I / (P  tED 
R2 [0.35 OR LESS EARTSCH 68 HIE + 8. P l t  P,BP[ P 8159 
RE (0.4(  OR LESS FERBEL 68  RVUE + -  9 / 68  
R2 L 0 .29  0 .05  DAUM E l  SPEC 63 ,94  P I -  P 1182~  
R2 L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

R3 A3+- INTO (P i t -  F ) / (ALL  P ie -  P I÷  P I - I  (PB I / IP IC )  
R3 (WITH F INTO PI+  PI - )  
R3 10 .59 )  BARTSCH 68 HIE + B. P I+  P ,3P l  P 8/69 
R3 0 .35  0 .20  BALTAY 68  HBC ÷ 7 -8 .5  P I tP  5 /68  
RB 0 .76  0 .24  0 .34  ARMENISE 69  DBC t 5 . I  P l tO,3Pl t+-  5 /70  
R3 L 0 .6 I  0.04 DAUM 81 SPEC 63 ,94  P I -  P 1 /82~  
R3 L FROM A TWO RESONANCE FIT TO FOUR 2-0+  WAVES. 
RB 
R3 AVG 0.603 0.050 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.5) 

R5 A3+ -  INTO (P i t -  ETA I / IALL  P I+ -  P f÷  P [ - I  (P31 / (P IC I  
R5 IALL  ETA DECAYSI 
R5 (0 .09 }  OR LESS 8ALTAY 6B HBE ÷ 7 -8 .5  P I÷P  5 /b8  
R5 (O. EO) CR LESS CRENNELL 70 HSC 6. P I -  P,F P( 5170 

R6 AB~ INTO (P I+ -  2Pl t  2PI- ) / (ALL PI+- PI+ P I - )  I P4CII(P EC) 
R6 (O.  l l  OR LESS 8ALTAY 6B HBE + 7 ,8 .5  P i t  p 6268  
R6 ( 0 . I 0 )  OR LESS CRENNELL 70 HBC 6. Pt- P,F P÷ 5/TO 

RI I  A3~ INTO IP I+ -  EPS ILON) / (ALL  PI÷- PI+ ~ I - )  (P I I I I IPEC)  
A l l  (WITH EPSILON INTO P i t  P I - )  
R I1  L 0 .10  O. OB DAUM 81 SPEC 63~94  P I -  P 1182e 
RE( L FROM A TWO RESONANCE FIT TO FOUR 2-0+ WAVES. 

R I2  D IS  RATIO FOR AB INTO F P I  
R [2  L 0 .22  O. lO  DAUM 81 SPEC 63 ,94  P I -  P 11825  
R l2  L FROM A TWO RESONANCE F IT  TD FGUR 2 -0+  WAVES. 

REFERENCES FOR A3 

FCRINO 65 PL ig 68  +GESSAROLI+  (BGNA+EARI+FIRZ+ORSA+SACL) 

FOEACCI 66  PRL 17 890 CERN MISSING MASS SPECTROMETER GROUP (CERN] 
LEVRAT 60  OL 22 714 CERN MISSING MASS SPECTROMETER GROUP (ELAN) 
LUBATTI 66 THESIS BERKELEY H.J.LUBATTI (LRL)I-Z- 
VEIL|TSK 66 PL 2I 579 VETLITSKY,GUSZAV[N,KLIGER,ZOLGANOV+ (ITEP) 

DANYSZ 67  NC 5I  A 801 DANYSZeFRENEH+SIMAK (tERN) 
OUBAL 67  NP B3 435  CERN MISSING MASS SPECTROMETER GROUP (CERN} 

ALSO 68 THESIS 1456 L.OUBAL (GENEVEI 

BALTAY 68 PRL 20 BET +KUNGeYEHtFERBEL+ (COLU+RDCH+RUTG+YALE)I=I 
BARTSCH 68 NP B 7 365  tKEPPEL ,KRAUS,+  [AACH÷BERL÷CERN( JP 
CASO 68 NC $4  A ~8B +CDNTE÷COROS+DIAZ÷ (GENOVA+HAMB+MILAtSACLJ 
FERBEL 68 PHILA.CONF.385 T.FERBEL (ROCHESTER) 
IOEFREDO 68 PRL 21  12E2  tBRANDENBURG,BRENNER,EISENSTEIN+ (HARVARD) 
LAMSA 68 PR 166 1395  +EASDN+BISNAS÷DERAOO÷GROVES+ [NOTREDAMEI 

ARMENISE 69 LNE 2 501 ÷GHIDIN)tFORINO,CARTACCI÷ (BARI+8GNA÷FIRZI 
BARNES 69 ORL 23 142 ÷CHUNG,EISNER,FLAMINIO,t (BNL) 
CASD 69 LNC 2 437 tCDNTE*TOMASINI,CANTDRE+ (GENO+NILA+SACLI 

BRANDENB 70 NP 816 3E9 +BRENNER,IOFFREOO.JOHNSON,KIM+ {HARVAAO) 
CRENNELL 70  PRL 24  78E ÷KARSHON,LAItSCARR,SIMS (8NL( 
CHIEN 70 PHILAD.CENF.P.2T5 C.Y.CHIEN, REVIEW [JOHNS HOPKINS[ 
MIYASHIT 70 PR D 1 771  MIYASHITA,VON KRCGH,KOPELMAN,LIBBY (COLOI  

BENETOV 71SJNp  4 765  +SOM8KDWSKY,KONOWALOV,KRUrSCHININ,÷ I ITEP(  JP  
PALER 71PRL  26 16~B tBADEWITZ,BARTONtMILLER,PALFREV,TE8ES(PURDI 

ALEXANDE 72 NP B R5 2g ALEXANDER, BAR-NIR, BENARY,DAGAN°+ (TELAI 
ARMENISE 72 LNC 4 20E +FORINO~CARTACCI,t (BAR IeBGNA÷FIRZ) 
CASO 72 NP 8 36 349  tMADDOCK,BASSLER+(DURH+GENO+OESY+MILA+SAEL(  
HARRISON TZ PRL 28  77B +HEYDA,JOHNSON~K[M~LAW,MUELLER, t (HARV) 
SALZBERG 72 NP B 41 3gT +HARRESONtHEYDA,JOHNSONIKIN,LAW,+ IHARVJ 

ANT IPOVI  TB NP B 63  153 tASCOL IvBUSNELLO,FOCACCI ,+  (CERN+SERPi  JR 
ANTIPOV2 T3 NP B 63 14E +ASCOLI,8USNELLO,FOCACCI,÷ [CERNtSERP) JP 
ASCOLI 1 TB PR D 7 66 t  INTERNAT.  COLLABI~RATION ( I LL t )  JP 
ASCOLI  2 73 PR D 8 3804  t JONES.WEINSTE IN .WYLD I I LL )  JP 

ASCOLI 7~ PR Dg Iq63 eCUTLER,JONES,KRUSE,ROBERTS~WEINSTEINt(ILL) 
LICHTMAN 74 NP BE1 01 tB(SWAS,CASON.KENNEY,NCGAHAN,÷ INDAMI  
OTTER 74 NP 880  I (RUDOLPH+ [AACHeBERLtBONN+CERN*HEID( JP 
TABAK 74 BOSTON CENF.  tRONAT,ROSENFELO,LASINSKIt (LBL~SLAE} JP 
THOMPSON 74 PRL 32 33 l  ÷8ADEWITZ,GAIDOS,MCILWAINtPALER,* (PURDI  JR 

ALSO 74 NP 069 381 THDNPSON, BADEWITZ,GAIDOS,MCILWAIN+ (PURD) JR 

BEKETOV 75 SJNP 20 370  tZOMBKOVSKIhKAIDALON,NONOVALOV÷ ( ITEP)  
EMMS 75 PL 60  E log +JONES,KINSON,BELLIOALE÷ (BIRM÷OURH+RHEL) JP 
HERNE 7S PR DIE 9gE tS.HAGOPIAN,V.HAC~BPIAN,BENSINGERtIFSU+BRAN( 
KALELKAR 75 THESIS(NEVIS 207 )  M.S.KALELKAR (CDLU( 
WAGNER 75 PL 58B COt +TABAK,CHEW (LBL (  JP 

BALTAY 77 PRL 39 5~I +EAUTIS,KALELKAR (COLUMB[AI JR 
C AUTIS 77 THE SIS NEVIS 221 C.V.CAUTIS (COLUNBIAI JP 
CERRADA 77 NP B 126 241 +BLOCKZIJL,HE[NEN,÷ (ANST+CERN+NIJM~OXFI JP 

BALTAY 78 PR D 17 02 tEAUTIStCDHEN,CSORNA,KALELKAR+ (COLU÷BINGI 
CORDEN TB NP E I36  77 DOWELL,GARVEY,JOBES+ 181BN+RHELeTELAtLOWC) JP 
RERNEGR 78 NP B [34 436  tAEB ISCHER+  (ETH+CERN+LOICtNILA) 
ROBERTS 7B PR 9 [B 50 tKRUSE,EDELSTEIN÷ (ILL+CARN+NWEStROCH( 

OAUM 80 PL Bg B 2B5 +HERTZBERGERt(AMSTtCERN+CRAC+MPIM÷OXFtRHEL) JP 

DAUM Bl NP 8 182 209 tHERTZBERGER+IAMST+CEPNtCRAC÷MPIM÷DXF+NHEL( 
EVANGEL( BI  NP B 178 197  EVANGELISTA÷(BARI+BBNN÷CERN÷DAREtLIVPtMILAI 

ALSO 81NP B I86  594  (ERRATUM) 

/ 

I '(168o)i . . . .  , ..... , ................ 
I - - I  

FIRST IDENTIFIEO USING DALITZ PLOT ANALYSIS OF 
ErE -  INTO K K~ (ELIOT 80, DELCOURT BE) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 PHI PRIME MASS (MEVI  

M I I6S2.0)  (17.0) COSME 79 OSPK O Et E-.3PI 12179 
M AB 1 lTO0* )  ASTDN 1 BO OMEG 25 -70  GAM,ON 2P I  6181 .  
M (E647. l ( tO . (  BIZOT 80 DMI  O E t  E - ,  ALL  MODES 3182 "  
M C (16S7 . l  ( IB . I  CORDIER 01 DMI ILL-,OMEGA 2 PI 9/81, 
M (1670. I MANE B I  OHE EtE - ,K÷K-~KL  KE 9181 "  

M 2 I  1679 .  38 .  ESPOSITO 80 NEA E÷E- ,3  P I  6 / 8 [ *  
M B I 690 .  10 *  ASTON 8 l  OMEG 25 -70  DAM P ,K+K-  9181 "  
M 1660 .  20 .  DELEDU82 01DMI  E tE - ,ALL  MODES 9 /8 ] *  
M . . . . . . . . .  
M AVG 1683 .7  8 .6  AVERAGE (ERROR INCLUDES SCALE FACTOR DF I .O I  

M A RESONANCE NOT D IST INGUISHED FROM THRESHOLD ENHANCEMENT 
M D JP NOT UNAM8IOUOSLY $- 
M C FIT TO ONE CHANNEL ONLY,NEGLECT INTERFERENCE WITH OMEGA,RHO PRIME 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 PHI PRIME WIDTH (MEV) 

W (42.01 (17.01 COSNE T90SPK 
w A8 (500 . )  ASTON [ 80 OMEG 
M (152. I 119 .  l BIZOT 80 ONE 
W C [136.) (46 . )  CDROIER 81DMI  
w (100.) MANE 81 OWl 

W 2I 09 .  49. ESPOSlTO 80 MEA 
W B [00 .  40 .  ASTON 81 OMEG 
w LSO. 30 .  DELCOUR2 81 DR1 
w . . . . . . . . .  
w AVG I25.6 21.6 AVERAGE [ERROR INCLUDES SCALE FACTOR DF [.O) 

W A RESDNAN£E NOT DISTINGUISHED FROM THRESHOLD ENHANCENENT 
W B JP NOT UNAMBIGUOSLY E-  
w C FIT TO ONE CRANNEL ONLY,NEGLECT INTERFERENCE WITH CMEGA,RHO PRIME 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E7 PHI PRIME PARTIAL DECAY MODES 

DECAY MASSES 
P I  PHI  PRIME INTO OMEGA 2 P(  782+ 1B9 t  I 3q  
P2 PHI PRIME INTO 3 Pl 139+ 1397 IB~  
P3 PHI PRIME INTD K KBAR 693e  ¢93  
P4 PHI PRIME INTO K*(BOZ) KflAR t C.C. 7820 ¢93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 PHI PRIME BRANCHING RATIOS 

RZ PHI PRIME INTE (OMEGA PIePI-)/IK=I8925 RBAR+C.C. I IPJ) I IP6I  
RI  10 .251  OR LESS OELEOUR2 81 ONE E+E-  

R2 PH I  PRIME INTC IK  KBAR) / (K * (B92 )  KERR÷D.C . )  (P3 I I IP4 )  
R2 0 .15  0 .08  DELCOUR2 81 DME E+E-  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E7 PHI  PRIME G( ] I ~G(E tE - ) /G (TCTAL I  (KEV)  

THIS COMBINATION DF A PARTIAL WIDTH WITH THE PARTIAL WIDTH INTO 
ErE- AND WITH THE TOTAL WIDTH IS  OBTAINED FROM THE INTEGRATED 
CROSS SECTION INTO CHANNEL(1) IN E÷E- ANNIHILATION. 
WE (~NLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH G I I I  OR THE BRANCHING RATIO GII I ITDTAt.  

GI G(OMEDA ZPII*GIEtE-I/GITOTALI 
G1 M lO.0175APPROX BIZOT 80 DMI O E+ E- 

GB G IK  KBARI *G IE+E- I /G (TOTAL I  
G3 M (0 .053 )  ( 0 . 035 l  B IZOT 80 DMI 0 E t  E -  

G4 G(K~ (8921  KBAR + C .C . I~G IE tE - ) /G (TOTAL I  
GR M IO .R IB )  ( 0 . 033 )  81ZOT 80 OMX O E t  E -  

G M MODEL DEPENDENT 

0 E+ E I , 3P I  12179  
25 -70  GAM,OM 2P I  6 / 81 "  

O E+ E - ,  ALL  MODES 3 /82 *  
E+E- ,OMEGA 2 PI  9181*  
E+E- ,K tK -=KL  KS 9/BL= 

E,E - , 3  P I  618L* 
25 -T0  GAM ELK+K-  9181 "  
E+E- ,ALL  NODES 9 /81 .  

1 / 82 *  

1182 "  

3 / 82 "  

3 / 82 "  

B /B2*  



Mesons 

~'(1680), g(1690) 

REFERENCES FOR PHI PRIME 

COSME 79 NP B 152 215  +OUDELZAK,ORELAU(],JEAN-MARIE,JULLIAN+ (IPN) 

ASTON I BO NP B I7(, 269 (BDNN+CERN+EPOL+C~LAS÷LANC÷MCHS÷ORSA+PARIS÷) 
ASTON 2 B(] PL 92 B 219 IBONN+CERN÷EPOL+OLAS+LANC+MCHS+ORSA÷PARIS÷) 

B IZDT 80 MADISON CENF. 546 *BISELLO,BUON,C(]ROIER,(]ELCOURT,+ILALO*USTL) 
ESPOSITO 80  LNC 28  195 +MAR[NI,PATTERI,NIGR(]÷IFRAS*NAPL+PADO+ROMA] 

AST(]N B [  PL 104  B 23 [  (B(]NN+CERN+EPOL+GLAS+LANC÷MCHS÷ORSA+RARIS÷) 
C(]RDIER BI PL 106 B 155 +BISELL(],BIZOT,BUON,DELC(]URTeMANE (DRSAY) 
DELCOURT B[ PL 99  B 257 ~BISELLO,BIZ(]T,BUON,C(]ROIER,PANE (ORSAY) 
DELCOUR2 81 BONN CONF, 205  B.DELC(]URT (ORSAYI 
MANE 8 [  PL 99  B 2 6 [  +BISELLO,BIZOT,BU(]N,C(]RDIER,DELEOURT(ORSAY) 

| m 

I g ( z 6 9 o )  I is G,,o.o..o . . . . . . .  , 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E5 G MASS (MEV) 

DNLY THE 2PI ANO KKBAR MODES WHICH HAVE LARGE STATISTICS M WE AVERAOE 

M 2 P[  MODE 
M 
M [670.0 30.0 
M [ 1 6 8 3 . )  ( 13 .1  
M [ 1737 .0 )  (23 .0 )  
M 122 I650.0 35.0 
M I6B7, 2[. 
M 1678. I 2 .  
M E 600 [690. 7.  
M G E693. B. 
M G] ( I 692 .1  (12.1 
M I ( I 722 . )  [ 3 . }  

G(]LDBERO 65 HBC C & PI+(], B P[-P 
ARMENISE 68 ORE O 5 .1P I+  0 6168  
ARMENISE TO DEC O 9 P I+  N I / T l  
BARTSCH 70 HBC ÷ B PI+ P,2 PI 5/70 
STUNTEBEC 70 HDBC O B. P I -P ,5 . ( ,  PI+O 2/72 
MATTHEWS 71 DBC 0 o T. P[+  N 2176 
ENGLER 74 DBC 6 .  PI+N,PI+PI-P I2175 
GRAYER 74  ASPK O IT  o I -P ,P I÷P I -N  217( ,  
ESTABRO(]K 75 RVUE IT PI -P ,P I÷P I -N  [ 2 / 75  
HYAMS 75 ASPK O 17 P I -P ,P I~P I -N  12175 

M E 175 1676 .0  12.0 ANTIP( ]V  77  CIBS 0 25 PI -P,P 3P[ 1 /82 *  
M 470 l b79 .  O ll.O BALTAY 78 HBC 0 15 PI+P,P I+P I -  4 /78  
M M ( 1734 .  O) l iD .  O) CORDEN 79 OME(] 12 - I 5P I -P ,  N 2PI 12179 
M 1677. 14, EVANGEtIS 81 (]MEG - I2  P I -P ,2P I  P 1182' 
M 
M B MASS ERR(IRE ENLARGED BY US T(] WIDTHISORT(N),SEE Kt TYPED N(]TE 
M G USES SAME DATA AS HYAMS 7S 
M I FROM PHASE-SHIFT ANALYSIS 
M I ERROR TAKES ACCOUNT OF SPREAD OF (][FFERENT PHASE-SHIFT SOLUTIONS 
M M FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH 
M M TWO TIMES LARGER THAN THE K KBAR RESULT. 
M 
M K KBAR + K KBAR Pl MODE 
M 
M [690 .0  I 6 , 0  ADERHOLZ 69  HBC + R P l+  P ,KKBARPI  B /b9  
M [ 692 .  6 .  BLUM 75 ASPK O [B .4  P I -P .N  K+K- 11175  
M P S 6K 1698 ,  lB .  MARTIN 1 78 SPEC [0  PI P~KS K -  P ( , /TB 
M I699.0 5.0 ALPER BO CNTR O EB PI-P,K+ K- N i 182*  
M L ( 1694 .01  (B .O )  COSTA BO OMEG 10 .  P I -P tK+  K -  N l iB2  ~ 
R 
M L THEY CANNOT CISTINOUISH BETWEEN G AND OMEGA(1670). 
M P FROM A FIT TO JP=3- PARTIAL WAVE. 
M S SYSTEMATIC ERROR (IN MASS SCALE SUBTRACTED 
M 
M . . . . . . . . .  
M AVG I6gO.9 2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 I  

M I 4P I )~  MODE 
q 

M 1720. 15, BALTAY 6B HBC + T, 8.5 RE÷ P 6168 
M 144 IABO.O 40 .0  BARTSCH 70 HBC B P[+ P,(, Pl 4 /T I  
M F 10211689 .01  ( 20 .01  BARTSEH TO HBC + 8 o [+  P tB  RHO .~ /7 [  
M 1705.0 2E.0 CASO TO HBC - I 1 . 2P l -P ,RHO 2P I  5 /T0  
M 1630.  I 5 .  HOLMES 72 HBC + lO . - I 2 .  K+ P 1 /73  
M 1687 .  20. CAS(]N 73 HBC B . ,EB .5  P l -  P 117(, 
M F (I6BS. I I IS .#  CASON 73 HBC B . , IB .5  P I -  P l i t 4  
M F 66 ( [ 733 . )  I 9 .  l KLIOER 74 HBC - ( , . 5  P I -P ,P  ( ,PI  12175  
M [670. 1O. THOMPSON 74 HBC + 13 PI÷ P 12/75 
M 177 I665.0 15.0 BALTAY 78 HBC + 15 PI+P,P (,Pl 4178 
M A ( I 694 . )  16 .  l EVANGEL] 81 (]MEG 12 P I -P , (SP I I -P  3162= 
M B ( [T IB . )  ( lO , )  EVANGEL] BI OMEO - 12 P I -P , ISP l ) -R  31B2~ 
M C I1673.) 49. )  EVANGELI  BE (]MEG - 12 P I -P ,  I 4P I I -P  B /82=  
M 
M AVG 1675,2 I I . I  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1o9) 

ISLE IDEOGRAM BELOW ) 

M A FROM RHO- RHCO MODE, NOT INDEPENDENT OF (B) ,  (CI 
M B FR(]M (AB) -  PIG MODE, NOT INDEPENDENT OF (AT, (C) 
M C FROM (AB IO  P l - -  MODE, N(]T INDEPENDENT OF (A l ,  (B I  

F FROM (RH( ]~  PHILO) MODE 

WEIGHTED AVERAGE = 1675 .2  ± 11 ,1  

ERROR SCALED BY 1 .9  

BALTAY 

THOMPSON 

CASON 

HOLMES 

CASO 

BARTSCH 

BALTAY 

1550  1650  7750  

G MASS (MEV) ,  (SP I )+ -  MODE 

CHISO 

78  HBC 05  

74  HBC 0 .3  

73  HBC 0 .3  

72  HBC 9 ,1  

70  HBC 20  

70  HBC 0 .0  

68  HBC 8 .9  

21 .1  

(CONLEV 
=O 002) 

I 
1850 
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Data Card Listings 
For notation, see key at front of  Listings. 

M OMEGA P[  MODE 
M 
M 1654. 24. BARNHRM 70 HBC + IO K÷ PoOMEGA PI 6/T0 
M 1686 .  9 .  THOMPSON 74  HBC + 13 P I÷  P 1B i t 5  
M L666.0 14 .0  GESSAR(]LI TT HBC li PI -P ,OME( ]A  P I  12177  
M [690. IS .  EVANGELIS BI OMEG - I2 PI-PtOME P IP  1182" 
M . . . . . . . . .  
M AVO 1680.1 6 .6  AVERAGE (ERROR INCLUDES SCALE FACT(OR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 G WIDTH [MEVI 

WE AVERAGE ENLY THE 2R[ AND KKBAR MODES WHICH HAVE LARGE STATISTICS w 

w 2 Pl MODE 
W 
W 180. O 4(]° O 
W IBR. 49 .  
W I71 ,  O 65. O 
W 122 iBO.O 30 .0  
N 267 .  72 .  ( , 6 .  
w X56. 36 .  
w 600 167. 40. 
W G 200. 18. 
W G I (2 ( ,0 .  l { 30 .  I 
w I ( 2 6 7 . )  ( 3 ( ] . I  
W T 175  E62 .0  50 .0  
w 476  [ I 6 .  O 30.0 

(2(]6.0) OR MORE CL=,8(, 
W M 1322,0) (35 .0)  
w 246 .  37 .  
w 

G(]LDBERG 65 HBC (] E RE+D, B PI-P 
ARMENISE 68 (]BC o 5 . I  PI÷ (] 6168 
ARMENISE T(] DBC O 9 P I+  D I I l L  
BARTSGH TO HBC + B P [+  P ,2  P I  5170  
STUNTEBEC 70 H(]BC O B, P I -P ,5 .4  PI+D 2 /72  
MATTHEWS T I  OBC 0 7.  P I÷  N 2/T2 
ENGLER 74  DBC O 6 .  P I+N ,R I+P I -P  [ 2175  
GRAYER 74 ASPK O I 7  PI -P ,P I+P I -N  2/7(, 
ESTABRO(]K 75 RVUE 17 P I -P ,P I+P I -N  12 /75  
HYAMS 7B ASPK O 17 P I -P tP I+P I -N  IBIT5 
ANTIPDV 77 CIBS 0 25 PI-R,P 3Pl 11821 
BALTAY 78  HBC O 15 P I+P ,P I÷P I -  4 / 78  
BECKER 79 ASPK 0 17 P I -  P POLARIZ [2 /79  
CDRDEN 79 (]MEG I2 - [ 5P I -P ,  N 2Pl [2119 
EVANGELIS 8 [  (]MEG - [2  P I -P ,BP l  P 1 /82~  

w I FROM PHASE-SHIFT ANALYSIS 
W I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS 
W 0 USES SAME DATA AS HYANS 75 AND BECKER 7g 
W M FROM A PHASE SHIFT SOLUTION CONTAINING A F PRIME WIDTH 
W M TWO TIMES LARGER THAN THE K KBAR RESULT. 
W T WIOTH ERRORS ENLARGEO BY US TO 4=WI(]TH/SQRTINI,SEE K~ TYPED NOTE 
W 
M K KRAR + K KBAR P I  MODE 
W 
w 112,0 bO.O A(]ERH(]LZ b9 HBC + 8 PI+ P,KKBARPI Blbg 
w 205 .  20 ,  BLUM 75  ASPK 0 IB .4  P I -P ,N  K+K-  11175  
w P 6DO0 197. 40. MARTIN I 78 SREC IO PI P,KS K- P 4178 
W 219.0 4.0 ALPER BO CNTR O 62 PI-P,K+ K- N 1182(" 
W L ( IB6.O)  ( i i . 0 )  COSTA BO (]MEG TO. PI -P,K+ K- N 1182~ 
W 
W L THEY CANNOT DISTINOUISH BETWEEN G AND OMEGAII670). 
W P FROM A FIT TO JR=3- PARTIAL WAVE. 
W 
W . . . . . . . . .  

AVG 213.5 5,4 AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1 ,5 )  
(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 213 ,5  ± 5 ,4 -  

ERROR SCALED BY  I . 5  

. . . . . . . .  ALPER 80  CNTR 

. . . . . .  MART IN  1 76  SPEC 

. . . . . . . . .  PLUM 75  ASPK 

i . . . . . . . . . . . .  ADERHOLZ  69  HBC 

- -EVANCEL IS  81  OMEG 08  

I . . . . .  BALTAY  78  HBC 10  6 

. . . . . .  ANT IPOV 77  C IBS  

. . . . .  GRAYER 7¢  ASPK 05  

. . . . .  ENGLER 74  DBC 1 .4  

. . . . .  MATTHEWS 71  DBC 2 .6  

- -STUNTEBEC 70 HDBC 

. . . . . . .  BARTSCH 70  HBG 1 ,2  

. . . . .  ARMENISE  70 DBC 

~ 4  
100  200  

CH ISQ 

1 .9  

0 .1  

0 .2  

. . . . . .  ARMENISE  66  DBC 

. . . . . .  GOLDBERG 65  HBC 07  

19 .9  

• ' (CONLEV 
300  ¢00  500  =0 .018 )  

WIDTH (MEV) ,  P I  P I  + K KBAR MODES 

w (4P l ) * -  M(]DE 
W 
W i 03 .  35 .  BALTAY 6B HBC + 7 ,  B .5  P I÷  P 6 /68  

i ~4  135 .0  3D .O  BARTSCH 70 HBC B P l+  P ie  P l  4171  
w 90 ([RO.OI (30 .0 }  BARTSCH TO HBC + 8 PI÷ P,A2 BI e l i [  
W F [02 (160.0)  (30 .0 )  BARTSCH TO HBC + B PI+ P,2 RHO 
W 130. 30. HOLMES T2 HEC [0 . - L2 .  K+ P 1173 
w [69 .  70. 48. CAB(IN 73 HBC - 8 , ,1B .5  P l -  P 11Tk 
W F (125. I (83. I ( 35 . (  CAB(IN 73 HBC B . , I 8 .B  P [ -  p I 1 7 4  
w F 66  ( 150 . ]  KL IGER 74  HBC 4 .5  P I -R ,P  4p  I 12 /75  
w LOb, 25. THOMPSON 74 HBC + ]3 PI+ P [2175 
w 177  [ ( ] 5 . 0  3O,  O BALTAY 78 HBC + IS P I+P ,P  4P ]  4 / 78  
w A (123 .  I [ 13 .  l EVANOELI  B [  OMEG - 12 P I -P , (SP I I -P  3 /82~  

B w (230oi [28.  I EVANGELI BI (]MEG - [Z P I -Pe ISP l ) -P  3182~ 
W C f IBS . )  ( 33 . )  EVANGEL] BI OMEO tB P I -P , (SP I I -P  3182* 
w 
W AVG I IT ,B  12.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ .O)  

A FR(]M RHO- RH£O MODE, NOT INOEPENDENT OF (B) ,  (CI 
W B FROM (A2) -  RIO MODE, NOT INOEPENOENT OF (A I ,  (C) 
W C FROM (A2)B P l -  MODE, NOT IN(]EPENOENT (IF ( k ) ,  IBI  
W F FROM (RHO+- RHOO) MODE 

W OMEGA P[ MODE 
W 
W I30 .  T3. 43. BARNHAM 70 HBC + IO K÷ P,OMEGA P] 6170 
W 89 .  25 .  THOMPSON 74  HBC 13 P I÷  P 12 /75  
w [ 60 .0  5b .O  GESSAR(]LI  77  HBC 1 I  P I -P ,OMEGA P I  [ 2 / 77  
w lqO. 65. EVANGELIS RI (]ME(] - 12 PI -P,  OME Pl P [ /BB*  
W 
W AVG I12 .9  20.6 AVERAGE IERROR INCLUDES SCALE FACTOR OF [ .Of  
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Data Card Listings 
For notation, see key at front of Listings. 

[ 5  G PARTIAL OECAY MOOES 

OECAY MASSES 
P[  G INTO P[ PI  [39+ [ 39  
P2 G INTO 4PI(INEL. PIO'S) [39+ [09+ [39+ 139 
P3 G INTO K KOAR Pl A97+ 4D7+ L3q  
P4 G [NTD K KBAR 497+ 497 
P5 G INTO P I P [  RHO (EXCLUDING 2RHO+A2 P I )  139+ 139+ 769 
P6 G INTO A2 PI 1318+ [ 3 9  
PT G INTO OMEGA P( 139+ 782 
P8 G INTO 2 RHO 76g+ 769 
Pg G INTO PHI P I  I D 1 9 +  1 3 9  
PID G INTD ETA Pl 54E+ ]gR 
P11 G+- INTO 3 PI CHARGED ANO l PIO I39+ [39+ IS9+ 139 

F I T T E D  P A R T I A L  D E C A Y  M O D E  B P . A N C H I N G  F R ~ C T I O N S  

T h e  m a t r L ~  b e l o w  iA d e r i v e d  f r o m  t h e  e r r o r  ma t rL ,¢  1or  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n g  f r a c t i o n ~ ,  P i '  aB lo11owe: T h e  diagonal  e l e m e n t s  are P i ± E P  i ,  w h e r e  

BP i = . . ~ ) ,  w h i l e  t h e  o£f-dia~onal e l e m e n t s  are t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  < E P i E P j ) / ( S P  i • 6 P j ) ,  F o r  t h e  d e l l n i t i o n 8  of  t h e  i n d i v i d u a l  P i '  s e e  t h e  ( i s t i n g s  

above; o~y those D. appearing in the matrix are assumed in the Eit to be nonzero &nd 
l 

a r e  t h u s  c o n s t r a i n e d  t o  a d d  to i .  

P l P 2 P 3 P 4 
P [ . 2380+ - . 0129  
P 2 - . 756 [  • 7090~ - .  O[ 09 
P 3 . [ 5 1 0  - . TAL5  . 0378+ -  .0122  
P 4 - . [ 452  - . 0478  - . 0230  . 0151+ - *D031  

15 G BRANCHING RATIOS 

R[ G INTO (2P I I ITOTAL  (P I I  
RI P O. 22 O.C~ MATTHENS 71HDBC O 7 .  P I+N ,P I -P  2 /72  
RL G I0.26S1 IO .  O06l ESTABROOK 75 RVUE 17 Pl-P,PI+PI-N 12175 
R[ 0 .259  0 .018  0 .0 [9  DEEMER 79 ASPK 0 [7  P l -  P POLAR]Z [ 2 /T9  
R[  0 . 23  0 .02  CORDEN 79 DMEG 1B- ISP I -P .  N 2P[ [ 2 /Tg  
R [  G FROM PHASE--SHIFT ANALYSIS OF HYAMS 75 DATA 
R1 H INCLUDED IN EECKER T9 ANALYSIS 
R[ P OPE MODEL USED IN THIS ESTIMATION 
R1 . . . . . . . . .  
RE AVG 0 .243  0 . 0 1 3  AVERRGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R[ FIT 0.208 0.0[3 FROM FIT  [ERROR INCLUDES SCALE FACTOR OF 1.0) 

R2 G INTOI2 P l ) / ( #  P I )  CHARGED (P [ ) / (P [1 )  
R2 (0 .121  OR LESS BALLAM 7 [  HBC - I 6 .  P I -  P 2 /72  
R2 f 0 . 2 (  OR LESS HOLMES 72 NEC 10 , -12o  K+ P [ / 73  
R2 0 .35  0 .1 [  CASDN 73 HBC 8 . , [ 8 . 5  PI- P 1 /T4  

R3 GO INTO(2 P I ) / [ 6  P I I  ALL (P [ I / (PB ]  
R3 0 .30  0 .10  BALTAY 78 HEC 0 15 P I+P,P  AP[ 4 /Tg  
RO . . . . . . . . .  
R3 FIT 0 .336  0 .026  FROM FIT (ERROR INCLUDES SCALE FACTOR OF [ . 01  

R4 G~- INTO IK KEAR)/(2P[I (PA|/IPE) 
R4 O.[EE 0 .040  0 ,037  GORLICH 80 ASPK 0 IT , J8  P I -P  POLAR [2 /79  
R4 . . . . . .  ; * , 
R6 FIT 0.063 0 . 0 1 4  FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.31 

R5 G+- INTO [K KBAR P I I / ( 2P [ }  (P31 / (P [ )  
R5 A • 0 . [ 6  0 .05  BARTSCH 70 HBC • 8. PI+ P 2/72 
R5 A iNCREASED BY US TO CORRESPONO TO G InTO (2P I1= .26  
R5 . . . . . . . . .  
RS FIT 0.159 0 . 0 5 1  FROM FIT [ERROR INCLUDES 

R6 G+- INTO (RHO 2P I ) / { ~  PI) CHARGED 
R6 CONSISTENT WITH [ .  CASO 68 HBC 
R6 ( l . I  (O . IS I  BARTSCH 70 HOE 
RE D. B8 O, IS BALLAM 71HBC 
R6 0 .96  0 .21  EALTAy 78 HEC 
R6 . . . . . . . . .  
R6 AVG 0 .9 [  O. E2 AVERAGE [ERROR INCLUDES 

R7 G+- INTO (BRHOI / { 4  P l (  CHARGED 
RT (O°T)  (O . IB I  BARTSCH TO HBE 

KLIGER T4 HEC RT 66 [ 0 . 56 I  
R7 T ( 0 , 10 }  (O=09I  THOMPSON 74 HBC 
RT 0 .12  0 , [ 1  DALTAY 78 HBC 
RT T RHO RHD AND A2 Pl MODES ARE INDISTINGUISHABLE 

R8 Ge- INTO I2  RFO) / IALL  RHO 2P i )  
RB 0 .48  0 .16  CASO 68 HBC 

R9 G+- INTO (P I  A21 / (4  P I )  CHARGEO 
Rg (0 .6 I  DALTAY 68 HDC 
RO (0 .6 }  ( 0 . 15 l  BARTSCH 70 HOE 
Rg NOT SEEN CASON 73 HBC 
R9 T [ 0 . 36 )  ( 0 , 14 I  THOMPSON 74 HBC 
R9 O.&6 0 .08  BALTAY TB NBC 
R9 T RHO RHO AND A2 Pl MODES ARE INDISTINGUISHABLE 

R10 G~- INTO (P I  OMEGA)I(4 P l )  CHARGED 
RIO 0.25 O. L0 BALTAY 68 HBC 
R10 0 .25  O.[O JOHNSTON 68 HBC 
RLO 0 .12  0 .07  BALLAM 71 HOE 
RiO (0 .09 )  OR LESS KLIGER 74 HBC 
RIO 0 .33  O. OT THOMPSON 74 NBC 
RiO (0 . [ 1 )  OR LESS CL=O.g5 BALTAY 78 HBC 
RIO . . . . . . . . .  
RIO AVG 0 .E33  0 .050  AVERAGE [ERROR INCLUDES 

R l l  G+- INTO IP l  PH [ I I I 4  P l )  CHARGED 
R11 (0 .111  OR LESS BALTAY 68 HBC 

R12 G+- INTO (P I+ -  2P I+  2P I -  P IO I l { 4  P l )  CH. 
R[2 IO* IB )  OR LESS BALTAV 68 HBC 

R13 G+- IN[X) (P I  ETA I / I&  P i )  CHARGED 
R I 3  ( 0 , 02 )  OR LESS THOMPSON 74 HBC 

SCALE FACTOR DF 1.01 

(PS+P6+PBI / IPE1)  
- 11 P I -  P 6268 

+ B. PI+ P 2 /72  
- 16.  P I -  P 2 /72  

[5 P I+PtP  4Pl 4 /78  

SCALE FACTOR OF 1 .0 )  

(PB I I [P [ [ )  
+ 8 .  P i e  P 2 /72  

- 4 . 5  P I -P ,P  4PI  12 /75  
+ [3  PI+ P 12175 
+ tS PI+PtP  4P]  4 / 78  

(P8 I / (PS+PO~PBI  
- [ [  PI- P 6168 

(P6 ) / (P t [ )  
+ T ,8 .5  PI+P 616B 
• B. ~] '~ P 2 /72  
- ~ , t ~8 .5  P I -  P [ 174  
+ 19 PI+P 417E 
+ 15 P I+P.P  APT ~/78  

(PT I / IP IL I  
÷ 7 -8 .5  PI+P SI68  

- 7 . 0  P [ -  P 6 /68  
16 .  P I -  P 2172 

4 .5  P l -P ,P  4PI 12 /75  
+ 13 PI+ P 12 /75  
+ 15 P[+P,P 4P1 1178 

SCALE FACTOR OF 1.21 

(Pg t / lP IL )  
+ I t 8 . 5  PI+P 6 /68  

+ 7,8°5 P ie  P 6268 

(P [O i / (P [ [ I  
+ 13 P i +  P 12/75  

R14 G+- INTO (K KBAR)/TOTAL iP41 
RI4  B 0 .013  O. O0~ MARTIN 2 78 SPEC -10  Pl P,KS K-  P 4 /70  
R[4 0 ,013  0*003 COSTA BO OMEG 0 10 P I -P ,K+  K- N 11820 
R14 B FROM SQRT(PI*PAI=O.OBb~-O.034 ASSUMING (BP I ) /TOTAL=P I=O.24  
R14 . . . . . . . . .  
R14 AVG 0 ,0130  0 .0024  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 )  
R | 4  FIT 0 .015 l  0 .0031  FROM F|T (ERROR iNCLUDES SCALE FACTOR OF 1.0) 

Mesons 
g(1690), ¢(1850) 

RIO G+- INTO (PI CMEGAI/(P[ OMEGA+ 2 RHD) (PT)I(PT+PB) 
RIb  0 .22  0 .08  CASON 73 HRE - 8. , [8.5 PI -  P 

REFERENCES FOR G 

BELLINI 65 NC ~0 A 948 
DEUTSCHN 65 PL [B 3St 
F CRINO 65 PL [D 65 
O~LDBERG 65 PL [ 7  3SA 

EHRL[CH 66  PR IS2 1194 
FOCACCI 6 6  PRL iT 890 
LEVRAT 6 6  PL 22 714 
SEGUINOT 66 PL 19 712 

ABR ANS 67 PRL LB 620 
DANYSZ 67 PL 24B 3E9 
OUBAL 67 NP 09 43S 

ALSO 68 THESIS t~S6 
FRENCH 67 NC S2A 462 

ARMENISE 68 NE S4 A ~99 
OALTAY 68 PRL 20 887 
B[SNAS 68 PRL 21 50 
BOESEBEC 68 NP B 4 SOl 
CASO E8 NC 5A A 983 
CRENNELL A8 PL 20 B [36 
JOHNSTON 68 PRL 20 1414 

AOERHOLZ 69 NP B [ l  259 
ANDERSON $9 PRL 22 [390  
BARISH SD PR tB4 I 375  
CASD 69 NC 62 A TSS 
VETL[TSK 69 SJNP g 4~1 

ARNENISE 70 LNC A 199 
BARNHAM 70 PRL 24 1083 
BARTSEH 70 NP B 22 [09 
CASO 70 LNC 3 707 
XRAMER 70 mRL 25 306 
MAURER 70 THESIS NG.588 
STUNTEBE 70 Pt 32 B 391 

BALLAM 71PR O 3 2E06 
BRAUN TI NP B 30 2 [3  
GRAYER 71 PL 3 5  B 610 
MATTHENS 71NP B 331 

ARMENISE 72 LNC 4 205 
ALSO 75 LNC 16 LTT 

BOWEN 72 PRL 29 890 
CLAYTON 72 NP B 47 Bi 
GRAYER 72 PHIL.CDNF.PROE* 5 
HOLMES T2 PR D 6 3336 

ARNOLD 73 LNC 6 707 
CASON 73 PR D 7 1971 
CASON I 70 NP B E4 14 
HYAMS 73 NP B E4 134 
ROBERTSO 73 PR D T 2554 

DUBOVIKO 74 SJNP 19 $68 
ENGLER 74 PR O|O 2070 
GRAYER 74 NP B 75 led 
KLIGER 7~ SJNP 19 A2B 
OREN 74 NP DT[ [89  
THOMPSON 74 NP R6~ 220 

BLUM 75 PL 57D 403 
ESTABRDO 75 NP BDS 322 
HYAMS TS NP BLDO 205 
KALELKAR 75 THESIS(NEVlS ZOTI 

ANTIPOV T7 NP B t I 9  45 
GESSAROL 77 NP B 126 382 

OALTAY TB PR D 17 E2 
FDRING 78 NP B 13R 6 [3  
MARTIN I 78 PL 74 B 417 
MARTIN 2 TB NP B 1~0 IS8 
MARTIN 3 TE ANP 114 | 

DECKER T9 NP D [5 [ ~ 6  
COROEN 79 NP B 157 250 
EVANGEL( 79 NP B E54 3E1 

ALPER 80 PL 94 B 422 
COSTA BO NP B 175 AO2 
GORLICH BO NP B [74  t6  

EVANGEL( 01 NP E l i b  [gT 

BELLINI,D( CORATO, DUIMIE,FIORINI (MILANO{ 
M.DEUTSCHNANN ET AL (AACHEN+BERLIN+CERN) 
FORINO, GESSARDLI • {BOLOGNA~RSAY+SACLAY) 
GOLDBERG+ (CEPN+EPOL+DRSAY+NILANO+CEA-SACL) 

R. EHRLIEH*W.SELOVE,H.YUTA (PENNSYLVANIAI 
CERN NISSING MASS SPECTROMETER GROUP {CERNI 
EERN MISSING MASS SPECTROMETER GROUP (CERN) 
CERN MISSING MASS SPECTROMETER GROUP (CERNI 

+KEHOEtGLASSER+SECHI-ZORN+NOLSKY (MARYLANDI 
+FRENCH+KINSON+SIMAK+ (CERN+LIVERPOOL) 
+FOCACCI+KIENZLE+LEEHANDINE+LEVRAT+ (CERN( 
L.DUBAL (GENEVE) 
+KINSON+MEOONALD+RIDDIFCRD+ (CERN+BIRMI 

+FORINO+CARTAECI+[BARI+BGNA +FIRENZE+ORSAY)I 
+KUNG+YEH+FEPBEL+ (COLU+R~H+RUTG+YALEII=[ 
+EASON,OZIERBAIGROV ESIKENNEY,~ (NOAH[ 
BOESEBECK,DEUTSEHMANN.+(AACHE~BERLIN+CERNI 
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB÷MILA+SACLI 
+KARSHON,LAI,SCARR,SKItLIEORN (RNL) 
+PRENTICE,STEENSERG,YODN (TORDNTD+WISC)IJP 

+BARTSCH,+ (AACH+EERL+CERN+JAGL+WARSI 
+COLLINS,RLIEDEN+ (BNL+CARN) 
+SELOVE,BISWAS,CASON,÷ (PENN+NDAM+ROEH) 
+CONTE,BFNZ*+ [GENDeDESY+FAMB+MILA+SACLI 
+GUZHAVIN,KLIGER,KOLGANCV.LEEEDEV+ ( ITEP)  

• GHIDINI,FOR[NO*CARTACCI,÷ (BARI+RGNA+FIRZ) 
+COLLEY,JOBES, KENYON,P ATHAX,RIOOIFORD[ BIRM) 
+KRAUS,TSANOS,GPOTE,KOTZAN÷(AACHeBERteCERN) 
÷CONTE,TOMASINI,CORDSe(EENO+FANE+MILA+SACL] 
+BARTON,GUTAY,LICHTMAN,MILLER,e (PUROUEI 
G.MAURER (STRASBOURG) 
STUNTEBECK,KENNEY,DEERY,BISWAS,CASON+(NOAM) 

+CHADWICK,GUIRAGOSSIAN,JOHNSON,~ [SLAC) 
+FRIDNAN, GERBER,GIVERNAUO,KAHN,¢ (STRB) 
+HYAMS,JONES,SCHLEIN,BLUM,+ (CERN+MPIMIJPD- 
+PRENTIOEeYOON,CARROLL,÷ ITNTO+WISCIJPD- 

+FORINO,CARTACC[,+ (EARI+BDNA+FIRZI 
÷FOGLI-NUCIACCIA,FORINO+ IBARI+BGNA÷FIRZ) JP 
+EARLES,EAISSLER.BLIEDEN,+ (NFAS+STON) 
+MASON,MUIRHE AD,RIODPOULOS, + [LIVP+PATR} 
+HYANS,JONES,SEHLEIN,BLUM,DIETL*(EERN*MPIMI 
+FERREL,SLATTERY,WERNER IROCH( 

+ENGEL,ESCOUBES,KURTZ,LLORET,PATY,+ (STRE) 
+EISWAS,KENNEY.MAODEN,SANDER,SHEPHARO(NDAHJ 
• MADOEN,BISHOP,BISWAS,KENNEY,÷ (NDAM) 
+JONES,WEILHANMER.RLUMtDIETL,+ ICERN+MPIM) 
ROBERTSON,WALKER,DAVIS IDUNE+WISC) 

DUBOVIKOV, NATSYUKIN[LOVtSOKOL~ IITEP) 
+KRAENER,TOAFF,WE[SSER,DIAZ+ (CARN+CASEI 
G.GRAYER,HYAMS,BLUM,OIETLv+ (EERN+MPIMI 
+BEKETOV,GRECHKO,GUZHAVIN~DUBOV[KDV÷ ( ITEP)  
+EOOPER,FIELOS,RH1NES,NHITNORE.+ (ANL+OXFI 
+GAIDOS,MCILWAINtMILLERtMULERA,÷ (PURD) 

+EHAEAUO,OIETL,GARELIEK,GRAYER+ (EERNeMPIM) JP 
P.ESTABROOKStA. D.MARTIN (DURHI 
+JONES,WEILHANMER,BLL~4,DIETL4 (CERN+MBIM) 
M.S.KALELKAR (COLUII-L 

+BUSNELLO, DAMGAARD,KIENZLE+ (CERN+SERPI 
GESSAROLI,+ (BGNA+P(RZ+GENO+MILA+OXF+PBVII 

+CAUTIS,EOHEN,CSORNA, SM|THIYEHt+(EOLU+DING) 
+EARTACEIt+ [BGNA+FIRZ+GENOeNILA+OXF+PAVI) JP 
+OZMUTLU+BALDI,~HRINGER,DORSAE+IOURH+GEVA) 
+OZMUTLU~BALOI,BOHRINGER,OORSAZ~(DURH÷GEVA) 
A.O.NARTIN,M.R.PENNINGTON (CERNI 

+BLANAR,BLUM,EERRADA+ (MPIM+EERN+ZEEM+CRAC) 
÷OONELL,GARVEY,JOBES.+(BIRM+RHEL+TELA÷LOMC) JP 
• [BARI+BONN+CERN+DARE+GLAS+LIVP+MILA+WIENI 

+REEKER,+ [AMST+CERN+CRAC+MP[M+OXF+RHEL] 
+ (BARI+BONN+CERN+OLAS+LIVP+MILA+WIENI 
+NICZYPORUK,ROZANSKA+ IERAC÷RPIM+EERN~ZEEMI 

EVANGELISTA+IBARI+BONN+EERN+DARE+LIVP+MILAI 

l (zeso)l o, P H I I 1 D S o J P o .  ) i - o  

I - -  - ,  SEEN IN TNE K KBAR AND K KEAR Pl MASS 
EISTRIBUTIONS. 
NEEDS CONFIRMATION. OMITTED FROR TABLE. 

5A PH I (1850 )  MASS (MEV) 

M [23  1850.0  10o0 ALHARRAN 810MEG 8.35 K-P,LAM 2K 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SA PH I ( J850 (  HIDTH (MEV) 

N 1 2 3  80 .0  40 .0  $0 .0  ALHARRAN 8 [  OMEG 8 .25  K-PtLAM 2K 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 PH | ( [ 8501  PARTIAL DECAY NODES 

DECAY MASSES 
P1 PH I I t 850 )  INTO K KBAR N93+ 493 
P2 PH I [ 1850 I  (NTC K*KBg2) K + C .C .  E91+ 493 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1282"  

[ / 82 *  



Mesons 
¢(1850), X(1850), S(1935) 

Rl  
B l  

REFERENCES FOR PHI I1BEOI  

ASTON BOPL  92  B 2[g IBONN+CERN+EPUL*ELAS+LANC+MCES+ORSA+PARIS+I 

ALHARRAN B[ PL L0E B 357 +AMIRZADEH,+ (BIRM*CERN*GLAS+MICH÷LPNPi 
OELCOURT B l  BONN CONF. 205 B.DELCOURT (ORSAYI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * , * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

" "-IX( B5O)/ ....... o . . . . . . .  , , =  
FROM AN AMPLITUDE ANALYSIS OF THE K÷K- SYSTEM SEEN IN 
Pl -  P INTO K* K- N AT 10 GEVIC. 
NEEDS CONFIRMATION, OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38  X [ [ 850 I  MASS IMEV)  

M A [BST.O 35.0 24.0 COSTA 80 OMEG 0 tO PI-P,K÷ K- N 

M A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 XllBEOl WIDTH (MEVI 

W A 185.0 102.0 1 3 9 . 0  COSTA BO OMEG 0 tO PI -P ,K÷  K- N 

W A ERROR INCREASED BY SPREAD OF TWO SOLUTIONS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

=_B XIIB50# PARTIAL DECAY MODES 

DECAY MASSES 
P[  X ( tBEO)  INTO K*  K -  493+ 493  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

38 X(tBSOl BRANCHING RATIOS 

RI  X l [ 850 I  INTO ( K *  K -  I / TOTAL  IP [ I  
RI SEEN COSTA BD DMEE O [O PI-P,K* K- N 

REFERENCES FOR X(lB5O) 

COSTA 80 NP B 175 602 ÷ (BARI*BONN+CERN÷CLAS+LIVP÷MILA÷WIENI 

.............., ,::::::::: ::::::::: ::::::::: .......................... 

IS(iDa )l ,1 s, . . . . . . . . .  

> 
A narrow enhancement called the S(1935) has 

been o b s e r v e d  i n  t h e  a n t [ p r o t o n - p r o t o n  t o t a l  c r o s s  

section (CARROLL 74, CHALOUPKA 76, BRUCKNER 77, 

SAKAMOTO 7 9 ) .  

This observation is not c o n f i r m e d  by more re- 

cent e x p e r i m e n t s  (ALLEN 8 0 ,  K/~IAE 8 0 ,  J~S~RZII~BSKI 

81, LOWENSTEIN 81), or  the e f f e c t  is found to be 

smaller in magnitude and larger in width (HAMILTON 

80). 

No s i g n i f i c a n t  signal is observed  for a nar- 

row S(1935) i n  b a c k w a r d  a n t [ p r o t o n - p r o t o n  e l a s t i c  

scattering (GARNJOST 79), nor in the charge-ex- 

change c r o s s  s e c t i o n  (G/LRNJOST 75 ,  C ~ O U P K A  76 ,  

HAMILTON 8 0 ) .  

The first p o s i t i v e  o b s e r v a t i o n s  o f  t h e  S ( 1 9 3 5 )  

in hadro-production experiments (DADM 80) are not 

confirmed by more recent ones (DALe4 81). In view 

of this s i t u a t i o n ,  t h e  o n l y  o b s e r v a t i o n  w h i c h  r e -  

mains u n c h a l l e n g e d  is the one of RICHARD 79 in a 

p h o t o p r o d u c t i o n  e x p e r i m e n t .  One s h o u l d  w a i t  f o r  

confirmation before taking the S(19351 as a well- 

e s t a b l i s h e d  n a r r o w  r e s o n a n c e .  

~4 PHI ( IBS0 )  BRANCHING RATIOS 

PHI ( tO50 )  INTO IKe IB92 I  K÷C .C . I / iK  KBARI  (P2 l l IP I )  
O.B 0.4 ALHARRAN 810MEG 8.25 K-P~LAM 2K 1/82* 

1 1 8 2 "  

1 /B2 "  
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For notation, 
Data Card Listings 

see key at front of  Listings. 

3E S MASS IMEVI 

M S CHANNEL NBAR N 
M C 119~0. I ( B . I  

B ( IgEB. ) M 

. . . . . . .  t M C (tD~2. l ( ) 
M Z (1q34.4) (2.61 
M S [935 .9  [ . 0  
M 1939 .0  3 .0  
M 1935 .5  [ .O  
M [ 930. O 2.0 
M A M ( 1949. I [ 10. # 
M 1939 .0  2 .O  
R 
M 
M 
M 
M 

CLIME 70 HBO O .2S-.T~ PBAR P 2172 
BENVENUTI 7! HBC 0 . t  - .B PBAR P 2172 
CARROLL 74 CNIR S CHAN.PBAR P,D 1217~ 
D-ANOLAU 75 HBC 0 , t 75 - . 750  PBAR P LZIT5 

I t . A T  KALOGERO TS DBC -- PBAR N ANNIH 12175 
CHALOUPKA 76 HOE 0 PBAR P TDT,ELAS 12 /T5  
BRUCKNER 77  SPEC O . 4 - . 83  PBAR P 7ETT 
SAKAMOTD 79 HBC O ,3T-.73 P~ P 12179 
ASTON 80 OMEG GAM P,P PBAR X 1182 "  
DEFOIX 80  HOE O PBAR P ,5P l  1180  
HAMILTD2 OO CNT~ O S CHAN~PB~R P [Z/T9 

PRODUCTION EXPERIMENTS 
36(1940,01 (1.0}  

AVE [935.3 I .O AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7) 
(SEE IDEOGRAM BELOW ) 

M A FROM ENERGY DEPENDENCE OF 5Pl CROSS-SECTION.IG=E- FROM OBSERVATION 
M A OF OMEGA RHO DECAY. P=*  AND J>[.  A2 PI PI ALSO SEEN. 
M B SEEN AS A BUMP IN THE PBAR P - KS KL CROSS SECTION WITH JPC=t--. 
M NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS. 
M C FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING. 
M SOME INDICATION OF ADDITIONAL STRUCTURE. 

~ |=0  FAVORED,J=D OR [ ,SEEN IN  TOTAL PDAR P TOTAL CROSS-SECTION, 
M M PRIMARLY FROM ANNIH. REACTIONS. NOT SEEN IN PBAR D TOTAL ANO 
M M ANNIH. CROSS SECTIONS. 
M N SEEN IN 3 CHARGED MODE. NOT SEEN BY BDWEN 73 WITH 6X STATISTICS. 
M S NARROW BUMP SEEN IN TOTAL PBAR P,O CROSS-SECTIONS.ISOSPIN UNCERTAIN 
M NOT SEEN IN PBAR P CEX BY GARNJOST TS,EHAtDURKA 76. INTEGRATED 
M CROSS-SECTION 3X LARGER THAN BRUCKNER T7 .  
M Z NOT SEEN DY ~LBERI 79  WITH CO~RARABLE STATISTICS. 

WEIGHTED AVERAGE = 1935 .3  ~ 1 .0  

ERROR SCALED BY 17  

1925  1930  1935  

S MASS (MEV)  

OAUM BO CNTR O 93 P P,PB P * X 12179 

CHISQ 

I HAMILT02  80 CNTR 3 .4  

. . . . .  ASTON 80 OMEG 70  

. . . .  SAKAMOTO 79  HOG 0 .0  

BRUCKNER 77  SPEC 15  

. . . .  CHALOUPKA 76  HBC 04  ~ OLL  74  CNTR 27  

15 .1  

, ' (CONLEV 
1940 1945 1950 =0010 )  

31 S 

W S CHANNEL NBJR N 
W C IA? . I  (9 . )  
w B 135. I 
w S 9 .  ~ .  
w c ( 57 .5 l  ( 5 . )  
w Z I t [ . )  ( I I . I  
w S B.B ~ .B  
w (4.0)  OR LESS 
w 2 .8  1 .4  

[2 .0  T.D 
W A M {8O.I (20. l 
W 22.0 6.0 
W 
W PROOUCT ION EXPERIMENTS 
W (6.0)  APPROX. 
W 
W 

W 

WIDTH (MEVI 

CLINE TO HBE 0 .25-.74 PBAR P ZlTB 
5ENVENUTI 7~ ~5C O . I  - .B RBAR p 2172 

3. CARROLL 74 CNTR S CHAN.PBAR P,D [2175 
O-ANDLAU 75 ~BC O . [75 - .  TED PBAR P [2175 

( 4 , l  KALDGERO 75 DBO -PBAR N ANNIH [2175 
3.2 CHALOUPKA 76 HBC 0 PBAR P TOTvELAS 12175 

BRUCKNER 77  SPECO .~ - ,R5  PBAR P 7177  
SAKAMOTO 79 HBC 0 . 37 - , 73  ~B P [ 2179  
ASTON BO ~EG EAR P,P REAR X l iB2 ~ 
OEFDIX BO HBC OPBAR P,5Pl I/SO 
HAMILT02 BO CNTR O S CHAN,PEAR P [2/79 

DAUM BO ENTR 93 P P,PB P ÷ X [2179 

AVERAGE ~EANINGLESS ISCALE FACTOR = 1.9I  

SEE FOOTNOTES UNDER S MASS ABOVE 

3 [  S PARTIAL DECAY MODES 

DECAY MASSES 
P[ S INTO PEAR P g38÷  038  

REFERENCES FOR S/lOB5) 

CLINE 68 PRL 21 tZbB 

CLINE 70 RREPRINT 
ALSO 70 KIEV CONF. 

BENVENUT 7 [  PRL 27 283 
P |NGK|  TE PRL 2T [ 548  

BIZZARRI 72 PRD 6 160 
BOWEN I 72 PRL 2B 890  

BOWEN 73 PRL 30  332 
BURNS 73 PRD B [ 286  
KIENZLE 7B PR O 7 352D 

BURNS 74 NE 20A 463  
CARROLL 74 PRL 32  247 

+ENGLISH,REEDER,TERRELL,TWITTY (WISCONSIN) 

D.CLINE,J.ENGLISH,D.D. REEDER (WTSCIJ 
ASTIER RAPPORTEUR TALK 

BENVENUTI,CLINE,RUTZ,REEOER,SCHERER (WISCl 
STEPHEN S.  P INSKY [UTAH÷ARGONNEI 

÷GUIOONI,MARZANO,CASTELLI,* IROMA+TRSTI 
+EARLES,FAISSLER,BLIEDEN,÷ (NEAS÷STONI 

+EARLES,FAISSLER,BLIEDEN,* (NEASeSTONI 
*EDNDDNfOONAHUE,MANDEL~ERN,PRICE,+ (UCII 
W.KIENZLE (CERNI  

÷CONOON,MANOELKERN,PRICE,SCHULTZ (UCII 
+EHI~NG,KYC[A,LI,MAZUR,MICHAEL,÷ (BNLI 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
S ( 1 9 3 5 ) ,  6 ( 2 0 3 0 ) ,  h (2040 ) ,  ~ r (2050 )  

ABASHIAN 75 PRL 3k 691 
D-ANDLAU 75 PL 58E 223 
DEFOIX 75 PALERMO CONF, 
D(]NNACH[ 75 NC 26 A 317 
GABNJOST 75 PRL 39 [685  
KALOGERO 75 PRL 8~ 10~T 
WEINGART 75 PRL 34 120L 

ABASHIAN 76 PRO 13 S 
OEFOIK 76 STOCK,SYMP.NBAR-N 
DOVER 16 PL 62 B 293 
CHALOUPK 76 PL 61B  687 

BENKHE[R TT PL B 68 ~E]  
BRUCKNER TT PL 67 E 222 
M(]NTANET TT B(]STCN (](]NF, 260 
ROSS) 77 PL TO B 285 

CARTER 78 NP B 132 I 76  
CUTTS 78 PR D 17 16 
PENNINGT 78 NP B 137 77 

ALBERI 79 PL 83 B 26T 
ALST(]N-G 79 ~RL 43 E~Ol 
CARROLL 79 PP D 19 1950 
OELC(]L~RT 79 PL B 86 395 
GIBBAR(] 79 FBL ~2 1593 
KLUYVER T9 ZPHY (] 2 851 
RICHARD TR BATAVIA C(]NF. 669 
SA~AMOTO 79 NP B 158 RIO 

ALLEN 80 BRESSANONE 175 
ASTON 80 PL 93 B 517 
BIONTA BO PRL 6 6  gTO 
CHUNG 80 PRL 45 IB I I  
DAUM 80 PL 90 B ~T5 
DEFOIX 80 NP B LE2 t2 

ALSO 80 NP 8 162 41 
HAMILTO[ B(] PRL 44 1179 
HAMILT02 80 PRL ~A 1182 
KAMAE BO PRL 66 1~39 

DAUM 81 PL IOO B ~3g 
GANOUL[ 81 NP B 183 295 

÷BEAMER,BROSS,EISENSTE[B,~ {ILL÷ANL+ISUI 
÷COHEN-GANOUNA,LALOUM~LUTZ,PETRIICDEF÷F[SA) 
B. FRENEH, RAPPORTEURS TALK (CDEFI 
A. DDNNACHIE~P,R.THOMAS (MANCHESTER) 
+KENNEY~FOtLARD,R(]SS,TRIPP,~ (LBL+MHC(]I 
KALOOER(]POULOS,TZANAKOS (SYRA| 
WEINGARTEN~ORUBO )ROCH) 

*WATSONeGELFANO~flUTTRAMe÷I{LL+ANL+CHIC÷ISU) 
+LADRON OF GUEVARA,ANGELINIe÷ (CDEF+PISA] 
*KAHANA (BNL) 
CHALOUPKA,~ (CERN+LIVP+MONS+PADO÷ROMA*TRST) 

BENKHEIRI,BOUCROT~÷ {CERN÷CDEF+EPOL÷LALO) 
÷GRANZ,INGHAM, XILIAN,LYNEN÷(MPIH÷HEID÷CERN] 
L,MONTANET {CERN) 
G.C.ROSSI,G.VENEZIANC (BERN) 

A.A.CARTER (LOOM| 
÷GOOO, GBANN[S,GREEN~LEE,RITTMAN÷(STON÷WISC) 
M.R. PENN1NGTON {CERN{ 

÷ALVFAR,CASTELLI,FOR(]PAT+ (TRST+CERN÷IFRJ) 
ALSTON-GARNJOST,HAMILTON÷ (LBL÷NTHO~BNLI 
~CHIANG,KYCIA~LI,LITTENBERG,~ (BNL÷ROCH) 
÷DERADO, BERTRAND,BISELLO,BIZOT,BUON,÷(LAL(]I 
÷AHRENS,BERKELMAN,CASSEL,OAY,HAROING÷(CORN) 
J .C .  KLUYVER (ARST| 
F, RICHARO (LAL(]) 
÷HA~HIMOTO,SAI~YAMAMOT(]÷ (TOKY) 

5TH EUROPEAN SYMPOSIUM EN N-NBAR [NTS. 
{BONN÷CERN+EPOL+GLAS+LANC+MCES÷ORSA~PARIS÷) 
÷CARR(]LL,EDELSTEIN,÷ (BNL~C~RN÷FNALeSMAS| 
÷ETKIN,BENSINGER,÷(BNL÷ERAN÷CUNY+SNAS÷MASA) 
÷HERTZBERGER÷{AMST+EERN+CRAC+NPIM+DXF÷RHELI 
÷DOBRZYNSKI,ANGELINhBIGI,÷ (CDEF÷PISA! 
ESPIGAT,DEFOIX~DOBRZVNSKI+ (CDEF÷PISA) 
HAMILTON,PUN, TRIPP,LAZARUS,÷ (LBL÷BNL+MTHO) 
HAMILTON~PUN,TRIPP~LAZARUS,÷ (LBL+BNL÷MTHO) 
÷AIHARA~CHIBA,FUJII~INASAKI,+ {TOKY÷HIR(]I 

~HERTZBERGER÷IAMST÷CERN+CRAC*NPIM÷OXF+RHEL{ 
~CERRAOA,DEFOIX,÷ITIFR÷CERN÷(]OEF÷MAOR~PISA) 

JASTRZEM 81 PRO 23 2T86 3ASTRZEMBSKIeMANDELKERN,¢ (TEMP÷UCI+UNM) 
LGWENSTE 81 PRO 23 2788  LOWENSTEINtPEASLEE,÷ (BNL~OOE÷MBU÷SYRA| 

H ~ 

1 6 ( 2 o 3 o ) 1  . . . . . . .  ( . . . . . . .  G . . . . .  1=1 

SEEN IN PARTIAL WAVE ANALYSIS OF THE K KBAR AND 
PI÷FI-PlO SYSTEMS. 
hEEDS CONFIRMATION, OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 OELTA(20~O) MASS (MEV) 

M Y (1gOB,O) ( 10 .01  8ALDI 78 SPEC - 10 P I -P ,P  KS K- 12177 
M M 2030.0  80 . ( ]  (]OROEN 78 OMEG 0 15 PI -  P~8 P[ N 1217G 
M C 2035 .0  20 .0  CLELANO 80 SPEC + -  50 P] P~KS K~-F 6181 • 
M 
M AVG 2034,.3 18.6 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 

M yM JR=6÷ IS FAVORED , THOUGH 2+ CAN NOT BE EXCLUDED. 12178 
M FROM A FIT TO THE Y(B IO I  MOMENT. E[NITEO BY PHASE SPACE. 
M B FROM AN AMPLITUDE ANALYSIS 
M 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[7 OELTA(2030) WIDTH IMEVt 

W Y (166 .01  (~3 .0 l  BALOI 78 SPEC - XOPI-P,P KS K- 12 /77  
w M 510.0 200.0 COBDEN 76 OMEG 0 15 P l -  P,3 Pl  N 12/T8 

C 600.0 [OO.O CLELANO BO SPED +- 50 R[ P,KS K+-P 6181" W 
M . . . . . . . . .  
W AVG 58E.O 89.¢ AVERAGE (ERROR INCLUDES SCALE FACTOR OP 1.08 

W yM JF=6÷ IS FAVCREO , THOUGH 2÷ CAN NOT BE EXCLUDE(]. 12/78 
W FR(]N A FIT IO THE YI8,Ol MOMENT. LIMITED BY PHASE SPACE. 
W C FKEM AN ~MPLITUDE ANALYSIS 
W 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 (]ELTA(20301 PARTIAL DECAY MODES 

DECAY MASSES 
PI  DELTA(2OZO{ INTO K KBAR 493+ 6N3 
P2 ( ]ELTA(2020I  INTO P Ie  P l -  P[O 139÷ 13Re 13~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17 DELTAI203O) BRANCHING RATIOS 

RI DELTA[2O30) INTO (K KBAR)/TOTAL (P I I  
R I  SEEN CLELAND 80 SPEC # -  50 PI P,KS K÷-P 6181"  

R2 OELTA(2O30) INTO (P I+  P l -  PIO)/TOTAL {P2)  
R2 SEEN COBDEN 78 OMEG O 15 R I -  P ,3  P[ N 6/81<" 

REFEREN(]ES FOR DELTA(203Ol 

8ALDI TB PL T6 B 6E3 ÷BOHRINGER~OORSAZ~HUNGERBULER~÷ {GENEVA) JP 
COROEN 78 NP B 136 T7 DONELL.GARVEY,J(]BES÷ (EIRM~RHEL÷TELA÷LOWC) JP 

CLE LANG 80 UGVA-DPNC/(]T-101 ÷GLOOR~NARTIN~NEF~ ÷ ( P ITT+GEVA÷L AUS) 

OELFOSSE 8|  NP 8 183 369 +DDBSAZ~EXTERMANN~GLOOR~WEILLt~ (GEVA÷LAUS) 

I ( ~11h,2040, I , ,  H,~O ..... G .... ,,=D 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t 6  H MASS (MEVI 

M 700 2030, 30. APFL 75 CNTR AO. FI-R~N 2RIO 11/7S 
M 2050. E5. BLUM T5 ASPK ~B.4 P I -P ,N  K+K- 11175 
M T [R22 .0  1~ .0  ANTIPOV 77 CIBS O 25 P [ -P*P  3PI  1182"  
M [ 935 .0  13 .0  COBDEN 79 (]MEG L2-LSPI-P~ N 2PI 12/7R 
M tDBB.O T .O  EVANGELIS 79 OMEG IO, PI-R,K+ K- N 12/79 
M M (~O~O.O) ( lOoO)  ROZANSKA 80 SPRK 18 .P I -P ,P  RB N 12/79  
M 1978,0  E.O ALPER 80 ENTR 62 P I -P~K÷  K- N 1182"  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3.01 

M~ M [=O,JP=~÷ FROM AMPLITUDE ANALYSIS ASSUMING ONE P[ON EX(]HBNGE 12/78 
T WIDTH ERRORS ENLARGED BY US TO 6*WIOTH/SQRT(N)~SEE K* TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 H WIDTH {MEVI 

N TO0 180. 60 .  APEL TS CNTR ~O. P I -P ,N  2PIO 11 /78  
W 225. 120. TO. BLUR 75 ASFK 18.6 P l -P ,N  K+K- 11 /78  
N T 107.0  86 .0  ANTIPOV 77 CIBS 0 25 P[~P~P 3PI  E/B2= 
N 263 .0  57 .0  CORP¢N 79 OMEO 12 -15P I -P ,  N 2El 12 /79  
w IOO,O 28 .0  EVA: ~L IS  19 (]MEG tO. PI -P~K+ K- N 12 /79  
N M (1~0 .0 )  (18.08 BDZANSKA ED SPRK 18.PI-P,P PEN 121T9 
N 2~3,0 16.0 ALPER BO CNTR 62 P I -P ,K+  K- N L/82t 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 2 .~ )  

w M I=O,JP=~+ FROM AMPLITUOE ANALYSIS ASSUMING ONE PION EXCHANGE 12/78 
W T WIDTH ERRORS ENLARGED BY US TO A=W[DTHISQRT(N),SEE Ks TYPED NOTE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 H PARTIAL DECAY NODES 

DECAY MASSES 
PI  H INTO PI PI 139+ 139 
P2 H INTO K KBAR ART÷ ~97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16 H 8RANCHING RATIOS 

RL H INTO {P [  P I I / T ( ]TAL  {P I I  
RI  O. LT 0 .02  COROEN 79 OMEG E2 - ISP I -P ,  N 2Pl 12 /79  

REFERENCES FOR H(20~O} 

WAGNER T~ L(]NDCN C~NF. 

APEL TS PL 5TB 398 
BLUR TS PL 578 603 

ANTIPOV 7T NP B 119 k5 

CORDEN TD NP B 157 250 
EVANGEL( 70 NR E 15~ 381 

ALPER BO PL 9~ B A22 

GOTTESMA 8L PR D 22 1503 
ROZANSKA 80 NP B 162 508 

F. WAGNERt RARPORTEURS TALK {MP|M) 

÷AUGENSTEIN~ (KARL~PISA÷SERP~WIEN÷CERNJ JP 
÷CHABAUO,D[ETL,GARELICK,GRAYER÷ (CERN÷MPIN) JF 

÷BUSNELLQ.OANGAARD, KIENZLE÷ {CERNeSERP) 

÷OOWELL,GARVEY,JOBES,~{BIRM÷RHEL÷TELA÷LOWC) JP 
÷ (BARI~BONN+(]ERN÷DARE÷GLAS~IIVP~NILA÷W[EN) 

÷PECKER,÷ (ANST÷CERN÷CRAC÷RPIM~OXF÷RMEL) 

GOTTESHAN, JAEOBS,÷ (SYRA÷BRAN~BNL÷CINC) 
÷BLUNtDIETC,GRAYER,LORENZ÷ (MPIM÷CERN{ 

I , , ( 2 o 5 o ) 1  . . . .  , . . . . . . . . . . . .  , , . 1  
I | 

PREVIOUSLY CALLED A6. 
NEEOS CONFIRMATION. OM[TTEO FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 PI(20501 MASS (MEV) 

M B 60(1960,1 {30.)  BASTIEN 73 (]B(] - LS.PI-O,(] 5PI 2/7~ 
M 208 2080. ~0 .  KALELKAR 75 HBC L5 B I÷P ,F  PI÷G 12175 
M (2100o{ ARRROX ANTIPOV 77 CIRS - 25PI-P,P PI-G 12/77 
M (22E~ . )  i t 5 . )  BALTAY TT HEC O IBP I -P ,OEL÷+API  12177 

M B MARGINAL STATISTICAL SIGNIFICANCE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R3 PII2050) W[OTH (MEV) 

W B 40 {200.1 BASTIEN 73 OBC - 15.RI-D,O 3PI 2176 
w 208 360. 80 .  KALELKAR 75 HBC 15 F I÷P ,P  PI÷G 12/15  
W (BDO. )  APPROX. ANTIPOV TT CIBS - EBP[-R,P P I -  G 12#TT 
M (355.1  ( 21 . )  BALTAY 77 HBC O ISP [ -P ,DE t++3P{  12 /77  

w B MARGINAL STATISTICAL SIGNIFICANCE, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~B PI{2050) PARTIAL DECAY MODES 

DECAY MASSES 
P l  FI{2OSD) INTO 3PI  139+ 139+ 139 
P2 PI(2OSOl INTO O PI 1691+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 PIE2050) BRANCHING RATIOS 

RI  R I (205O l  INTC (G F I ) I (ALL  3P I I  {P2 I / {R I )  
R1 DOMINANT NALELKAR 75 HBC ÷ 15 P I+P ,P  3P[ 12175 



Mesons 
n ( 2 0 5 0 ) .  ~ T ( 2 1 0 0 ) ,  T AND U 
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Data Card Listings 
REGIONS, 0(2150) For notation, see key at front of  Listings. 

REFERENCES FOR PI(2D5O} 

HUSON 68 PL BB B 208 ÷LUBATTI,BELLINI~BINGHAM,÷ (ORSA÷MILA*LBLI 

BEMPORAO I i  NP B 33 3ST +DUFEY,CODLING,* [CERN4ETH+LOIC~MILAI 

CLAYTON 72 NP B 4 7  8[ ÷MASON,MUIRNEAD,RIGOPOULOS,+ ILIVP+PATR) 

BASTIBN 73 UPPSALA CENF, 75 *DUNN,HARBISeLUBATTItBINGHAM,÷ (SEAT÷UCBi 

OREN 74 NP BTI 189 +COOPER, FIELDS,RHINEStWHITMORE,+ (ANL÷OXFI 

DEUTSCHM 75 NP B 9 9  3 9 7  DEUTSCHMANN,e  (ABBCCHW COLLABORATION| 
KALELKAR 75 THESISINEVIS 2071 M.S.KALELKAR (COLU) 

ANTIPOV 77 NP B 1 1 9  45 +BUSNELLO, DAMGAARD,KIENZLE÷ ( C E R N + S E R P I  
BALIAY 77  PRL 39 591 +CAUTIS~KALELKAR ICOLUMBIAI JP 
CAUTIS 77 THESIS NEVIS 2 2 1 C . V . E A U T I S  (COLUMBIA) JP  

BALTAY 78 PR D 17 52 +CAUTIS.COHEN,CSDRNA,KALELKAR÷ {CDLU÷BINGI 

. . . . . . . . . . . . . . . . . . . . .  

SEEN IN THE (RHD P l ) ,  [EPSILON P I )  AND IF P I )  
d~ = 2 -  WAVES OF THE DIFFRACTIVELY PRODUCED 3 Pl 
SYSTEM. NEEDS CONFIRMATION. OMITTED FREM TABLE, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 PI IB tO0)  MASS (MEV) 

M t 2100. 150. DAUN BE CNTR 63,9% P l -  P,3PI 1 /82"  

M l FROM A TWO RESONANCE FIT TO FOUR B-O÷ WAVES. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 PI (2 tO0)  WIDTH (MEV) 

W L 65 I .  50. DAUN Bl CNTR 63,94 P I -  P , B P I  1182" 

w L FROM A TWO RESONANCE FIE TO FOUR 2-0+ WAVES, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 PH2IO01 PARTIAL DECAY NODES 

DECAY MASSES 
P I  P I ( 2 l O O )  I N T O  3 P I  139+ 139+ I B q  
P2 PI(2IOO) INTO RHO Pl 7 6 9 +  1 3 9  
P3 P I l 2 I O 0 )  INTO F Pl 1 2 7 3 ÷  1 3 9  
P 4  PI(2 lOOl  I N T O  EPSILON PI 1 3 0 0 +  1 3 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 PI(21OO) BRANCHING RATIOS 

Rl Pl(2IOO) INTO {RHO P l ) l l ALL  3PI) [P2 i l lP l l  
R [  t 0.19  0.05 DAUM B l  CNTR 63,9& P I -  P I / B 2 *  

R 2  P I ( 2 I O O )  I N T O  (F P I J / I A L L  3 P l l  I P 3 I / ( P l l  
R2 L 0.36 0.09 DAUM 8 I  CNTR 63,94 P I -  P 1 /82 .  

R3 PI(2IOO) INTO (EPSILON P I ) I IALL  3PC) (P4 ) I (P l )  
R3 L 0.45 0.07 DAUM BI C N T R  53,9~ P I -  P 1/82"  

R4 DIS RATIO FOR P[(2IOO} INTO F Pl 
R4 L O,3g 0.23 DAUM 81CNTR 63,94 P I -  P 1 1 8 2 '  

R L FROM A TWO RESONANCE FIT TO FOUR 2-0 + WAVES, 

REFERENCES FOR Pl(2IOO) 

DAUM Bl NP B 182 269 +HERTEBERGER÷IAMST*CERN÷CRAC~MPIM÷DXF+RHELI 

Note on T and U Re@ions 

The observation of broad enhancements at 2190 

and 2350 MeV comes from pp total cross-section 

measurements (ABRAMS 67), pp annihilation meas- 

urements (ALSPECTOR 73), pp el@stic cross-section 

measurements (COUPLAND 77), and pp charge-exchange 

cross-section measurements (CUTTS 78). The mass 

regions centered around 2190 MeV and 2350 MeV have 

been called T and U regions, respectively. 

Searches for resonances in exclusive pp anni- 

hilation channels which could be coupled to the 

enhancements observed in the pp total cross sec- 

tion and in pp elastic scattering have been un- 

successful, except for the two-body annihilation 

channels ~+TT- and TF O~T° , where partial-wave anal- 

yses h a v e  s h o w n  t h a t  r e s o n a n c e s  a r e  f o r m e d  i n  t h e  

2100-2500 MeV mass region (CARTER 77, DULUDE 78, 

MARTIN A 8 0 ,  MARTIN B 8 0 ) .  We h a v e  l i s t e d  t h e  

results on these analyses under the headings 

E ( 2 1 5 0 ) / T 0 ( 2 1 5 0 )  f o r  ~ h e  I = 0 ,  JI~-2+ w a v e ;  

p(2150)/TI(2190) for the I=l, JP=I- wave; 

p(2250) for the I=l, JP=3- wave; ~(2300)/U0(2300 ) 

f o r  t h e  I = 0 ,  J I ~ 4 +  w a v e ;  a n d  p ( 2 3 5 0 ) / U l ( 2 4 0 0  ) f o r  

the I=i, JP=5- wave. 

V a r i o u s  s t r u c t u r e s  c o u p l e d  t o  p p  a n d  o b s e r v e d  

in production experiments are listed under the 

heading NN(1400-3600). 

****** ********* ********* ********* ********* ********* ********* ******** 

32  R H O I B L S D ,  J P G = t - + l  I = 1  
I . . I  

I p ( 2 1 5 0 ) 1  T., . . . . . . . . . . .  E . . . .  SLY C . . . . . . .  ,~ . . . . .  
C O N T A I N S  ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE NEAR NI]~OO-3&00) ENTRY. 
SEE ALSO S,T,U MINI-REVIEWS, 
E~ITTEO FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32  RHO(2ISO) MASS (MEV) 

M PBAR P INTO Pl P( 
M 
M P (2IO0,O) APPROX. MARTIN A BO RVUB 1182" 
M P 12170.01 BPPROX. MARTIN B BO RVUE 1182 ~ 

M P I= l , JP= l  - FREM SIMULTANEOUS ANALYSIS OF P PB - ->  P I -P I÷  AND RiO PIO 

M S CHANNEL N U C L E O N  A N T I N U C L E O N  
M 
M B 2190. iO.  ABRAMS 70 CNIR S CHANNEL PEAR N i173 
M [ 2193. 2. ALSPECTOR 7 3  CNTR S CHANNEL PEAR P 117~ 
M E l 2[55,0 15.0 COUPLAND 7 7  EMIR 0 . 7 - 2 . 4 P B - P , P B - P  1 2 / 7 7  
M I (2190.0}  APPROX. CUTTS TB CNTR .97 -3 .  RB P,NB N 12/78 
M . . . . . . . . .  
M AVERAGE MEANINGLESS ISCALE FACTOR = 1.0}  

m B SEEN AS BUMP IN I= I  STATE. SEE ALSO COOPER 68. 
M B PEASLBE 75 CONFIRM PEAR p RESULTS OF ABRAMS T O , N O  NARROW STRUCTURE 
M E FROM A FIT TO THE TOTAL ELASTIC CROSS S E C T I O N .  
M I ISOSPINS 0 AND I NOT SEPARATED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 RHO(2150) WIDTH IMEV) 

PEAR P INTO Pl Pl 

(200,01 APPROX. MARTIN a BO RVUE 
( 2 5 0 . 0 )  ~PPROX. MARTIN B BO RVUE 

ABRAMS 67 PRL IB 1239 

COOPER 68 PRL 20 1E59 

BRICMAN 69 PL 2 ~ 8 451 

ABRAMS 70 PR D I 1~17 

8ACON 71 NP B 32 6 6  
F I E L D S  7 1 P R L  27 1 7 4 9  
YOH 71 DRt 26 9 2 2  

ALEXANDE TB NP B ~5 29 
DONALD T2 PL 40 B 586 

A L S P E C T O  73  PRL 3 0  5 1 I  
BACON 73  PR D 7 5 7 7  
5ETTINI 73  NC 15 A 5 6 3  
OONALD 7B NP B 61 3 5 3  
N I C H O L S O  73  PR 0 T 2 5 7 2  

BERTANZA 7 4  NC 23A 20~ 
HyAMS 74  NP B 73  2 0 2  

DONNACHI  75  NE 2 6  A 3 1 7  
E I S E N H A N  75  NP B q 6  109 
HANDLER 75 NP B I O I  35  
HUESMAN 75 NC 2SA g [  
PEASLEE 75 PL 57B 18g 

+EDOL,GIACOMELLhKYCIAoLEONIIC, L I , ÷  ( B N L I  

+HYMAN,MANNER,MUSGRAVE,VOYVUDIC i A N L )  

÷FERR~LUZZI,BI EAR D , *  (CERN+CAENeSACLJ 

÷COOL,GIACOMELLI,KYCIA,LEONTIC, L I , +  (BNL) 

+BUTTERWORTH,MILLER,PHELAN,* {RHEL÷LIVP) 
*COO~ER,BHINES,ALLISON (ANL+OXFI 
÷RARISH,DAROLL.LOBKOVICZ* (CIT+BNL÷ROCH) 

ALEXANDER,BAR-NIRoBEVARY,DAGAN,, [TELAI 
÷GALLETLY,EDWARDS.DE BILLY,÷ (LIVP+LPNPI 

ALSPECTOR,COHEN,CVIJANOVICH,+ (RUTG÷UPNJ) 
÷BUTTERWORTH, (RHEL+LIVPI 
*GARNJOST,8]GI,÷ (PADO+LBL+PISA÷TOEI} 
÷EOWARDS,GIBBINS,DRIAND,OUBOC,* (LIVP÷LaNP) 
NICHDLSON,DELORME,CARROLL,* (CIT+ROCH÷BNLI 

+BIGI,CASALI,LARICEIA,÷ (PISA~PAOO*TORI} 
+JDNES,WEILHAMMER,BLUM,* ICERN÷~PlM} 

A,DONN~CHIE,P.R.THOMAS )MANCHESTER} 
EISENHANDLER,GIBSONo+ (LOQM+LIVP+DARE*RHEL) 
÷JAEQUES,JONES.PANDOULAS,+ (BUTG÷STEV÷ALBAI 
*GARNJOST,ROSS,+ (LBL÷PADO÷PISA÷TDRI) 
~DEMARZO, GUERRIBRD,* (CANB÷BARI÷BROW÷MITI 

w 
w 
w P t / B 2 *  
w P 1 / 8 2 ,  

W p I = I , j p = l -  F R E P  S I M U L T A N E O U S  A N A L Y S I S  OF P PB - - >  P I - P I +  AND P I O  P l O  

w S E ~ A N N E L  N U C L E O N  A N T [ N U C L E O N  
w 
W B ( 8 5 .  J APPROX*  ABRAMS 7 0  C N T R  S C H A N N E L  PBAR N 7 / b 7  
R l 9 8 .  8 .  A L S P E C T O R  7 3  C N T R  S C H A N N E L  PBAR P l / T ~  
w E I 1 5 5 , 0  75.0 COUPLANO 77 CNTR O .7-2.4PB-PtPB-P I 2 / T 7  
W . . . . . . . . .  

AVERAGE MEANINGLESS {SCALE FACTOR = 1.0) 

W B SEE NOTE B ABOVE. 
W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
W I [SOSPlNS O a~O I NOT SEPARATED 

REFERENCES FOR RHO{BI50) 
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Data Card Listings 
For notation, see ke~y at front of  Listings. 

Mesons 
p(2150), e(2150), p(2250), e(2300) 

GAY 76 NC B[  A 593 +JEANNERET,BOGDANSKh+(NEUC÷LAUS÷LIVP÷LPNP) 
ZEMANY 76 NP B lOB 537 +MING MA,MOUNTZ,SMITH (MSUI 

CARTER 1 77 PL 67 B 117 ÷COUPLAND, EISENHANOLER,ASTBURY,+ILOQM+RHELI JR 
CARTER 2 77 ~l  67 B E22 A.A.CARTER [lOONI JP 
CARTER 3 77 NP B I2T 202 +EOUPLAND,ATKINSON,ARNISON÷ILOQM+DARE+RHELI 
COUPLAND 77 PL TL B 460 +EISENHANOLER.GIBSQN.ASTBURY,÷ [LOQM+RHEL} 
JONES 77 NP B I l g  416 M.D.JONES,R.J.PLANO (RUTG) 
MONTANET 7T BOSTON CONF. 260 L.MONTANET (CERN) 

CARTER I 78 NP B 132 I 76  A.A.CARTER (LODMI JP 
CARTER 2 78 NP B L~E 467 A,A.CARTER (LOOM) 
CUTTS 78 PR D I7 I 6  +GOOO,GRANNIS,GREEN,LEE~PITTMAN÷(STON÷W(SCI 

MARTIN 79 PL 8b B g3 A.O.  MARTIN,M.R. PENNINGTON (OURH] 

MARTIN A 80 NP B 169 216 A.O. MARTIN.M.R. PENN[NGTON (DURHI JR 
MARTIN B BO NP B 176 3B5 B.R.MARTIN,D.MOR~AN (IOUC*RHELI JP 

/ 

1 (21 o)1 . . . . . . . . . .  2 . . . . . .  G=2.., 1=o 
I - - I  

THIS ENTRY WRS PREVIOUSLY CALLED T0(2150I. 
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE NEAR NII.~OO-B600) ENTRY. 
SEE ALSO StTtU MINI-REVIEWS. 
OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A2 EPSILON(2EBO) MASS (MEVI 

M ROAR P INTO Pl PI 
M 
M L (2150 .01  APPROX. OULUDE2 78 DSPK 1 . - 2 .PB  P,PIOPIO 12178 
M P (2150 .01  APPROX. NARTIN A BO RVUE l /ELm 
M P (2170.01 APPROX. MARTIN B 80 RVCE 1182" 

M L IG=O*,JP=2÷ FROM PARTIAL WAVE AMPLITUDE ANALYSIS 
M P I=O,3P=2÷ FPGM SIMULTANEOUS ANALYSIS OF P PB --> PI-PI+ AND RIO RIO 

M S CHANNEL PEAR P OR NBAR N 
M 
M I 2193. 2. ALSPECTOP 73 CNTR S CHANNEL PEAR P |174 
M E I 2155.0  L5 .0  COUPLAND 77 CNTR 0 . 7 -2 .APB-P ,RB-P  12177 
M I (2190.0) APPROX. CUTTS 7B CNTR .97-B. PB PtNB N 12178 
M . . . .  
M AVERAGE'MEANINOLESS (SCALE FACTOR = 1.01 

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M I ISOSPINS 0 AND 1 NOT SEPARATED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A2 EPSILON(21501 WIDTH (MEVI 

W PBAR P INTO Pl PI 
W 
W L ( 250 .0 )  APPROX. ~ULUDE2 7B OSPK I . - 2 .PB  P,PIOPIO 12178 
w P (250 .0 )  APPROX. MARTIN A 80 RVUE 1182= 
w P (250.0) APPROX. MARTIN B 80 RVUE [/827 

W L IG=O+,JP=2÷ FROM PARTIAL WAVE AMPLITUDE ANALYSIS 
W P I=O,JP=2+ FRCW SIMULTANEOUS ANALYSIS OF P PB - -> PI-PI+ AND RIO RIO 

W S CHANNEL PB~R P OR NBAR N 
W 
W I gO. B. ALSPECTOR 73 CNTB S CHANNEL PEAR P LIT~ 
w E I 135 .0  75 .0  COUPLAND 77 CNTR 0 . 7 -2 .  APB-P.PB-P 12177 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR ~ 1.01 

W E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
W I ISOSBINS 0 AND E NOT SEPARATEO 

FIELDS 71PRL  27 1749 
YOH 71 PRL 26 922 

DONALD 72 PL 40 B 58b 

ALSPECTO T3 PRL 30 511 
BACON 73 PRO 7 577 
DONALD 73 NP B B I  3B3 
NICHOLSO 73 PRO 7 2572 

GAY T6 NC 31 A Bg3 

COUPLANO TT PL 71B  460 

CUTTS 78 DR D 17 16 
DULUOEI TB PL 79 8 329 
DULUDE2 78 PL 79 B 335 

~ARTIN 79 PL B6 B 93 

BOWCOCK 80 LNC 28 BE 
MARTIN A 80 NP B l og  216 
MARTIN B BO N p B I76  8B5 

REFERENCES FOR EPSILON(2tBO) 

+COOPER,RHINES.ALLISON (ANL+GXFI 
÷BARISH,CAROLL,LOBKOVICZ~ (EIT+BNL÷ROEHI 

+GALLETLY,EOWARDS. DE BILLY,÷ (LIVP+LPNPI 

ALSPECTOR.COHEN,CVIJANOVICH,+ (RUTG+UPNJ} 
+BUTTERWDRTH, IRHEL+LIVP) 
+EDWAROS,GIBBINS.BRIAND.OUBOC,+ (LIVP÷LPNP) 
NICHOLSON,DELORME,CARROLL,÷ (C[T+ROCH÷BNL) 

+JEANNERET.BDGDANSK[,+(NEUC+LAUS+LIVP+LPNP) 

+EISENHANOLER,GIBS~N,ASTBURY.÷ (LOOM÷RHEL) 

+GOOD,GRANNIS,GREEN,LEE.PITTWAN÷ISTON÷WISCI 
+LANOU,MASSIMO,PEASLEE÷ (BROW+BIT+PARlE 
+LANOU,MASSINO,PEASLEE+ (BRDW+MIT+BAR[I 

A.D. MARTIN.M.R. PENNINOTON [OURH) 

J.E.BOWCODK.O.C.HOOGSON (BIRM) 
A.D. MARTIN.M.R. PENNINGTON (DURHI 
B.R.MARTIN.D.MDRGAN (LOUE+RHEL) 

JP 
JP 

I ..................... , 
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
FROOUETION EXPERIMENTS SEE THE NOAR N(1400-B6001 ENTRY. 
_¢EE ALSO S,T.U MINI-REVIEWS. 
OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

44 RHO(22501 MASS (MEV) 

M PRAR P INTO PI Pl OR K ~B 
M 
M J (2E50 .O I  APPROX. CARTER 1 77 CNTR 0 .7 -2 .~PB  P ,P lP I  I2177  
M K (2L40 .01  APPROX. CARTER 2 78 ONTR 0 ,7 -2 .4PB P,q/.-K÷ 12178 
M P (2300 .0 )  APPROX. MARTIN A BO ~VUE 1282"  
M P I2250.B) APPROX* MARTIN S 80 RVUE 1/82" 

M J ICL,JP=3- FREM AMPLITUDE ANALYSIS. 
M K [=O,L.dP~3- FROM BARRELET ZERO'S ANALYSIS. 
M P I= l , JP=S~  FROM SIMULTANEOUS ANALYSIS OF P PB - -> PC-RE÷ AND PIO PIO 

M S CHANNEL NUCLEON ANTINUCLEON 
M 
M B 2190. CO. ABRANS 70 CNTR S CHANNEL PEAR N |173 
M I 2193. 2. ALSPECTOR 7B CNTR S CHANNEL PEAR P 117~ 
M E I 2155 .0  15 .0  CDUPLAND 77 CNTR O . 7 -2 .APB-P ,PB-P  £2177 
M I (2190.0) APPROX. EUTTS 78 CNTR .gT-3* PB PtNB N 12178 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = Io0I 

M B SEEN AS B~MP IN I= l  STATE. SEE ALSO COOPER 68. 
M B PEASLEE TB CONFIRM PEAR P RESULTS OF ABRAMS 70~NO NARROW STRUCTURE 
M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M I ISOSPINS C AND I NOT SEPARATED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AA RHO(2250I WIDTH (MEV) 

W PBAR P INTO PI PI OR K KB 
W 
W 3 (200 .0 I  APPROX. CARTER 1 77 CNTR 0 .7 -2 .APE P ,P IP l  12 /77  
W K ( lBO.  OI APPROX° CARTER 2 78 CNTR 0 . 7 -2 .APB  P ,K-K÷  12178 
W P (ZOO.O( aPPROX. MARTIN A 80 RVUE 1182= 
w P (250.01 APPROX. MARTIN B 80 RVUE 1/82* 

W J (=1,JR=B- FRCW AMPLITUDE ANALYSIS. 
W K I-OIL.JR=B- FROM EARRELET ZERO'S ANALYSIS. 
W P I= I , JP=3 -  FROM SIMULTANEOUS ANALYSIS OF P PB - ->  P I -P I÷  AND RIO PIO 

W S CHANNEL NUCLEON ANTINUCLEON 
w 
w B [B5 . )  APPROX. ABRAMS 70 CNTR S CHANNEL PEAR N 7/6T 
w I 98. B. ALSPECTOR 73 CNTR S CHANNEL PEAR P [174 
w E I 135 .0  75 .0  COUPLAND TT CNTR 0 .T -2 .APB-P ,PB-P  12177 
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR = I .O I  

W E SEE NOTE E ABOVE. 
w E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
w [ ISOSPINS 0 AND 1 NOT SEPARATED 

REFERENCES FOR RHO(22501 

ABRAMS 67 DRL 18 t 2Og  +EOOL,GIACOMELLI,KYCIA,LEONTIC.LI,÷ (BNL) 

COOPER b8 PRL 20 1059 +HYMAN,MANNEReMUSGRAVE,VOYVODIC (ANL} 

ABRAMS 70 PR D I IBl7 ÷COOL,GIACOMELLI,KYCIA,LEONTIC,LI,÷ (BNL) 

FIELDS 71PRL 27 1749  ÷COOPER,RHINES,ALLISON (ANL+OXF) 
YGH 7L PRL 26 q22 ÷BARISHtCAROLLtLOBKOVICZ÷ (CIT÷B~.+ROEHI 

ALSPECTD 73 PRL 30 5IT ALSPECTOR~CONEN~CVIJANOVICHt* (RUTG÷UPNJI 
BETTIN[ 73 NC 15 A 563 ÷GARNJOST,BIGI ,÷  (PADO~LBL+PISA÷TORI) 
O(~NNACHI 13 LNC 7 2B5 A.OONNACHIE,P.R.THOMAS (MANCHESTER) 
NICHOLSO 73 PRO 7 2572  NIDHOLSON,DELORME,CARROLL,~ (CIT~ROCH÷BNLI 

BERTANZA 74 NC 2BA 209 +BIGI,CASALIoLARICCIA,~ (PISA+PADO÷TORII 

EEMANY 7b NP B 103 537 +MIND MA,MOUNTZ,SMITH (NSU) 

CARTER I 77 Pl 67 B 117 ÷CDUPLAND.EISENHANDLER,ASTBURY,÷ILOQM÷RHEL) JP 
CARTER 2 ?T PL 67 B 122 A.A.CARTER (LOOM) JP 
CARTER 3 77 NP B 127 202 ÷COUPLAND,ATKINSON,ARNISON÷ILOQM÷OARE÷RHELI 
CGUPLAND 77 PL 71B 460 +EISENHANDLER,GIBSON.ASTBURY.÷ (LOQN÷RHELI 
MONTANET 77 BOSTON CONF. 260 L.MONTANET (CERN) 

CARTER l 78 NP B 132 176 A.A.CARTER (LOOM) JP 
CARTER 2 78 NP B 14E ~6T A.A.CRRTER (LOOM) 
CUTTS 78 PRo [7 |6 ÷GOOO.GRANNIS,GREEN,LEE,PITTMAN÷ISTON÷WISC) 

MARTIN 7g PL 86 B g3 A.U. MARTIN~N.R. PENNINDTON (OURH) 

MARTIN A 80 NP B 169 216 A*D. MARTIN.N.R. PENNINGION [DURH) JP 
MARTIN B 80 NP B 176 355 B.R.MARTINtD.MORGAN (LOUC+RHELI JP 

IE(23o011 " ,  EPSIL . . . . . . . . . . . . . . .  ) I -O  

I - " 1  THIS ENTRY WAS PREVIOUSLY CALLED U0 (2350 ) .  
CONTAINS ONLY RESULTS FROM FORMATION EXPERIMENTS, FOR 
PRODUCTION EXPERIMENTS SEE THE NBAR N(140~36001 ENTRY. 
SEE ALSO S.T,U MINI-REVIEWS. 
EMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

41 EPSILONI2BOOI MASS (MEVI 

N PEAR P INTO PI  P1 OR KB K 
M 
M J ( 2310 .0J  IPPROX. CARTER [ 77 CNTR O .7 -2 .APE # ,P IP (  [2277 
M K (2340 .01  APPROX. CARTER 2 TB CNTR O .7 -2 .APE PtK-K÷ 12278 
N (2330 .0 )  APPROX. DULUDE2 78 OSPK 1 . - 2 .PB  P ,P IOPIO 1182* 
B P (2BOO.O) APPROX. MARTIN A 80 RVUE 1282= 
M P (2300 .0 I  APPROXo MARTIN B EO RVUE 1182"  

M J I=O,JP=4+ FRCM AMPLITUDE ANALYSIS. 
M K I=O,JP=4* FROM BARRELET ZERO'S ANALYSIS 
M P I=O,JP=4÷ FROM SIMULTANEOUS ANALYSIS OF P PB - -> RE-RE÷ AND PlO PIO 

M S CHANNEL PEAR P OR NBAR N 
M 
M 2375. I0 .  ABRAMS TO CNTR S CHANNEL NBAR N 1171 
M I (2359.) (2.1 ALSPECTOR 73 CNTR S CHANNEL PEAR R 1176 
M El (23451 (15 .01  COUPLANO 77 CNTR 0 .T -2 .APB-P+PB-P 12 /?7  
M I (2 ]BO.  OI APPROX. EUTTS 78 ENTR .g? -3 .  PB P,NB N I 2 / 7E  

M E FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
M I (SOSPINS 0 AND I NOT SEPARATED 



Mesons 
~(2300), p(2350), 6(2450), e'e-It/00-2200) 

w J 
w X 
W P 

~ JK 
w P 

w 
w I 
w E)  

* * * * = *  

BRICMAN 69 PL 29 B 45t 

ABRAMS 70 PRO 1 tel7 

F IELOS Tl PRL 27  1749  
YOH T I  PRL 26 g22 

EASTMAN T2 NP B 51 29 

ALSPECTD 73 PRL 30  511 
DONNACHI 73 LNC 7 285  
NICHOLSO 73 PR B ? 2572  

HYAMS 74 NP B ?B 202  
MIND HA 7% NP B6E 214  

DCNNACHI 7B NC 26  A E l7  
EISENHAN 7B NP B 9B ] 09  

CARTER I 77  PL 67  B 117 
CARTER 2 T7 PC 67  B [22  
CARTER 3 ?T NP B ~27 202  
COUPLAND 77 PL 71B  660  

RI  EPSILON(2300) WIDTH (MEVI 

PBAR P INTO PI PI OR XB K 

(2LO.O) APPROX. CARTER [ 77 CNTR O .7-2.4PF P,PIPl 12/IT 
IL5O.OJ APPROX. CARTER 2 78 CNTR O .7-2.APB PtK-K+ 1211B 
(200.) APPROX. MARTIN A BO RVUE 3/82= 

I=O,JP=$÷ FROM AMPLITUDE ANALYSIS. 
I=O*JP=4÷ FROM BARRELET EERO'S ANALYSIS 
I=O,JP=$÷ FPOM SIMULTANEOUS ANAL. OF P PBAR - ->  RI-PI÷ AND PIO PID 

S CHANNEL PBAR P OR NEAR N 

( I gO .  I ~PPRDX. ABRAMS TO CNTR S CHANNEL NBAR N 1 / 7 1  
( 165 . )  l i B . )  (8 . )  ALSPECTOR 73 CNTR S CHANNEL PBAR P 1 /74  
l I 35 .O )  1 ISO.  O) ( 65 .0 )  COUPLAND 77  CNTR O . 7 -2 .APB-P+PB-P  12 /T7  

FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
ISOSRINS O AND 1 NOT SEPARATED 

REFERENCES FOR EPS ILON(2300 I  

÷FERRQ-LUZZI,BIZARO,÷ (CERN+CAEN÷SACL) 

÷EOOL~GIACOMELLI,KYCIA,LEONTIC,LI,* (BNLI 

• EOOPER,RHINES,ALLISON (ANL+OXF) 
+BARISH,CAROLL,LOBKOVICZ÷ (CIT÷BNL~ROCH) 

÷MING MA,OH,PARKER,SNITH,SRRAFKA IMSU) 

ALSRECTOR,COHEN,CVIJANO~ICH,+ (RUTG÷UPNJI 
A.DONNACHIE,P,R.THOMAS IMANCHESTERI 
NICHOLSON,DELORME,CARROLL,+ (CIF+ROCH÷BNLI 

+JONES,WEILHAMMER,BLUM,÷ (CERN÷MPIMI 
+MOUNTZsZEMANY,SMITH (MICHI 

A.DONNACHIE,P.R.THOMAS (MANCHESTER) 
EISENHANDLER,GIBSON~+ (LOQM+LIVPtDARE*RHELI 

÷CDUPLAND~EISENHANDLER,ASTBURY,÷ ILOOM÷RHELI  JP 
A .A ,CARTER (LOOM) JP 
+COUPLAND,ATN)NSON,ARNISONt(LOOM+DARE÷RHELI 
+EISENHANOLER,GIBSON,ASTBURY,÷ (LOQM+RHELI 

MONTANET 77  BOSTON CONF. 2BO L.MOMTANET ICERN) 

CARTER I 78  NP B 132 176 A.A.CARTER (LOOM) JP 
CARTER 2 78 NP B l T I  ~bT A,A.CARTER (LOOM) 
CUTTS 7B PRO IT  16 ~GOOD,GRANNIS,GREEN,LEE~PITTMAN÷KSTON~WISCI 
DULUDE[ 78 PL 79  B 329 ÷LANOU,MASSIMO,PEASLEE÷  (BROW+MIT÷BARI )  JP  
OULUDE2 7B PL 79 B 335 +LANDU,MASSIMO,PEASLFE÷ (BROW÷MIT÷BARI) JP 

NARTIN 79 PL B6 B $3  A.D. MARTIN,M.R. PENNINGTON IOURHI 

BOWCOCK BO LNC 2B 21 J.E.BOWOOCK,D.C.HOOGSON (FIRM) 
MARTIN A BO NP 8 169 216 A .D .  MARTIN,M,R. PENNINGTON (OURHI JR 
MARTIN B 80 NP B 176 355 F.R.MARTIN~O.MORGAN (LOUC~RHEL) JP 

I ,  " R . . . . .  8 . . . .  o . . . .  , , = ,  

THIS ENTRY HAS PREVIOUSLY CALLED UI(2400I.  
• %. CONTAINS ONlY RESULTS FROM FORMATION EXPERIMENTS, FOR ) PRODUCTION EXPERIMENTS SEE THE NBAR N(1400 - -3600 )  EHFRY. 

SEE ALSO S,T,U MINI-REVIEWS. 
OMITTED FROM TABLE.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 RHO(2350 )  MASS (MEVI 

M RBAR P INTO PI  PI DR KB K 
M J ( 2480 .  O}  APPROX. CARTER I 77  CNTR O . 7 -2 ,4PB  P ,P IP I  L 2 / 7 7  
M K ( 2BOO.O)  APPROX. CARTER 2 TB CNTR 0 . T -2 *~PB  P ,K -K+  12 /T8  
M, P (2250 .0 }  APPROX. MARTIN A 80 RVUE l /B2~  
M P (2300 .0 )  APPROX. MARTIN F BO RVUE 1 /82@ 

M J I= l , JP=5 -  FROM AMPLITUDE ANALYSIS. 
M K I=O . I . JP=5 -  FROM BARRELET ZERO'S ANALYSIS. 
M P I=I ,JP=5- PROM SIM~JLTANEOUS ANALYSIS OF P PB - -> PI-PI÷ AND RiO PIO 

M S CHANNEL NUCLEON ANTINUCLEON 
M 
M A N 2350. 10 .  ABRAMS TO CNTR S CHANNEL NEAR N 1/73 
M 12360 .0 )  125 .0 I  OH 70  HOBC -OPBARIP ,N ) ,K tK2P [  1 / 73  
M I ( 2~59 . )  ( 2 . 1  ALSPEETOR T3 CNTR S CHANNEL PEAR P E/7~  
M E I  12345 .0 )  ( 15 .O l  COUPLAND 77  CNTR O .T -2 .4PB-P ,RB-P  12 /7T  
M I ( 23DO.O)  APPROX. CUTTS T8 CNTR .97 -3 .  PB P .NB N 1 2 / 7 8  

M A FDR I= I  NBAR N 
M E FROM A FIT TC THE TOTAL ELASTIC CROSS SECTION. 
M I ISOSPINS O AND 1 NOT SEPARATED 
M N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN Tl 
M N NARROW STATE NOT CONFIRMED BY OH 73 WITH MORE DATA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

33 RHO(23501 WIDTH (NEV I  

PBAR P INTO P/ PI  OR KB K 
)2 IO .O)  APPROX. CARTER 1 T7 ONTR O .T -2 .#PB  P .P IP i  10177  
( tSO ,O I  APPROX. CARTER 2 78 ONTR O .T -2 ,~PB  P ,K -Xe  12 /78  
(~OO.O I  ARPROX. MARTIN A BO RVUE 1 /82  = 
I 2SO.  O} APPROX. MARTIN B BO RVUE 1 /82~  

l = l , JP=5 -  FRCM AMPLITUDE ANALVSIS .  
I=O,l,JP=5- FROM BARRELET ZERO*S ANALYSIS. 
I=£,JP=5- FRO~ SIMULTANEOUS AN~J+YS)S OF P PB --> Pl-PI÷ AND PIO PIO 

S CHANNEL NUCLEON ANTINUCLEON 

I140.) APPROX. ABRAMS 67 CNTR S CHANNEL PEAR N [173 
160 .0 )  OR LESS OH TO HDDC -OPBAR)P ,N I tK tKZP I  I I / T i  

( ICE . )  I 18 .1  ( 8 . )  ALSPECTOR 73 CNTR S CHANNEL PEAR P 1 /74  
1135 .0 )  1150 .0 )  ) 65 .0 l  COUPLAND 77  ONTR O .7-2.4PB-P,PB-P 12 /T7  

FROM A FIT TO THE TOTAL ELASTIC CROSS SECTION. 
ISOSPINS o AND I NOT SEPARATED 
NO EVIDENCE FOR THIS BUMP SEEN IN THE PEAR P DATA OF CHAPMAN Tl 
NARROW STATE NOT CONFIRMED BY OH 7B WITH MORE DATA.  

W 
W J 
W K 
W P 
W P 

W J 
W K 
W P 

W 
W 
W 
~ N  

w E~ 

~ E I 
W N 
W N 
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Data Card Listings 
For notation, see key at front of  Listings. 

ABRAMS 6T PRL IB  t 209  

8RICMAN 69 PL 29 B 65 l  
CASO 69  LNC 3 707  

ABRAMS 70 PR 0 l l ~17  
OH 70 PRL 26 1257 

CHAPMAN 71 PR D4 1275 
F IELDS 7 t  PRL 27  t 749  
TDH 71 PRL 26  922  

EASTMAN 72 NP F 5 t  29 
MING MA T2 NP B St  7T 
OH 72 NP 8 51 57 

ALSPECTD 73 aRL 30 5LI 
NIEHOLSO 73 PRD 7 2572  

HYAMS 74 NP 8 73 2E2 
MING MA T@ NP B68 214  

OONNACHI T5 MC 26 A 317 
EISENHAN T5 NP B 96 109 

CARTER I 77 PL 67  B t L 7  
CARTER 2 TT PL 6T B L22 
CARTER B 77 NP B I2l 202 
COUPLAND TT P l  71 B 460  
MONTANET 77 BOSTON CONF. 260 

CARTER 1 78 NP 8 152 17B 
CARTER 2 78 NP B 141 467  
CUTTS TB PRO LT 1B 

MARTIN 7g  PL 86  B ~3 

REFERENCES FOR RHO(2350) 

+CODL,GIAEDMELLI,KYCIA,LEONTIC,LI,+ IFNL) 

÷FERRO-LUZZI,BIZARD,÷ (CERN+CAEN*SACL} 
÷CDNTE~BENZ,÷ (SENO+DESY÷HAMB÷N)LA+SACLI 

eCOOL,GIACOMELLhKYCIA,LEONTIC,LI,+ (BNLI 
÷PARKER,FASTMAN,SMITH,S~RAFKA,Ma (MSU) 

÷GREEN,LYS,MURPHY,RING,+ (MICH) 
+CODPER,RHINES~ALLISON (ANL+OXF) 
÷BARISH,CAROLL,LOBKOVICZ÷ (CITtBNL÷ROCHI 

÷MING MA,DH,PARKER,SMITH,SPRAFKA (MSU) 
÷EASTMAN,OH,PARKER,SMITH~SRRAFXA (MSU) 
÷EASFMAN,MING MAtPARKERtSMITHt* (MSUI 

ALSPECTOR,COHEN,CVIJANOVICH.4 (RUTG+UPNJ) 
NIEHOLSONtDELORME,CARBOLL,+ (CIT÷RDCH+BNL) 

÷JONES,WEILHAMMER~BLUH,÷ (EERN÷MPIM) 
• MOUNTZ,ZEMANY,SM)TH IMICH) 

A.DONNACHIE,P.R.THOMAS IMANCHESTER) 
EISENHANDLER,GIBSON,~ (LOOM+LIVP+DARE÷RHELI 

÷C~UPLAND,EISENHANDLER,ASTBURY,÷(LOQM÷RHELI 
A.A.CARTER (LOOMI 
÷COUPLANBIATK]NSONtARNISON÷(LOOM+OARE÷RHELJ 
+EISENHANDLER,GIBSON,ASTBURY,+ (LDQM÷RHELI 
L.MONTANET (CERN) 

A.A.CARTER (LOOM) 
A.A.CARTER ILOOM) 
+GOOD,ORANNIS ,GREEN,LEE ,P )TTMAN÷(STON÷WISC)  

A,O. MARTIN,M.R. PENNINGTDN (DURH] 

BOWCOCX 80 LNC 28 2L J.E.BOWCOCK,D.C.HODGSCN IBIRM) 
MARTIN l 80 NR B I6g  216  A,D. MARTIN,M.R. PENNINGTON (DURH) 
MARTIN BBO NP B 17B 355 B°R.MART)N,D.MORGAN ILOUC*RHELI 

* * * *= *  * * * * * * * * *  * * * * * * * * *  * * * * *= * * *  = * *= * * * * *  * * * * * *= * *  = * * * * * * * *  *= *= * * * *  
= $ I ~ =  l = t l = = ~ = =  l = = t t t = = t  I t t l l = ~ l  = * * = = * t = t  * = l l ~ t t = ~  = o * = = ~ t =  *= *~ * * *~  

1+¢ 4so>I + . . . .  , , , + + ,  . . . . . . . . . .  , . ,  

SEEN IN PARTIAL WAVE ANALYSIS OF THE K KBAR 
SYSTEM, NEEDS CONFIRMATIDN. OMITTED FROM TABLE. 

24 DELTA(2#SOl MASS (MEVI 

M C 2#50. 20. ELELAND BO SPEC + -  SO PI R,KS K÷-P 

H C FROM AN AMPLITUDE ANALYSIS 

24 OELTA{24501 WIDTH (MEV) 

W C 320. #O* CLELAND 80 SPEC +- 50 PI P,KS K+-P 

M C FROM AN AMPLITUDE ANALYSIS 

24 DELTA(2450) PARTIAL DECAY MDOES 

DECAY MASSES 
Pl DELTA(2~SO) INTO K KBAR 697÷ 497 

REFERENCES FOR DELTA(2ASO) 

CLELAND 80 UGVA-DPNC/OT-IOI +GLOOR,MARTIN,NEF,÷ (PITT~GEVA÷LAUS) 

* * * * * *  = *= * * * *= *  * * *===* * *  = * * * *===*  = * * * * * * * *  = * * * *= * * *  *= * * *e *= *  = *= * * * * *  

I , . . . .  - o + + o  . . . .  - 
THIS ENTRY CONTAINS NON-STRANGE 
VECTOR MESONS COUPLED TO E~ E - lPHOTONI  
BETWEEN PHI AND J/PSI MASS REGION. 
SEE ALSO RHQ PRIME(12501 AND RHO 
PRIME(16OOI MINI-REVIFW. 
SEE ALSO PHI PRIMElI6701 
OMITTED FROM TABLE. 

M (lOOT.Of 
W (31.0) 

M (IBBOoOI 
W ([2O,Ol 

M C (2iBO, I 
W C lEO.) 

MA  
W A  

A 
C 

REFERENCES FOR E÷ E-(I IO~22001 

BACCI 75 PL 5B B 4EL +BIDOLI,PENSO,STELLA,BALDINI,+ (ROHA+FRASI 

BACC[ 76 PL 64 B 356 ÷BIDOLI,PENSO,STELLA,BALDINI~* (RQMA÷FRAS) 

B~CI 77 PL B 68 393 +DE ZORZI,PENSD,STELLA,DALDINI,÷(ROMA÷FRAS) 
BARBIELL 77 PL B 68 397  BARBIELLIN|,BARLETTA,÷(FRAS*NAPL÷PISA÷SANIi 
B~TALUC 77 NC A 39 374 BAR TALOCCI BERTOLUCCI, BRADASCHIA(DESY÷FRASI 
ESPOSITO 77 PL B 6B 3Bq ÷FELICETTI,MARIN[,÷ (FRAS÷NAPL+PADO÷RDNA) 

JP 
JP 

JP  
JP 

B /8L *  

7 E÷ E-(I[00,-2200) MASSES AND WIDTHS IMEV) 

(16.Ol (ED.O) FARTALUCO 79 OSPK ?GAM P,E+ E- P |2/T9 
I24.0)  12O.Ol  BARTALUCC 79 OSPK 7 GAM P,E4 E- P 12/T9 

APPROX. PETERSON T8 SPEC GAM P,K÷ K- P 
APPROX. PETERSDN 78 SPEC GAM P,K÷ K- P 

APPROX. ESPDSITI T8 MEA E+E-,K*(B92)+.. 12/78 
APPROX. ESROSITI TB MEA E÷E-,K~(Bg2I+.. 12/78 

(1820.] APPROX. SPINETTI 79 RVUE E+E-96 P[+- 2GAM 1/82= 
130,) APPRDX. SPINETTI 79 RVUE E÷E-,4 PI+-- 2GAM 1/82~ 

INTEGRATED CBOSS-SECTION OF BARBIELLINI 77,BACC[ 7T,ESPOSITO FT. 
NOT SEEN BY CELCOURT 79. 
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Data Card Listings 
For notation, see ke3~ at front of  Listings. e + e - ( 1 1 0 0 - 2 2 0 0 ) ,  

Mcsons 
N ~ ( ~ 4 0 0 - 3 6 0 0 )  

ANBROSIO 78 RL 80 B 141 +CERRITO, BENPORAO, BROSCO,÷ (NAPL+PISA+ROMA) 
BALOINI 78 PL 78 B 167 +BATTISTONI~CAPON,BACCI~OEZORKI+(FRAS+ROMA) 
ESPOSITI 78 LNC 22 30S ESPOSITO.FELICETTI+ (FRAS+NAPL+PADO~RONA) 
ESPOSIT2 78 LNC 23 6D4 ESPOSITO.FELICETTI+ (FRAS+NAPL+PAOO÷ROMA) 
PETERSON T8 PR D 18 9955 +G[XON,EHRLICH,GALIK,LARSON+ (CORN+H&RV) 

BARTAIUC 79 NC 4 9  A 207 BARTALUCCI,BASINI,BERTOLt~CI+ (DESY+FRAS( 
DELCODRT T9 8ATAYIA CONF.499 +BERTRANO.BISELLO.BIZOT.BUON,CORDIER+(DALO) 
ESPOSITD 79 LNC 25 5 +MAR[NI.PALIOTTA+ (FRAS~UMO+PADO+RONAI 
SPINETTI 79 BATAVIA CONF.506 M. SPINETTI [FRASI 

BACCI 80 PREP. LFN 80/2 +BALOINI,BATTISTONI~CAPCN,DE ZORZ[÷ (FRAS} 

, , ~ , . $ ,  * * * * * ,w .$ .  * * * *$ *5 * *  $ * * * * * * * *  $5 * *$ * * * *  5~$ * *$~ .5  *~55 .555 .  * * * * *555  
*~ ,~ . * * *  * $$ *~ , *$ *  $ * * *$ * * *5  55 * * * *5 * *  * * * *$ * * * *  * *$ * * * *$ *  55 * * *5 *5 *  * * * * *5 *5  

IR ( 4oo-  oo)l BE N.RN,1400- . . . .  , 
I - - I  

THIS ENTRY CONTAINS VARIEUS HIGH 
HIGH MASS, NON-STRANGE STRUCTURES 
COUPLED TO THE BARYO~ANTIBANYON 
SYSTEM A5 WELL AS qUASI-NUCLEAR 
BOUND STATES BELOW THRESHOLD. 

SEE ALSO S,T,U DATA CARD LISTINGS AND NINIREVIEWS. 
EVI OENCE FOR STRUCTURES COUPLEO TO THE &NTI-HYPERDN 
NUCLEON (OR C.Co) SYSTEM IS LISTED UNOER Kt(22001o 
DMITTEO FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5L NBAR NIL400-36001 MASSES AND WIDTHS (MEV( 

M W G ( IB9S . )  RAVLOROUL 78 CNTR STOPPED PBARS I /T8  

N W G ( I 646 . )  PAVLOPOUL 78 CNTR STOPPED PEARS [ / 78  

M W G ( I 6B~o l  PAVLOPOUL T8 CNTR STOPPED PRARS 1 /78  

N OBSERVED NIOTHS CONSISTENT N[TH EXPERIMENTAL RESOLUTION. 
G THEY LOOKED FOR RADIATIVE TRANSITIONS TO BOUNO P PBAR STATES, 
G MONO-ENERGET[C GAMMA RAY~ DETECTED. 

B 

: R 
R 
R 

M I 

w I 

Z 

: T 

R 

L 

R 
R 

M N 
W N 

N 

S 

N M 
W M 

Z 

N A 
W A 

A 

ZO ( L 7 9 6 . 5 1  (1.4| GRAY 71 BEE - O. PBAR D 11T2 
ZO (8 . l  OR LESS EL=.95 GRAY 710BC O. PBAR O 1/72 
zO DECAYS TO FOUR OR NORE P IONS, I= I .  

NOT SEEN BY AMSLER 80 .  

( [ 897 .1  ( 1 . (  KALOGERO 7S DEC - PEAR N ANNIH 12/7B 
(2S . (  ( 6 . )  KALOGERO 75 DEC PEAR N ANNIH 12/75 

NOT SEEN BY ALBERI T9. AMSLER 80.  

( 1897 .0 )  ( I T .O )  ABASHIAN 76 STRC 8P I -P ,P  3PI  [ 2 / 7T  
( I [O .O)  (82 .01  ABASHIAN 76 STRC BP I -P ,P  9PI 12 /77  

PRODUCED BACKWANDS. 

( 1920 .0 )  APPROX. EVANGELIS 79 OMEG 10.16 P I -P ,PB  P 12 /79  
(190.0) APPROX. EVANGELI$ 7g OMEG |0.16 PI-PoPB P [2/79 

I=I,JP=I- FROM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOL~ION A. 

1969. IO .  OEFOIX BO HBC 0 0 -1 .2  PB P,5 P( 12 /79  
80. 20.  DEFOIX 80 HBC O 0 -1 .2  PB P,5 Pl [ 2 / 79  

ISOSPIN = I FAVORED 

153 (2020 .0 )  ( 3o0 )  BENKHEIRI 77 OMEG 0 9 .12P I -P ,PPPBPI -  l Z / 77  
153 ( 24 .0 )  ( I 2 .  Q) BENKHEIRI 77 ONEG 0 R .12P I -P .PPPBP( -  I21E7 
NOT SEEN BY 8IONTA 80, CARROLL 80. HAMILTON BO, BANKS El, CHUNG 8 1 .  

lE02OoO) APPROX. EVANGELIS 79 OMEG 10,16 P I -R .PE  F 12/T9 
(16D. OI ~PPROX. EVANGELIS 79 OMEG E0.16 P I -~ ,P8  P 12 /79  

I=0~3P=2+ FREM A MASS DEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

EOBO* lO* KREYNER 80 STRC O I3  P I -O .PPBNIN I  4 / 82 *  
[ lO .  20.  KREYMER 80 STRC 0 13 PI -D ,PPRNIN)  4 /B25 

NEUTRON SPECTATOR. SEE ALSO NPPBP| - (P I  CHANNEL FOLLOWING. 

2090 .0  20 .0  KREYMER 80 STRO 13 P I -D ,NPPBPI -P  [ / 825  
[ 70 .0  50 .0  KREYMER BO STRC 13 P[ -D.NPPRPI -P  I/E25 

PROTON SPECTATOR. SEE ALSO PPBN[NI CHA~NEL ABOVE. 

( 2 [ [ 0 . 0 (  APPROX. EVANGELIS 7q OMEG 10.16 P I -R ,P8  P 12 /79  
[330 ,01  APRRDX. EVANGELIS T9 OMEG I0~16 P1-P.R8 P L2/T9 

I = I , JP=3 -  FRCM A MASS OEPENDENT PARTIAL WAVE ANALYSIS TAKING 
SOLUTION A. 

2110.0  10.0 ROZANSKA BO 
L90. O 10 .0  ROZANSKA 80 

I=I.JP=3- FROM AMPLITUDE ANALYSIS ASSUMING 

( 2~ l . )  DONALD 78 
114.1 DONALD 73 

SEEN IN F INAL STATE (OMEGA PI+ P I - I  

2180.0 10.0 ROZANSKA RO 
270 .0  tO.O ROZANSKA 80 

(=O,JP=Z+ FROM AMPLITUDE ANALYSIS ASSU~HNG 

(E lgO.  O) KALBFLEIS 69 
BETWEEN 20 AND 80 MEV KALBFLE[S 69 

SEEN IN PBAR P TO RHO0 RNOO P[O. IG=[  - ,  
NOT SEEN BY BACON 73. DONALD 73.  
NOT SEEN BY ZEMANV 76 IN RHOO RHOO P I - .  

58 (2206 .0 |  (B .O I  8ENKHEIRI 77 
58 ( LD . I  OR LESS BENKHEIRI T7 
NOT SEEN BY EIONTA 80, BANKS 8h CHUNG 81. 

SPRK 1B.PI-P.P RE N 12/79 
SPRK I8.PI-P.R PB N [2179 
ONE PION EXCHANGE 

HBC 0 S CHANNEL PBAR P l / T~  
HEO O S CHANNEL PEAR P 1 /76  

SPRK EB .P ] -P .P  PB N 12/79  
SPRK [8 .P I -P .P  PB N 12/T9 
ONE PION EXCHANGE, 

HBC D S-CHANNEL PDAEP 7169 
HBC D S-CHANNEL PBARP 7 /69  

ONEG - 9 . 12P I -P .PPPDP l -  121TT 
OMEG 9. IEP I -P *PPPBPI -  12/7T 

(2ZO7 . l  ( 13 . )  &LLES-OOR 87 HBC O 5 .7  PEAR P 12166 
(6B . I  IB2 .  I ALLES-BOR ~7 HDC 0 P.T PEAR P 12 /66  

ALLES-RORELLI 67 SEE NEUTRAL NODE ONLY (? I+P I -P [O I  

2210.0  Tg.O 21.0 EVANGEL2 79 OMEG 10. P I -P ,K~  K- N I 2 / 79  
( 203 .0 }  APPROX. EVANGEL2 79 ONEG IO.  P [ -P~K÷ K- N 12179 

M R (2260 ,0 )  APPROX. EVANGELIS 79 ONEG tO,CO P I -P *PB  P [ 2 / 79  
g R (660 .0 (  APPNOX. EVANGEL[S 79 ONEG tOg|6 P I -P .PB  P [ 2 / 79  

R I=O*JP=6÷ FROM A NABS OEPENOENT PARTIa l  NAVE ANALYSIS TAKING 
R SOLUTION A° 

N 2307.0  6 .0  ALPER BO CNTR 0 62 P1-P.K÷ K-  N [ / 8 2 "  
W E~5.O 20 .0  ALPER 80 CNTR O 62 P I -P .K+  K-  h [182  • 

M N 2380 .0  [O.O ROZANSKA BO SPPK 18.PI-P.P PEN 12/79  
W M 380 .0  EO.O ROZANSKA BO SFRK IB .P I -P ,P  P8 N t 2 / 79  

M I=O,JP=6+ FROM AMPLITUDE ANALYSIS ASSUMING ONE PlON EXCHANGE 

M N ( 2450 .0 )  (EO.O) ROZANSKA EO SPRK 18 .P I -P ,P  PD N [180  
W N (EBO.O) (2O.O I  ROZANSKA BO SPRK IB .P I -P ,P  PB N IE/EO~ 

M (=[tJP=S- FROM AMPLITUDE ANALYSIS ASSUMING ONE PION EXCHANGE 

M J (2A8O.OI  { 30 .0 )  CARTER 77 6NIR 0 . 7 -2 .~PB  P ,P IP [  12 /77  
W J ( 210 .0 l  ( 25 .0 I  CARTER 7T CNTR 0 . 7 -2 .6PB  P .P IP I  12 /77  

J I = I . JP=S-  FRO, AMPLITUOE ANALYSIS OF PAB&R P INTO P( P I .  

M K [2500 .01  APPROX. CARTER 78 GNTR O .7 -2 .4PB  P.K-K+ 12178 
w N (150 .01  APPROX. CARTER 7B CNTN O .T-2 .PPB P ,K -K*  [2178 

K I=O , I . JR=5 -  FROM BARRELET ZERO ANALYSIS. 

M ( 2710 .0 )  ( 20 .0 (  ROZANSKA BO SPRK I8 .P I -P ,P  PB N [2179 
W (1TO°O) (4O.O# ROZANSKA EO SPRK 18°P I -P ,P  P8 N 12179 

M V 12B50 .0 ]  ( 5 . 0 )  ERAUN 76 DEC - 5.5PEAR D,N NBPe [2177  
W V ( 99 . |  OR LESS BRAUN 76 OBC 5.5PEAR D.N NBF+ I21TT 

V DECAYS TO NEAR N AND NBAR N Pl 

M W [BOBO.] ( 20 . (  ALEXANDER 72 HBC O 6.94 PBAR P lIT3 
w W (220.1  ( ?O . I  ALEXANDER 7Z HBC O 6 .9~  PBAR P 1 /73  

w DECAYS TO 3P I t  3P I -  
N NOT SEEN BY KALELRAR 75 WITH 1.B TINES MORE DATA 

M X (3370 . )  ( 10 .  l ALEXANDER T2 HBC 0 6 .96  PEAR P [ / 7B  
W x ( ISO . (  14O.)  ALEXANDER 72 HBC O 6 .96  PEAR P 1 /73  

X DECAYS TO 6P I÷  4P I -  

M Y (3390 .1  [ 2O . I  ALEXANDER 72 HBC 0 6 .94  PEAR P 1 /78  
N Y (220. l [lOO.) ALEXANOER 72 HBC 0 6.96 PEAR P 1/73 

Y DECAYS TO 3 P l +  3Pl- 
Y NOT SEEN BY KALELK&R T5 WITH Z.5 TIMES MORE DATA 

N Z (3600 .1  ( 20 . |  ALEXANDER 72 HBC 0 6 .94  PBAR P 1/7S 
w Z (160 . )  ( 20 .  l ALEXANDER 72 HBC 0 6 .9~  PEAR P 1 /73  

Z DECAYS TO 4PI+  4P I -  

* * * * * *  . 55 . t * * * *  * 5 *$ * *55 *  * * * * * * * * *  $ * * t $ * * . 5  $ * . 5 . *$ * *  5 *5 * * * *$$  $ * * * *5¢ *  

REFERENCES FOR NBAR N(1400-36001  

ALLES-80 67 NC 50 A 776 ALLES-BORELL[IFRENCHvFRISK,÷ (CERN+BCNN)6=- 

KALBFLEZ 69 PL 29 B ZS9 G.KALDFLEISDH.R.STRANDtYoVANOERBURG (BNLI 

ALEXANOE 70 PRL 25 63 +BAR-NIR*OAGANtGIDAL,GRUNHAUS+ (TEL -&V IV I  
NALBFLE[ 70 PH[LAO.DCNF.P.40D G.KALBFLE[~OH AND D.NILLER REVUES (BNL) 

GRAY T1 PRL 28 16R[ ~HAGERT.KAEOGEROPOULOS (SYRAI 

ALEXANDE 72 NP B 45 29 ALEXANOER.BAR-NIR*BEVARY.OAGAN*+ (TELA) 
80GOANOV TZ PRL 28 181B BOGOANOVA.GALKAROVtSHAP]RO ( ITEP I  
BUGG 72 PR D 6 3047 +CONOO*HARTtCOHN.END~RF *+ {TENN÷ORNL+C[NCI 
CLAYTON T2 NP B 67 B1 ÷MASON.MUIRHEAD*RIGOPOULOS.+ (LIVPePATR( 

80WEN 73 PRL 30 332 +EARLES.FAISSLER.OLIEDEN~+ (NEAS+STON| 
D~ALD 73 NP B 61 333 +EDWAROS.GIBBINS,BRIAND,~BOC.+ (LIVP+LPNP] 
GRAY 73 PRL 30 IO9 [  +PAPAOOPOULOU,KARAGEROPOOLOS,+ (ATEN+SYRA( 
NICHOLSO 73 PRO 7 2572 NICHOLSON, DELORME,CARROLL.+ (DIT+ROCH+RNL( 

HYANS T4 NP E 73 202 +JONES,NEILHAMMER.BLUM.+ [CERN+NPIN] 

DDNNACHI 7B NC 26 A 317 A.DONNACHIE.P.R.THOMAS (MANCHESTER( 
EISENHAN 75 NP B 96 109 EISENHANOLER.GIBSDN.÷ (LOQM+LIVP+DAREeRHELI 
KALOGERO 75 PRL 3A 1047 KALOGEROPOULOS, TZANAKOS (SYRA| 

ABASHIAN 76 PR D 13 5 ~WATSON.GELFAND.BUTTRAM+(ILL+ANL+CHIC÷IOWA( 
BRAUN 76 PL B 60 AB1 ÷BRICK,FRIDNAN,GERBER,JUILLOT,MAURER+[STRBI 
ZEMANY 76 NP B 109 587 +MING MA.MOUNTZ.SNITH (NSU) 

BENKHEIR 77 PL B BE 483 BENKHEIRI,BOUCROT.+ (CERN+COEE+EPOL+LALO) 
CARTER 77 PL 67 8 I f7 +EOURLANDIEISENHANOLER16STBURY.~(LOQN+RHEL) JP 
EVANGEL( 77 PL B 72 139 EVANGELISTA+ (DARI+BONN+CERN+DARE~GLASe) 

BALTAY 78 PR 0 17 62 +EAUTIS.EOHEN,CS~NA,KALELKAR+ (COLU+BING) 
BENKHE[R TB LAL-TE/BO BENKHEIRI,BOUCROT+ (CERN+COEF+EPOL÷LALOI 
CARTER 78 NP B 1~1 467 A.A.CARTER (LOOM) 
PAVLOPDU TB PL T2 8 415 PAVLOPOULOS÷ (KARL+BASL+CERN+STOH+STRBI 
PENNINGT 78 NP B 137 7T M.R. PENNINGTON |CERN) 

ALEERI 7g PL 83 B 247 +ALVEAR,CASTELLI.POROPAT+ (TRST+CERN+IFRJD 
ALSTU~G 79 PRL ~3 I ~ O t  ALSTON-G&RNJOSI.HAMILTON+ (LBL+MTHO+BNLI 
ARMSTRON 79 PL B 85 304 ARMSTRONG~ (AACH+BARI+BONN+CERN~GLAS+LIVP÷) 
BENKHEIR 79 PL Bt  B 980 8ENKHEIRI.BOUCROT.+ (EPOL+LALO+COEF+CERNI 
CARROLL 79 PR D 19 L 9 5 0  +CHIANG.KYCIA.LI.LITTENOERG~+ (8NL+ROCHI 
DEL6OURT 79 PL B 86 395 +DERAOO, BERTRANO,BISELLO,EIZOT.EUON,+(LALO) 
EVANGELI 79 NP B 153 2B9 + iBARI+BGNN+CERN+OARE+ELAS+LIVP÷MILA~WIEN) 
EVANGEL2 T9 NP B 156 981 + I8&RI+BONNeCERN+OARE+GLAS+LIVP+MILA~WIEN) 
GIBBARD 79 PRL 42 1599 +AHRENS.BERKELMAN. CASSEL.OAY.HAROING+IEORNI 
MARTIN Tg PL B 86 09 A.O. NARTIN.N.R. PENNINGTON (DURH| 

ALPER 80 PL 94 B 422 +BECKER.+ (AMST+CERN+CRAC+NP[M+OXF÷RHEL| 
AMBLER BO PRL 64 85B +AUERBACH.MANDEL~ERN.+ (UNN+TEMP+UCI] 
BIDNFA 80 PRL 66 90~ +CARROLL,EDELSTEIN.+ {BNL÷EARN+FNAL+SMDSI 
BIONTA 2 BO PRL 46 970 +CARROLL.EDELSTEIN.÷ (BNL+CARN~FNAL+SMASI 
CARROLL 80 RRL 44 15TE  *CHIANG.JDHNSON,CESTER.NEBB.* IBNL+PRIN) 
C~NG EO RRL AB t ~ l I  *ETKIN,BENSINGER*+(BNL+BRAN*CUNY*SMAS*NASA) 
DEFDIX 80 NR B 182 12 +OOBRZYNSNhANGELINI.BICI,+ (CDEF+PISAI 
HAMILTON BO PRL 64 1179 +PUN, TR[PR,LAZARUS.NICHDLSDN ILBL÷BNL+MTHOI 
KREYNER BO PR D E2 36 +BAGGETT.FIEGUTH,ALA~,+IIND+PURO+SLAC+VAND) 
ROZANSKA BO NP B 16B BOB +BLUMtO[ETL,GRAYER,LORENZ+ [MPIM+CERN) 

BANKS 81PL I00 B 191 +BOOTH.CAMPBELL.ARMSTRONG.+ (LIVP+CERN| 
6HUNG BI PRL 46 395 +BENSINGER,+ (BNL~BRAN+CINC+FSU+SMASl 



Mesons 
X ( 1 9 0 0 - 3 6 0 0 ) ,  CHARMONIUM F~(2980) 

156 

Data Card Listings 
For notation, see key at front of  Listings. 

I 2 ~ 1  IX[ 1900-3600) ! . . . . . .  o ....... 
I ! 

THIS ENTRY CONTAINS VARIOUS HIGH-MASS %k 
NON-STRANGE PEAKS. OMITTED FROM TABLE. i 

The high mass region is covered nearly contin- 

uously b y  e v i d e n c e  f o r  p e a k s  o f  v a r i o u s  w i d t h s  a n d  

d e c a y  m o d e s .  As a s a t i s f a c t o r y  g r o u p i n g  i n t o  

p a r t i c l e s  i s  n o t  y e t  p o s s i b l e ,  we l i s t  a l l  t h e  

Y = 0 b u m p s  c o u p l e d  n e i t h e r  t o  NN n o r  t o  e + e  - ,  a n d  

having M >1900 HeY, together, ordered by increasinq 

mass. Note that ANTIPOV 72 (~-p + p MM- at 25 and 

40 G e V / c )  s e e  n o  n a r r o w  b u m p s .  

46 X11900-36001 MASSES ANO WIDTHS 

M ZOO( ]BDB. ) ( 18 . )  THOMPSON 74 HBC 
W lOO (108. )  (~1. I (B7.1 THOMPSON 74 HBC 

M lOCI 1900. I (BO. I BOESEBECK 6B HBC 
W 100 (216. I (10~. |  BDESEBECK 68 HBC 

M ( [970 . )  ( 1D . I  CHLIAPNIK BO HBC 
w ( 197o .  I l iD . )  CHLIAPNIK BO HBC 

M 30(1973.D! (15 .0 )  CASO 70  HBO - l l . 2P I -P ,RHD 2PI 12/75 
W 3D (BO.O} CASO 70 HBC l l .2P I -R ,RHD 2P I  12175  

M K 40(1975.0)  (12 .DI  KRAMER TO HBC + 13.1 RE÷ P,BPI i1170 
W K z,O (52.0)  OR LESS CL=.DO KRAMER 70 HBC + 13 . [  PI+ P,BPI 12175 

K 2PI PEAK CF KRAMER NOT SEEN IN SANE EXP WITH MORE DATA(THOMPSON 74) 

M 50 (2070 . )  TAKAHASHI 72 HBE B. PI -P,N ZPI 12175  
W 5D (16D . )  TAKAHASHI 72 HBC B. PI -P,N 2Pl 12175  

M (214 ,5 . )  ( 1D . )  AJ [NENKO 80 HBC + 32 N~PePH[  P I+  X 3 /82 *  
W W 125 .  ) DR LESS AJ INENKO 8D HBC + 3B K+P ,PH I  P l+  x 3182 ,  

W COMPATIBLE WITH ESTIMATED EXPERIMENTAL RESOLUTION 

M E (2157.0)  (TO°Of KRAMBR 70 HBC + 13 . I  PI+ P,BPI 11/70 
W E (6B.O) (22 .0 )  KRAMER 70 HBC + I 3 . I  Pl+ P,2PI 11170 

E EVIDENCE OF KRAMER 70 DISAPPEARED WITH MORE STATISTICSITHOMPSON 74 )  

H (2 [DO.O I  ( lO .O )  CLAYTON 67 HBC + -  2.5PBAR,AB+DMEGA 10 /67  

M C (2207.0 |  (22.  DI CASD 70 HBC - I I . 2P I -  P,NDTE C 5170 
W C (130.Dl  CASO 70 HBC 11,BPI-  P,NDTE C 5170 

C SEEN IN  RHD- P I+  P I -  [OMEGA AND ETA ANTISELECTED IN  k PI  SYSTEMI 

M B 126 (23~ ,D .  1 ( 2D . )  BALTAY 75 HBC ÷ 15 P I+P ,PSP l  12 /7B  
W B [26 { 18D .  ) ( 6D . I  8ALTAY 75 HBE * 15 P I+P ,  P5P1 12175  

B DOMINANT BECAY INTO RHD0 RHDO P I÷ .  BALTAY 7B FINDS CONFIRMATION 
B IN BPI*PI -2PID EVENTS WHICH CONTAIN RHD+ RHO0 RiO AND BRHD*PI-. 

M (2SOD.O) (32 .0 )  ANDERSON 69 MMS - 16 P l -  P,BACKW9 B169 
W (BT.O) ANDERSON 69  NMS 16 P l -  P,BACKN9 8269 

M 550(2620.)  ( 20 . )  BAUD 69 MMS - 8 . -ED .  P I -  P 9169 
W 550 (8B.)  ( 30 . )  BAUD 69 MMS B . - IO .  P I -  P 9169 

wM (2676 .01  [ 2T .D I  CASO TO HBC - 11 .2P1 -  P,NOTE C 5170  
( ISO .O)  CASO 7D HBC - I I . 2P [ -  P,NQTE C 5170  

C SEEN IN  RHO- P [~  P I -  (OMEGA AND ETA ANT[SELECTED IN  4 P) SYSTEM) 

M 6~O(28DD.} (BO.l  BAUD 69  MMS - 8 . - IO .  P I -  P 9 /69  
w 6~0 (~6. I (ED.I BAUD 69 MNS B.-[O. PI- P 9169 

M C 15(2820.)  (1D . I  SABAU 71 HBC + 8. P [+  P 11171  
w C 15 (50 .1  ( ID , )  SABAU 71 HBC + B.  P Ie  P 11271 

C SEEN IN (K  KBAR PI P I )+  MASS DISTRIBUTION 

M 2B0(2880.) I 2D . )  BAUD 69 MMS - 8 . - ID .  P I -  P 9269 
W 230 (15 . )  OR LESS BAUD 69 MMS B . - IO .  P l -  P 9169 

M Y ~3 (3013 . )  ( 5 . )  YDST 71 HBC ÷ l l .P I+  P ,P IBP I ]+  11171  
W Y ~3 (40 . )  DR LESS YDST 71 HBC U .P I+  P ,P IBP I )  517 [  

Y 4°B S.O. EFFECT . DECAY TO 7 PIONS 
Y NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA 

q (3025 .0 I  (20.01 BAUD 70 MMS - 10.5-13 P l -  P 5/7D 
W (25 .0 )  APPROX. BAUO 7D MMS I0 .5 -13  PI-- T 5170 

M ( 3075 .0 |  12O .O ]  BAUD 70 MMS - ID .5 -13  P I -  P 517D 
N (25 ,0 )  APPROX. BAUD TD MMS ID .5 - I 3  P I -  P 5•70 

M [ 3145 .O)  ( 20 .  O) BAUD TO NMS - 1O.S - IB  P I -  P 5170  
w tED;O) OR LESS BAUD 7D NMS 10 .5 -15  P I -  P 5/70 

M (3~75 .D l  ( 20 .0 )  BAUD ?D MMS - 1k . - 15 .5  P I -  P 5170  
W (30.D) APPROX. BAUD 70 MMS IW-).5.5 P I -  P 5/7D 

M [3535 .01  ( 2D .0 )  BAUD 70 MMS - 14 -15 .5  P I -  p 5170  
W (3O .O)  APPROX. BAUD TD MMS 1~ -15 .5  P I -  P 5 /70  

REFERENCES FOR X ( IDOO- ]6OD)  

CLAYTON 67 HEI DBD.CCNF.P .57 +MASON, MUI RHE AD, FI L I PPAS+ ( LIVERPODL +ATHENS ) 

BOESEBEC 68 NP B 4 501 BOESEBECK,DEUTSCHMANN,+(AACHEN÷BERLIN*CERNI 

ANDERSON 69  PRL 22 13gO +COLLINS,÷ (BNL÷CARN) 
BAUD 69 PL 3OB IB9 CERN BOSON SPECTROMETER CROUP (CERN} 

BALED TO PL 31 B 549  CERN BOSCN SPECTROMETER GROUP (CE~NI  
CASD TO LNC 3 707  +CONTE,TOMASINI,CDROS+(GENO*EAMB+MILA+SACL) 
KRAMER TO PRL 25  396 ÷BARTON,GUTAY,L]CHTMAN,MILLER,+ (PURDUE) 

(MEVI  

+ 13 P I&  PIBRMU 12275 
+ 13 P I÷  P ,2RHO 12 /75  

+ 8 Pl÷ P ,PI+  P IO  12175  
+ B P ie  P tP I+  P IO 12175  

D 32 K+ P ,2KS  ZP I  12179  
O 32 K÷ P ,ZKS  2P I  12179  

SABAU 71LNC i 51~ +URETSKY IBUCH+ANL} 
YOST 71 PRO 3 642 +MDRRIS,ALBRIGHT,BRUCKER,LANNUTTI (FSUI 

TAKAHASH 72 PRD 6 ]266 TAKAHASHI,BARISH,÷ [TOHO+PENN+NDAM+ANLI 

THOMPSON 74 NP B6~ 220 +GAIOOS,MCILWAINtMILLER,~LEPA,+ (PURDI 

BALTAY 75 PRL 35  891 ÷CAUTIS,CDHEN,KALELKAR,PISELLO,+(EOLU+BINGI 
KALELNAR 75 THESIS(NEVIS 207) M.S.KALELKAR (COLU) 
KEMP 75 NC 27 A 155 +LOTTS,CONTRI,TEODORQ+(~RH+GENO+MILA+LPNPI 

BALTAY 78 PRO 17 52 +CAUTIS,CDHEN,CSORNA,KALELKAR÷ (CDLU*BING) 
BLANAR 79 PRD 20 615 +BDYER, EARLES,FAISSLER,GARELICK÷ (NEAS) 
CL INE  79 PRL 43 1771 +DE BONTEeGAIDOS,LEEDDM,KEY,+  (PURO+TNTU) 

AJINENKD BD PL 95 B 451 +CHL(APNIKDV,÷ (SERP+BELG*MONS+SACL) 
EHLIAPNI BO ZPHY E 3 285 CHLIAPNIKOV,GERDYUKDV,÷ (SERP÷BRUX+NDNS) 

The Charmonium System 

We g r o u p  i n t o  t h i s  s y s t e m  t h o s e  m e s o n  s t a t e s  

c o m m o n l y  b e l i e v e d  t o  c o n s i s t  o f  c h a r m e d - q u a r k -  

charmed-ant)quark pairs. Since the discovery of 

the J/~(3100) (AUBERT 74, AUGUSTINII 74) this 

f a m i l y  h a s  i n c r e a s e d  t o  a t  l e a s t  1 4 ,  o f  w h i c h  we 

t a b u l a t e  10 a s  w e l l - e s t a b l i s h e d  p a r t i c l e s .  F i g u r e  1 

shows the states of eharmoniura below the ~(3685), 

i n t e r p r e t e d  b y  t h e  c h a r m o n i u m  m o d e l ,  a s  o f  J a n u a r y  

1982. 

jPc 

~# ( 3685 ) 

J/~, (3100) 

hudrons hodro.s),* rod)olive 

0 -+  I - -  O ++ I +* 2 ++ 

Fig. I. The current state of knowledge of the 
chaz~noniz~m system and transitions, as interpreted 
by the charmonimn model. Uncertain states and 
transitions are indicated by dashed lines, jPC 
quantu~n nLmnber assignments are in some cases 
tentative, but all are at least consistent with 
experiment; see individual particle listings for 
discussion. The notation y* refers to decay 
processes involving intez~nediate virtual photons, 
including decays to e+e - ~Lnd ~+p-. 

26 ETA C (298D ,JPG=  +)  I=O 

I "  ( 2 9 a ° ) 1  . . . . . . . . . . . . .  , . . . .  s, . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C PSIIB685) DECAY, THEREFORE C=÷. FROM THE DECAY P I |  

P I  P I ,  G=+, THEREFORE I=O .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 ETA C (2980 )  MASS IMEV)  

M M 18 2982. 8. H[MEL BD SNK2 E+ E- 
M M 2980. 9. PARTRIDGE 80 CBAL E+ E- 
M . . . . . . . . .  
M AVG 29B [ . I  6 . 0  AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 .0 I  

M M MASS ADJUSTED BY US TO CORRESPOND TO J/PS[(31ODI MASS = 3097 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

918  l,i~ 
9181 "  
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Data Card Listings 
For notation, see ke~ at front of Listings. ~(2980), 

Mesons 
J/~(3100) 

26 ETA C(29801 WIDTH (MEVI 

w 18 (60.) OR LESS CL=.90 H[NEL BO 8MK2 E÷ E- 9/8E~ 
w (20.) OR LESS CL=.OO PARTRIDGE 30 CBAL E+ E- 9181~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 ETA C(29803 PARTIAL DECAY MODES 

P HADRENIC DECAYS 
P . . . . . . . . . . . .  
PLI ETA C(2980) INTO 2 (P I+P l - )  139+ E39+ 139+ 139 
PC2 ETA C(29803 INTO P PBAR 938+ 938 
P13 ETA C(2980}  INTO P I+  P l -  P PBAR 139÷ 139+ 938+ 938 
P I6  ETA C (2980 I  INTO K KBAR PI  497+ 497+ 139 
Pl5 ETA C(2980I INTO PI+ PI-  K+ K- 139+ 139+ 490+ 493 
P16 ETA C [2980 l  INTO ETA PI+  P I -  $48+ 139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~6 ETA C(2930)  BRANCHING RATIOS 

RI  ETA C(2980 l  INTO (2 (P I+P I - I I I TOTAE (PLE( 
91 A 0.013 O. OO9 0.006 HIMEL 80 SMK2 PSI3685tETAC GAN 9181~ 

R2 ETA CI29801 INTO (PBAR PI/TOTAL (P121 
92 A 0.002 0.002 O.OO[ HINEL 80 SMK2 PSI368S,ETAC GAM 9/81~ 

93 ETA C(29803 INTO (BPl PEAR PI/TOTAL (P13) 
93 (0.012309 LESS CL=o90 HINEL 80 SMK2 PSI36BS,ETAC GAN 9181= 

94 ETA C(2980l INTO (K KBAR P I I /TOTAL  (P141 
R6 A B 0 .1~  O.O7 O.O6 HIMEL 80 SNK2 PSI3685,ETAC GAM 9 /81~  

R5 ETA C I2980 }  INTO (2P I  2KI /TOTAL (P15)  
RS A 0 .009  0 .014  O,OO6 HINEL 80 SNK2 PSI3685,ETAC GAN 9/8E~ 

R A ESTIMATED USING BR ( PS I (3685 I  INTO ETA C(2980)  GARMA} = .0063 
R A THE ERRORS OD NOT CONTAIN THE UNCERTAINTY IN THE PSI(368EI DECAY. 
R 8 NOT SEEN BY PARTRIDGE IN K+ K- PIO. 
R O SYSTEMATIC ERROR ADDED LINEARLY BY US* 

REFERENCES FOR ETA C(29E0| 

BLOOM 79 FERMILAB SYMP.92 E.D.BLOOM (CIT÷FARV+PR|N+SLAC+STAN) 

HIMEL BO PRL 4S 1166 +TRILLING. ABRAMS.ALAN+ (SLAC+LBL+UCB) 
PARTRIDG 80 PRL 4S 1150 PARTRIDGE+PECK+ [CIT+HARV+PRIN+STAN+SLACI 

l __ = I J/@(3zoo)l . . . . . . . . . .  0 . . . .  G . . . . .  I=0  
I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~0 J IPS I (31OOI  MASS (MEVt 

WE USE INDEPENDENT MEASUREMENTS OF THE J lPS l ( 3100 )  
MASS~ THE PS I (3685 )  MASS AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED F IT .  

M (OLOO. I AUBERT 7~ SPEC 28. PP(E÷E-)  2175 
M L (3105. l (3.1 AUGUSTIN 76 SNAG E+E- 2175 
M 3103. 6. BEMPORAD TS FRAB E+E- 1/76 
M O 3095. 4.  BDYARSKI 75 SNAG E+E- 3175 
M S 3089.5 31 .  CRIEGEE 75 PL~T E+E- 2175 
N 3098. 6o PREPOST 7S SPEC 13.-21.GANMA D 1/76 
M 3096 .0  30 .0  SNYDER 76 SPEC 400 P BE,E+E- l / I T  
M P 3097.0  1. BRANOELIK 79 OASP E+ E- 12179 
N 9000 (3095 .641  (0 .66 )  LEMOIGNE 79 GOLI O 150 PI -BE,2MU 12/79  
M $02 3096 .90  0 .09  ZHOLENTE 80 OLYA E+E- CDLL.BEAMS 9 /81 .  
M E 38R 3098,4  2o2 BARATE 82 GOL[ 0 190 P[-BE,BMU S/82e 
M . . . . . . . . .  
M AVG 3096 .934  0 .090  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 
M FIT 3096.93 0 ,09  FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .OI  2/82~ 

M E SYSTEMATIC ERROR ADOED LINEARLY BY US 
M F FROM A SIMULTANEOUS FIT ro  E+ E-,MU+ NU- AND HADRONIC CHANNELS 
M F ASS~ING G(E+ E-I = G(MU÷ MU-) 
M 
M L BOYARS~I 75 IS A REEVALUATION OF AUGUSTIN 74 BASED 
M L ON A RECALIBRATION OF THE SPEAR BEAN ENERGY. 
M 
M 0 MASS, WIDTH~ PARTIAL WIDTHS, AND BRANCHING RATIOS ALL OBTAINED 
M 0 FROM ONE OVERALL FIT TQ DATA OF THIS EXPER%MENT. 
M 
M S ERROR OF ABDUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF 
M S THE BEAM ENERGY, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7O J IPS I (31001  WIDTH IKEV) 

w 69. I 5 .  BOYARSKI 75 SNAG E+E- 3/75 
w 68.  26* BALDINI1  75 FRAG E+E- 1 /76  
w 60,  2So ESPDSITD 75 FRAM E_E~E- [ /T&  
W F 53, E3. BEANDELIK 79 DASP E+ 12179 
w F FROM A S[NULTANEOUS FIT TO E+ E-,MU+ MU- AND HADRONIC CHANNELS 
W F ASSUMING G(E+ E-I = G(MU+ MU-I 
W . . . . . . . . .  
W AVG 63 .0  8.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 J IPS I (3100 )  PARTIAL DECAY MODES 

DECAY MASSES 
• S+ .5  P l  J /RS I (3100 I  INTO E+ E- 

P2 J /PS I (3100  ) INTO MU+ MU- 105+ 105 
P3 J /PS I (3100 |  INTO HAORONS 
P4 JIPSI(BIOOI INTO VIRTUAL GAMMA INTO HADRONS 

P HADRONIC DECAYS 
p . . . . . . . . . . . .  

P I t  J lPS I (31003  INTO P i t  P I -  139+ 139 
P I2  J /PS I (3LOOI  INTO P i t  P l -  RIO 139+ 139"  136 
P13 J /PS I (3100 I  INTO B IP I+  P I - )  139+ 139+ 139+ 139 
P l#  J /PS I (3100 I  INTO Z(P [+  P I - I  RIO 139+ 139+ 139+ 139+ 
El5 J /PS l ( 3 [O0 )  INTO O IP I+  P I - )  
PIE J /PS I (3 [OO)  INTO 3 (P I+  P I - I  PlO 
P[7  J /PS I (3 [OO)  INTO 6(RE÷ P I - I  
PLB J /PS I (31001  INTO 4 (P l+  P I - )  PIO 
P19 J /PS I IB IOO l  INTO K KBAR 497+ 497 
PZO J /PS l (3100 I  INTO K KBAR P[ 497+ ¢97+ 139 
P2L J /PS I (3100 )  INTO PI+ P l -  K+ K-  139+ 13% 693+ 693 
P22 J /PS I I 31001  INTO 2 (P [+  P I - I  K÷ K- 
P23 J /PS I (3100 I  INTO P I+  P I -  RIO K+ K-  139+ L39÷ 136+ 490~ 
P24 J /PS I (3LOO)  INTO RHO Pl 769+ 139 
P2S J /PS I (310OI  INTO RHO PI  Pl P l  769+ 139+ 139+ 139 
P26 J /PS I (310D}  INTO OMEGA P IP [  TBZ+ [09~ |39  
P27 J /PS l (31003  INTO OMEGA &P[ 782+ 139÷ I09+  [39+ 
P28 J IPS l (31001  INTO OMEGA K KBAR 782÷ 697+ 6gT 
P29 J /PS I (31003  INTO OMEGA F 782+1273 
P3O J /PS I (3LOO)  INTO OMEGA F PRIME 782+1S20 
P31 J IPS I (3 [OOI  INTO PHI P[ PI  1019+ 139÷ 139 
P32 J /PS I (3100 )  INTO PNI 2 (P [÷  P l - I  IO t9+  139+ 139+ 139~ 
P33 J /PS [ (310O)  INTO PHI K NOAR 1019+ 497+ 697 
P34 J IPS I (3100 I  INTO PHI ETA EOLg+ 548 
P35 J /PS I (3100 (  INTO PHI ETA PRIME 1019+ 957 
P36 J /PS I (3LO0)  INTO PHI F 1019÷1270 
P37 J /PS I (3100 )  INTO PHI F PRIME 1019+1520 
P3B J fPS I (3100 )  INTO A2 P[ t318+ 139 
Pog J IPS[ (3EOO)  INTO A2 RHO 1318+ 769 
PEO J /PS I (31001  INTO K K= (ogz I  697+ 891 
PAl J /PS l [ 31OOl  INTO K K* (1630 ]  697+1436 
P62 J /PS I (3100 |  INTO K~(BD21 K~(B921 891+ 891 
P43 J /PS I I 31001  INTO K~(1630 ]  K* [14301  1636+1434 
P44 J IPS I (31001  INTO K t (8921K* ( [ 630 )  891+1434 
P~5 J IPS I I 3100 )  INTO P PBAR 938+ 938 
P66 J /PS I (31001  INTO P PBAR PlO 938+ 938+ [ 34  
RAT JIPSI(3100) INTO P NEAR P I -  938+ 939÷ 139 
P48 J lPS I (31003  INTO P PEAR PI÷ P l -  938+ 938+ 139+ 139 
P49 J /PS I (3100 )  INTO P PEAR PI~ P I -  P I0  938+ 938+ E09+ 139+ 
PSO J /PS I (31001  INTO P PBAR ETA 938+ 938~ 568 
PSI J IPS [ (BLOO)  INTO P PBAR OMEGA 938+ 933+ 782 
P52 J /PS [ (3LBOI  INTO LAMBDA ANTILAMBOA 1115+111S 
P53 J /PS I (3100 )  INTD LAMBOA ANTISIGMA 1115+1192 
P54 JIPSI(3100) INTO x I  ANTIXI 1314+1314 
P55 J /PS I (31001  INTO PI  8 139+1233 
P56 J /PS I I 3100 )  INTO P PBAR ETA PRIME 938+ 938÷ 9S7 
P57 J /PS I (3 [O01  INTO SIGMAO SIGNABARO 1192÷1102 
P58 J /PS I (31001  INTO 2(K+ K- )  493+ 693+ 493+ A90 
PS9 J /PS I I 31001  INTO N NBAR 939+ 939 
P60 J /PS I (3 [OO)  INTO N NBAR PI+ P I -  909+ 939+ 139÷ 139 
P61 J /PS I I 3 [OO)  INTO SIGMA- S[GNABAR- 1192+1192 

P RADIATIVE DECAYS 
p . . . . . . . . . . . . . .  

P70 J /PS I (3100 )  INTO GAMMA GAMMA O+ O 
P71 J IPS I I 3 tOOI  INTO 3 GAMMA O+ O+ 0 
PTB J/PSI(3100| INTO PIO GAMMA 136+ O 
P73 J /PS I I 3100 )  INTO ETA GAMMA 568+ O 
P74 J /PS l (3100 )  INTO ETA PRIME GAMMA 957+ 0 

O P75 J /PS I (3 IOOI  INTO ETA C (2980 I  GAMMA 2981÷ 
PTb J IPS [ (31OO]  INTO F GAMMA 1273+ 0 

o P77 J /PS I (3100 )  INTO F PRIME GAMMA 1520 + 
1283+ 0 
1418+ 0 

938+ 938÷ O 

P78 JIPGII3100~ INTO 0(12853 GAMMA 
P79 JIPSI(BLOOI INTO E(14201 GAMMA 
P80 JIPSI(BLOO) INTO P PEAR GAMMA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L__~  
J * :  

70 JIPSI(3LOO) PARTIAL WIDTHS (KEV) . "  ' . 

WI J IPS I (31003  INTOoE+6 E- (GL I  . ' ' ~  %,~. ~ 
wt 4.8 . BOYARSKI 75 SNAG E+E- ~ 3175 
WI 0 (A .61  (*BE BALOINI1 75 FRAG E÷E- " . 1176 
WI 4.E L.O ESPOSITD 75 FRAM E÷E- 1176 
W1 B ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-I AND (MU+MU-) 
HI  F ~ .&  0 .6  BRANDELIK 79 OASP E+ E-  12 /79  
WI F FROM A SIMULTANEOUS FIT TO E+ E-,MU+ NO- AND HADRONIC CHANNELS 
WI F ASS L~AING G(E÷ E-) = G(MU+ MU-I 
W1 . . . . . . . . .  
W1 AVG B.60 0.39 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

W2 JIPSI(31OOl INTO MU÷ MU- [G2) 
W2 ~.8 0.6 BOYARSKI 7B SNAG E~E- 3/75 

5 .0  I .O  ESPOSITO 75 FPAM E+E- 1 /76  W2 
W2 . . . . . . . . .  
W2 AVG 4.85 0.51 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 

W3 JIPSII3[OO) INTO HADRONS (G3) 
W3 59. ] 4 .  BOYARSKI 7S SNAG E÷E- 3/75 
W3 59. 24 .  BALDINII 75 FRAG E+E- 1 /76  
W3 50. 2S. ESPOSITO 75 FRAM E÷E- 1176 
W3 . . . . . . . . .  
W3 AVG 57.3 tO.q AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

W4 JIPSI(3LOOI INTO GAMMA INTO HADRONS (GAI 
W4 C 1~. 2. BOYARSKI T5 SNAG E÷E- 1/76 
W4 C INCLUDED IN W3 

WB JIPSII31003 INTO OAMMA GAMMA (EV) (G7O) 
W5 (5.410R LESS CL=O.OO BRANDELIK 79 OASP E* E- 12/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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For 
Data Card Listings 

notation, see key at front of  Listings. 

70 J/PSI(3100) BRANCHING RATIOS 

FOR THE BRANCHING RATIOS R/ - R4, SEE ALSO THE PARTIAL 
WIDTHS ABOVE, AND (PARTIAL W[DTHS)*RI BELOW. 

RI J/PSI(3100) INTO (E+ E-}/TDTAL (PIII(PI~P2+P3) 
RI  0 . 009  U.OOg BOYARSKI 75 SMAG B+E- 3 /75  

R2 J/PSI(310D} INTO [RU+ MU-}/TDTAL IP21/(PI~P2+PB] 
R2 0.0~9 0 .009  BOYARSKI 75 SNAG E+E- 3 /75  

R3 J/PSI(31001 INTO IHADRONSI/TOTAL IP31/(PI+P2+P31 
R3 0 .80  0 .02  BOYARSKI 75 SMAG B+E- 3 /75  

R4 J/PS[(3[OOI INTO (E+ E-}/(MU÷ MU-) [P1)/(P2) 
R4 t .00  0.05 BOYARSKI 75 SMAG E+E- 3/7S 
R4 0 .93  0 .10  FORO 7S SPEC E+E- 2 /75  
R4 . 91  . 15  ESPOSITO 75 FRAN E+E- 1/76 
R4 . . . . . . . . .  
R4 AVG 0.980 0 .043  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.03 

R5 J/PSI(3100) INTO (GAMMA INTO HADRONS]/TOTAL (P43 
R5 C .17 .02 BDYARSKI 75 SMAO E+E- 1/76 
R5 C INCLUDED IN R3 

R HAORCNIC DECAYS 
R . . . . . . . . . . .  

R8 J /RS I [ 3 [O01  INTO IRI÷ PI-I/TOTAL (UNITS I0"~-43 (PII~ 
R8 l 1 , 6  1o6 VANNUCCI 77 SHAG E+E- 1/77 
R8 5 t .O  0 .5  BRANOELIK 78 DASP E+E- 12178 
R8 . . . . . . . . .  
R8 AVG 1 .05  0 .40  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .GI  

R9 J /PS I (3 IO0 ]  INTO 12[PI÷ P]-)]/TOTAL {P131 
R9 7b .004 .001 JEAN-MARl 76 SNAG E+E- 1/76  

RIO JIPSI(31003 INTO (2(PI÷ P [ - )  P[O)/TOTAL (PI4} 
RIO 675 . 04  .01  JEAN-MARl 76 SMAG E+E- 1 /7b  
RIO 1500 0.0364 0.0052 BURMESTER 77 PLUT E+E- 12 /77  
RIO . . . . . . . . .  
rlO AVG 0 .0372  0.0046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 

RII  JIPSI(3tOOI INTO (3[PI+ PI-IITOTAL IPlS) 
RII 32 .DO4 .002 JEAN-MARl 76 SNAG E+B- 1/76 

RI2 J/PSI(31001 INTO (3lP[+ P I - {  PIOIITOTAL (RIB) 
RL2 181 .029 .007 JEAN-MAR[ 76 SNAG E÷B- 1176 

RIB JIPSII31OO) INTO [4 (P [+  P[ - )  PIOIITOTAL (RIBI 
RI3 I 3  .009 . 0 0 3  JEAN-MARl 76 SNAG E÷E- 1 /76  

R14 JIPSII31OO) INTO (P l *  P l -  K+ K-l/TOTAL (P21) 
RI4 200 0.0072 0.0023 VANNUCCI 77 SMAG E+E- L /77  

RI5 JIPSI(BIOO) INTO I2 (P l÷  PI - )  K+ K- l /TOTAL (P22) 
R15 30 0 .0031  0.0013 VANNUCCI 77 SNAG E÷E- [ / 77  

R16 JIPSI(3}OO } INTO (RHO P I l l (P /+  Pl -  RiO) (PZ4)/(P[2) 
R16 ( . 7 )  OR MORE CL=O.90 JEAN~MARI 76 SMAG E+B- 1 /76  

R17 JIPSI(31001 INTO (RHO0 PlOIIIRHO+- PI-÷) 
RI7 0.63 0.22 BARTEL L 76 CNTR E÷E- 1177 
Rt7 0 .59  O.17 JEAN-MAR[ 76 SNAG E+ E -E+E-  1 /76  
Rl7 0 .53  0. L5 ALBXANDER 78 PLUT 4 /78  
R17 0 .46  0. I 4  8RANOELIK 78 OASP E+E-.PI+PI-GAMNA 4/78 
RI7 (O.BBJ I0.061 SCHARRE 79 SNAG E+E- 12179 
R17 . . . . . . . . .  
RI7 AVG 0.534 0.081 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0l 

R18 JIPSI(3100) INTO (RHO PI)ITOTAL IF24) 
R18 543 0.010 0.002 BARTEL 1 76 CNTR E+E- 1177 
R18 153 0.013 0.003 JEAN-MARl 76 SNAG E_E÷E- 1/76 
R18 183 O.Olb 0.004 ALEXANDER 78 PLUT E+ 4178 
RIB 0 .0133  0.0021 BRANDELIK 70 DASP E+E-.PI~PI-GAMMA 4/78 
R18 (0.0132) [O. O021) SCHARRE 79 SMAG E+E- 12/70 
R t8  . . . . . . . . .  
RI8 AVG 0.0122 0.0012 AVERAGE IERROR INCLUDES SCALE FACTOR OF I .O I  

R19 J/PSI(3[OO) INTO (OMEGA PI P I I I ( 2 IP I+  PI-)  RIO) (P26I/IP143 
R19 J ( . 2 )  JEAN-MARI 76 SNAG E+E- 1176 

R20 JIPSII3100J INTO (RHO PI PI P l ) / ( 2  (PI+ P I - )  PIO)IP25}IIP[43 
RZO d ( , 3 )  JEAN-MARl 76 GMAG E+E- I / T 6  

R21 JIPSII3100) INTO (PHI PI+ PI-IITOTAL 
R21 23 0.0021 0.0009 FELDMAN 77 SMAG E+E- I2177 

R22 JIPSII3100) INTO [KOS KOLIITOTAL (UNITS 10~-43 
R22 (0.89) OR LESS CL=0.90 VANNUCCI 77 SHAG B+E- 1177 

R23 J /PS I (31001  INTO (K÷ K- ) ITOTAL (UNITS 10~* -4 )  
R23 2 2.0 1.6 VANNUCC[ 77 SNAG E E÷E- 1177 
R23 7 2 .2  0 .9  BRANOELIK 79 DASP E+ 12179 
R 23 . . . . . . . . .  
R23 AVG 2.15 0.78 AVERAGE {ERROR INCLUDES SCALE EACTOR OF 1.0) 

R24 JIPSI[3IOO) INTO (KO Ke IB92)OI /TOTAL 
R24 15 0.0027 O. OOOb VANNUCBI 77 SNAG E+E- 1 /77  

R25 J /PS I (3100 )  INTO IRe-- K * (892 ) -÷J lTOTAL  
R25 39 0.0041 0.0012 BRAUNSCHW 76 OASP E+E- 1/77 
R25 48 0.0032 0.0006 VANNUCCI 77 SNAG E.E- 1/77 
R25 . . . . . . . . .  
R25 AVG 0.00338 0 .00054  AVERAGE IERROR INCLUDES SCALE EACTOR OF 1.03 

R26 J/RSI(31OO] INTO (KO K* }143OIO} /TOTAL 
R26 (0.002} OR LESS OL=0.90 VANNUCCI 77 SNAG E+E- I /T7  

R27 J/PGI(31003 INTO IK+- K~(1430-+)/TOTAL 
R27 (O.O0331DR LESS CL=O.90 BRAUNSCHW 76 DASP E+E- 1/77 
R27 10.O015)GR LESS CL=0.90 VANNUCBI 77 SHAG E+E- 1 /77  

R2B J/PGI(3LO01 INTO (K=(89230 K*I89210}/TOTAL 
R28 IO. O005}CR LESS CL=O.90 VANNUCO! 77 SNAG E+E- 1/77 

R29 J /PG[ }3100 }  INTO [K*(1430)0 K~ ( I 430 )O ] lTOTAL  
R29 (0.002910R LEGS EL=0.90 VANNUCCI 77 SMAG E÷E- 1/77 

R30 J /PS I (3100 )  INTO (K* }892 )0  K~}1430IO)/TOTAL 
R30 40 0 .0D67  0 .0026  VANNUCCI 77 SNAG E+E- [ / 77  

R31 JIPSI(310GI INTO (PBAR P]/TOTAL {UNITS I0"*-31 (P4S) 
R31 2.0 0.5 BESCH 78 BONA B+B- 4178 
R31 A 33I 2.2 0.2 PERUZZ[ 78 SNAG B+B- 4178 
R31 133 2.5 0.4 BRANOELIK 79 DASP E÷ E- 12179 
R31 . . . . . . . . .  
R3[ AVG 2.23 0.17 AVERAGB IERROR INCLUDES SCALE FACTOR OF [.O) 

R32 JlPS}(3100) INTO (PBAR P}/IMU+ MU-) (P4S)/(P2) 
R32 A 20 (.0511 (.021 WIIK 75 PLUT E+E- I176 

R33 J/PSI INTO (LAMBDA ANTILAMBDA}/TOT IUNITS 10**-31(P52) 
R33 196 I . I  0.2 PERUZZI 78 SMAO E+E-,L X,LBAR L 4178 
R33 5 2.6 1.6 BESCH 81 BONA E÷E- 1182' 
R33 
R33 AVG 1.12 0.20 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R34 JIPSI(3IO0| INTO (P PBAR PIO)ITOT (UNITS [O~ -3 l  (P463 
R34 109 I.O0 0.15 PERUZZI 78 SNAG E+E- ,P PB 4/78 

1 .4  0 .4  ORANDELIK 79 DASP E+ E- 12179 R34 
R34 . . . . . . . . .  
R34 AVG l .  O5 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R35 J/PSI(3[OO) INTO (P PBAR PI+PI-)ITOTIUNTS 10~-33(P48) 
R35 533 5.5 0.6 PERUZZI 78 SHAG E+E- ,P PB [ -2P l  4/78 
R35 N8 3.B 1.6 BESCH 81 BONA E+E- 1182* 
R35 . . . . . . . . .  
R3B AVG 5.2g 0.56 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) 

R36 J/PSI INTO [P PBAR PI÷ P[-  RIO)ITOT (UNTS tD~-3) (P4q l  
R3b INCLUDING p PBAR PI+PI- GAMMA AND EXCLUDING OMEGA,ETA,ETA PRIRE 
R36 39 1.6 O.B PERUZZI 70 SMAG E+E-,R PB 2PI 4/78 

R37 J/PSI INTO ILAMBDA ANTISIGMA)/TOT }UNITS I0~*-31 [P533 
R37 (0. I5) CR LESS CL=O.90 PERUZZI 78 SNAG E÷E-.LAMBDA X 4/78 

R3B JIPSI(31001 INTO (PI+- A211TOTAL 
R38 (0.0043)0R LESS El=0.90 BRAUNSCHW 76 DASP E+B- 1177 

R39 J/PSI(B100) INIO (OMBGA PI PIIITOTAL (P263 
R39 215 0.0078 0.00216 BURMESTER 77 PLUT E+B- 12177 
R3g 348 0.0068 0.0019 VANNOCCI 77 SMAG E+E- 1177 
R39 . . . . . . . . .  
R39 AVG 0.0068 0.0019 AVERAGE IERRDR INCLUDES SCALE FACTOR OF I . 0 )  

R40 JIPSI(3100) INTO 2(K÷ K-)ITOTAL (P5B) 
R40 0.0007 0.0003 VANNUCCI 77 SMAG E+B~ 1/77 

R41 JIPSI(31003 INTO (OMEGA K KBARIITOTAL (P281 
R41 22 O.OOl6 0 .0010  FELDMAN 77 SNAG E+E- 12177 

R42 JIPSI(31003 INTO (PHI K KBAR)/TOTAL (P3B) 
R42 14 0.0018 0.0008 FELOMAN 77 GMAG E+E- 12177 

R43 JIPSI{3100) INTO (PHI ETAIITOTAL (R343 
R43 5 O.OOlO 0.0006 VANNUCCI 77 SMAG E+E- 1/77 

R44 J/PSI(3100) INTO (PHI ETA PRIMEIITOTAL (P35) 
R44 [O.OO[3)GR LESS CL=O.OO VANNUCCI 77 SMAG E~E- 1/77 

R45 JIBS/(3100] INTO (RHI F PRIMEIITOTAt (P3Tl 
R45 6 O. OOOB 0.0005 VANNUCCI 77 SMAG E+E- i177 

B46 J/PSI(3IOOl INTO (P NBAR PI-)ITOT [UNITS 10.*-33 (P471 
R46 I74 2.16 0.29 PBRUZZI 78 SMAG E+E-,~ P l -  4178 
R46B 204 2.04 0.27 RERUZZI 78 GMAG E+E- ,P PI+ 4/70 
R46 32 1.7 O.T BESCH 81 BONA B+B- 1182= 
R460 S 1 .6  l . Z  BESCH 81 BONA E+B- ]182~  
R46B FROM ANTI-CHANNEL IPBAR N P[+) 
R46 
R46 AVG 2.06 0.19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF /.Of 

R47 JIPSI(3100 1 INTO lP PSAR ETAI/TOT (UNITS 10~--3l (PSO) 
R47 197 2.3 0.4 PERUZZI 78 SMAG E+E- ,P PB O-2PI 4/78 
R4T 2 .5  1 .2  BRANDELIK 79 OASP E + E- 12179 
R47 . . . . . . . . .  
R47 AVG 3.32 0 .38  AVERAGE (ERROR INCLUOES SCALE FACTOR OF 1.0) 

R48 JIFSI(BIO01 INTO (P PBAR OMEGA)/TOT(UNITS [O~t-3}(PSl l  
R4B 77 1 . 6  0.3 PBRUZZI 78 SMAG E*E-,P PB 1 - 2 P l  4178 

R49 J/PSI(3100) INTO (KOS K*- PI-*IITOTAL 
R49 126 0.0026 O.OOO7 VANNUCCI 77 SMAG E÷E- 1177 

R50 J IPS I (3 IOO)  INTO (PHI F I ITOTAL {UNITS IO* * -4 l  IP361 
R50 (3 .7 I  OR LESS CL=O.90 VANNUCCI 77 SMAO E+B- }177 

R51 J1PSI(3100) INTO (PHI 2(PI+PI-I)ITOTAL (P321 
RS[ IO. OOI5)OR LESS EL=0.90 VANNUCC[ 77 SMAG B+B- I117 

R52 JIPSI(3IOOI INTO (OMEGA FIITOTAL (PB9) 
R52 81 0.0019 0.0008 VANNUCC[ 77 SMAG E+E- i177 
R52 70 0 .0040  0 .0016  BURNESTER 77 PLUT E÷E- 12177 
RE2 
R52 AVG 0.00232 0.00084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

R53 J/PSI(31001 INTO (OMEGA F RRIMEIITOT(UNTS lO* * -4 ) (P30 l  
R53 I I . 6 )  OR LESS CL=O.90 VANNUCEI 77 SMAG B 'B -  1177 

R54 JIRSl(31001 INTO }p i e  PI -  P[O K+ K- I /TOTAL (P283 
RB4 30g 0 .012  0 .003  VaNNUCCI 77 SNAG E+E- 1177 

R55 J IPS I I 3 IOo l  INTO (R~ A2IITOTAL IP3g)  
R55 36 0.0084 0.0045 VANNUCCI 77 SHAG E+E- 1/77 

R56 J /PS I IBLO01  INTO (OMEGA 2PI+ 2PI-)170TAL 
R56 140 0.0085 0.0034 VANNUCCI 77 SMAG E+E- I177 

R57 JIPSI}31001 INTO [X l -  ANTIXI-IITOTAL (UNITS 10 " * -3 l  
R57 5 [  1 . 4  0 .5  PERUZZI 78 SNAG E fE - .X I -X  4178 
R57 C 71 13 .2 I  IO. BI PERUEZ[ 78 SMAO B+B-,L LBAR 4 /78  
R57 C INCLUDES CHANNEL (XIO ANTIXIOl 

R58 J /PS I (3100 I  INTO (RHO+- P I -+ I / (K t IBg2 }+ -  K-+)  
R58 (0.26l  (O.09l PIERRE 76 SMAG E+E- 4 /77  

R59 J /PS I (3100 )  INTO [B+-  PI-+IITOTAL 
R59 87 0.0029 0.0007 BURMESTER 77 PLUT E+E- 12/77 

R60 JIPSI(3100) INTO (N NBAR)ITOTAL (UNITS 10~-23 1P59) 
R60 0 .18  O. Og BEGCH 78 BONA E+E- 4178 

RBI J/PSI INTO (SIGMAO GIGMABARO)/TOT IUNITS lO==-3I (P573 
RBL 52 1.3 0.4 PERUZZI 78 SHAG E+E-,C LBAR 4178 
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Data  Card List ings 
For notation, see key at front of Listings. 

Mesons  
J/~(3100), X(3415) 

R 62 
R62 

R63 
R63 

R6% 
R64 

R 
R 

J/PSI INTO (P PBAR ETA PRIMEI/TOT (UNITS 10.*-3) (PS6) 
19 [ . 8  O.G PERUEZI 7B SMAG E+E-,P R8 E-2PI %/78 

J /PS I  INTO IN NBAR P[+ Pl-)/TOTAL (UNITS [ 0 * * - 3 )  (PEOI 
5 3.8 3 ,6  8ESCH 8 I  BONA E÷E- 1 /82 "  

J /PS I  INTO (SIGMA- SIGMABAR-)/TOT (UNITS 10"*-3) [ P 6 I )  
3 2.% 2 .6  BEECH 81 BONA E+E- 1 / 8 2 "  

FINAL STATE 2(PI÷PI-IPIO 
ASSURING ANGULAR DISTRIBUTION ([.÷COSITHETAI**2) 

R RAOIATIVE OECAYS 
R 

R71 J /RS I (3100 )  INTO ( 2  GAMMA)/TOTAL IUNITS I0.*-3) (PTO( 
RYI 10 .5 )  OR LESS C t=0 .90  8ARTEL 77 CNTR E÷E- 4 /77  

R72 J /PS I {3100 )  INTO {P IO  GAMMA)/TOTAL (UNITS 10 " * -3 ) (P72 )  
RTZ 10 0 .075  0.0%7 3RANDELIK 79 OASP E+ E- 12 /79  

R73 J /PS I [ 3 [OOI  INTO [ETA GAMMA)/TOTAL (UN[TS [ 0 " * - 3 ) (P73 )  
R73 2 [  1 . 3  0.% BARTEL 77 CNTR E+E-,3 GAMMA 1/7T 
R73 0 .82  0 .10  ERANDELIN 79 OASP E÷ E- 12 /79  
R73E 0 ;88  0 .19  KON[GSMAN 82 CBAL E* E-,3 GAMMA %/825 
R73E SYSTEMATIC ERROR ADDED LINEARLY BY US. 

AVERAGE (ERROR INCLOOES SCALE FACTOR OF 1.01 

R73 . . . . . . . . .  
R73 AVG O. 8B5 O. OBb AVERAGE IEMRDR INCLUDES SCALE FACTOR OC 1.0) 

RT# J /PS I (3 IO0 )  INTO (ETA PRIME GAMI/TOT(UNTS IO* * -31 (PTA)  
R74 (3 .2 )  DR LESS CL=.90 MURTAS 76 FRAG E+E- %/77 
R7% ST (2 ,4 )  [ 0 , 71  BARTEL I 76 CNTR E+E-,2 GAMMA RHO 1 /77  
R7% 6 2 .9  I , [  BRANOELIK 79 EASP E+E-,3 GAMMA 12/79  
R74E 3 .8  1 .3  3CHARRE 79 SMAG E÷E-, GAMMA X 12/7B 
R7%8 FROM THE INCLUSIVE GAMMA DECAY SPECTRUM I2/78 
R74 3 .4  0 .7  SCHARRE 7q SMAG E'E-D2 PI 2GAMMA 12 /79  
R7%E 4 ,1  0.9 KONIGSMAN 82 CBAL E÷ E- 4 /82 *  
RT4E SYSTEMATIC ERROR ADDED LINEARLY BY US. 
R7% . . . . . . . . .  
RT~ AVG 3 .55  0.%6 

RTB J /PS I IB IOO)  INTO (3  GAMMAI/TOTAL (UNITS 1 0 " * - - 3 l  (P i l l  
RIB (O.05510R LESS CL=O.90 PARTRIDGE 80 ENTR E+E-,3 GAMMA 12/79  

RE0 JIPSI(31001 INTO (GAMMA + 2 OR MORE NEUTRALS)ITOTAL (UNITS [O**-3l 
RBO T.O 2 .0  BARTEL 77 CNTR E÷E- 1177 

RE( J/PSI(3100) INTO iF GAMMA]/TOTAL (UNITS 1 0 ~ 3 )  (RYE) 
RBI 35 2 .0  0 .7  ALEXANDER 78 PLUT O E~E- %178 
ABE T 30 1 .2  O.b 8RANOELIK 78 DASP E~E-,PI+PI-GAMNA %/78 
RE( T RE-STATED BY US TO TAKE ACCOUNT OE SRREAD OF EI,M2.E3 TRANSITIONS. 
RBIA l i b  l .  RB 0.35 EDWARDS 8E CEAL E÷E- t2  RiO GAMMA 2/82* 
RBIA SYSTEMATIC ERROR ADDED LINEARLY BY UE 
R8[ . . . . . . . . .  
RBI AVG 1 .$1  0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0] 

RE2 J /PS [ I 3100 )  INTO (F PRIME GAMIIFOT (UNITS IO * * -B I (P77 ) '  
RE2 3 ( 0 . 231CR LESS CL=O.90 ALEXANOE2 7B PLUT E÷E-~K+K- GAMMA %/78 
RBZ S % (0 .3%)  OR LESS Ct=0 .9O ERANDELIK 79 DASP E÷E- ,PI÷~I -GANMA t2 /79  
RE2 S ASSUMING ISOTROPIC PRODUCTION AND DECAY DF THE F PRIME,AND ISOSPIN. 

RE% JIPSI(3100I Into (P PBAR GAM)ITOT [UNITS ~0.~,'-31 (PRO) 
RE4 (0 .  l l )  OR LESS CL=O.90 PERUZZI 7B SNAG E*E- ,R PB SHOWER %/78 

885 J /PS I (3100 )  INTO (D(12851 GAM|/TOTAL (P78)  
RBS D (O.OO6IOR LESS ELf. DO SCHARRE BO SNAG E~E- 2181" 
RE5 D USING BR(D INTO. K KBAR PI )=O .12  

R86 J IPS I (31001  INTO [E(1%201GAM| /TOTAL [P79)  
R86 E [ 0 . 0055 )  ( 0 . 0022 l  SCHARRE BO SMAG E÷E- 2 /81 .  
R86 E USING BR(E INTO K KBAR P I )=O .bE  SEE MINI-REVIEW UNDER E(14201 

NOTE THAT RECENT EVIDENCE INDICATES THAT THIS IS NOT THE JPC: I++  
E(1420)  (HENCE 8R INTO K KBAR PI UNKNOWN). SEE E(1420)  RINIREVIEW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

70 J /PS I (B [OO)  G I I I *G (E+E- ) /G (TOTAL(  (KEV| 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E÷E- AND WITH THE TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED 
CROSS-SECTION INTO CHANNELII) IN THE E+E- ANNIHILATION. 
WE ~LY LEST DATA NOT HAVING BEEN USED TO DETERMINE THE PART IAL 
WIDFH G(I] OR THE BRANCHING RATIO GII)/TOTAL. 

Gl G (E+E- I *G IE+E- ( /G (TOTAL)  
G[ S ( . 32 I  ( ,OT)  DALOINII 75 FRAG EeE- 1/76  
G1 .3A ,1% BEMPORAD 75 FRAB E+E- l l Tb  
G[ S ( . 361  ( . 09 ]  ESPOSITO 75 FRAM E+E- IlTb 
GI S 1.36) (.lOT FORD 75 SPEC E÷E- 
G[ 0 . 35  0.02 BRANOELIK 79 OASP E+E- 12/79 
G1 . . . . . . . . .  
GI AVG 0.350 0 . 0 2 0  AVERAOE (ERROR INCLUDES SCALE FACTOR OF I.OI 

02 G(MU÷MU- I tC IE *E - I /G (TOTAL)  
02 . 31  .09 BEMPORAD 75 FRAE E+E- 1178 
G2 .51 .09  DASPI 75 DASP E+E- 117b 
G2 S ( . 3B )  1.051 ESPOSITD 75 FRAM E+E- 1/76  
02 S (°%6) ( . I0 )  LIEERMAN 7S SPEC E÷E- 1/76 
G2 . . . . . . . . .  
G2 AVG 0.%1 O. lO AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.6) 

G3 GIHAORONICI*GIE÷E~)/G(TOTAL) 
03 S I4.)  ( .8) BALOINII 75 FRAG E÷E- 1/76  
G3 G IB .9 I  (.B) ESPOSITO 75 FRAM E÷E- 1 /7b  

G S SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR J /PS I (3100 )  

CHRISTEN 70 PRL 25 1 5 2 3  CHRISTENSON,HICKS,LEDERMAN÷ (EOLU÷BNL+EERN) 

ABRAMS 7% PRL 33 1%53 +BRIGGS*AUGUSTIN.BOYARSKI÷ (LBL+SLACI 
ASH 74 NEt 11 7C5 +ZORN. BARTOLI+ (FRAS~4JMD÷NAPL+PADO+ROMAI 
AUEERT 7% PRL 33 IN0% +BECKER~BIOGS,EURGER~CHEN~EVERHART(MIT÷BNC) 
AUGUSTIN 7% PRL 33 l A D 6  +80YARSK],AORAMS.BRIGGS~ (SLAC÷LBL) 
BACCI 74 PRL 33 1408 +BARTOLI,BARBARINO,BARBIELLINI* IFRASCAT|I 

ALSO Y% PRL 33 16%9 FOR ERRATA 
BALOINI- 74 NCL I I  711 8ALDINI-CELIO.BACCI÷ (ERASCAT[+RONAI 
BARB(ELL Y6 NCL 11 718 BARBIELLINI,EEMPDRAO÷ (FRAS÷NAPL+PISA÷RORAI 
BRAUNSCH 7% PL 531 393 BRAUNSCHWEIG÷ (AACHEN+HAMB÷MUNIEH~TOKYC~ 

ANDREWS 75 PRL 3% 231 
AUBERT 75 NP B 89 [ 
LACE) 75 NCL 12 269 
BALDINII 75 PL 588 %71 
BALOINI2 75 OL 5BB %75 
BEMROMAO 75 3TANFERO SYMP. [ I3  
BLANAR 7S PRL 35 3A6 
BDYARSK! 75 PRL 3% 1357 
BRAUNSCH 75 PL 53B %91 
BUSSEM 75 PL 56 B 682 
CAMERINI 75 PRL 35 RE3 
CRIEGEE 7S PL 53B %19 
DAKIN 75 PL 56 B 405 
OASPI 7S PL 56B %91 
OASR2 75 PL 57B 297 
ESPOS[70 75 NCL 1% 73 
F~D  75 PRL 3% EO% 
G1TTELMA 75 ~RL 3B 1616 
GRECO 75 PL 56B 367 
HEINTZE 75 STANFORD SYRP.97 
JACKSON 75 WIN 128 13 
KNAPP[ 75  RRL 3% EORO 
KNAPP2 75  PRL 3% lOR4 
L IBER~N 75 STANFORD SYMP.55 
MARTIN 7S PRL 3% 288 
PREPOST 75 3TANFORD SYMP.2~[ 
SIMPSON 75 PRL 33 699 
NIIK 75  STANFORD SYMP.69 
YENNIE 75 PRL 3N 239 

ANTIPOV 70 TBILISI CCNF.N D 
BACCI 7E LNF-76 /60 (P )  
BARTEL [ 76 PC 6% B 483 
BRAUNSCH 7B PL 63 B %87 
BUSSER 76 NP 8 113 189 
JEAN-MAR 76 PRL 36 291 
MURTAS 76 TBL IS I  CONE. N60 
PIERRE 7E TBILISI CONF. N%6 
SNYOER 76 PRL 3B 1415 

BARTEL 77 PL 66 B 489 
BIDDICK TT PRL 3B 132A 
BURMESTE TT PL 72 B 135 
CORDER 77 PL E8 B 96 
FELDMAN 77 PL 33 C 285 
VANNUCC( 77 PR D XB L81% 
YAMADA 77 HAMB. CONF. P.  69 

ALEXANOE 78 PL 72 B 493 
BESCH 78 PL YB 8 347 
BRANDEL[ 7B PL 7% B 292 
PERUZZI 78 PR D 17 2901 

BRANDELI 79 EPHY C [ 233 
KIRK 7 9  PRL %2 6 1 9  
LEMOIGNE 79 FERM[LAB CONF.52% 
SCHARRE 79 SLAC-PUB-232t 

ALSO 79 LBL g502 

PARTRIDG 80 PRL 44 712 
SCHARRE BO PL 97 B 329 
ZHOLENTZ BO PL 96 B 214 

ALSO B[ YAO.PHYS. 3% I%71 

BESCH 8l ZPHY C B 1 

BARATE 82 MORIDkO WORKSHOP 
ALSO 82 CERN-EPIB2- [5  

÷HARVEYtLOBKOWICZ,MAY~NORDBERG (ROCH*CORNI 
+BECKER,BIGGS,BURGER,GLENN,÷ (MIT÷BNL) 
+PENSO,STELLA,BALDINI-CELIO,÷ (ROMA+FRASI 
BALDINI-EELIO, BOZZO,CAPON,BACCI~(RRAS÷ROMAI 
BALOINI-CELIO.CAPON.OEL FABBRO+ (FRAS*RONA) 
C*BEMPORAD (PISA+FRASCATII 
• BOYERtFAISSLER,GARELICK,GETTNER,+ (NEAS| 
+BREIOENBACHtBULOS,FELDMAN,÷ (SLAC+LBLIJPC 
BRAUNSCHWEIG÷ (AACHEN+HAMS+MUNICH+TOKYO( 
÷BLUM ENFEL D,BANNER,÷ (CERN÷CQLU÷ROCK÷SACLI 
÷LEARNEDtPREPOST,ASHyANEERSON,÷ (WISC+SLAC) 
+DEHNE.FRANKE,HORL[TZ,KRECHLOCK~ (OESYI 
+KREISLER~BDLON~HEILE÷ (MASA*MIT+SLACI 
BRAUNSCHWEIG,KONIGS,÷ (AACH*OESY÷MPIM~TOKY) 
ERAUNSCHWEIG,KONIGS,* (AACH+DESY+MPIM+TOKYI 
+BARTOLI,BI3ELLO~÷ (ERAS+NAPL+PAOO+ROMAl 
+BERON,HILGER.HOFSTAOTER+ (SLAC+PENN) 
OITTELMAN÷HANSON÷LARSON+LOH* (CORN) 
+PANCHERI-SR[VASTAVA.SRIVASTAVA (FRASI 
J.HEINTZE [HEIDELBERG) 
J.O.JACKSON~O.SCHARRE [LBL)  
+LEE,ERONSTEIN+ (CDLU+HAWA+CORN+ILL+FNALI 
+LEE.BRONSTEIN+ (COLU+HAWAmCORN+ILL+FNALI 
A.O.LIBERMAN (STANFORD) 
+BOLON,DAKIN.FELOMAN,HANSON*(MIT*MASA~SLAC) 
R.PREPOST (WISCONSINI 
÷BERDN.FORD,HILGERtHOFSTADTER.÷ (STAN÷PENN) 
B.H.WIIK (DESY) 
D.R.YENNIE (CORNELL) 

• BESSUBDV,BUDANOV. BUSHNIN. DENISOV.÷ (SERP( 
÷BALOINI-CELIO,OAPON÷ (FRAS+ROMA÷GENOI 
+OUINKER,OLSSON,STEFFEN,HEINTZE÷(DESY÷HEID) 
BRAUNSCHWEIGt* (AACH÷EESY+HAMB+MRIM+TDKYI 
+BLUMENEELD,BANNERT* (CERN+COLU÷ROCK+SACL( 
+ABRAMS,BOYARSKI,BREIDENBACN.+ (SLAC+LBLIIG 
G.R.MURTAE (FRAS) 
F.PIERRE (SLAE*LBL) 
~HOM,LEDERMAN,ARPEL,KAPLAN÷(COLU÷ENAL*STON) 

+OUINKER,OLSSON,HEINTZE,÷ IDESY+HEIOI 
+EURNET7÷ IUCSO+UMO+PAVI*PRIN+SLAC÷STANI 
BURNESTER.CRIEGEE,+ (DESY+EAMB+SIEG*WUPRI 
÷DOWELL,÷ (BIR~CERN÷MRIM+NEUC÷EROL÷RHEL) 
+PERL (LEt+SLAG) 
• ABRAMS,ALAM,BDYARSKI,÷ (SLAC+LBLI 
YAMADA (DESY~TDNY) 

ALEXANDER,CRIEGEE,÷ (OESY÷HAMB+SIEG÷WUPPI 
+EISERMANN~ROWALSK[,V EYSS+(BONN÷DESY*MANZI 
BRANDELIK,COROS~ (AACH~EESY÷HAMB÷MPIM+TOKY~ 
+PICCOLO,ALAM.BOYARSKI,GDLDHABER÷(SLAC÷LBL[ 

BRANDEL[K,CORDS~+(AACH+EESY~FAME÷MPIM*TDKY) 
÷GODORAN~ALVERSONI+KFNAL÷HARV*ILL~OXF~TUFT) 
+ABDLINS.BARATE,÷ (SACL+LOIC+SHMP÷IND) 
O.L. SCHARRE (SLAG÷LOLl 
ABRAMS,ALAM,BLOCKER,BOYARSKIt* (SLAC+LBL) 

PARTRIDGE~PECK~÷ (CIT÷HARV÷PR[N÷SLAC÷STANI 
• TRILLING,ABRAMS,ALAM,BL~KER+ (SLAC÷LBL) 
÷KURDAOZE,LELCHUK,MISHNEV,NIKITIN+ (NOVOI 
ZHOLENTZ ET At. (NOVO) 

÷EISERMANN,LOHR.KOWAtSKI.+ (BONN÷DESY+MANZ) 

÷BAREYRE,BDNAMY,÷ (SACL÷LOIC+SHMP*IND) 
LEMDIONEtBARATE.÷ (SACL+LOIC+SHMP*INO) 

EDWARDS 82 PR 0 (TO BE PUB.( +PARTRIDGE.PECK,÷ [CIT+HARV+PRIN+STAN+SLACI 
KONIGSMA 82 MORIOND CONF. KONIGSMANN,÷ (STAN÷CIT+~ARV÷PRIN÷SLACI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

| - - | 

I X ( 3 4 1 5 )  I ,o CHit ....... G=o . . . . . .  

OBSERVED IN 7HE RADIATIVE DECAY OF PSI(36BS} INTO 
CMI(3%15) GAMMA. THEREFORE C=÷. THE OBSERVED DECAY INTO PI÷ FI- 
DE K+ K- IMPLIES Gffi+. JP=O+,2÷, . . . .  THE ANGULAR DISTRIBUTION 
IS CONSISTENI WITH J=O. JP ABNORMAL EXCLUDED EY P14 Pl-  AND 
K~ K- DECAYS. JP=O÷ PREFERRED (FELDMAN 77)  . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 CHI(3%I5) MASS (MEV) 

M 2(3%07.0)  {B .O I  WIIK 75 DASP E+E- , J /PS !  E GAM 1/77  
M D BRIS.O 9 .0  BIODICK 77 CNTR E+E-,MONOEHR.GAM 3 /77  
M 0 3422.0  10 .0  BARTEL 78 CNTR E÷E- , J /PS I  2 GAM %178 
M 0 M 3416.0 A.O TANENBAUM 78 SMAG E÷ E- [2/78 
M O E 3%14.8 1.1 HINEL 79 SMK2 E+E-,HAORONS 3182. 
M . . . . . . . . .  
M AVG 341S.0 1.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

M 0 MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
PSI(368B} MASS=3686 AND PSI(3IDOI MASSE3097. 

M E SYSTEMATIC ERROR ADDED LINEARLY BY US 
M M FROM A SIMULTANEOUS FIT TO RADIATIVE AND HAORONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED LINEARLY BY US 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PI  CHI(B%I51 INTO PI÷ PI -  
P2 CHItB~151 INTO K+ K- 
P3 CH1(3415) INTC E I P I +  P l - )  
P% CHl(3%151 INTO B (P I+  P [ - )  
P5 CHI (3415 )  INTO P I÷  P [ -  K~ K- 
P6 CH((3%15) INTC J /PS [ (B IO0 )  GAMMA 
P7 CHIIS%151 INTO 2 GAMMA 
P8 CHI(3%15) INTO P I÷  P I -  P PEAR 
F9 CHI(5%[SI INTE RHO0 PI÷ Pi- 
PIO CHI(34151 INTO R* lB9210  K÷ / -  P I - / +  
P l l  CHI(34151 INTO P PBAR 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

56 CHI(3%IS)  BRANCHING RATIOS 

Rt 
RL F 

R2 
R2 T 

DECAY MASSES 
IBq+ 13q 
49S+ 493 
130+ 139+ IBg+ 139 

1 3 9 ÷  [ 3 9 +  %93÷  4 9 3  
309E÷ 0 

O+ 0 
1 3 9 +  1 3 9 +  9 3 8 ÷  9 3 8  
7 6 9 ÷  139+ 139 
8911 493÷ 13 Q 
938+ 938 

CHl (3%I5)  INTO [2  GAMRA#/TOTAL [PT I  
(O.O0[7)OR LESS CL=O.90 yAMAOA 77 DASP E+ E - . 3  GAMMA 12/77  

CHI(34151 INTC 2 (P l  + P I - ) / TOTAL  {P31 
0.0%3 0 .009  TANENB&UM 78 SRAG PSI I36BS)TO GAR CHI [ 2 / 78  



Mesons 
X(3415), P~ or X(3510), X(3555) 

R3 CHI(34151 INTC (El+ Pl -  K+ K-l/TOTAL (P5l 
R3 T 0.034 0.009 TANENBAUM TB SMAG PSI(36851TO GAM CH[ 12/78 

R4 CHI(34151 INTE 3[PI÷ PI-)ITOTAL [P4 )  
R# T 0 .017  0 .006  TANENBAUM T8 SMAG PSIi3688|TO GAM CH[ 12 /77  

R5 CH I (3415 )  INTO [PI+ PI-)/TOTAL (P i t  
R5 T 0.009 0.003 TANENBAUM 78 SNAG PSI (36851TO GAM CHI 12 /77  
R5 T O,OOB 0 .003  8RANDEL2 79  OASP PSI(3688}TO GAM CHI L2 /79  
R5 . . . . . . . . .  
RS AVG 0 .0085  0.002[ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

R6 CHI (3415 )  INTO [K+  K-l/TOTAL (P21  
R6 T 0.01 0.004 TANENBAUN 78 SMAG PSI(36851TO GAM CHI I2 /77  
R6 T O.OOT 0.003 BRANDEL2 79 DASP PSI(3685ITD GAM CHI 12 /79  
R6 . . . . . . . . .  
R6 AVG O.O08I 0.002~ AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.G) 

R7 CH[(3415) INTO (PI+ El -  P PBAR]I[OTAL (PB) 
R7 T 0.006 0.002 TANENDAUM 78 SHAG PSI(36853TO GAM CH[ 12/78 

R8 CHI(34151 INTO [J /PS I (B [OOI  GAMMG)/TOTAL (PC)  
RB T 0.02A 0.02~ TANENBAUM 78 SMAG PSI(3685)TO GA~ CdI 12 /77  

0.017 O,Oll R8 T 8ARTEL 78 CNTR PSI(3685)TO DAM CHI 4 /78  
R8 T 0.037 0.024 BRANOEL2 79 DASP RSI(3685)TO GAN CHI L2/79 
Re T (O.06830R LESS EL=0.90 HIMEL BO SMK2 PSI3685.EHI GAM 9/815 
R8 T 17 0 .0073  0.0024 OREGLIA BB CBAL PSI(3685)T~ GAM CHI 2 /82 "  
R8 . . . . . . . . .  
R8 AVG 0.0082 0.0023 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O} 

R9 CHI(3415) INTO (RHOO PI+ Pl-)/TGTAL (POT 
R9 T 0.017 0.006 TANENBAUM 78 SMAG PSI(3685)TO DAM CH[ [2/78 

RIO CHI(BR153 INTO IK * (89230  K+ - P l -  +)/TOTAL (P IO)  
RIOT 0.0[4 0.005 TANENBAUN 78 SHAG PSII3685}TO DAM CHI IZ/78 

R I I  CH((34153 INTC (P PBAR)/TOTAL (UNITS [0-2-3) (PIE) 
RILT {0.113 OR LESS CL=0.90 BRANDELB 79 DASP PSI[36853TO GAM CHI 3/82* 

R T CALCULATED USING PS[(36853 TO {GAMMA CH[(3415)I/TOIAL=O.082 B /82 .  
R T THE ERRORS BD NOT CONTAIN THE UNCERTAINTY IN THE PSI(36853 DECAY. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR CH[(34153 

FELOMAN 75 PRL 35 821 eJEAN-MARIE,SAODUIET.VANNUCCI,+ {LBL÷SLACI 
ALSO 75 PRL 35  1189  (ERRATA( 

TANENBAU T5 PRL 35 1323 TANENBAUM.WHITAKER.ABRAMS,+ [LBL+SLAC) 
WIIK T5 STANFORD SYMP.69 B.H.WIIK (DESYI 

BIDD[CK 77 PRL 38 1324 ÷BURNETT+ (UCSO÷UMD+PAVI÷PR[N+SLAC*STAN) 
FELDMAN 77 PL 33 C 285 +PERL {LBL+SLACI 
YAMAUA 7r  HAMB. CONF. P .  69 YAMADA IOESY÷TDKYJ 

BARTEL 78 PL 79  B A92 
TANENBAU 18 PRO 17 1731 

ALSO BE PRIVATE CONM. 

BRANDELL 79 ZPHY C [ 238 
8RANOEL2 79 NP B 160 426  
HIMEL 79 THESIS SLAC-223  

ALSO 8E PRIVATE COMM. 
KIRK 79 PRL 4 2  619 

HINEL BO PRL 44  920  

DITTMANN.OUINKER.OLSSON,O'NEILL÷(DESY÷HEIDI 
TANENDAUM,ALAM,BOYARSKI,÷ (SLAC~LBLi  
G.H.TRILLING (LDL*UCBI 

BRANOELIK,CORDSv+(AACH÷CESY+FAMB+MPIN÷TOKYJ 
BRANOELIK,COROS,÷IAACH*CESY÷HAMB÷MPIM+TOKYI 
T.M.HIMEL ISLACI 
G.H.TRILLING (LBL+UEBI 
÷GOODMAN. ALVERSON,÷IFNAL÷HARV÷ILL÷OXF÷TUFTI 

+ABRAMS.ALAN,BLOCKER,+ (LBL+SLAC) 

OREGLIA 82 OR D [TO BE PUB. I +BLOOM.BULOS,+ (SLAC+C[T+HARV÷PRIN÷STANI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * 2 * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I P o  x ( 3 S t O )  I . . . . . .  c.,, . . . . . . . . . . . .  ,=D  
OBSERVED IN THE RADIATIVE SEQUENTIAL DECAY 
OF THE PSI(368B) INTO PC GAMMA, PC INTO 
J/PSI(310Ol GAMMA. THEREFORE, C=+. 

THE LACK OF DECAYS INTO El+ E l -  OR K+K- IS SUGGESTIVE OF 
JP = ABNOPNAL. THE DECAYS INTO ~PI AND 6P [  IMPLY G=÷, THUS I=0. 
J=O,2 EXCLUDED BY ANGULAR DISTRIBUTION IN THE (GAMMA J/PSI) 
OECAY, JP= l+  PREFERRED IFELDMAN 77, OREGLIA 82 l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

55 PC MASS (MEV) 

M 40 (  3500 ,  I ( 10 ,1  
M 7{  3807 .  O) [7.01 
M (3B IO .  OI 120 .01  
M D 367 3513 .0  T .O 
M D 3507 .0  3 ,0  

O M 3508.0 5,0 
M 22 5809 .0  I I . 0  
M 1 5 (  3820 ,  I 
M D F 254 3 5 1 0 . [  1 . 1  
M P 91 3907 .4  [ . T  
M E F 943 3810 ,  ~, 0 . 6  
M 
M AVG 

M D 

N E 
M F 
M M 

TANENBAUM 75 SMAG HADRDNS GAN 12177 
WIIK 75  OASP E+E-,J/PSI 2 GAN 1 /T7  
BARTEL 76 CNTR E+E-,JIVSI 2 GAM 1/77 
BIDDICK 77 CNTR E÷E-.MOHOCHR.GAN 3/77 
BARTEL 78 CNTR E÷E-,J/PSI B GAM 4/78 
TANENBAUM 78 SMAG E+ E -  12 /78  
BRANDEL2 79 OASP E÷E-,J/PSI EGAK [2 /79  
LEMOIGNE 7 9  GOLf 0 1 5 0  PI-~E,BMU 12/79 
HIMEL BO SMK2 E÷E-,JIPSI B GAN 9 /81 .  
BARATE 82 GOLI  0 190 ~I-BE,GAM2HU 3/82* 
OREGLIA B2 CBAL E+E-,JIPSI 2 GAM 3/82* 

3509.95 0.55 AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.1l 

MASS VALUE SHIFTED BY US BY AMOUNT APPROPRIATE FOR 
PSI(36853 MASS=3686 AND PSI[31001MASS=3097 

ASSUMING PSI (3685 I  MASS=3686 AND PSI{3100) MASS=3097. 
SYSTEMATIC ERROR ADDED LINEARLY BY US 
FROM A SIMULTANEOUS FIT TO RADIATIVE AND HADRONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED LINEARLY BY US 
J/PSI MASS CONSTRAINED TO 3097 .  

55 PC PARTIAL DECAY MODES 

DECAY MASSES 
Pi PC INTO J/PSI(31001 GAMMA 3096+ 0 
P2 PC INTO P (+  P l -  13R÷ 139  
R3 PC INTO K+ K -  4~3÷ 498 
P4 PC INTO GAMMA GAMMA o+ o 
P5 PC INTO 2(PI÷ P I - I  139+ 139+ 139+ 139 
P6 PC INTO 3 (P I÷  P [ - I  
P7 PC INTO E l÷  P I -  K÷ K-  139+ 139+ 493+  493  
P8 PC INTO P I *  P I -  P PBAR 139÷ 139 .  q38+  938  
P9 PC INTO RHDO PI+ Pl- 769÷  139+ IBq 
PIO PD INTO K* {B92 IO  K+/- PI - / +  891÷ 493÷ 139 
Ell PC INTO P PBAR 938+ 938  

.......................................................... 

160 

Data Card Listings 
For notation, see hey at front of  Listings. 

R/ RC INTO (J/PSI(31001GAMMAIITOTAL (P I )  
R/ T (0.63l (0.193 BIDDICK 77 CNTR PSI(3685)TO GAM PC 12/77 
R I  T 0.31 0.05 BARTEL 78 CNTR PSII3685I TO DAM PC 4178 
RE T 0.30 0.10 TANENBAUM 78 SMAG PS l l 36851  TO GAM PC 12/78 
R/ T 0.21 0.08 ERANDELB 79 DASP ESI(36851TO GAM CHI 12/79 
R/ T 0.30 O.OB HIMEL BO SMK2 PSIBGBS,PC GAM 9/8L* 
R/ T 943 0.30 0.05 OREGLIA 88 CBAL PSI(3685ITD GAM CHI 2182" 
R/ . . . . . . . . .  
R/ AVG 0.278 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.03 

R2 PC INTO (El÷El - AND K+K-)ITOTAL (PE÷P3} 
R2 T (0.0019]0R LESS FELDMAN 77 SMAG PSI(3bB5) TO DAM PC 12/77 
R2 T IO.O04])CR LESS CL=O.90 BRANDEL2 79 DASP PSI(3685)TO GAM CHI 12/79 

R3 PC INTO (GAMMA OAMMAI/TOTAL (PC) 
R3 T (0.001610R LESS CL=O.90 YAMADA 77 DASP E+ E-.3 GAMMA 12/E7 

R4 PC INTO E(P[* PI-)ITOTAL (P5) 
R4 T D.01B 0.005 TANENBAUM 78 SNAG PSII3685) TO GAM PC 12/78 

R5 PC INTO (P I *  P I -  K÷ K - l / TOTAL  (P7 )  
R8 T 0.010 0.004 TANENBAUM 78 SHAD RSI(3bBS) TO DAM PC 12/78 

R6 PC INTO 8(RI÷ El-I/TOTAL (PC) 
R6 T 0.024 D.009 TANENBAUM 78 SMAG PSI(3685) TO GAM PC 12/78 

RT PC INTO (PI+ P I -  P PBARIITOTAL (P8) 
R7 T O.ODL5 O. OOIO TANENEAUM TB SHAG PSI(3688} TO GAM PC 12/78 

RB PC INTO (RHO0 PI÷ PI-)ITOTAL (PRl 
R8 T 0.0043 0.0030 TANENBAUM 78 SMAG PSI(36851 TO DAN PC 12178 

R9 PC INTO (K*(892}O K+ - P I -  ÷)/TOTAL (PlO) 
R9 T 0.0035 0.0023 TANENBAUM 78 SMAG PSI(8685] TO GAM PC 12/78 

R I I  PC INTO (P  RBAR(/TGTAL (P I t (  
R[IT (O.O013)DR LESS CL=0.90 BRANOEL2 79 DASP PSI[36851TD GAM CHI 12/79 

R T ESTIMATED USING PSI(36851 TO (GAMMA PC)/TOTAL=O. OBC 3/82* 
R T THE DRRORS 00 NOT CONTAIN THE UNCERTAINTY IN THE PSI(36853 DECAY. 

REFERENCES FOR PC 

DASP 75 PL 578 407 BRAUNSCHWEIG.KONIGS,÷ (AACH÷DESY+MPIM÷TOKYI 
FELDMAN 75 STANFORO SYMP.}9 G.J.FELDMAN (SLACI 
HEINTZE 75 STANFORD SYMP.97 J.HEINTZE (HEIDELBERG) 
SIMPSON 75 PRL 35 699 ÷BERON,FDRD,HILGER,HOFSTADT ER,+ (STAN÷PENN| 
TANENBAU 78 PRL 38 L323  TANENBAUM.WHITAKER,ABRAMS.* (LBL*SLACI 
WIIK 75 STANFORD SYMR.69 B.H.WIIK (OESYI 

8ARTEL 76 TBILISI EDNF.N75 +DUINKER,GLSSDN,HEINTZE.÷ IDESY+HEIO) 

BIDDICK 77 PRL 38 1326  ÷BURNETTe (UCSO+UMD÷RAVI+PR|N÷SLAC÷STANI 
FELOMAN T? PL 33 C EBB ~PERL (LBL÷SLACI 
YAMADA 77 HAMB. CDNF. P. 69 YAMADA (DESY÷TOKYI 

BARREL 78 PL 79 B A92 ÷DITTMANNsOUINKER, OLSSON,ONEILL+(OESY÷HEIDI 
TANENBAU r8 PRO 17 1731  TANENBAUM.ALAM,BOYARSKI,÷ (SLAC÷LBL) 

ALSO 82 PRIVATE CDMN. G.H.TRILLINO (LBL+UCBI 

BRANDELI 79 ZPHY C [ 233 BRANOEL(K.CORDS,+(AACH+DESY+~AMB~MPIM*TOKYI 
BRANDEL2 79 NP B 160 A26 BRANOELIK,ODROS,+(AACN÷DESY+PAMD+MPIM÷TOKYI 
KIRK 70  PRL 42  619 +GOODMAN,ALVERSDN,+(FNAL÷HARV÷ILL÷OXF÷TUFTI 
LEMOIGNE 79 FERMILAB CONF.524 +ABOLINS,BARATE.+ (BACL+LOIC÷SHMP÷INDI 

HIMEL 80 PEL 44  920  +ABRAMS,ALAM,DLDCKER,÷ (LBL÷SLAC] 
ALSO 82 PRIVATE COMM. G.H.TRILLING (LBL÷UCB) 

BARATE 82 MORICND kORKSHOP ÷BAREYRE,BONAMY.÷ (SACL+LOIC+SHMP÷IND) 
ALSO 82 CERN-EP/82-15 LEMOIGNE,BARATE,÷ (SACL÷LOIC÷SHMP÷INOI 

OREGLIA 82 PRD (TO BE PUB.) +BLGOM,BULOS~÷ (SLAE+CIT+HARV÷PRIN÷STAN! 
ALSO 82 PRIVATE COMM. M.OREGLIA IEFI I  

1 _ _ 1 

Ix(3 ss) I ET CM,.. . . . . .  G . . . .  , = 0  
EBSERVED IN RADIATIVE DECAY OF PSI(3688I INTO 

CHI(35853 GAPMAo THEREFORE C=+. THE OBSERVED DECAY INTO 4Pl 
AND GEl IMPLY G=*. THUS I=O. 
J=O IS EXCLUDED BY THE ANGULAR D[STRIBUT(ON IN THE HADRDNIC 
DECAYS. JP AENORMAL EXCLUDED BY PI÷ P I -  AND K÷ K- DECAYS. 
JP=Z÷ PREFERRED (FELDMAN TT,  OREGLIA 82). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B7 CHI(3585} MASS (MEV) 

M (3580.01 (TO.O) TRILLING T6 SMAG E÷E-,HADRONS GAM 1/77 
M R(3548.O) (tO.O) WHITAKER T6 SMAG E+E-,JIPSI 2 GAM 1177 
M O 360  3563 .0  T ,O  B IDD IEK  77  CNTR E*E-*MONOCHRoGAN 3 / 7 7  
M 0 35S3 .0  4 .0  BARTEL 78  CNTR E+E- . J /PS I  2 GAM 4 /78  
M O N 3553 ,0  8 .0  TANENBAUM 78  SMAG E* E -  12 /78  
M [5  3551 .0  11 .0  BRANOEL2 79  OASP E÷E- . J IPS I  EGAM 12 /79  
N D F 69  3557 .  1 . 5  HIMEL 80  SMK2 E+E- , J /PS I  2 GAM 9 /B l *  
M P 66 3883.4 2.2 BARATE 82 GOLf 0 190 PI-BE,GAM2MU 3182" 
M E F 479  3355 ,9  0 .7  OREGLIA 82 CBAL E+D- t J IPS I  B GAM D /82 .  
M . . . . . . . . .  
M AVG 8555.82 0.60 AVERAGE (ERROR INCLUDES SCALE FACTOR OF i .D l  

M D MASS VALUE SEIFTED BY US BY AMOUNT APPROPRIATE FOR 
PSII36851 MASS=3686 AND PSI(BIOOI MASS=3097. 

M E ASSUMING PSI(36851 MASS=3686 AND RSI(3IOOI MASS=3087. 
M F SYSTEMATIC ERROR ADDED LINEARLY BY US. 
M M FROM A SIMULTANEOUS FIT [0 RADIATIVE AND HADRONIC DECAY CHANNELS 

SYSTEMATIC ERROR ADDED LINEARLY BY US 
M P J/PSI MASS CONSTRAINED TO 3097 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 

×( 55s) nL( 5 0)  (36Bs) 

$7 CN I I555S |  PARTIAL DECAY MODES 

P l  CHI (3555 ]  INTC PI+ P I -  
P2 CH1(35551 INTO K+ K- 
P3 CH I IB555 I  INTO 2 (P I÷  P I - (  
P4 CH[(35551 INTO 3 ( P l +  PI-I 
P5 CN1(3555) INTO P I *  P l -  K+ K- 
Pb CH1(35551 INTO J /PSI (3E( ]O)  GAMMA 
P7 CHI(3B551 INT(] 2 (]AMMA 
~B CHI(35551 INTO RE+ PI- P P6AR 
P9 CHI(35551 INTO RHOO P[+ PI- 
PlO CHI (3555 )  INTO K=(89210 K÷ / -  P I - / *  
P I I  ( ]H I (5555 (  INTO P P6AR 
PI2 CHI (0555 )  INTO J /PS I (31OOI  PC+ P l -  PIO 

DECAY MASSES 
139+ 130 
493÷ 493 
139+ 139+ 139+ 159 

139÷ E3q+ ~93+ 493 
3096+ O 

O+ 0 
139+ t39+ 938+ 938 
769+ 13D+ 139  
8 9 [ +  495+  13N 
938+ 958 

3096+ 139+ 139+ 134 

57 CHI(SS55]  BRANCHING RATIOS 

R/ CHI(OSSS) INTO (2 GAMMAIITOTAL 
RI T (O. OGO6IOR LESS CL=O.O0 YAMA(]A TT DASF 

R2 CHI (3555 )  INTO 2 (P l *  P I - I / TOTAL  
R2 T 0.023 0.005 TANENEAUM 78 SNAG 

R3 CHI (3555 I  INTO (P I+  P l -  K+ K- l /TOTAL 
R3 T 0.020 0.005 TANENBAUM 78 SMAG 

R4 CH[(35551 INTO 3 (P I+  P I - ) I T ( ]TAL  
R4 T 0 .0 | 2  0 ,008  TANENBAUM TB SNAG 

R5 £H[ (35551 INTO (P ] *  P I -  AND K+ K- l /TOTAL 
R5 T 0.0026 O.OOlE TANENBAUM 78 SNAG 

R6 CHI(BS551 INTO (F I+  P I -  F PBARI/TOTAL 
R6 T 0 .0035  0 .0014  TANENAAUM 78 SNAG 

R7 CflI(35ESI INTO (J/PSI(3EOO} GAMMA(/T(]TAL 
R7 T (O.3Ol (O. IA) fit(]DICK 77 CNTR 
R7 T 0.14 0 .03  BARTEL 78 CNTR 
RT T 0 .12  0 .14  0 .07  SPITZER 78 PLUT 
RT T O*14 0 .08  TANENDAUM 78 SMAG 
R7 T 0 .19  0 .05  BRANDEL2 79 DASP 
R7 T O.IS 0.04 H[MEL BO SNK2 PSIB68S~CHI GAY 9 /81~  
R7 T 479 O. ITO 0 .030  OREGEIA 82 CBAL PSI (S68SIT( ]  GAM £HI 2 / 82 *  
R7 . . . . . . . . .  
RT AVG 0.157 0 . 0 1 7  AVERAGE tERROR INCLUDES SCALE FACTOR OF I,OI 

R8 CHI(SSSSl INTO (RH00 PI+ PI-IITOTAL IF9) 
R8 T O.OOTI 0.0042 TANENBAUM 78 SNAG PSI(36851TO GAM Od112178 

R9 CHI(BS5SI  INTO (K~(B92)O K* ~ P l -  +I /TOTAL (PZOI 
R9 T 0.0050 0.0029 TANENBAUM 78 SMAG PSI(3685)TO GAM CH112176 

RIO CHI(  35551 INTO (P l+  P I - I / T ( ]TAL  (UNITS IO~ '~3 (  (P I )  
RIOT 4 2.0 1.1 RRANDELI 79 DASP PSI I36BSITO GAY C~112179 

NI l  CHI(35551 INTO (K+ K- l /TOTAL (UNITS IO*e -3 )  I F2 )  
R I IT  2 1 .6  1 .2  ORANDEL[ 79 DASP PSI (3665)TO GAM CH[ 12/T9 

R12 CHI13555)  INTO (P PBARI/TOTAL (UNITS [0~*-31 (P IE )  
RI2T (1.01 OR tESS CL=0.90 BRANDELB 79 ~ASP PSI(36B51TO (JAM CH112/79 

R13 CH1(3555l  INT£ ( J /PS I  P I+P I -R I ( ] I / TOTAL  (P12)  
RIO (O.OISIOR LESS CL=.90 RARATE 8i SPED 190 PI-BEtZP[ZMU 1/82~ 

R T ESTIMATED USING PSI (3685 I  TO (GAMMA CHI IB555 I I /TOTAL=O.O74  3/B2~ 
R T THE ERRORS DO NOT CONTAIN THE UNCERTAINTY IN THE PS l (3685 )  DECAY. 

REFERENCE5 F(]R CH I (3555 I  

FELDMAN 75 PRL 35 821 +JEAN-MARIE,SADOULET,VANNUCCI,+ (LBL+SLAC) 
ALSO 75 PRL 35 1189 (ERRATA( 

TANENBAU TS PRL 351323 TANENBAUMtWHITAKER,A6RANS,÷ {LBL÷SLAC) 

TRILLING 76 STANFORD SYMP.437 G. H. TRILLING (LBL I  
WHITAKER 76 PRL 37 L596 +TANENBAUM,AORAMStALAM,BOYARSKI,+(SLAC÷LOL] 

BIDOICK 77 PRL 58 1324 +DURNETT* (UCSO+UMD+PAVI+PR[N~SLAC+STAN) 
FELDMAN 77 PL 33 C 2R5 *PERL (LBL~SLAC) 
YAMAOA 77 HAMB. CONF. P. 69 YAMAOA ((]ESY÷TOKY) 

BARTEL 78 PL 79 B 492 DITTMANN,DUINKER,OLSS(]N,O'NEILL÷(DESY+HEID( 
SPITZER 78 KYOTO SUM.INST.4? H. SPITZER (HAMBI 
TANENBAU 7B Pq O ET 1731 TANENBAUM,ACAM,BOYARSKI*+ (SLAG÷LOLl 

ALSO 80 PRIVATE COMM. G.H.TRILLING (L6L*UC6) 

BRAN(]ELI 79 ZPHY C ! 233 BRAN(]ELIK,CORDS,+(AACH+DESY+PAMB+MPIM÷TOKY( 
BRAN(]EL279 NP B 160 426 BRANOELIK,COROSt*IAACH+EESY÷HAMB*MPIM+TOKY| 
KIRK 19 PRL 42 619 +GOOOMAN.ALVERS(]N,+(FNAL+HARV÷ILL÷OXF*TUFTI 

H|MEL BO PRL 44 920 ÷ABRAMS,ALAM,6LOCKER,+ (LBL÷SLACI 
ALSO 8B PRIVATE COMM. G.H.TRILL[N(] (LDE*UCB) 

8ARATE 81 DR D 24 2994 +ASTBURY,MCEWEN,+ (SACI*LOIC÷SHMP+CERN÷INDI 

BARATE 82 MOR[GND WCRKSNOP +BAREYRE,BDNAMYI+ (SACL+LOIC+SHMP+INO) 
ALSO 82 CERN-EFIB2-ES LEMOIGNE,BARATE,+ (SACL+LOIC*SHMP÷INDI 

OREGLIA 82 PR (] (T(] RE PUO.I ÷BLOOM,BOLOS,+ (SLAC*CIT*HARV+PRIN*STAN) 
ALS(] 82 PRIVITE COMM, M.(]REGLIA (EFT) 

(FT I  
E+ E-,5 GAMMA 12/T7 

(P3 )  
PSI I36BS)TO GAM CHI [217B 

(PSI  
PSl(56851TO (JAM CH( 12 /76  

(P4 I  
PSI I36BE)TO GAY CHI 12178 

(P|+P21 
PSI(368S)TO GAY CAT LZ/TB 

(P81 
PSI(3685(TO DAM CH112178 

(P6 )  
PS I (3685 )T ( ]  GAY C~[ 12/77  
FS I (368S ITO GAM CHI 4 /78  
PSI(36BSITO GAY CHI I21?B 
PSI (368SITO GAY CM112/78 
PSI (3685)TO GAM C0112179 

l '(  1,%.3590., E T A G , S ,  ..... G= , I -  

OBSERVED IN THE RA(]IATIVE DECAY OF PSII36851 INTO 
ETA C(3590I GAMMA. THEREFORE, £=÷.  NEEDS CONFIRMATI(]N. 
CMITTE(] FROM TA6LE. 

! 

Evidence for the ~c(3590) is based on the 

o b s e r v a t i o n  o f  a m o n o c h r o m a t i c  g a m a  l i n e  i n  t h e  

inclusive photon spectrum for ~(3685) decays 

(EDWARDS 82). NO exclusive decay modes are known 

at this time. A signal had been reported for a 

state at similar mass in the decay ~(3685) + 

TYJ/~(3100) (BARTEL 78), but this signal was not 

confirmed in an experiment with higher statistics 

(OREGLIA 82). 

.......................................................... 

59 ETA (](35901 MASS IMEV) 

M A 3594.0 5.0 EDWARDS 82 GBAL E÷E-,GAM INCL 

M A ASSUMING MASS OF PS I (3685 I  = 5686 MEV. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 ETA C(35901 WIDTH IMEV) 

W (8.(] l  OR LESS Ct=.P5 EDWARDS 82 COAL E~E-,GAM INCL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 ETA C(3590 I  PARTIAL OEDAY MODES 

DECAY MASSES 
PI ETA C(3SDOI lhTO HADRONS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 ETA C(3590) BRANCHING RATIOS 

R/ ETA C(3590 |  IhTO HADR(]NS (P I I  
R[ SEEN EDWARDS 82 CNTR F+E-,GAM INCL 

REFERENCES FOR ETA G(3590)  

BARTEL 78 PL 79 B 492 +OITTNANN,DUINKER,OLSSON,+ (OESY÷HEIDI 

PORTER BI SLAC SUM.C(]NF.555 +EOWAROS,+ (CIT+HARV+PRIN÷STAN+SLACI 

EDWARDS 82 PRL 4B 70 +PARTRIDGE,PECK,+ (CIT+HARV*PRIN÷STAN+SLAC) 
OREGLIA 82 PR D (TO BE PUB.) ÷BLOOM,BOLOS,* ISLAC*CIT+HARV+PR[N÷STANI 

B ~ 

1 ,(388s)1 , i  FSI,SEDS.J.O=, . . . . .  o 

1 /82 "  

I182* 

?| PSI(ODDS( MASS (MEV) 

w£ USE INOEPEN(]ENT MEAS(]REMENTS OF THE J /PS I (3100 I  
MASS, THE PSI(5685] MASS, AND THE MASS DIFFERENCE TO 
PERFORM A CONSTRAINED FIT. 

3660.3 37.  CBIE(]EE T5 PLUT E÷E- 2 /T5  
(368~.I (5.1 LUTH 75 SNAG E÷E- [/76 

BbB~. e .  PREPOST 75 SPEC 21. GAMMA D 1 /76  

~EMOIGNEBRANDEL17979 GOLf(]ASp (] E÷-IEOEPI-6E'ZMU I2/79 

MS 
M R  
M 
M 140 (3683 .0 )  ( 6 . 0 l  
M F 3686. 3 .  12 /79  
M 413 3686.0C 0 .10  ZHOLENTZ B(] OLYA E÷E- DOLL.BEAMS 9 /6 [ *  
M . . . . . . . . .  
M AN  3686.000  O.EO0 AVERAGE (ERROR INCLUDES SCALE FACTOR O~ 1 .0 I  
M FIT 36B6.00 0 .10  FROM FIT (ERROR INCLUDES SCALE FACTDR OF [ .O I  2 / 82e  

M F FROM A SIMULTANEOUS F IT  T(] E+ E-,MU+ MU- AND HADR(]NIC CHANNELS 
M F ASSUMING GIE+ E-I = GIMU+ MU-) 
M R REDUNDANT WITH DATA IN MASS DIFFERENCE BELOW 
M S ERROR OF ABOUT I PER CENT FROM THE UNCERTAINTY IN CALIBRATION (IF 
M S THE BEAM ENERGY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

71 PS1(36855 - JIPSI(5100) MASS CIFFERENCE (MEV) 

DM 588.7 .B LUTH 75 SMAG 
DM R 1589.07) (O. t3} ZHDLENTZ 80 DLYA E+E- 
DM E 589.7 1.6 BARATE 82 GOLf 190 PI-BE.2PlgMU 
DM 590.6 2.5 BARATE 82 GOLI 190 PI-BE.2MU 
DM . . . . . . . . .  
DN AVG 589.0I 0.69 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
OM FIT 589 .06  0 . 1 3  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

DM E R SYSTEMATIC ERROR ADDED LINEARLY BY US 
DM REDUNDANT WITH DATA IN MASS ABOVE 

71 PSI[36851 WIDTH (KEV) 

228. 56. LUTH 75 SMAG 
F 202. 57. BRANDELI 79 OASP E+ E- 

W F FROM A SIMULTANEOUS FIT TO E÷ E-.MU+ MU- AND HADRGNIC CHANNELS 
N F ASSUMING G(E* E-( = G(MU+ MU-I 

AVG 215.2 3? .9  AVERAGE (ERROR INCLUDES SCALE EACTOR OE [.Of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

71 PSI(3685I PARTIAL DECAY MODES 

DECAY MASSES 
• 5, .5 PL PS I (3685 l  INTO E+ E- 

P2 PSI(3685} INTO MU+ MU- 105+ 105 
P3 PSI(3685i INTO HADRONS 
P4 PSI (3685 I  INTO VIRTUAL GAMMA INTO HAORONS 

P DECAYS INTO J /PS I (310O)  + ANYTHING 
g . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pl [  PS1(3685) INTO JIPSI(3100} + ANYTHING 
Pl2  PS I (368S)  INTO J /PS I [ 3 IO0 )  NEUTRALS 
P[3 P51{3685 l  INTO l IPS / (3100 )  P I+  P I -  3096+ 139+ 139 
P[4 PSI (3685J  INTO J IPS I (3100 )  PIO PIO 3096÷ 134÷ 134 
P I5  P5 [ (3685 I  INTD J IPS I (3 IOOI  ETA 3096+ 56B 
Pl6 PSI[36851 INTO J/PS[(3IOO) GAMMA GAMMA 3096+ O÷ o 
P17 PSI (3685 )  INTO J /PS I (3100 )  RIO 3096+ 134 
P[7 SMALL - -  NOT USED IN FIT 

P HADRDNIL DECAYS 
P . . . . . . . . . . .  
PZL PSI i36851  INTO PI+ P l -  
P22 PSI[36851 INTO R K~3 PI 
P23 RSI(3685i INTO K* K- 
P24 PSI(36851 INTO 2(PI+ PI - )  
P25 PSI (36855 INTO 2(PI+ P [ - I  RIO 
PZ6 P5 I (3685 |  INTO PI+ P I -  R+ K- 
P27 PS I (3685 I  INTO PEAR P 
PZB PS[ (5685 )  INTO LAMBDA ANTILAMBOA 
P29 PSII36851 INTO X I  ANTIXI 
P31 PSI(5685) INTO PI+ PI -  P PEAR 
P3Z PS I (368B I  INTO 3 (P I~  P I - )  
R33 PSI(3685) INTE RHO0 PI+ P l -  
P3% PSI (36855 INTO K* (892 (0  Ke / -  P I - / +  

P RADIAT(VE EECAYS 
p . . . . . . . . . . . . .  
P5[ P5[[36851 INTO GAMMA GAMMA O+ 0 
P52 PSI(36855 INTO PIO GAMMA L34+ 0 
P53 PSI(36BS(  INTO ETA GAMMA 548+ 0 
P54 PSI I3EB5)  INTO ETA PRIME GAMMA 957+ 0 
P56 PS[i36851 INTO CHI (34151  GAMMA 3415+ 0 
P58 PS(136851 INTO PC(35101 GAMMA 3510+ O 
P59 PS[(36851 INTO CHI (355S I  GAMMA 3555÷ o 
P6O PSI[3685) INTO PC(35101 + ANYTHIND 
P6I PSI(36851 INTO ETA C(2980] GAMMA 2981+ 0 
P62 PSI (36851 INTO E(1420(  GAMMA IN IB+  0 
P65 PSI(36851 INTO ETA C(35RO( GAMMA 3594+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived from the error matrix (or the fitted partial decay mode 

branchin B Iractions, Pi' as to(lows: The diaKonal elements are Pi • gPi' where 

gPi = ~ _ .  while the DEE-diagonal elements are the norn%alized correlation coe f f i -  

c ients <6p'EP 3 1  ~/(EP.z " EPj). For  the defini t ions of the individual P.  see the l i s t ings  

above; only those  Pi  appear ing  in the m a t r i x  a re  a s s u m e d  in the fit to be nonzero  and 

~re thus constrained to add to f, 

J/~ ~+~- . 3260+ - . 0238  
J/~ ~°~a .45T9 . 1725+ - . 0176  
J/~ n - . 0151  - . 0069  . 0278+ - . 0037  
J/~RTHER . 2167  - . 4634  -.0840 °0389÷-.0248 
N~-J/~ --.8960 -.Ni0~ -.0265 -.5165 .434B+~.0415 

139+ 159 
769+ tD9 
493+ 493 
139÷ [39+ 139+ 139 
[39+ 139+ LB9+ 139+ 
[39+ I39+ 4B3. 493 
938+ 938 

1115+E115 
1321+1321 
139+ [39+ 938+ 938 

769+ 139+ 139 
B91+ 493+ | 3 9  

L I 7 b  
12 /79  

1/76  
3 /82*  
1 /82"  
3 /82*  

DOT 0 0 2  o o~ 

Ps i (a685)  

W3 PSI(36BBI INTE HAOBONS (G3) 
W3 22~. 56 .  LUTH 75 SMAG E+E- file 

W5 PSI(36851 INTO GAMMA GAMMA (EV) (G5 l l  
N5 ~3.  OR LESS OL=O*90 BRANOELI 79 DASR E+ E- 12179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

71 PSI (36851 BRANCHING RATIOS 

RI  PS1(36851 INTO (E+ E- I /TOTAL (P I I  
RI L . 0088  . 0013  FELDMAN 77 RVUE E*E-  12177 
RI  L FROM AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOB [E*E - I  
RL L AND (HU+MU-(. FOR A MEASUREMENT OF THE RATIO SEE THE ENTRY R4 BEL]W 
RI L INCLUDES LUTH 75,  HILGER 75,BURMESTER 77 

RE PS[(5685) INTO (MU+ MU-)ITOTAL (PE) 
R2 H .0077 .0017 HILGER 75 SPEC E÷E~ 1/76 
R2 H RE-STATED BY US USING (J/PSI(3[OOItANYTHING)/TOIAL =0.55 

R3 P5l(36851 INTO (HADRONS)/TOTAL [P l (  
R3 p .981 .003 LUTH 75 SNAG E+E- 1176 
RB P INCLUDES CASCABE DECAY [NFO J/PSI(3[O01 4/77 

R4 PSI(36651 INTO (MU+ MU-)I(E+ E- }  IP2 ) / (P t }  
R4 .89 .16  BOYARSKI T5 SHAG E÷E- [ 2 / 77  

R5 PSI[3685) INTO (GAMMA INTO HAORCNS)/TOTAL (PN) 
R5 C .020 .004 LUTH 75 SNAG E+E- L /76  
R5 C INCLUDED IN R3 

R DECAYS INTO J /PS I (3 IO0 )  ÷ ANYTHING 
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RIO PSI(BE851 INTO (JIPSI(3100( ÷ ANYTHINGI/TOTAL IP l l )  
RIO .E7 .DE ABRAMS 75 SHAG E+E- 1/76 
RIO O.B[ 0.12 BRANDEL[ 79 DASP E+ E- [2179 
RIO . . . . . . . . .  
RIO AVG 0.552 0.067 AVERAGE ]ERROR INCLUDES SCALE FACTOR OF l .OI  
RIO FIT 0.565 O. ONl FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.O) 

Rll  PSI(36851 INTD (JIPSI+NEUII(JIPSI*ANYTHINGI (P I2 I / (P l l )  
RII  .41 .02 TANENBAUM 76 SMAG E÷E- 2176 
R11 . . . . . . . . .  
RIL FIT 0.409 0.019 FROM FIT [ERROR INCLUDES SCALE FACTOR OF L.Ol 

R12 PSI I3bES)  [NT[  ( J /PS I ( l l 00 )  PI* P I - I I TOTAL  (P IE )  
RIB .32 .04 ABRAMS[ 75 SHAG E+E- 1/76 
R1E .3b .06 WI IK  75 DASP E+E- 1176 
R[2 . . . . . . . . .  
RI2 AVG 0.332 0.035 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l .OI  
RL2 FIT 0.326 O. OZg FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 

R[3 PSI(3685) INTO [JIPSI(3[OO} PIO PIOI/TOTAL [PIN) 
RI3 0.17 0°029 ABRAMSI 75 SMAG E÷E- 1/77 
RI3 .18 .06 WIIK 75 DASP E÷E- 1176 
RI3 . . . . . . . . .  
R[3 AVG 0.172 O°OZ6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.Ol 
RIB FIT 0.172 O.OLB FROM FIT (ERROR INCLUDES SCALE FACTOR OF l .  OI 

RI4  PS I ( l g85 )  [NTC ( J /PS I  RIO P IO I / ( J /PS I  P l÷ P I - |  (P14) l (P131  
RI4 H ( .64) (o I5 l  HILDER 75 SPEC E+E- I/T6 
RI4  O.E3 0 ,06  TANENBAUM 76 SNAG E+E- 1 /E l  
Rig H IGNORING THE (J/PSI ETA) AND (J/PSI GAMMA GAMMA] DECAYS 
RI~ . . . . . . . . .  
R[% LIT 0.529 0 ,050  FROM FIT (ERROR INCLUDES SCALE FACTOR DF [ .o )  

R[5 PSI(3E85) INTO (J/PSI(31001 ETAI/TGTAL (P lS }  
R15 S 4% ( .043} (.0081 TANENBAUM 76 SNAG E÷E- Ll7b 
RIB 164 0.036 0.005 BARTEL 78 CNTR E+E- 4/78 
RIB S 17 (0.03S( (O.OO9} BRANDEL2 79 DASP E÷E-.PSl 2GAM 12 /79  
RL5 166 0 .02S 0 .006  H[MEL BO SMKR E+E- 9181"  
RI5 D 386 0.0218 O.OOg9 OREGLIA BO EBAL E+E- ,PSI  2GAM 9/81" 
RE5 . . . . . . . . .  
RI5 AVG 0.0278 0.00%5 AVERAGE (ERROR INCLUDES SCALE FACTOR DF I .E I  
RL5 FIT 0.0278 0.0037 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2I 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 0 .0278  ± 0 .0045  

ERROR SCALED BY 1 .5  

T l  PSIIB685) PARTIAL WIDTHS [REV) 

WI PSI(36851 INTO E+ E- (GEl 
~1 2. I .5 LUTM 75 SM~& E E+E- 
Nl F B. 0.3 BRANDEL[ 7R DASP E÷ - 
w[ F FROM A SIMULTANEOUS FIT TO E+ E-.HU+ ML ~ AND HADRONIC CHANNELS 
WI F ASSUMING G(E÷ E - I  = G(MU* MU-I 
W1 . . . . . . . . .  
WL A~  2.05 O. 2l AVERAGE IERROR INCLUDES SCALE FACTOR OF l .OI  

V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r  r s c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  w h i c h  
c a l c u l a t e s  i t s  o w n  v a l u e s  o f  ~,  5~,  
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  s h o v m  h e r e .  

CHISQ 

\ - -OREGL IA  80 CBAL ~5  

~ H IMEL  80 SMK2 02  

-- ~ -BAF--BARTEL 78 CNTR 2 .7  

' ~ (CONLEV 
004  0 .05  0 .06  =0 ~ I0 )  

INTO ( J /PS I (3100 )  ETA)/TOTAL 

R16 PSI (36BS)  INTO I J /PS I (3100 |  P IOI ITOTAL (P l7 (  
R16 7 O.OO[E 0.0006 HIMEL 80 SMK2 E+E- 9/8L* 
R16 D 23 O. O00g 0.0005 OREGLIA 80 CBAL PSI3685.PSI 2GAM 91EL* 
R16 . . . . . . . . .  
R Ib  AVG 0 .00102  0 .00027  AVERAGE (ERROR INCLUDES SCALE FACTOR OP [ .O f  

R HADRONIC DELAYS 
R . . . . . . . . . . . . .  

REO PSI(3685( INTO (P i t  PI-I/TOTAL (UNITS [0*~-4( (P21) 
R2O (0.5) OR LESS LL=0.90 FELOMAN 7T SMAG E E+E- 12/77 
REO O.B 0.5 BRANOEL1 79 DASP E+ - 12/79 

R21 PSI(36855 INTO {RHO0 PIOI /TOTAL 
R21 (.OOX)OR LESS CL=.90 ABRAMS T5 SNAG E÷E- 1/76 

RBZ PS I (368B(  INTO (2 (P I+  P I - )  P IOI /TOTAL (P251 
RE2 .0035 .0015 ABRAMS 75 SMAG E+E- 1/76 

R23 PSI(3685I INTO (K+ K-]ITOTAL [UNITS 10,*-45 (P231 
R25 (O.B)  OR LESS CL=O.O0 FELDMAN TT SNAG E EeL- LZ/I7 
R23 [ . 0  0 . 7  BRANOEL[ 7R DASP E +  - 12179 
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Data Card Listings 
For notation, see at front of  Listings. 

R26 PSI(36851 INTO (P I÷  P I -  K+ K-)ITOTAL (P26) 
R26K 0.0016 0.0006 TANENBAUM 78 SHAG E.E- [2178 
R26K ASSt~qING ENTIRELY STRONG DECAY 121TB 

R2S PSI(3685) INTO (PBAR PI/TOTAL (UNITS 10"~-6)  (P27) 
R25 B*D 0 .7  FELDMAN 77 SHAG E_E~E- 12 l IT  
R25 4 1.6 0 .8  RRANBEL[ T9 DASP E+ 12179 
RZB . . . . . . . . .  
R25 AVG 1.D1 O. 5B AVERAGE (ERROR INCLUDES SCALE FACTOR OF L.Ol 

R26 PSI(3685) INTO IRHO PIIITGTAL [P221 
R26 (O.OOIIDR LESS CL=0.90 BARTEL 1 76 CNTR E+E- 1177 

R27 PSII36851 INT~ 2(P I+PI - ) /TOTAL (P265 
R2T O. ODD65 O. OOOl TANENBAUM 78 SMAG E~E- 12178 

R2B PSI(36851 INTO ILAM~A ANTILANBDA)ITOTAL (P28) 
R2B IO. OO04)OR LESS CL=O.90 FELOMAN TT SNAG E÷E- 12177 

R29 PSI(3685) INTO { X l -  ANTIXI-I /TOTAL 
R29 (O,OOO2] FELDMAN 77 SHAG E+E- 12177 

R31 PSI(3685) INTO (PI÷ P I -  P PBARI/TO IUNITS I O * * - B I ( P D I )  
R31S 0*8 0.2 TANENBAUM 78 SHAG E* E- 12178 
R31S ASSUMING ENTIRELY STRONG DECAY 

R32 PSII36BS) INTO 3(P le  PI- I /TOTAL (UNITS 1 0 " * - 3 l  IP325 
R32S 0 .15  0.1 TANENBAUH 78 SNAG E+ E- 12178 

R33 PSI( 36851 INTO {RHDO P i t  P I - I /TOT (UNITS 10"*-31 [P33) 
R33 O.~2 0. lS TANENBAUH T8 SHAG E÷ E- E2/78 

R36 PS[{3685) [NTOIK*(8921OK+/-PI - I+) /TOT(UNTS IO*~-3(PBA) 
R3~ 0 .67 0 .25 TANENBAUN 78 SNAG E+ E- 12118 

R RADIATIVE DECAYS 
R . . . . . . . . . . .  

R62 PSI(388SI INTO (PIO GAMNA)ITOTAL (P52) 
R62 U (*OOEAIR LESS EL=.98 LIBERMAN 75 SPEC E÷E- IIT6 
R62 I .O l )  OR LESS CL=.90 WIIK 75 DASP E'E- 1/76 

R63 PSI(3685) INTO (ETA GAMNA)/TOTAL (UNITS | O * * - Z )  (P535 
R63 (O.02)OR LESS CL=O.OO YAMAOA 77 OASP E+ E-,D GAMMA I2 /77  

R66 PS[(368SI INTO (ETA PRIME GAN)/TOT (UNTS 1 0 " * - 2 )  (PB6) 
R66C IO.02310R LESS OL=O.9O BARTEL 2 76 ONTR E÷E- I2/7T 
R66 R I 0 . 6 )  DR LESS CL=O.gO BRAUNSCHW 77 DASP E+E- 12177 

RSS PSI(3685) INTO [CHI(3615) GANIITOT (UNITS IO**-211PBb) 
RBB A 7.5 2 .6  WHITAKER 76 SHAG E~E- llTT 
R55 A 7.2 2 .3  BIDDICK TT CNTR E÷E-.MONOCHR.GAM B/IT 
R55D A 9 .T  2 .2  GAISER 82 CBAL E+E-,NONOCHR,GAN 3182" 
R55 . . . . . . . . .  
RS5 AVG 8.2 1.6 AVERAGE IERROR INCLUDES SCALE FACTOR OF I.Ol 

RSB PSI(36855 INTO (PC(3510) GAMI/TOT (UNITS 10"*-25 (PEEl 
MS8 B 7.1 1 .9  B1DDICK 77 CNTR E+E-~HONOEHR.GAM 3/77 
RSBD G 8 , 8  I .D  GAISER 82 CBAL E÷E-,MONDCHR.GAM 3 / 8 2 *  
R58 . . . . . . . . . .  
RSB AVG 7.9  I.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

RB9 PSI(DbBB) INTO (CH1(35S8) GAM)/TOT (UNITS 1 0 . * - 2 ) ( P 5 9 )  
R59 B T.O 2 .0  BIODICK 77 CNTR E+E-tMONOCHR.GA½ 3/77 
R59D F 7 .7  1.7 GAISER 82 CBAL  E+E-,NONDCHR.GAH 3182.  
R59 . . . . . . . . .  
R59 AVG T.6 " 1 . 3  AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1 . 0 1  

R6O PSI(3685) INTO {ETA C(2980) GAMIITOT(UNTS I O * * - 2 I t P 6 1 )  
R60 D 0 . 6 3  O.2b PARTRIDGE BO C B A L  E÷E-,MONOCHR.GAM 9181. 

R61 RSI(3685) INTO (E(I6ZO) GAN)/TOT (UNITS 1 0 " * - 3 )  (P625 
R61 E (0.18) OR LESS EL=.90 SCHARRE 80 SNAG E+E- 2/81" 

R62 PSII3685) INTO (ETA ClB5905 GAM)/TDTIUNTS l O * * - 2 } ( P B 3 I  
R62 IO.2I TO 1.3 EL=.95 EDWARDS 82 CBAL E+E-,MONOCH~.GAN 1182' 

R A ANGULAR DISTR IBUT ION (E+CDS**2) ASSUMED 
R B VALID FOR ISCTROPIC DISTRIBUTION OF THE PHOTON 
R 0 THE VALUE IS NORMALIZED TO THE BRANCHING RATI( FOR PSI(BBB5) 
R C INTO (J/PSI(31005 ETA)/TOTAL. 
R D SYSTEMATIC ERROR ADDED LINEARLY RY US. 
R E USING BR(E INTO K KBAR Pl)'O.6S 
R F ANGULAR DISTRIBUTION II-O.052*CDS**25 ASSUMED 
R G ANGULAR DISTRIBUTION (1 -0 .189 .COS* .2 )  ASSUMED 
R U RE-STATED BY US USING (NUeMU-)ITOTAL = .OOTT 
R S R RE-STATED BY US USING TOTAL DECAY WIDTH 228 KEV. 
R LOW STATISTICS DATA REMOVED FROM AVERAGE. 

71 PSI(36851 G( I I *GIE÷E- I IG(TOTAL)  (KEVI 

THIS COMBINATION OF A PARTIAL WIDTH WITH THE PARTIAL WIDTH 
INTO E÷E- AND WITH THE TOTAL WIDTH IS OBTAINED FRDP THE INTEGRATED 
CROSS-SECTION INTO CHANNEL|IT IN THE E÷E- ANNIHILATION. 
WE ONLY LIST DATA NOT HAVING BEEN USED TO DETERMINE THE PARTIAL 
WIDTH GII) OR THE BRANCHING RATIO G(IIITOTAL. 

GB GIHADR~NICI*GIE÷E-)/O(TOTALI 
G3 2.2 .6  ABRAMS 75 SNAG E÷E- 1/76 

REFERENCES FOR R51136851 

ABRAMS 74 PRL 33 I453 ÷BRIGGStAUGUSTIN~BDYARSKI÷ (LBL÷SLAC) 

ABRAMS 75 STANFORD SYMP.2B G.S.ABRAHS ILBL) 
ABRAMS[ 78 PRL B6 | I B E  tBRIGGS.CHINOWSKY,FRIEDBERG,÷ (LBL~SLAC) 
AUBERT 75 PRL 33 I E 2 8  ÷BECKER.BIGGS.BURGER,GLENNe (MIT÷BNL) 
BOYARSKI 75 PALERMO CDNF. 56 +BRE[DENBACHvBULOSIABRAMS.BRIGGS÷ISLAC*tBL] 
CANERINI 75 PRL 38 683 +LBARNEO,PREPDST,ASH,ANDERSON,÷ (WISC*SLAC) 
CRIEGEE T5 PL 53B 689 ÷DEHNE,FR&NKE,HORLITZ,KRECHLOCK~ (DESY) 
DASP3 75 PL 5TB 6CT BRAUNSCHWEIG~KONIGS~* IAACH+DEBY÷MPI~*TOKY) 

Mesons 
V,(3885), 9(3770) 

FELDMAN 75 PRL B5 B21 
ORECO 75 PL 56B 367 
JACNSON 7B NIM 128 tB 
HILGER 75 PRL 35 625 
LIBERMAN 7S STANFORD SYMP.55 
LUTH 78 PRL BB 11E6 
PREPOST TE STANFORD SYMP.241 
SIMPSON TS PRL 35 699 
WIIK 75 STANFORD SYMP.69 

BARTEL 1 76 PL 64 B A83 
BARTEL 2 76 TBILISI CDNF.N56 
SNYDER 76 PRL 36 1615 
TANENBAU 76 PRL 36 4C2 
WHITAKER 7 6  PRL 37 1596 

B[DDICK TT PRL 38 1326 
BRAUNSCH 77 PL 6T B 269 
BURMESTE T7 PL 66 B 395 
FELDMAN 7T PL 33 C 285 
YANADA 77 HAMB. CONF° P. 69 

DARTEL 78 PL 79 B 992 
TANENBAU 78 PRO IT 1T31 

BRANDELI 79 EPHY 0 1 23B 
BRANDEL2 79 NP B 160 626 
LEMOIGNE 79 FERMILAB CONF.526 

HIMEL 80 PRL 66 920 
OREGLIA 80 PRL 65 9S9 
PARTRIDG 80 PRL 65 1150 
SEHARRE 80 PL 97 B 319 
2HOLENT Z 80 PL 96 B 216 

ALSO B1 YAD.PHYS. 36 EATI 

BARATE 8L PR D 26 2996 

BARATE 82 NORIDND ~ORKSHOP 
EDWARDS BB PRL 68 7Q 

÷JEAN-MARIE,SADOULET.VANNUCC[,~ (LBL~SLAC) 
÷PANCHERI-SRIVASTAVAtSRIVASTAVA IFRAS) 
J.B.JACKSON,D.SCHARRE (LBLI 
÷BERDN,FORD,HOFSTADTER,EK]NELL.+ ISTAN~PENN) 
A.D.LIBERMAN ISTANFORD) 
÷BOYARSKhLYNCH,BREIDENBACH,* (SLAC÷LBLIJP~ 
R.PREPOST (WISCONSIN) 
+BERONtFORD,HILGER,HOFSTADTER,÷ (STAN÷PENN} 
B.H.WIIK (DEGY) 

+DUINKER,OLSSON,STEFFEN.HEINTZE÷(DESY÷HEID) 
+DUINKER,OLSSON,HEINTZEe~ IDESY÷HEIDI 
+HOM,LEDERMAN~ RPPELtKAP LAN+(CO.U÷F NAL+STON} 
TANENBAUH,ABRAMS,BOYARSKI.BULOS.+ISLAC÷LBLIIG 
÷TANENBAUMeABRAMScALAM,EOYARSKI,÷ISLAC+LBL) 

• BURNETT+ (UCSO+UMD+PAVI+PRIN+SLAC+STAN) 
BRAUNSCHWEIG,÷ (AACH÷DESY÷NAMB÷MPIM+TDKY) 
BUR MESTER,CRIEGEE, ÷ (DESY÷HAMB*SIEG÷WUPP) 
+PERL (LBL+SLAC) 
YAMAOA (DESY÷TDKY] 

DITTNANN,DUINKER,OLSSDN,OINEILL÷(OESY~HEIDI 
TANENRAUM=ALAH,BOYARSKI.* ISLAC÷LBL) 

BRANOELIKtCORDSe÷IAACH+CESY+~ANB+MPIM*TOKY) 
BRANDELIK~COROS,÷IARCH÷CESY+HAMB+MPIH÷TOKY) 
• ABDLINS.BARATE,* ISACL*LOIC÷SHMP÷IND) 

÷ABRANS,ALAMoBLOCKER,+ (LBL÷SLAC) 
÷PARTRIDGE÷ [SLAC4.CIT+HARV÷PRIN÷ STAN) 
PARTRIOGEvPECK÷ [CIT+HARVePRIN+STAN~SLACI 
• TRILLING,ABRAMS,ALAM, BL~KER+ (SLAC+LBL) 
÷KUROADZE,LELOHUN,MISHNEV. NIKITIN* INOVOI 
ZHOLENTZ ET AL. (NDVO) 

+ASTBURY,HCEWEN,+ (SACL÷LOIC~SHMP~CERN+[ND) 

+BAREYREtBONAMY,÷ (SACL+LOIC+SHMP÷INDI 
÷PARTRIDGE.PECR,~ [CIT+HARV+PRIN÷STAN+SLAC) 

GAISER 82 MORIONO WORKSHOP +EDWARDS,÷ ICIT÷P~RV+PRIN¢STAN÷SLAC) 

* , = . * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I _ | 

I V , ( 3 7 7 o )  I s5  RSIIB . . . . . .  G= I - , , -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 PSI(D770) MASS (MEV) 

N E 3772.0 (6.0) RAPlDIS 7T SMAG O E+E- 
M E 3770. (6.0) BACINO 78 DLCO 0 E+E- 
M E 3766.0 ~5.05 SCHINOLER 80 SNAG E÷ E- 
M E ERRORS INCLUDE SYSTEMATIC COMMON TO ALL EXPERIMENTS 
H . . . . . . . . .  
M MASS 3769.9 2.5 FROM PSI(36851 MASS AND MASS OIFFERENCE 
H BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 PSI(37705 - PS1(36851 MASS DIFFERENCE (MEV} 
OM BB.O B,O RAPIDIS I I  SMAG E*E- 
DM S 86.0 2 ,0  BACINO T8 OLEO EeE- 
OM S SPEAR PSI PRIME MASS 13686) SUBTRACTED (SEE SEHINDLER 80) 
DM BO.O 2 .0  SCHINDLER 80 SMAG E÷ E- 
DN . . . . . . . . .  
DH AVG 83.9 2.6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.B) 

ISEE IDEOGRAM BELOW I 

12177 
¢ /78 

12179 

12177 
2182" 

12179 

WEIGHTED AVERAGE = 8 3 . 9  ± 2 . 4  

ERROR SCALED BY I . B  

75 BO 85  

~ ' ~ i  C H I S Q  

. . . .  SCHINDLER 80 SMAG " ~ 8 -  

-BACINO 78 DLCO 1.1 

, - ~ A P ~ -  - .RAPIDIS , 77 SMAG (CONLEVA"BI .9 

90  9 5  1 0 0  = 0 . 0 5 4 )  

P S I ( 3 7 7 0 ) - P S I ( 3 6 8 5 5  MASS DIFF.  (MEV) 

13  PSI(3770] WIDTH (MEV) 

w 28.0 5.0 RAPIOIS 77 SHAG O E÷E- 
w 2A.O 5.0 BACINO 78 OLEO O E+E- 
W 26.0 5.0 SEHINDLER 8O SHAG E÷ E- 
W . . . . . . . . .  
W AVG 25.3 2.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 PSIISTTO) PARTIAL DECAY MODES 

DECAY MASSES 
.S+ .8 P l  PSI(3770) INTO E+ E- 

P2 PSII37705 INTO O DBAR 1 8 6 9 + l B 6 q  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12/77 
6178 

12179 



Mesons 
@(3??0), V,14030), V,(4160), ~p(4415) 

164 

Data Card Listings 
For. notation, see key at front  o/Listings. 

53 PSI{3770) PARTIAL WIDTHS (KFV)  

Wl PSI(3TTO) INTO E+E- (GEl 
wJ R 0 .37  0 .09  RAPIOIS 77  SNAG O E÷E-  L2177 
Wl O. IE O.OE BACINO 78 DLCO O E+E- 4178 
WI 0.276 0.050 SEHINGLER BO SNAG E÷ B- l/B2~ 
W1 R SEE ALSO R2 BELOW 
WI . . . . . . . . .  
W1 AVE 0.257 0.0~6 AVERAGE (ERROR INCLUDES SCALE FACTO[' OF 1.3l 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E3 PSI(3TTO) BRANCHING RATIOS 

RE PSI(3770) INTO {D DBARIITOTAL (P2} 
RI DOMINANT PERUZZI 77 SNAG E+E-,D DBAR I2177  

R2 PSI(37701 INTO (E÷ E-)ZTOTAL (UNITS iO~B)  (P I )  
R2 1.3 0.2 RAPIDIS 77 SNAG 0 E+E- IZ/T7 

REFERENCES FOR PSI(BTTO) 

PERUZZI 77 PPL 39  13OL ÷PICEDLOtFELDMAN,PERLI÷ISLAC,LBL,NWES*HAWA) 
RAPIDIS 77 PRL 39  526  ÷GOBBI,LUKE,PERL,+ISTAN+SLAC÷LBL+NWES÷HAWA) 

BACING 7B PRL 40 67E +BAUMOARTEN,BIRKWOOO,+ (SLAC+STAN÷UCLA÷UEI} 

SCHINDLE BO PR D 21 2716  SCH[NDLER, SIEGRIST~ALAM,BOYARSKI+(SLAC÷LBL) 

I v , ( 4 o 3 0 ) 1  psi . . . .  o . . . . . . .  , , .  
I " - I  SEEN CLEARLY SEPARATED FROM THE PSI[AI60) 

BY UASP AND CONFIRMED WITH LESS STATISTICS BY PLUTO 
SEEN ALSO BY MARK [,  DELCO AND THE CRYSTAL BALL 
IKIRKBY 70). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

72 PSI(AO30) M~SS (MEVI  

M ~O2B.O 2 .5  GOLDHABER 77 SNAG E÷E-  12177 
M 4040°0  10.0 BRANDELI~ 78 GASP E+E- 4 /7B  
M . . . . . . . . .  
M AVE 402B.7 2.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [ . 2 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

72 PSI(~030) WIDTH (MEV) 

W 52 .0  l O . 0  ERANDELIK 78 GASP E÷E- 4 /78  

72 PS [ (~O30 )  PARTIAL DECAY MODES 

DECAY MASSES 
PL PSI{4030) INTO O DBAR 1869+1869  
P2 PS I (4O30 )  INTO D~ DBAR AND O~BAR D 2007÷1864  
P3 PSI(BOB0) INTO D= D=BAR 2007+2007 
P~ PS I IA030 )  INTO J /PS I IBEOOI  HAORONS 
P5 PSIIRO30) INTO E+ E- .5+ .5 
P6 PS I (4030 )  INTO HU+ MU- IBB*  lOS 

72 PSII~O30) PART IAL  WIDTHS (KEV I  

W1 PS I IB030 ]  INTO E÷E-  (G~) 
WI 0 .75  O,  EB BRANOEL[K 7B GASP E+ E -  12178  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

72  PSI(4030) BRANCHING RATIOS 

RI  PSI(4030I INIC (O DBARI/(Dt 08AR÷O=BAR 0) (P l I l IP2 l  
RI 0 .05  0 .03  DOLDHABER 77 SNAG o E÷ E -  12 /77  

R2 PS I (4030 )  INTC J /PS I [ 3 IOO)  HAORDNS [P4 l  
R2 LOOKED FOR BURMESTER 77 PLUT E+E- ~177 

R3 PSI(~30) INTO [D$ DeBAR)lID= DBAR+DtBAR D) (P31/lP21 
R3 32 ,0  12 .0  GOLDHABER 77  SHAG O E÷ E -  12177  

R4 PSI(AO30) INTO [E÷  E - l / TOTAL  (UNITS Lo f t -S }  [PSI 
R~ ( I .O |  APPROX. FELOMAN 77 SMAG E+ E- 12177 

AUGUSTIN 75 PRL 34 764 
BACC[ 75 PL SOB 48I 
BOYARSKI 7B PRL 34 762 
ESPOSITO 75 PL B8B ~TB 

PERUZZI 76 PRL 37  569  

B URMESTE 77 PC 66 B 395 
GOLDHABE 77 PL 69  B B03 
FELOMAN 7T PL 33  C 285  
LUTH 77 PL TO B 120 

BRANDELI  78 PL 76  B 36 [  
ALSO 79 ZPHY C l 233  

REFERENCES FOR PSI(~O30) 

÷BOVARSNI.ABRAMS,BRIGGS÷ (SLAC÷LBLI 
÷BIDOLI;PENSO,STELLA,÷ (ROMA÷FRASI 
*BREIDENBACH, ABRAMS.BRIGGS,÷ (SLAC÷LBLI 
+FELICETTI,PERUZEI,+ IFRAS+NAPL÷PADO÷RDMA| 

÷PIGCOLO,FELDMAN,NGUYEN,WISS~+ (SLAC~LBL) 

÷ERIEGEE,DEHNE÷ (CESY÷FAMB*SIEG÷WUPPI 
GOLDHABER,WISS,ABRAMS~ALAM,LUTH,÷(LBL÷BLAC) 
÷PERL (LBL÷SCACI 
+PIERRE,ABRAMS,ALAM,BOYARSKI,÷ (LBt*SLAC| 

BRANDELIK,CDRDS÷ (AACH*DESY÷EAMB÷MPIM÷TOKYI 
BRANDELIK,CORDSI÷[AACH÷DESY÷FAMB÷MPIM÷TOKY) 

KIRKBY 79 FERMILAB SYMP*I07 J* KIRKBY RAPPORTEUR (SLAC) 

i - | 
2s o s i i  . . . . . . . . . . . .  , .  

,, SEEN CLEARLY SEPARATED FRO~ THE PS [ (BO301  
BY OASP AND CONFIRMED WITH LESS STAT IST ICS  BY PLUTO . 
MARK I ,DELCO AND THE CRYSTAL BALL SEE A PROMINENT 
SHOULOER BUT NO SEPARATION (K IRKB¥  79 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 PSII4E60I MASS (MEV) 

M 4E59 .0  20 .0  BRANOELIK 78 GASP E+E- 4278  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 PSII41601 WIDTH (MEV) 

W 7B.O 20.0 BRANDELIK 78 GASP E~E- A178 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 PSIIAIGO) PARTIAL DECAY MODES 

DECAY MASSES 
P! PSIIAIGO) INTO E÷ E- .B÷ .B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 PSI(AI60) PARTIAL WIDTHS (KEV) 

WI PSI(AlGOl INTO E+ E-  (GEl 
~i 0 .77  0 .23  BRANDELIK 78  DASP E÷ E-  12278  

REFERENCES FOR PS I IAEEO)  

BURMESTE 77 PL 66 B 395 +CRIEGEE,DEHNE÷ (OESY+HAMB÷SIEG÷WUPP) 

BRANDELI 7B PL 76 B 36 l  ORANDELIK,CORDS+ {AACH+CESY÷EANBeMPIN+TOKYI 

KIRKBY T9 FERNILAB SYMP.IO7 J. KIRKBY RAPPORTEUR (SLAC$ 

[ (44z5) I . . . . . . . . . . . . . . . .  - '  1= 

73 PSI (~15)  MASS (MEV) 

M 6~1~ ,  7 .  SIEGRIST 76 SN~G E÷E- 217b  
M (4500 .1  APPROX. KNIES 77  PLUT 0 E+E- ,MU÷  MU-- L2 /77  
M 4417 .0  lO*O  BRANOELIK 78 GASP E÷E-  4 /78  
M 
M AVG B~15 .O  5 .7  AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PS I (BB I5 |  WIDTH (MEVI 

W 33 ,  10 .  SIEGRIST 76  SMAG E+E-  2 /76  
W 66 .0  15 .0  BRANUELIK 78 GASP E+E- 4178  

W AVE 43.2 t5 .2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.81 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PSI($415} PARTIAL DECAY NODES 

DECAY MASSES 
PI PSI(~EBI INTO Et E- .5+ . 5  

73 PSII~AIB) PARTIAL WIDTHS (KEVI 

WI PSI(4415) INTO E÷ E-  (El)  
WI 0.49 0.13 BRANDELIK 78 DASP E+ E- 1217B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

73 PSIIA~IBI BRANCHING RATIOS 

R 1 PSI( 441B I  INTO (E÷ E-I/TOTAL IUNITS tO*~S) 
R I  1 . 3  . 3  SIEGRIST 76 SNAG E+E-  2 /76  

R2 PS I (~ . tS |  INTO HADRONSIFOTAL 
R2 DOMINANT SIEGRIST 76 SNAG EeE- 1177 

REFERENCES FOR PSIIA41E) 

S|EGR[ST 76 PRL 36  TO0 ÷ABRAMS,BOYARSKI,BREIDENBACH,÷ ILBL÷SLAC) 

BUMMESTE 77 PL 66 B 3q5 ÷CRIEGEE,DEHNE~ [DESY+FAMB+SIEG÷WUPP) 
KNIES 77 HAMBURG SYNP.93 G,KNIES HAMBURG TALK ON PLUTO COLLAB.(DESY| 
LUTH 77 PL 70 B 120 ÷PIERRE,ABRANS~ALAN~BOYARSKI,÷ (LBL+SLACI 

BRANDELI 78 PL 76 B 361 BRANDELIK,EORDS÷ iAACH÷gESY÷FANB+NPIN÷TONYI 
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Data Card Listings 
For notation, see key at front o/List ings.  

Mesons 
T(9460), T(10020) 

l (946o)1 .... SILONIgA60 , JPG= [ -  I I = 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

49 UFSILON(9660] MASS (MEV) 

M FIXED TARGET EXPERIMENTS 
M I (9610 .1  ( 13 . )  INNES 77 SPEC 0 600 P÷A, MU+MU- [ 2 / 77  

M E÷E- AT DORIS 
M 0660. ( LO . I  BIENLEIN 7B CNTR E÷E- 6 /T8  
M 0 9656 .3  (E [ .O I  MERGER T9 FLUT E÷E- 1Z/79  
M ¢)457. ( LO* I  DARDEN 79 DASP E+E- 12/T9 
M 0 9t~6[ .6 ( [ 0 . 61  N[CZYPORU 8 [  LENA E+E-tHAORONS R/81¢ 
M . . . . . . . . .  
M AVG 0658.7 [0 .0  AVERAGE (ERROR IS COMMON UNCERTAINTY IN 

ABSOLUTE BEAM ENERGY CALIBRATIONI 

M E+E- AT CESR 
M D 9638. ( 30 . )  ANDREWS 80 CLEO E÷E-,HAORONS R/EL= 
M D 9636*5 ( 30 .01  BDHRINGER 80 CUSB E÷E-~HADRONS R /8 [=  
M 
M AVG 9433.8 30.0 AVERAGE (ERRDR IS COMMON UNCERTAINTY IN 

ABSDLUTE BEAM ENERGY CALIBRATIDNI 

M AVG 06S6.2 9.5 AVERAGE (FROM DORIS AND CESR AVERAGES ABOVEI 
M 
M D SYSIEMATIC ERROR ADDED LINEARLY BY US. 
M I FROM 2-PEAK FIT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

49 UPSILONI9660I  WIDTH (NEV) 

W (60 . )  OARDEN TR DASP E÷E- 12/T9 
w B 6T* 37 .  15. ALBRECHT 80 DASP E÷E-vRU÷MU- ~/81~ 
w B 45°  3B. 16. MERGER BO PLUT E+E- g /B1*  
w D B 8S. 34 .  I T .  NICZYPORU El LENA E÷E-,NU÷MU-,HADR 9 /81=  
w . . . . . . . . .  
W AVG 62.2 16.9 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.01 

W 8 FROM RI,R2tWI BELOW AND ASSUMING E-MU-TAU UNIVERSALITY 
W D SYSTEMATIC ERRORS ADDED LINEARLY 8V US. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

69 UPSILON(g6601 PARTIAL DECAY MODES 

DECAY MASSES 
PL UPSILONI9460)  INTO NU÷ MU- 105+ 105 
P2 UPSILON(9660) INTO E+ E-  *S÷ . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

¢9 UPSILON(96601 PARTIAL WIDTHS IKEV) 

WI UPSILON{9660I  INTO E+ E-  (G2)  
Hi  E ( 1 . 33 )  [ 0 . 16 )  MERGER 7q PLUT E÷E- 12/T9 
wl 0 1 .0S 0 .33  ALBRECHT 80 DASP E÷E-,MU+MU- B I816  
WI L.Oe 0 .25  POCK BO CNTR E+E-~HADRONS e /B IB  
WI D [ .O?  0.23 MAGERAS 81 CUSE E÷E-,E~E-PI÷PI- 9/BI~ 
w1 D A E. 23 0 .28  NICZYPORU 81 LENA E+E-,NL~MU-*HADR 9 /B16  
WI . . . . . . . . .  
WE AVG 1 .15  0 .13  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .0 I  

WI D A ASSUMING E-MU-TAU UNIVERSALITY 
WI SYSTEMATIC ERRORS ADDED LINEARLY BY US. 
W[ E ASSUMING HAORONIC PARTIAL WIDTH EQUAL TO TOTAL WIDTH 

Eq UPSILON(READ] BRANCHING RATIOS 

RI UPSILDN[R6601 [NTO(MU÷ MU-I /TOTAL (P [ )  
R[ 0 .022  0*020 MERGER 79 PLUT E+E- 12 /79  
R1 A 0 .025  0 .021 DARDEN 79 GASP E+E- 12179 
RI A 0 .081  O.Olb  ALBRECHT 80 DASP E÷E-~MU+MU- q2816 
RI 0°0[6 0.036 O.O[4 POCK BO CNTR E+E-,MU~MU- B/B1= 
RI  IT  O=03R O. O I t  MUELLER 81CLEQ E÷E- tF I÷P I -E÷E-  9 /81¢  
R10  A 0 .035  0 .018  NICZYPDRU 81 LENA E+E-,MU+MU- 9 /816  
R[ . . . . . . . . .  
RL AVG D .O3 t6  0 .0068  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

RL A ASSUMING E-MU-TAU UNIVERSALITY 
R ID  SYSTERATIC ERRORS ADDED LINEARLY BY US. 

R2 UPSILONIR6601 INTO (E+ E- I /TOTAL (P2)  
R2 O*OSl 0 . 030  BERGER BO PLUT E÷E- g /8 l=  

* * *~ * *  ¢¢ * *  ~ * * *  * *¢ * * * * * *  *¢ * * *¢ *¢¢  *¢ *¢ * * * * *  ¢¢ * *¢ * * * *  * * * *¢¢¢ *¢  * *¢ * * *¢¢  

COBB 77 PL 72 B 273 
HERB T7 PRL 3~ 252 
INNES 77 PRL 39 [240  

8ERGER T8 PL TE B 263 
BIENLEIN 78 PL 78 B 360 
DARDEN 78 Pt  76 B 266 
GAREL1CK T8 PR 0 [8  9A5 
KAPLAN TE PRL 60 635 
YDH 78 PRL 6[ 6E6 

ANGELIS 79 PL B7 B 398 
BADIER TR PL 86 B 98 
BERGER 79 ZPHY C 1 843 
DARDEN 7q PL BOB 419 

ALBRECHT 80 PL 78 B 500 
ANDREWS BO PRL 66 1 [08  
BERGER 80 PL 93 B 4~7 
POCK BO ZPHY C 6 IZS 
BOHRINGE 80 PRL 46 l i l t  
KOURKDUM EO PL R IB  681 

MAGERAS 81 PRL 66 Ells 
MUELLER 81 PRL 66 118[ 
NICZYPOR 81 PRL 66 92 

REFERENCES FOR UPSILON(9660I  

÷IWATA,FABJAN,GOLDBERG÷(BNL+CERN÷SYRA+YALE) 
+HOR, LEDERNAN,APPEL~ITOe÷ (CDLU÷FNAL+STONI 
÷APPEL,BROMN,HERB, HOM,FISK÷(CDLU+FNAL+STDNI 

tALEXANDER,DAUM,+iAACH÷EESY+HAMB+SIEG÷WUPGI 
+GLAWEtflOCK,BLANAR,÷ (OESY+HAMB+HEID+MPIMI 
÷HOFMANN*ALBRECHT,+ I DBSY+DORT÷HEID÷LUNDI 
+GAUTHIER,HICKS,OL[VER,÷ (NEAS÷WASH÷TUFTI 
+APPEL,HERB,HOM,LEDERNAN,÷ (STON÷FNAt÷CDLU! 
÷HERB,HOM, LEDERMAN,UENO,+ [COLU+FNRL+STONI 

÷BESCH,BLUMENFELD,÷ (CERN+COLU÷OXF÷ROCKI 
+BOUCROT,BURGUN÷ (SACL+CERN+CD~F+EPOL+LALO) 
+ALEXANDER+ (AACH#EESV÷HAMB+SIEG+WUPG) 
÷HDFMANNtALBRECHT,+ IDESY+DORT÷HEIO+LUND] 

+CHILDERSvDAROEN+(DESY+DORT+HEID+LUND+ITEPI 
+ (CORN+HARV+ITHA+LEMO÷RCCH+RUTG+SYRA÷VANG] 
÷LACKAS,RAUPACHt*[AACH+ EESY÷~B÷SIEG÷WUPP| 
÷BLANARvBLUMtBIENLEIN÷(HEID÷MPIM÷DESY+HAMBI 
BDHRINGER,COST&NTINI,FINOCCH[ARO(CDLU+STONI 
KOURKOUMELIS÷IATHU+NTUA÷BNL÷CERN+SYRA÷YALE) 

+BOHRINGER,FINOCCHIARO+IOOLU÷STON+LSU+MFIM) 
+ IRJTG~SYRA÷LEMO+VAND÷C(~N*ITHA÷HARV+ROCH) 
NICZYPORUK,CHEN,VOGEL,NEGENER÷ILENA COL[AM) 

¢~=¢¢  ¢¢¢* *¢ * * *  * *=¢¢* *= *  *¢ * * *¢=~=  *¢ * *= * *¢ *  *¢*=¢==¢¢  ¢ * * * *=¢¢¢  ¢ * *¢ *¢¢  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 UPSILONI [O020I  MASS IOEV) 

M I ( 10 .060 )  ( 0 . 030 )  INNES TT SPEC 600 F÷A.MU÷MU- E2/7T 
M R (10 .020 )  10 .020 )  BIENLEIN 78 CNTR E÷E- A /78  
M R (LO .O t2 t  (O.O2O) OAROEN 78 GASP E+E- 6 /78  
M RD 1 [0 .01361  (O.OLEZI NICZYPOI 8 [  LENA E+E-tHAORDNS 9 /BE*  
M 
M MASS 10 .016  O.O[O FROM UPSILON(MAhDI MASS AND MASS DIFFERENCE 
M BELOW 

M O SYSTEMATIC ERRORS ADDEED LINEARLY BY US 
N I FROM Z-PEAK FIT 
M R REDUNOANT WITH DATA IN MASS DIFFERENCE BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 UPSILONI [O020]  WIDTH (KEVI 

W B 16. DR PORE CL=O. RO NICZYPO[ 8E LENA E+E-~NU÷MU-eHADR 9182= 
w M 3 [ .  [O,  7 .  NICZYP02 81 LENA E÷E- t t +L -P I+P I -  9181*  

W B FROM Wl AND R1 ABOVE AND ASSUMING E-ML~TAU UNIVERSALITY 
W M FROM WI AND RI ABOVE AND ASSUMING A LOG QUARKONIUM POTENTIAL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 UPS[LONiIOO2OI-UPSILONIR6601 MASS DIFFERENCE (MEVI 

DM 5 6 0 . 0  [O.O 81ENLEIN 7B CNTR E÷E- 6 /78  
DM 555 .0  11 .0  GARDEN 78 GASP E~E- 6 /78  
DM A 576 .0  27 .0  UENO 79 SPEC 600 P PT,MU÷NU- 12 /79  
DM O 560 .7  B .8  ANDREWS BO CLEO E÷E-tHADRONS B /8 [ *  
DM D 589. 6 .  EOHRINGER 80 CUSE E+E-tHADBDNS D/816 
DM 0 552.  [ l .  NICZYPOl 81 LENA E+E-.HADRONS 9 /81¢  
DM . . . . . . . . .  
DM AVG 55R,6  2.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .  OI 

DM A FIXING THE URSILDNI9460) MASS AT 9460 MEV 
DH D SYSTEMATIC ERROR ADDED LINEARLY BY US. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$2 UPSILON(IO02Ol PARTIAL DECAY MODES 

DECAY MASSES 
P [  UPSILON(IOO2OI INTO MU+ MU- 108+ L05 
P2 UPSlLON(IODZO) INTO E+ E-  .5÷ .5  
P3 UPSILONIEO02O) INTO UPSILONI9660I  PI PI 9656+ 139÷ t 39  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$2 UPSILONIIOO2Ol PARTIAL WIDTHS (KEV) 

WI UPSILON(tOO2O) INTO E+ E- (G2) 
W1 DEs (O ,BS)  ( 0 . 16 )  GARDEN 78 GASP E+E- 6 /7B 
Wl 0 .36  0 .13  ANDREWS 80 CLIO E+E-*HAORONS 9 /81~  
w1 DEs (0 .87 )  I 0 , 16 )  8OCR 80 CNTR E÷E-,HADRONS R/81~ 
w[ 0 .50  O.[S BDHRINGER OO CUSP E+E-=HAORONS 9/816 
WI S 0 .65  O.Oq MAGERAS B[ CUSB E+E- ,E+E-P I+P I -  9 /B1 .  
WI D S 0.$5 0.1S D.OR NICZYP01 81 LENA E+E-,MU+MU-tHADR 9/816 
WI . . . . . . . . .  
WI AVG 0.586 0.058 AVERAGE IERRDR INCLUDES SCALE FACTOR OF I.O) 

WI D SYSTEMATIC ERROR ADDED LINEARLY BY US. 
WI E S ASSUMING HADRONIC PARTIAL WIDTH EQUAL TO TOTAL WIDTH 
W[ USING UPSILONI9660I PARTIAL WIDTH TO E+E- = 1 .27  KEY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 UFSILON[[OO2O) BRANCHING RATIOS 

RI  UPSILON(IOOZO) INTOIMU+ NU-I/TOTAL (P I !  
R1 SEEN HERB 7T SPEC ~OO P A,MU+ MU- 12178 
R[ IO.0381DR LESS CL=O.RO NICZYPOl B1 LENA E+E-~MU÷MU- R/816 

R2 UPSILDN([OO2O) INTO (E+ E- I /TOTAL [P21 
R2 SEEN COBB TT SPEC P P.E+ E-  x 12 /78  

R3 UPSILON(tOO20) INTO (UPSILON(READ) Pl  F I I / TOTAL  IF3 )  
R3 E 28 0 .30  O. IO MAGERAS 81GUSB E+E- .E÷E-F I+P I -  9 / 816  
R3 841 0 °29  0 .09  MUELLER 81CLEO E+E- .P I÷P I -  NM R/81= 
R3 E T 0 .81  O. [O NICZYPO2 81 LENA E+E- tL+L -P I+P I -  92816 
R3 E ASSUMING THE BRANCHING RATIO OF UPSILDN(9660) TO E÷~ TO BE 0.032 
R3 . . . . . . . . .  
R3 AVG 0 ,2q9  0 .056  AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .0 )  

REFERENCES FOR UPSILDN(IO02O) 

COBB 77 PL 72 B 273 +INATA,FABJAN,OOLDBERGe[BNL+CERN+SYRA÷YALEI 
HERB 77 PRL 89 252 ÷HOMtLEDERMANtAPPELtITOe+ (COLU+FNAL+STON) 
INNES T7 PRL 30 1260 +APFEL.BRDWN,HERBIHONtFISK÷ICDLU÷FNAL*STDN) 

BIENLEIN 78 PL 78 B 360 +GLAWEtBDCKtBLANAR,÷ (DESY+HAMB÷HEID+MPIM) 
DARDEN 78 PL 78 B 366 +HOFMANN,ALBRECHT,+ (DESY+DDRT+flEID÷LUNDI 
KAPLAN 7B PRL 60 635 +APPEL,HERB,HOM,LEDERMAN,+ ISTON÷FNAL~COLUI 
YOH 78 aRL 61 666 ÷HERBgHOMvLEDERMANtUENOv+ [COt-U+FNAL÷STDNI 

UEND 79 PRL 6E 486 +BROWN~HERBtHOMvFISKt[TD,÷ (FNAL÷COLU+STON) 

ANDREWS 80 PRL 66 1108 ÷ (CORN+H&RV÷ITHA+LEMO~RGCH+RUTG÷SYR&÷VANO) 
SOCK BO ZPHY C 6 125 ÷BLANAR,BLUM,BIENLEIN÷IHEID+MPIM÷OESY÷HAMB) 
BOHRINGE 80 PRL A6 11 [ [  BOHRINGER,COST&NTINI,FINOCCHIAROICQLU+STON) 
KDURK~)JM 80 PL 91B  E8[ KQURKOUMELIS+IATHU+NTUA÷BNL+CERN÷SYRA+YALE) 

M~ERAS 81 PRL 66 E115 +BOHRINGER,FINOCCHIARO+ICDLU÷STON÷LSU+MPIMI 
MUELLER 81PRL  66 1181 + (RUTG+SYRA÷LEMO÷VAND÷CORN÷ITHA÷HARV+ROCH) 
NICZYPO1 81 PL 99 B lAP NICZYPORUK,CHEN*VOGELtWEGENER÷(LENA COLLABI 
NICZYF02 81PL  [DO B 95 NICZYPORUK*CHEN.FOLGER,LURZ.+ (LENA COLLABI 



Mesons 
T(i0350), T(10570)K*, K °, K'(892) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48 UPSILON(10350| MASS (DEV] 

N MASS 10.367 0.010 FROM UPSILON(9460) MASS AND MASS DIFFERENCE 
M BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A8 UPSILON(IO3BO(-UPS[LONI9660) PASS CIFFERENCE [MEV) 

DM A 950.0 30 .0  UENO 79 SPEE 400 P PT,MU+MU- 12/79 
OM D 8 9 [ . 1  5 .7  ANDREWS 80 CLEO E÷E-,HADRONS 9/8I* 
DM D 8 8 9 .  6 .  BOHRINGER 80 CUSB EtE-,HADRONS 9 / 8 1 .  
DM . . . . . . . . .  
DM AVG 891.2 4.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O] 

DM A FIXING THE UPSILON(9460] MASS AT 9460 MEV AND THE 
DM A UPSILON(IOO20]-UPSILON(96601 MASS OIFFERENCE AT 558 MEV. 
DM D SYSTEMATIC ERROR ADDED LINEARLY BY US. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48 UPSILON(10350] P~RTIAL DECAY MODES 

DECAY MASSES 
Pl UPSILON(IO350( INTO HUt MU- 1051 105 
P2 UPSILON(10350I INTO E÷ E- .5÷ .5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48 UPSILON[IOBSO) PARTIAL WIDTHS IKEVI 

WI UPSILON(IO3BOI INTO l E t  E-b/TOTAL [G2] 
Wl 0 S 0o44 0.09 ANOREWS 80 CLEO E+E-,HAORONS 9/81~ 
W| 0 S 0,61 0.09 BOHRINGER 80 CUSB E+E-,HADRONS 9/81~ 
W! . . . . . . . . .  
W1 AVG 0,455 0.064 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

W[ D SYSTEMATIC ERROR ADDED LINEARLY 8Y US. 
Wl S USING UPSILON(94601 PARTIAL WIOTH TO E+E- = 1.27 KEV 

COBB 77 PL 72 B 273 
HERB 77 PRL 39 ZSB 
INNES 77 PRL 39 tIAO 

KAPLAN 78 PRL 40 43B 
YOH 78 PRL 41  684 

UENO 79 PRL 42 6 8 6  

ANDREWS 80 PRL 44 1108 
BOHRIhGE 80 PRL 4 6  l l l l  

REFERENCES FOR UPSILD~(IOBBO) 

+[WATA,FABJAN,GOLDBERG+IBNL+CERN+SYRA+Y&LEI 
+HOM,LEOERMAN,APREL,ITO,+ (COLU+FNALeSTONI 
+APPEL,BROWN,HERB, HOM,FISK~[COLU+FNAL+STDNI 

+APPEL,HERB,HOM*LEDERMAN.÷ (STON+FNALeCDLUI 
+HERB,HOM, LEDEBNAN,UENO~÷ (CDLU÷FNALtSTON) 

÷BROWN,HERBvHOM,FISK,(TO,+ [FNAL+EOLUeSTON} 

÷ [CORNeHARV+ITHAtLEMOeROCH+RUTG÷SYRA+VAND( 
BOHRINDER,COSTANTINI~FINOCCHIAROICOLU*STONI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 UPSILON(IOBTO( MABS (GEVI 

M MASS 10.569 O. OIO FROM UPSILON(94601 MASS AND MASS DIFFERENCE 
N BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47 UPSILON(I05?OI WIDTH [MEV) 

W D 19. B IO. 5 ANDREWS 80 CLEO E+E-,HADRONS 9 / 8 1 .  
W 12.6 6 .0  FINOCCHIA 80 CUBE E+E-*HADRDNS 9 / 8 1 *  
W . . . . . . . . .  
w AVO 14.4 5.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l .O |  

w D SYSTEMATIC ERROR ADDED LINERALY BY US° 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A7 UPSILONIIO5TOI-UPSILON(9660I MASS DIFFERENCE (MEV( 

DM 1112. 5. ANDREWS 80 CLEO E+E-,HADRONS 9182* 
DM 0 1 1 1 4 .  7. FINOCCHIA 80 COSB E+E-vHAORDNS 9 / 8 1 "  
OM . . . . . . . . .  
ON AVG [112.7 4.1 AVERAGE [ERROR INCLUDES SCALE FACTOR OF [ .O I  

OM O SYSTEMATIC ERROR ADDED LINERALY BY US. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47 UPSILON(I05TO) PARTIAL DECAY MOOES 

DECAY MABSEB 
P[ UPSILON([0570) INTO MU+ MU- 105÷ 105 
P2 UPSILON(I0570} INTO E+ E- .S t  .5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AT UPSILDN(IO~TOl PARTIAL WIDTHS (KEY) 

WI UPSILONII0870I INTO IE÷ E-l/TOTAL (G28 
WI S 0 .24  0.08 ANDREWS 80 CLEO E+E-~HADRONS 9 / 8 | *  
WI S 0 .32  0.09 FINOCCHIA 80 CUSB E÷E-gHAORON5 9 / E l *  
W1 . . . . . . . . .  
WI AVG 0.2?B 0.060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .O )  

wI S USING UPSILONI94EOI PARTIRL WIDTH TO E÷E- = 1*27 gEV 

* * * * * *  * * * * * * * , *  . * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * = * *  * * * * * * * *  

REFERENCES FOR UPSILDN(IOBTO) 

ANDREWS 80 PRL 45 219 ÷ (CDRN÷NARVtITHA+LEMO÷R~H~RUTG÷SYRA+VAND| 
FINOCCMI 80 PRL 45 222 FINOCCHIARO,GIANNINI.BOHRINGERttICOLU+STONI 
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Data Card Listings 
For notation, see key at front  of  Listings. 

S=+I, C=0 MESON STATES 

F ~  1 o EHARGEO g(AqA,JP=O-I  I = l / 2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  11 NEUTRAL g(Bg8tJP=O-)  I=1 /2  

SEE STABLE PARTICLE DATA EARO LISTINGS 

' I K ' ( 8 9 2 ) 1  . . . . . . . . . . . . . .  , ,  . . . .  
I m 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K*(8928 MASS (MEVI 

M CHARGED ONLY. THIS IS WHAT APPEARS ON MESON TABLE 
M W [TOO 8OI.0 1.2 WOJEICKI 6A HBC - 1.7 K-P(KO P I - )  12/75 
M D 620 891. 2 .3  
M 720 890. 3 .0  
M 600 889. B.O 
M D 560 888. 2.5 

D B4I 892.0 2 .6  
M tODD 891.0 2 .0  
M 2886 8%.  1.0 
M 728 8qZ. 2. 
M 3229 892* L.O 
M B1027 892. 1 . 6  
M 4 4 0 4  892.2 1.5 
N O 765 896.2 2 .0  
M W PttSO 894.3 1 . 5  
M I gOOD (891 .9 I  I O . 7 l  
M 1800 890.7 0 .9  
M 1225 8 8 6 . 6  2.4 
M 6706 8 9 1 . 7  0 . 6  
M x 8 9 S . B  A.O 
M X 8 8 9 . 5  4 ° 1  
M 892.8 1.6  
M B8O 896.0 1°9 
M 187 886.0 2.3 
M 6100 891.0 I . O  
M . . . . . . . . .  
M AVG 891.77 0.36 

DE 8AERE 67 HBC + 3.5 K÷P (KO PILl 12175 
BARLOW 67 HBC ÷- 1.2 FBARP(KO Rl) 12/75 
BARLOW 67 HBC ÷- 1.2 PBARP(K Pl; 12175 
DE WIT 68 HBC - 3.0 K-P 12/75 
SCHWE[NGP 68 HBC - 5.5 K-P(KO PI - I  12/78 
CRENNELt 69 DBE - 8.9 K-N (KOPI-]  [ 2 /75  
FRIEDMAN 89 HBE - 2 . 1 K - P ( K O  P [ - I  12/75 
FRIEDMAN 69 HBC 2.65 K-P(KO P I - (  I2178 
FRIEDMAN 89 HEC -- 2.6 K-PIKO PI-)  12/75 
FRIEDMAN 69 HBC 2.7  K-PIKO P I - I  12/75 
AGUILARI 71HBE - 3.9~6.6 K-- p l i / I /  
CLARK 78 HBC - 3.13 K-PIKO P l - I  12/78 
CLARK T3 H8C - 3.3 K-P,P P l -  ~0 12/75 
PALER TB HBC 14.D K - P , K * -  x÷ 1 2 / T 5  
AGUILAR 78 HDC t -  .78 PB PeK KS Pl I2/78 
BALANO 78 HBC 12 P8 D,INCLUSIV 4178 
COOPER 78 HBC *-- .76 PB P,INCLUSV 4/78 
MARTIN 78 SPEC t 10 K+-P*KS P I P  12/78 
MARTIN 78 SPEC - 10 K+-P,KS P I P  12/78 
AJINENKO 80 HBC + 32 K+P 9 / 8 1 *  
OELFOSSE 8I SPEE + K ~ P . K + -  P[O P 1182= 
DELFOSSE 81SPEC - K t - P . K + -  PlO P I / B 2 *  
TOAFF 81HBC - 6.5 K-PtKO P [ -  P 1 /82*  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

M NEUTRAL ONLY. 
M Dt04O 896.7 1.4 DAUBER 67 HBE O 2.0 g - P I K - P I + I  12/75 
N IBK 898.7 2.0 DAVIS 69 HBC 0 12. K+P(K+PI-) 12/78 
M W 6300 895.0 1.0 HABER 70 DBC 0 3.  K-N (K -P [+ I  12/78 
M 02986 897.9 1.1 AGUILAR! 7 l  HBC O B.9,6.6 K- P 12/75 
M 05362  898.0 O.T AGUILARI TZ H8C 0 3.916.6 N- P 12/78 
M 01700  898.4 L.3 BUCHNER 72 DEC O A.6 K+ N,K+ PI- 12172 
M 3186 896.0 1.0 LEWIS 73 HBC 0 2. L-2.7 K+P 2176 
M C 896.0 1.3 L[ NGLIN 78 HBC O 2-18 KtpeK+PI-  12/75 
M 1OK 896.0 0 .6  FOX 74 PVUE D 2 K -P ,K -P I tN  12/78 
M 896.0 0.6 FOX 74 RVUE O 2 K+NtKtPI -P  12/75 
M C3600 896. 2. NATISON 7A HBC D 12 K÷P*K tP [ -  12/75 
M 895.B 1.0 MCCUBBIN 75 HBC O 3 .6  K-P,N-PI÷N 12/78 
M [ 22K (897. I I  [ 0 . 7 )  PALER 78 HGC O 14.9 K-PtN*O XO 12/78 
M 897.6 0 .9  BOWLER 77 OBE O 5.6 KtD,K+PI-P P 12/77 
M 1180 898.4 1.6 AGUILAR 78 HBC O .76 P8 P,g KS P( 12178 
M P 898.7 O.B ESTABROOK 78  ASPK O 13 K t - P , K + - P I t -  1 2 / / 7  
M 896.9 1.6 WIEKLUND 78 ABPK O 3 ,4 ,6  PI÷--PN 4/78 
N C (892 .8 (  (1 .31  LAND 79 RVUE 0 1 /82 .  
M 28K 897. [ .  EYANGEL(S 80 DMEG O tO PI-P 9 / 8 | *  
N 894.6 .B ASTON 81 LASS O 12 K-P,K- PI+ N 1/82* 
M . . . . . . . . .  
M AVG 896.05 0.25 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6 l  

(SEE IDEOGRAM DELOW ] 

WEIGHTED AVERAGE = 896 .05  ± 0 .25  

ERROR SCALED BY 1 .4  

I I . . . . . . . . .  ASTON 81 LASS I . . . . . .  E V A N G E L I S  BO OMEG 
. . . . . . . . . .  W [ C K L U N D  78  ASPK 
. . . . . . . . .  ESTABROOK 78 ASPK 

I . . A G U I L A R  78 HBC 

I . . . . . .  BOWLER 77  DBC 
. . . . . . .  M C C U B B I N  75  HBC 

- - '  . . . . . .  M A T I S O N  74 HBC 
. . . . . . . .  FOX 74  RVUE 

. . . . . .  FOX 74 RVUE 

. . . . . . . .  L INGL IN  73 HBC 

. . . . . . . .  LEWIS 73 HBO 

~ ' - 'BUCHNER 72 DEC 

. . . . . .  A G U I L A R 1  71 HBC 

~-- - . A G U I L A R 1  HBC 71 

. . . . . .  HABER 70  DEC 

. . . . . .  D A V I S  69  HBC 
i ~ D A U B E R  67  HBC - -  

L 

8 9 0  6 9 4  5 9 8  9 0 2  9 0 6  

N E U T R A L  K * ( 8 9 2 8  MASS ( M E V )  

C H [ S Q  

3 . 3  

0 . 9  
0 . 5  
1 . 3  

2 . 8  

3 , 0  

0 . 3  
O , O  
0 , 0  

O . 0  

2 . 5  
0 , 0  
3 . 3  
7 . 8  

2 . 8  
1 , 1  
1 , 4  

0 . 9  

3 (  . 9  

( G O N L E V  
=0.015) 
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Data Card Listings 
For notation, see key at front of Listings. 

Mesons 
K'(892)  

M C FROM POLE EXTRAPOLATION. 
M O NABS ERRORS ENLARGEO BY US TO GAMMAISQRT(N|. SEE TYDED ~TE. 
M I INCLUSIVE REACT ION. COMPLICATED DACNGROUND AND PHASE-SPACE EFFECTS 
R P FROM PHASE SHIFT ANALYSIS OF 15S000 EVENTS. 
M W NUMBER OF EVENTS IN PEAK REEVALUATED BY US 
M x SYSTEMATIC ERROR ADDED 

Note on K*(892) Masses and Mass Differences 

Unrealistically small e r ro r s  are repor ted  by 

some experiments. We use simple " r e a l i s t i c "  tests 

for the minimum errors on the determination of mass 

and width from a sample of N events: 

F F 
(m) , ~ (F) = 4 - -  

~min = %~ sin ~ 

(For detailed discussion see the April 1971 edition 

of this note.) We consistently increase unrealistic 

errors before averaging. 

18 K*(O) - K'l÷--) MASS DIFF. (MEVI 

w 2BE 6 ,B  4, E BARASH 67 HBC 0 PEAR P 12 /75  
SD1400 [ 6 °5 I  (E .O I  FICENECI 68 HBC 5.B K- P 52/75  

O S01600 (9 .5 I  (B .  Ol FIEENEC2 68 HBC 2 .7  K- P 52/T5 
D 7E ]8  5 .7  1 .7  RGUILARI T[  HBC -0  3 .9e4 .6  K-  P L I /T~  
D 2980 T .7  1 ,7  AGUILAR TB HBC ~ -  *T6 9B P,K KS PI  I 2 / 7 8  
D . . . . .  , • • • 
0 AVG 6°7 1.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O} 

D 0 MASS ERRORS ENLARGED BY US TO GAMMAISQRTIN(. SEE TYPED NOTE. 
0 W S DATA WITH RASS ERROR OF 3 NOV OR MORE NOT AVERAGED 
D NUMBER OF EVENTS IN PEAK REEVALUATED BY US 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K * IE92 I  WIDTH (HEY) 

W CHARGED DNLY. 1HIS IS WHAT APPEARS ON MESON TABLE 
W W OITOO 46 .0  5 .0  WOJCICKI 66 HEC - 1 .7  N-PIKD P I - I  12/T9 
W O 620 56 .0  g .o  DE BAERE 67 HOE + 3 .5  K+DIKO P I+ I  12/7E 
w 720 43. B.O BARLOW 67 HBC ÷- 1.2 9BARPiKO P l l  12175 
W 0 600 $3. B.O BARLDW 67 HOE 1.2 PBARP(K P I I  12 /75  
w O 540 44 .0  8 .0  1211S DE WIT 68 08C - 3.  K- D 
W 02886 53. 4 . 0  FRIEDMAN 69 HEC 2 . I  K--9(KO P I - I  I 2 / 75  
W O TZB 49.  "7 .3  FRIEDMAN 68 HBC Z.4SK-DIKO PI-) 12/1§  
w 03229 46° 3 ,2  FRIEOMA~ 69 HAG - 2 . 6  K-PIKO P I - I  12 /78  
W 01027 49.  6 , 1  FRIEDMAN 69 HBC 2 .7  K-PIKO P l - I  12/7S 
W ~60~  B4. D 3 .3  AGUILAR] 71 HAD - 3o9 ,~ .6  K-  P 12 /78  
W O 765 A6 ,3  6 .7  CLARK 73 HBC 3 .13K -P ,P  P [ -  KO 12/75  
w W 01180 48 .2  S.7 CLARK 73 HBC - 3*5 K -P ,P  P I -  KO I2175  
w I 9000 (52 .1 I  I 2 . 2 |  PALER 75 HGC - 14 .3  K -P .K$ -  X+ 12 /75  
W 1800 45 .8  3 .6  AGUILAR TB HBC + -  .76  PB P,K KS PI 12178 
W 122S 43 .0  8 .4  BALAND 78 HBC 12 PB 9,1NCLUSIV 4178 
W D6TOB 82 .0  2 .5  COOPER 78 HBC ~ -  .T& 98 P.INCLUSV 4178 
W 50 .9  2 .3  MARTIN TB SPED + tO K+-P,KS Pl P 12178 
w 50 .S  S .6  AJINENKO 80 HBC 32 K+P 9 /81 "  
N 380 62 .6  3 .B  DELFOSSE 81 SPED ÷ K+-PtK+-  RIO P 1/82" 
w 187 80 .5  3 .9  OELFOSSE 85 SDEC - K+ -P .K¢ -  DID P 1182"  
W 4100 51 .0  2 .0  TOAFF 85 HBC 6 .5  K-P~KO 91-  P 1 /82 "  
W . . . . . . . . .  
w AVG SO.T8 0.90 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

w NEUTRAL DNLY. 
W 0L060 44 .  S.5 DAUBER 67 HEC 0 Z.O K- P 52 /75  
W O tOK 53 .2  2 .1  DAVIS 68 HOE D 12o K+P(K+P I - )  12/7B 
W W D4300 54 .0  3 .3  HAGEN 70 DEC 0 S. K-N (K -P I+ I  l i l TS  
W 2 9 3 6  5E.8  4 ,2  3 .4  AGUILARI T1 HAD 0 3 .9 ,4 °6  K-- P l [ 17 I  
W 05362 48 .5  2 .7  AGUILARI 75 HBC 0 3 .9~4 .6  K- P 12175 
W OlTO0 51 .4  B.O BUCHNER 72 ODE 04.8 K+ N,K+ P l -P  12 /72  
W C03|86 46 .0  3 .3  LEWIS 73 HBC 02 .1 -2 .7  K+P 12175 
W (46 .5 )  I I . 5 |  L INGLIN 73 HAD 02-13 K÷P .K÷P I -  I I 7 4  
W IOK 47.  2% FOX 74 RVUE 0 2 K -9 )K -P I+N  12/TS 
W 5L.  2 .  FOX 74 RVUE 0 2 K+N~K+PI-P 12/TS 
W C I47.) (3. )  MATISON 74 HBC 012 K+P~K+PI- 12175 
N 3 6 0 0  48.  3 . :  2. MCCUBBIN 75 HBC 0 3 .6  K-P,K-DI~N 12 /75  
w I 22K (SO=6) ( 2 . 51  PALER 7E HBC OI4 .B  K-P~K~O XE I 2 /TB  
W 48 .B  2 .5  BOWLER TT DEC 05 .4  K+D,K÷DI -P P 12 /77  
W 1180 45 .9  4 .8  AGUILAR 78 HBC 0 .76 98 P,K KS P[ 12 /78  
W P $2 .9  0 .4  ESTABROOK 78 ASPK O|3 K+ -9 ,K÷ - -P I~  12177 
w 51 .2  1 .7  WICKLUND 78 ASPK O 3,4°6 PI+-PN 4/78 
N C (40 .11  ( 6 . 0 I  LANG 79 RVUE O 1182~ 
w 2BK 84, B. EVANGELIS 80 DNEG 0 10 PI--P 9181"  
w 69 .8  1*2 ASTON B1 LASS O 15 K-P~K- RI+ N 1 /82 *  
w . . . . . . . . .  
w AVG $2.09 0.50 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

(SEE IDEOGRAM BELOW I 

W C FROM POLE EXTRAPOLATION. 
W D WIOTH ERRORS ENLARGED BY US TO 4*GAMMAISQBTINI. SEE TYPED NOTE. 
W I INCLUSIVE REACT5ON. COMPLICATED BACKGR(~NO AND PHASE-SPAC~ EFFECTS 
w P FROM PHASE SHIFT ANALYSIS OF [SBO00 EVENTS. 
w w NUMBER OF EVENTS IN PEAK REEVALUATEO BY US 

WEIGHTED AVERAGE = 5 2 . 0 9  ± 0 . 5 0  

ERROR SCALED BY I .5 

- r  

-4--'JJ • ' . . . . .  ASTON 8t  LASS 

~ - ~  . . . . .  EVANGELIS 80 OMEG 

"~ i .... WICKLUND 78 ASPK 

..... ESTABROOK 78  ASPK 

~ ( I ~  . . . . . .  AGU[LAR 76  HBC 
I I  I 

' I11 . . . . .  BOWLER 77  DEC 16  
i r  ] 

"~'1 . . . . . .  MCCUBB I N 75  HBC 2 .7  
H /  

- - ~ 1  . . . . .  ~ o x  7 ,  . ~ U E  ~ . ~  
, - l -n  . . . . .  L~W~S ~ . B c  ~ , ~  

I I 

- '-BUCHNER 72 DBC 

AGUILAR1  71 HBC 1 8 

• AGUILAR1  71 HBC 1 , 0  

. . . .  HABER 70  DEC 03  

• -DAV IS  69 HAD 0 .5  

1 . o o  . . ,  

35  45  55  55  (CONLEV 

NEUTRAL N ' (892 )  WIOTH (MEV)  : 0  008)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 K'~'(BgZ) PARTIAL DECAY MODES 

DECAY MASSES 
PI K * (802 )  INTO K P[  R93÷ I 39  
P2 K~'(892) IHIO K P I  Pl 493+ 539+ 139 
a3 Ke(892)  INTO K GAMMA 4O3+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 8  K~'(BDZ( PARTIAL WIDTHS (KEV} 

WI N*(8g2) INTO (K GAMMAI (G3| 
WI 62.0 14.0 BERG 8l SPEC - 156 K-A,K PI A 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I8 K*1892) BRANCHING RATIOS 

RI K*1892I  INTO IK Pl 9 I ) I (K Pll IP2 ) / 19 l )  
RI 0 (O.O0210R LESS WOJCIEKI2 66 HBC - L .7  K-P 
R1 O (O. O00T)R LESS CL=0.95 JONOEJANS 78 HBC 4 K -D Ip  KO 2Pl 

R2 K*(892) INTO (R GAMMAIITOTAL (UNITS 50"*-31 lPB) 
R2 (1.61 OR LESS CL=.B5 BEMPORAD 72 CNTR + LO. - I 6 .  K÷A,COUL 
R2 1 .5  O.T CARITHERS 75 CNTR O 8-[6KOBAR A,COUL 

REFERENCES FOR K* (892 )  

ALSTON 61 PRL 6 300 ALSTON,ALVAREZ*EBERHARO.GOOD,G'RAZIANO+(LRLI 

ALEXANOE 62 PBL 8 447 ALEXANDER,KALBFLEISCH*MILLER,G SMITH (LRLI 
COLLEY 62 CERN CONF BIB 0 COLLEY,N GELFAND + {COLL~BIA+RUTGERS) 

CHADWICK 63 9L 6 309 CflAOWICK,CRENNELL,DAVIES,BETTSNI~(OXF+PAOOI 
GOLDHAEE 63 ATHENS CONF 92 SULAMITH GOLDHABER (LRLI 

WOJCICKI 64 PR 135 B 684 STANLEY G WOJCICKI I LRL I  

ADELNAN 65 ATHENS 527 STUART LEE AOELMAN (CAVENDISH) 
FERRC--LU 65 NC 36 110 I  FERRO-LUZZI,OEORGE,HENRIIJONGEJANS (CERN( 
FERRO-LU 6S NC 39 41T FERRD-LUZZI,GEORGE,GOLDSEHMIDT-CLER+ ICERN( 
GELSEMA 65 THESIS E.S.GELSEMA (SEE ALSO PL LO 341)IAMSTERDAM( 
WANGLER 65 PR 137 B 414 WANGLER,ERWIN,WAtKER IMISCONSIN| 

BARASH 67 PR IB6 1D99 8ARASN,KSRSEH,NILLER,TAN (COLUHD l AI  
DARLOW 67 NC 50 A TO1 +MONTANET,O-ANDLAU+ {CERN+CDEF+IRAO÷LIVPI 
BOMSE 67 9R lAB |BBB 
CONFORTO 67 NP B3 469 
DAUBER 67 9R 153 1~03 
DE 8AERE 67 NE 55 A 401 
FRENCH 67 NE 42A 442 
GEORGE 67 NC 49A 9 
SALLSTBD 67 NC 49A 348 

DE WIT 68 THESIS 
FICENEC[ 68 PR 16B 1034 
FICENEC2 68 PR I 75  1725 
RANG 68 PR 176 1587 
SCHWEING 68 PR t 66  1317 

ORENNELL 69 PRL 22 487 
DAVIS 69 RRL 23 tOT[ 
DE 8A£RE 69 NC 61A  397 
FRIEDMAN 68 UCRL-18860 
JUHALA 69 PR IBM I46 I  
LIND 69 NP B 16 1 

ATHERTON 70 N9 B |6  416 
HABER 70 NP B 17 289 

AGU(LAR 71PRL  26 4E6 
ADUILARI 71PR D 4 2583 
8ARNHAM 71NP 0 2B lT l  
BUCHNER 71 NP B 29 381 
CORDS Tl  PR D 4 lqT4  
MERCER 71NP 832 381 
YUTA 71PRL  26 1502 

÷BORENSTEIN+EOLE~GItLESPIE+ (JOHN HOPKINS} 
+MARECHAL,MONTANET÷CERN+OOEF÷IPN+LIVERDDOL 
+SCHLEIN,SLATER,TICHD (UCLAI 
÷GOLDSCHMIOT-CLERMDNT,HE~I÷ (RRUX+EERN| 
+KINSON÷~OONALD+R|ODIFOBD+ (CERN+BfRMI 
+GOLDSCHMIOT-CLERMONT÷HENRI+ (CERN+BRUX) 
SALLSTRDM*OTTER+EKSPONG (STOCKHOLM) 

S. DE WIT IAMSTEROAM| 
+HULSIZER+SWANSDN÷TROWER (ILL( 
FICENEC, GORDON, TROWER (ILLINOIS( 
Y.W.KANG (IOWA} 
SOHWEINORUBER,DERRICK,FIELDS* (ANt*NWESl 

÷KARSHON,LA[,ONEALL,SCARR (BNLI 
+OERENZO~FLATTE,ALSTOH,EYNCH:SOLM(TZ (LRL I  
÷C, DLO~EHMIDT-CLERMONT,HENRI,+ (BELG+CERN] 

CHISQ 

3 . 6  

0 . 9  

D.3 

4.1 

AIT8 

[173  
[2 /TS  

J,FRIEDMAN,OH,G. THESIS (LRLI  
÷LEAEOCK*RHODE,KOPELMAHtL[BBYT÷ ({SU+COLO) 
÷ALEXANDER,FTRESTONE~FU,GOLDHABER (LRLI  

+FRANEKtFRENCHtFRISK,BEDNAR+ (CERNegR~G) 
+SHA9IRA,ALEXANDER+ (REHO÷SACL÷EGNA÷EPDLI 

*BARNES,BASSANG,EISNER,KINSDN,SAMIOS (BNL) 
+EISNER,KINSON (BNLI 
*CDLLEY,JOBESeGRIDFITHSeHUGHES,÷(BIRM+GL~S) 
+DEHN,GOEBEL,GOLOSCHMIDT,÷ (MPIM÷EERN+BELG) 
÷CARNONY,ERWINIMEIERE,+ (PURD~UCD+IU~UI 
+ANTICH,CALLAHAN,C HIEN,COX,+ (JOHN HOPKINS( 
+DERRICK,ENGELNANN,MUSGRAVE (ANL÷EFII 



Mesons 
K'(892) Q REGION Q,(1280) 
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Data Card Listings 
For. notation, see key at front o/Listings. 

ABRANOVI 72 NP B 3D t89 
BINGHAM 72 NP B 41 1 
BENPORAO 72 NP B 51 I 
BRUNET 72 NP B 37 114 
BUEHNER 72 NP B 45 333 
CRENNELL 72 PRD 6 I 220  
DEUTSCHM 72 NP B 36 373  
ENGE~MAN 72 aR O 5 2162  
ROUGE 72 NP B 46 29 
TIECKE 72 NP B 39 596 

BERTHON 73 NP B 63 54 
CHARRIER 73 NP B 51 317 
CLARK 73 NP B 54 432  
LEWIS 73 NP B 60 283 
LINGLIN 73 NP B 15 4CB 
WALUCH 73 PRO B 2837  

FOX 74 NP B@O 403 
MATISON 74 PR D9 1872 

BRANDENB 75 PL 59 8 405 
CARITHER 75 PRL 35 349 
MCCOBB[N 75 NP 886 13 
PALER 75 NP B96 l 

K IRK  76 NP B 118 99 

BOWLER 77 NP B 126 3 [  

AGUILAR 78 NP B 141 [O I  
BALAND 78 NP B I~O 220 
BALD[ 78 NP B 134 365 
COOPER 78 NP 8 1~6 365 
ENGELEN 78 NP B [B~  1~ 
ESTABRO0 78 NP 8 133 8gO 

ALSC 78 aR O 17 558 
JONGEJAN 78 NP B IB9  383  
MARTIN 78 NP B 13~ 392 
WICKLUND 78 PRD 17 [ l g 7  

LANG 79 PR B 19 556 

AJ INENKO BO ZPHY 5 177 
EVANGELI BO NP B 165 383  

ASTON 8 [  PL 106  B 235  
BERG 81 PL 98 B 119 
DELFOSSE B I  NP 8 183 349 
TOAFF 81 PRO 23 1500 

ABRAMDVICH,CHALOUPKA,CHUNG,HILPERT,+ {CERN) 
* (INTERNATIONAL K+ COLLABORATIONI 
+BEUSCH,FREUDENREICH,+ (CERN+ETH+LOI6] 
+DANYSZ,GOLDSACK,+ (CDEF+SACL+LOIC+LOW61 
+DEHM,CHARRIERE,CORNET,+ {MPIM+CERN+ERUX) 
*GORDON,KWAN-WU LAhSCARR [BNL |  
OEUTSCHMANN,+ (ABCLV COLLABORATION| 
ENGELMANN, MUSGRAVE,FORMAN,÷ [ANL+EF IJ  
*VIDEAU,VOLTE,OB BR ION,+  (EPOL+SACLI 
+GRIJNStHEINENtDE GRODT,+ (NTJM+AMST) 

+MDNTANET,PAUL,BERTRANET,+ (EERN+SACLI 
CHARRIERE,ORIJARD, OE 8AERB,+ [CERN+BELGI 
+LYONS,RADOJICIC (OXFORDI 
+ALLEN, JACOBS,OANYSZ,BDRG,+ILOWC+LOIC÷COEF) 
D.LINGLIN (CERN) 
+FLATTE,FRIEOMAN (LSLI 

G.C.FOX,M.L.GRISS ( t i t )  
+GALTIERI,GARNJOST,FLATTE,FRIEDMAN,÷ (LBLl 

BRANDENBURG,CARNEGIE,CASHMORE,DAVIER+(SLAC) 
CARITHERS,MUHLEMANN,UNDERWOOD,÷ (ROCH+MCGI) 
N.A.NCCUBBIN.L.LYONS [DXFI 
+TOVEY,SHAH,SPIRO,CHAURAND÷(RHEL+SACL÷EPOLI 

+KLEIN,CDUNIHAN,+{AACH*BERL÷CERN+LOIC÷WIEN) 

+D~INTON,DRAKE,WILLIAMS (OXFORD) 

+FERNANOEZ,COOPER,+ [MADR+TIFR+CERN+CDEF) 
+GRARO,JOHN5ON,* (MONS÷BELG+CERN+LOIC*LALDJ 
+BOHRINGER~OORSAZ,NUNGERBUHLER* (GEVA;  
+GURTU,DOBRZYNSKI,÷ ITIFR+CERN+EDEF+MAOR) 
+JDNGEJANS,HEMINGWAY,+ (NIJN+ZEEM+CERN÷OXF) 
ESTABROOKStCARNEGIE,÷ (MONT+CARL÷OURH÷SLAC| 
ESTABR DOKS,C ARNEGIE+ (MONT+C ARL+OURH+SLACI 
JONGEJANS,CERRAOA.÷ (ZEEMeCERN+NIJMeOXFI 
+SHIMADA,BALDI,BOHRINGER,OORSAZ+(OURH÷GEVAI 
*AVRES,DIEBOLD,GREENEoKRAMER,PAWLICKI (ANL} 

C.B.LANG,A.NAS-PARAREDA (GRBZ| 

÷8ARTH,OUJARDIN,÷ (SERP~LIBH+MONS+SACL) 
+ {BARI+BONN+CERN+DARE+CLAS÷LIVP÷MILA÷WI~N) 

+CARNEGIE,DUNWOODIE,DURKIN÷ISLAC+CARL+OTTA) 
÷CHANDLEE,BIEL,HEPPELMANN,÷(RKH+FNAL÷MINN) 
+GJISAN~MARTIN,NUHEEMANN,WEILLt+(GEVA+LAUSI 
+NOSGRAVB,AMNAR,DAVIS,EEKLUND,+ (ANL÷KANS) 

Note on the QI(1280)-Q2.(1400 ) 

Since all the recent high-statistics e x p e r i -  

ments investigating the partial-wave contents of 

the K~ system diffractively produced on pro£ons 

(BRANDERBURG 76, OTTER 76, VERGEEST 79, DAUM 81) 

give consistent evidence for the existence of two 

strangeness-one axial vector mesons, we have split 

the "Q region" entry of our last edition into two 

entries: one for the QI(1280) resonance, with a 

mass around 1280 MeV, a width of the order of i00 

MeV, and mainly coupled to the Kp channel; and 

another one for the Q2(1400) resonance, with a 

mass around 1400 MeV, a width of the order of 180 

MeV, and mainly coupled to the K*~ channel. 

Notice that, whereas both QI(1280) and Q2(1400) 

are produced in diffractive processes, the non-dif- 

diffractive reactions (ARMENTEROS 64, CRENNELL 67, 

72, ASTIER 69, GAVILLST 78, ETKIN 80, RODEBACK 81) 

select preferentially the production of one of the 

two states. 

****** ****to=*** ********* ********* ********* ********* ***~***** ******** 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 QI([2BO) MASS (MEVI 

M PRODUCED BY BEAMS OTHER THAN K MESONS 
A 1242.0 9.0 tO .O  AST[ER 69  HBC c PEAR P 9/69 

M A THIS IS THE C MESDN. 
M 45(1300. I CRENNELL 6T HBC O 6 P I -  P,LK2PI 7 /67  

4O( I3OO.  ) CRENNELL 72 HBC O 4 .5P I -P ,LK2P I  I 2 / 72  
M 310(I294.) (10.)  RODEBACK 81 HBC 4 P I -P ,LAM K 2PI 1182 "  

M PROBUCEC BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE 
M TOO 1275.0 I 0 .0  GAVILLEt 78 HBC + 4.2 K-P°XI-KPIPI 4178 

M PRBDUCED BY K BEAMS 
M (1260. I DAVIS 72 HBC • 12. K+ P 12/72 
M (1234.) {12 .1  FIRESTONE 72 ORB 12. K+ O 2/73 
q (1300 .  I APPROX. BRANDENB 76 ASPK IB K+-P , (KP IP I IP  12/75 
M E (1289 .0 )  ( 25 .0 )  CARNEGIE 77  ASPK + -  13 K+ -P ,P  KP [P I  12 /T7  
M ( I 270 .0 )  ~PPROX. OTTER 7B HBC IO-IA-I6K-P 12 /T7  
M (1300.0) APPROX. VERGEEST 7g HBC +- 4.2 K-P,K Pl P[ 12179 
M 1270. i 0 .  OAUM 81CNTR - 63 K-P,K 2Pl P [ /82*  

M B FROM A NOBEL DEPENDENT FIT WITH GAUSSIAN BACKGROUND TO 
M E BRANDENBURG 7E DATA.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 QI(LZ80I WIDTH (MEV) 

W PRODUCEC BY BEAMS OTHER THAN K MESONS 
W 127.0 7.0 25.0 ASTIER 69  HBC 0 PEAR p 9169 
w 45 (60 . }  CRENNELL 67  HBC O 6 PI -  P 7 /67  
w 40  (60. I CRENNELL 72 HBC o 4.SPI-P,LKZPI 12172 
W RIO [66.)  ( IS.1 RDOEBACK Bt  HB6 4 PI-P,LAM K 2PI 1/82" 

W PRODUCED BY K-, BACKWARDS SCATTERING, HYPERON EXCHANGE 
W TOO 75.0 15.0 GAVILLET 78 HBC + 4.2 K-P,XI-KPIPI 4/78 

W PRODUCED BY K BEAMS 
W {120.) DAVIS 72 HBC * 12. K+ P 12/72 
W (IBB.] (21 . )  FIRESTONE 72 DEC + 12. K* O 12 /75  
w (20O.) APPRCX. BRANDENB T6 ASPK 13 K+-P,(KPIPIIP 121T8  
w E (150.00) {71 .01  CARNEGIE 77 ASPK +- 13 K+-P,P KPIPI 12177 
W 1150 .O I  APPROX. VEEGEEST 79  HBC A .2  K-P,K PI PI 12179  
W 90. 8. DAUM 81CNTR - 63 K-P,K 2PI P 1182* 

W E SEE NOTE E ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 QI ( [ 280 (  PARTIAL DECAY NODES 

DECAY MASSES 
891+ 139 
AgT+ 769 
49T+ 139 
A97+ S4B 
A97+ 782 
497+ 139+ IB9 

1350+ 139 
497+1300 

WI 

W2 

w3 
WB 
W3 

W4 
W4 

QI(12BO) INTO K CMEGA 
BA.O 3.0 
~.0 4.00 

AVG 16.8 9 .6  

G l I l 2BOI  INTO KAPPA P [  
26 .0  6.0 

QI(LBBO) INTO EPSILON K 
22.0 5.0 

(GBI 
CARNEGIEI 77 ASPN +- 13 K+-P,{KPIPIIP 12178 
MAZZUCATO 79 HBE + 4.2 X-PtXI-KPIP[ [2179 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 4.0( 

(G7 I  
CARNEGIEI 77 ASPK + -  I 3  K+ -P , (KP IP I IP  12 /78  

IGB I  
CARNEGIE1 t 7  ASPK + -  13 K+ -P I IKP IP I IP  12 /78  

R[ OI INTOoK*6PII (P l )  
RL F • 0.05 OAUM 81 CNTR 63 K-P,K 2PI P I/@2* 

RI Q1 INTO K RHO (P2I 
R2 F 0 .42  0 .06  DAUM B l  CNTR 63 N -P ,K  2P I  P 1 /82 "  
R2 DONINANI RODEBACK 8[ HBC 4 PI-P,LAN K 2P[ 1182" 

R3 Gl INTO K OMEEA IP5 )  
R3 F 0 . I I  0.02 DAUM 81 CNTR 63 K-P,K 2PI P I182" 

R4 QI INTO KAPPA P[ APT) 
R4 F O .2B  0 .04  BAUN 81 CNTR 63 K -P tK  2P I  P 1 /82 "  

R5 QI  INTO K EPSILON (PB) 
R5 F 0.03 O. OZ DAUM Bl 6NTR 63 K-P,K 2PI P 1/82" 

R6 QI INTO (K ONEGAI/IK RHOI {M5I/IPBI 
R6 (0 .30 I  OR LESS CL= .95  RODEBACK 81HBC 6 P I -P tLAM K 2P I  1 / 82 "  

Rg D/S RATIO FOR OI INTO K$ [892 )  P l  
R9 F 1.0 0.7 DAUN 81CNTR 63 K-PeK 2P[ P 11825 

R F AVERAGE FROM LOW AND HIGH T DATA. 

28 OiIl2BOl BRANCHING RATIOS 

Pl QIIIZBO) INTO K*IBg2I Pl 
P2 q I ( l~80 I  IBTO K RHD 
~3 QIII2BO) INTO K Pl 
P# QLII280~ INTO K ETA 
P5 QIIIBBD) INTO K OMEGA 
06 QIII28D( INTO K PI Pl 
Pt QIIIBBOI INTO KAPPA Pl  
PB Q1(12801 INTO K EPSILON 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 QI(1280) PARTIAL WIOHTS (MEVI 

Qt(12BOI INTO K RHO (GBI 
75 .0  6 .0  CARNEGIE t  77 ASFN +- I3 K+-P , (KP IP I )P  12178  
57 .0  5 .0  NAZZUCATO 79 HEC ÷ 4 .2  K -P ,X I - -KP IP I  12179 

AVG 64.4 8.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.3) 

Q I i I 2BOI  INTO K*  P I  l o l l  
2.0 2.0 CARNEGIEI T7 ASPK +- 13 K+-PtIKPIPIIP 12/T8 

14.0 11.0 MAZZUCATO 79 HBC + 4.2 K-P. XI-KP[PI 12/79 

AVG Z.4 2.0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 



169 

Data Card Listings 
For notation, see key at front of Listings. 

ARMENTER 
ALSO 

ARMENTER 
ALS 0 

AL~EIOA 

SHEN 
ALSO 

BASSOMFI 
BERLIk~H 
CRENNELt 
DE BAERE 

ALSO 
GOLDHABE 6T PRL 19 976 

BARTSCH 68 NP BB 9 
BOMSE 68 PRL ZO 1519 
DENEGRI 68 PRL EO 1194 

ALEXANOE 69 NP B 13 503 
ANDREWS 69 PRL 22 731 
ASTIER 69 NP B tO 65 
BAR BARO 69 PRL Z2 1207 
BETTINI 69 NC 62 A 1038 
BISHOP 69 NP B q 403 
CHIEN 69 PL 29B 433 
CHUNG 69 PR 182 1443 
COLLEY 69 NE A 59 519 
ERWIN 69 NP B ~ 364 
FRIEDMAN 69 UCRL-[BBBO 
WERNER 69 PR 188 2023 

ABRAMS 70 PRO I 2433 
ANTICH 70 NP B 2O DOt 
BOWLER 70 PL 3[ B 318 
FARBER 70 aR D 1 ?B 

B~RNHAM T) NP B25 45 
DENEGRI Tl NP B Z8 13 
FORMAN 71 PRO 3 2610 
GARFINKE 71 PRL 26 1505 

ANDERSON 72 PN D 6 1823 
BINGHAM T2 NP B 48 589 
8RANOEN8 72 NP S ~S 3~7 
BRANDEN8 72 PRL 28 932 
CRENNELL 72 PR 0 6 1~20 
DAVIS 72 PR 0 5 2688 
F|RESTON T2 PRO 5 5~5 
FIRESTON[72 NP B 47 348 
FRATI 72 PR D 6 2361 
HAATUFT 72 NP B 48 T8 

BARLOUTA 73 NP B 59 374 
BINGHAM 73 NP B 52 31 
DE JONGH T3 NP B BB ItO 
JONES 73 NP B 52 383 
LEWIS 73 NP 8 60 283 
WERNER 73 PR D T 1275 

ANGELOPO T4 NC 2OA 4g 
BOWLER 7~ NP B74 493 
DAVIDSON TA PR D9 77 
DEUTSCHM 74 PL 49B 38B 

ANTIPOV 7B NP BB6 381 
BOWLER T5 NP BOT 227 
OGRE 75 LNC 13 265 
OREVILLO 75 PL 55 8 245 
OUNWOOOI 7B NP B91 189 
OTFERI 75 NP B84 333 
OTFER2 75 NP 803 365 
OTTER3 75 NP B96 B9 
TOVEY 75 NP BR5 109 

BASDEVAN 76 PRL 37 977 
BOAL 76 PRO 1~ 2998 
BOWLER 76 JPG 3 775 
BRANDENB 76 PRL 26 703 
OTTER 76 NP B 106 77 
VERGEEST 76 PL 62 B 471 

CARNEGIE 77 NP B 12~ 509 
CARNEGIE(77 PL B 68 287 

BEUSCH T8 PL 74 B 282 
GAVILLET TB PL 76 B 517 
WOHL 7B NP B 13~ 401 

BASDEVAN 79 PR D [9  246 
MAZZUCAT 79 NP B 156 532 
VERGEEST 7S NP B 158 265 

BACON 80 N~ B 16~ 189 
DIDNISI 80 N~ B 169 I 
ETKIN 80 PRO 22 42 
IRVING 80 JPG 6 153 
RADFORD 80 NP B 16T 181 

DAUM 8 1 N P  B 187 1 
OTTER BI NP B 181 I 

REFERENCES FOR Q l I IB80 )  

6% DUBNA CONF 1 577 ARMENTEROSeEDWAROSeD-ANCLAU + (CERN+COEF) 
64 OUBNA CONF [ 6L7 R ARMENTERO5 (RAPPORTEUR} 
64 PL 9 20T ARMENTEROS,EOWARDS,O-ANOLAUt4 (CERN+COEFI 
66 PR 145 [095  BARASH~KIRSCH~MILLERITAN [COLUMBIA) 

65 PL 16 184 ALMEIDAeATHERTON,BYER~OCRNANIFORBON+ (CAVE) 

66 PRL 17 726 ÷BUTTERWORTH,FU,GOLDHABERS,TRILLINO ILRL)  
66 (PRIVATE COMM~JN)GERSON GOLDHABER (LRL) 

67 PL 26B 30 BASSOMPIERRE,GOLDSCHMIDT+ ICERN+BRUX÷RIRM]IJP 
67 PRL LB 1087 8ERLINGHIERI+FARBER÷FERBEL÷FGRMAN (ROCH)IJP 
67 PRL 19 44 +KALBFLEISCH,LAI,SCARR,SCHUMANN IBNL I I  
67 HE 49A 374 +DEBAISIEUX+FAST+FILIPPAS+ (CERN+BRUX) 
PRIVATE COMMUNICATION BY B° JONGEJANS 

G.OOLDHABER (LBL) 

÷COCCONI,÷ (AACH+BERL+CERN+LOIC÷VIEN) 
+BORENSTEIN,CALLAHAN,COIE,COX,* (JOHNHOPK) ~ 
*CALLAHAN÷ETTLINGER÷GILLESRIE÷ (JOHNHOPK) 

G.ALEXANOERtFIRESTONE,GCLDHABER,+ (LRL) 
+LACH,LUDLAM,SANDWEISS,BERGER,÷ (YALE÷LRL) 
+MARECHAL,MONTANET~÷ ICDEF+CERN+IPNP÷LIVPI[JP 
BARBARD-GALTIERI,DAVIStFLATTE,÷ (LRL) 
+CRESThLIMENTANI,BERTAUZA,BIGI~IPADO÷PISA}I 
+GOSHAW,ERWIN,WALKER (WISE) 
+WALANUD,MELLEMA,RUDNICK,SCHtEIN+ (UCLA) 
÷EISNER+BALI+LUERS IBNL) 
+EASTWOOD,+ (BIRM+GLASeLOIC+~PIM+DXF+RHEL) 
÷WALKER,GDSHAW,WEINBERG (WISC÷PRIN÷VANDI 
J.FRIEONAN,PH.O. THESIS (LRL) 
+AMMAR,DAVIS,KROPAC,YBREE~,CRO,÷ (NWES+ANL) 1~ 

+EISENSTEIN,KIN,MARSHALL,O-HALLDRAN,+ (ILL) 
+CARSQN,CHIEN,COX,DENEGR[,ETTLINGER,÷ (JHUI 1+ 
M.GoBOWLER IOXFORO) 
+FERBEL,SLATTERY,YUTA (ROCH) 1+ 

+CQLLEY,GRIFFITHSfALBER, + (BIRM+GLAS+OXF) 
+ANTICH,EALLAHAN,CARSON,CHIEN,COX,÷ IJHU) i ÷  
+GELFANO,LEARY,MOSER,SEIDL,WOLFSQN (EF I )  
GARFINKEL,HOLLANO, CARMONY,L ANOER*IPURD÷UCO) 1+ 

+FBANKLIN, GODDENtKOPELMAN,LIBBY,TAN (COLO) 
+EISENSTEIN,GRARD,HERQUET,+ (CERN*BRUXI 
BRANOENBURG,BROOY,JOHNSCN,LEITH,LOOS÷ISLAC) 
BRANOENBURG,JOHNSON,LEITH,LOOS,LUSTE+(SLACI 
+GDRDON,KWAN-WU LAhSCARR (BNLI 
+ALSTON,BARBARD,FLATTE,FRIEDMAN,LYNEH~ILBL) 
FIRESTONE,GOLDHABER,LIBSAUER,TR[LLING (tOLl 
A.FIRESTONE (C IT )  
÷HALPERN,HARGIS,SNAPE,CBRNAHAN,*IPENN+CINC) 
+ARNOLO,MAGUENAUER*+ (BERG+STRB+EPOL+MADRI 

+OREVILLON,SHAH,+ (SACL÷EPOL+RHEL) JP 
+FARWEL,* (LBL+ORSAY÷BNL+SACLAY÷M|LAN) JP 
+CORNET,EMARRIERE,+ (BRUX+MONS+CERN+NPIMI 
G.T.JONES (EERN) JP 
+ALLENtJAEOBStOANYSZwBORGt~(LOWC+LO[C÷CDEFI 
+SLATTFRY,FERBEL (ROCHESTER) 

ANGELOPOULOS,FILIPPAS+IATHU+ATEN+LIVP÷VIEN] JP 
÷DAINTDN,KAODOURA~AITCHISON (OXF) 
÷CHAPMANwGREENtLYS,ROE (MICH) 
OEUTSEHMANN,÷ IAAEH÷BERL+CERN÷LOIE*VIEN) JP 

÷ASCOLI,BUSNELLO,KIENZLE÷ ISERP÷CERN÷ILL) JP 
+GAME,AITCHISON,OAINTON (OXF+DAREI 
+GUIDONI,LAAKSO,MARINI,CONFORTD+(ROMA+RHEL) 
OREVILLON,BORENSTEIN+ (EPOL+BOHR÷CDEF) JP 
DUNMOODIE,GRANT+ ICERN+BELG÷MONS+MPIM) JP 
÷ (AACH÷SERL+CERN+LOICeVIENeRTHU÷ATEN÷LIVP] JP 
÷RUDOLPH,RUMPF~ IAACHeBERL+OERN÷LOIC+VIENI JP 
+RODOLPH,SEYFERT÷IAAEH+BERL+OERN+LOIC÷VIEN)I,JP 
+HANSEN,BORENSTEIN,BORG÷ (R~L÷EPOL÷SACLII,JP 

BASOEVANT,BERGER (FNAL+ANLI 
+EDWAROS,KAMAL,TORGESON (ALBERTA) 
M.G.BOWLER (OXFORD| 
BRANOENBURG,CARNEGIE,EASNMORE,DAVIER÷(SLAC) JP 
+ (AACH+BERL+CERN+LOIC+VIEN+LPNP÷RHEL÷SACLI JP 
+ENGELEN,JONGEJANS,÷ (AMST+CERN+NiJM÷OXF) JP 

÷CASHMORE,DAV]ER,DUNWOODIE,LASINSKI÷ ISLAC) 
÷CASHMORE,DUNWOODIE,LASINSKI,÷ (SLAC) 

+BIRMAN,KONIGS,OTTBR,÷ (CERN+AACH÷ETH) JP 
+DIAZ,DIONISI~ (AMST÷CERNeNIJM+DXF) JP 
+PALER,CHAURAND,÷ )LPNP+RHEL+SACLAYI 

BASDEVANT,BERGER IANLI  
MAZZUCATO, PENNINOTON÷ (OERN+ZEEM+NIJM÷OXF) 
+JONGEJANStOIONISI~+ (NIJM~AMST+CERNeOXFI 

+BARREY~BUTTERWORTH~ANSORDE,+ (LOIC÷CAVE) 
+GAVILLET,ARMENTBROS+ (CERN+MAD~÷EOEF÷STDN) 
+FOLEY,LINDENBAUM,KRAMER,~ (BNL÷CUNYI JP 
A.C.[RVING (LIVPJ 
RADFORD,BRANDENB~G [WIT) 

+HERTZBERGER+IAMST+CEPN+CRAC+MPIM÷OXF÷RHEL) 
IAACH+BFRL÷LOIC÷VIEN+BIRM÷BELG÷EFRN÷MONSI 

RODEBACK 81 ZPHY C 9 9 +SJOGREN,ARMENTEROS~+ (CERN÷CDEF+MADR~SIOH) 

I , ( 1 3 5 o ) 1  . . . . . . . . . . . . . . . . . . . . . . . .  

1 
The isodoublet S-wave K~ phase shift 6~ is 

compatible with elastic unitarity up to the Kq' 

threshold. It grows monotonically, reaching 90 ° 

Mesons 
Q,(1280), ~(1350) 

at about 1350 MeV (MERCER 71, BINGHAM 72, FIRE- 

STONE 71,72, MATISON 72,74, GALTIERI 73, YUTA 73, 

FOX 74, BAKER 75, LAUSCHER 75,'BOWLER 77, ESTA- 

BROOKS 78, ASTON 81). The ambiguous "up" solution 

in the region of the K*(892) has been ruled out 

conclusively (MATISON 72,74, GALTIERI 73, BOWLER 

77, ESTABROOKS 78). 

The first inelastic two-body threshold is Kq, 

which, however, is very weakly coupled to <, in 

accordance with the SU(3) prediction for the <Kq 

coupling. 

In the energy range 1350-1450 MeV the phase 

shift exhibits rapid motion (BOWLER 77, ESTABROOKS 

78, MARTIN 78), which has been taken as an indi- 

cation for a K resonance at 1500 MeV (ESTABROOKS 

79). However, the phase-shift behavior can also 

be understood as a cusp effect due to the nearby 

K~' threshold at 1455 MeV (TORNQVIST 82). Above 

this energy the inelasticity due to K~' is impor- 

tant. The phase shift can be fitted up to about 

1500 MeV in a unitary coupled-channel analysis 

with proper analytic structure with one resonance, 

the <(1350), without background (TORNQVIST 82). 

This supports earlier interpretations (FIRESTONE 

71,72, FRATI 72, ROUGE 72, CORDS 73, LAUSCHER 75, 

MORGAN 75, ENGELEN 78, ASTON 81) that the K mass 

indeed is where 6~ passes through 90 ° . 

At still higher energies some evidence for a 

second scalar resonance exists (ASTON 81). 

See also Appendix IIC. 

.............................................................. 

lq KAPPA MASS tMEV} 

M C (1425.] APPROX. ESTABROOK 7B ASPK 13 K÷- P IZ/T7 
M I I 4SO.O)  APPROX. MARTIN 78 SPEC I 0  R÷-PtKS Pl  P 12178 
M P ( lETS. ) (50. I LANO 19 RVUE 0 I182" 
M IIAO0o) APPROX. ASTQN BI LASS 0 L) K-P,K- PI+ N 1182" 
N ( lBBO. )  TORNQVIS 82 RVUE [3  K+- P 1182"  

~ FROM ELASTIC K PI PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW ) 
M POLE EXTRAPOLATION USING FIRESTONE 7Z AND MATISON T4 DATA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 KAPPA WIDTH (MEV) 

W ~ 2OO-3QO APPROX. ESTABROOK 78 ASPK [3 K+- P I2177 
W I540.) { I06.)  LANG 79 RVUE 0 1 / 8 2  • 
W (ZSO.} APPROX. ASTON 81 LASS O[ I  K-P,K- PI ~ N 1182" 
W (435.) OR MORE TORNQVIS B2 RVUE 13 K÷- P 1182" 

W C FROM ELASTIC K Pl PARTIAL WAVE ANALYSIS ( SEE KAPPA MINI-REVIEW ) 
W P POLE EXTRAPOLATION USING FIRESTONE 72 AND MATISON 74 DATA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 KAPPA PARTIAL DECAY WODBS 

DECAY MASSES 
Pl KAPPA INTO K PI 497* [34 
PB KAPPA INTO K ETA 497~ 568 
P3 KAPPA INTO K ETA PRIME 497+ 957 

............................................................ 

I s  KAPPA BRA~HING RATIOS 

RI KAPPA INTO (K P I ) ITOTAL (P l )  
RZ IO.BS)  ~PPROXo ASTON 81 LASS 0 11K -P ,K -  P I *  N I / f i B=  
RI  ( 0 . 93 I  AOPPOX. TORNQV[S 82 RVUE [3 K+-P | / 82 t  



Mesons 
~(1350), 0~(1400) 

REFERENCES FOR KAPPA 

ERIPPE 68 PL 28 B CO3 +CH[EN,MALAMUD,MELLEMA,SCHLEIN,÷ iUCLA) 

CRENNELL 6B PRL 22 4B7 +KARSH~N,LAI~D. NEALL,SCARR (BNL] 
OODO 69 PR 177 I994 +JOLOERSMA,PALMER,SAMIDS (BNL) 
GOLDBERG 69 PL 30 B A34 SABRE COLLABOR. (SAELeAMST+BONA+REHOeEPOL) 
SCHLEIN 69  ARGONNE CONF. 646  P.SCHLEIN (UELAI 

FIRESTON 71 PRL 26  IA60 A.FIRESTONE.G.GOLDHABER,O.LISSAUEP (LRLI 
MERCER Tl NP B32 381 +ANTICH,EALLAHAN,CHIEN,COX,+ (JOHN HOPKINS) 
YUTA 71PRL 2B 1502 +OERRIEK, ENGELMANN,MUSDRAVE (ANL+EF I )  

AGUILAR 72 PR 0 ~ 11 AGUILAR-BENITEZ,CHONG,EISNER (BNL) 
BINGHAM 72 NP B ~1 I + (INTERNATIONAL K+ COLLABORATION) 
BUCHNER 72 NP B 45 333  ÷DEHMtEHARRIERE,CORNET,* [MPIM+EERN*BRUXI 
CFR]NG 72 PRL 29 1570 ÷EISNER, AGUILAR-BENITEZ (flNL) 
CRENNELL 72 PRD 6 1220  ÷GDROON,KNAN-RU LAI,SCARR (BNL) 
DIEBOLD 72 BATAV.CONF. V.3 17R.DIEBOLD RAPPORTEUR TALK (ANL] 
ENDELMAN 72 PRD 5 2162 ENGELMANN~MUSGRAVE~FORMAN~÷ (ANL~EFII 
FIRESTON 72 PRD 5 2188  +GOLOHABER, LISSAUER, TRILLING (tBL)PWA 
FRATI 72 PRD 6 2361 eHALPERN. HAROIS,SNAPE,CARNAHAN,+(PENN+CINC) 
MATISON 72 tB l  1537  (THESIS) REVISED VERSION RILL 00 TO PHYS.REV. tBL 
ROUGE 72 NP B ~6 29 +VIDEAU,VOLTE,OE ORION,+  (EPOL+SACL) 

CORDS 7B NR B 54 109 *CARMONY,LANOER,MEIERE,+  {PURO÷UCD+IUPU) 
GALTIERI 73 LBL 1772  +MATISON,GARNJOST,FLATTE,FRIEOMAN+ (lOLl 
LINGLIN 73 NP B 55 BOB D.LINGCIN [CERNI 
YUTA 73 NP B 52 70 +ENGELMANN,MUSGRAVB,FORMAN,+ [ANL+EF I I  

FOX T4 NP BBO ~03 G.C.FOX,M.t.ORISS (CIT( 
MATISCN 74 PR 09 1872  +GALTIERI,GARNJOST,FEATTE,FRIEOMAN.+ (LBL) 
MORGAN 7~ PL 518 71 D.MORGAN IRHEL ]  

BAKER 75 NP B99 Oi l  +BANERJEE,CAMPBELL.ALLEN,MARCH+ (LOIC+LOWCI 
LAUSCHER 75 NP 886 IBB eOTTER,WIECZOREK~+ [ABCLV  COLLABORATION) 
MORGAN 75 ARGONNE CONF. 45 D.MORGAN (RHELI 

CHIEN 76 NP B 106 355  

BOWLER 77 NP B 126 31 
SPIRO 77 NP B 125 162  

BALDI 78 NP B I B 4  365 
ENGELEN 78 NP B 134  IA  
ESTABRO0 78 NP B 133  690 
MARTIN 78 NP B I~  392 

ESTABRO0 79  PRD lq  2678 
LANG 79 PRD 1R B56 

ASTON 81 PL I 06  B 235 JP 
TOAFF 8I PRD 23 1500 

TORNQVIS 82 HU-TFT-B2-l 

, _ ,  ,,Iojt400 l" o . . . . . . . . . . . . . . . .  1 2  

SEE MINI-REVIEW UNDER 01(12B01 

+FEIOCK,LUCAS,PEVSNER,ZCANIS (BALTIMORE( 

+DAINTON~DRAREtWILLIAMS (OXFORD) 
+BARLOUTAUO,COMBER,PALER,÷ (SACL÷RHEL*EPOLI 

+BOHRINGER,OORSAZ,HUNOERBUHLER+ (GEVAI 
÷JONOEJANS,HEMINOWAY,+ (NIJM+ZEEM+CERN~OXFI 
ESTABRODKS,CARNEOIE,+ {MDNT*CARL÷DURH÷SLAC) 
÷SHIMAOA,BALDI~BOHRINGER,DORSAZ*(OURH÷GEVA) 

P.ESTABBOOKS (CARLA 
C.B.LANO,A.MAS-PARAREDA (GRAZ]  

+CARNEGIE,OUNWOODIE,DURKIN÷(SLAC÷CARLeOTTAI 
+MUSORAVE,AMMAR,OAVIS,ECKLUND,+ (ANL+KANS) 

N.A.IORNQVIST (HELS) 

6B 02 (14001  MASS (MEV) 

M 11420.1 DAVIS 72 HBC + 12.  Re P 12 /72  
N ( IB68 . (  ( IB . I  FIRESTONE 72 OBC + 12 .  K+ D 12 /77  
M (I~DO.( APPROX. ORANOENB 76 ASPK + -  13 R÷-P,(KPlPI(R 12175 
M E [1~0~.01 ItO.D) CARNEGIE 77 ASPK +- 13 K÷-P,P KPIPI 12179 
M ( I~00.0}  APPROX. VERGEEST 79 HBC +-  A. 2 K-P,K Pl P I  12179 
M I~15. 15. ETKIN BO MRS O 6 K-P~KO Pl e PI -  1/B2" 
M 1~10 .  25 .  OAUM B1 CNTR - 63 K -P ,K  2P l  P 1182 "  
M 
M AVG i~13.7 12,9 AVERAGE (ERROR [NCLUOES SCALE FACTOR OF l.O} 

M E FRDP A MODEL DEPENDENT FIT WITH GAUSSIAN BACXGROUNO TO 
M E BRANDENBURG 76 DATA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64 02(IBO0) W[OTH (MEV) 

W (DO.( 
R (E~I.(  (30. )  
W I t 60 . )  APPROX. 
R E (142.0) (16.0) 
R (2OO.OJ APPROX. 
W tOO. I 0 .  
R 195. 25 .  
W . . . . . . . . .  
W AVG I 8 2 .  i 9.3 

w E SEE NOTE E ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B4 02 ( l ~OOI  PARTIAL  DECAY MODES 

DECAY MASSES 
Pi Q2(16001  INTO K*(B921PI 8R1+ 13R 
P2 02 (14001  INTO K RHO ~97+  76R 
P 3  Q2(14001  INTO K Pl A97+  139  
P~ Q2(14OD)  INTO K ETA 497e 5~B 
P5 02(IAOO) INTO K OMEGA 497+ 782 
P6 Q2 (1400 l  INTO K P [  PI  ~97+  ~39+ 139  
P7 Q2 I IAOO)  INTO KAPPA P l  1350÷  139  
P8 Q2(14DO)  INTCK EPSILON 4RT f lBO0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6~ O2(l~O0) PARTIAL WIDTHS (MEV) 

WI 02 INTOBKoRHO (G2 I  
wl . 1,0 CARNEGIE1 T7 ASPK +- I3 K+-P,(KPIPIIP 12178 

RB Q2 INTO K*  P I  (GI)  
R2 117 .0  10 .0  CARNEGIE) 77  ASPK ÷ -  L3 K+ -P , (KP IP I IP  12 /78  

W3 Q2 INTO K OMEGA (GS) 
W3 23 .0  12 .0  CARNEGIE [  77 ASPK e-- 13 Ke-P ,  IKP IP I IP  12 /78  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DAVIS 72 HBC + 12. K÷ P 12472 
FIRESTONE 72 ODE 12. K+ 0 12/75 
ORANDENB 76 ASPK ~ -  13 K+ -P , iKP IP [ )P  12 /75  
CARNEGIE 77 ASPK +- 13 K+-P~P KPIPI 12/77 
VERGEEST 79  HBC 4 .2  K--P,K P) P) 12 /7R  
ETK IN  80  MPS o 6 K-P ,KO P I+  P I -  L / 82~  
OAUM 81ENTR - 63 K -P ,K  BP I  P 1182 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
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64 Q2(1400) BRANCHING RATIOS 

RI Q2 INTOoK=API9 (OI l  
RI F • 0.06 OAUM B[ CNTR 63 K-P,K 2PI P 1/82~ 

R2 02 INTO K RHO (PB l  
R2 F 0.03 0.03 DAUM 81CNTR 63 K-P~K 2P[ P I/B2~ 

R3 G2 INTO K OMEOA (PS(  
R3 F O ,O t  O, Ol  DAUM B]  CNTR 03 K-P,K 2Pl P I/B2~ 

R4 02 INTO KAPPA P I  (PT )  
BB F ( 0 . 0 0 )  APPROX. OAOM B1ENTR B3 K -P ,K  2P(  P 1/82@ 

R5 O2 INTO K EPSILON [P8 )  
R5 F 0.02 0.02 DAUM 8I CNTR 63 K-P,K 2Pl P l/B2= 

RO D/S  RATIO FOR QH INTO K~(892) P[ 
R9 F 0.04 0.01 OAUM Bl  CNTR 63 K-P,K 2Pl P l /BB t  

R F AVERAGE FROM LOW AND HIGH T DATA. 

REFERENCES FOR QB(1400I 

ARMENTER 64 DUBNA CONF 1 57T ARMENTERDS,EDWARDS,D-AN~LAU + (CERN+CDEF) 
ALSO 66 DUBNA CONF I 617 R ARMENTEROS (RAPPORTEUR) 

ARMENTER 6~ PL 9 207 ARMENTEROS,EDWAROS,O-ANOLAU,+ (CERN+COEF) 
ALSO 66 PR 145 1095 BARASHtKIRSCH,MILLER,TAN (COLUMBIAI 

ALMEIDA 65 PL IB  lOB ALMEIDA,ATHERTON,DYER,DORNAN,FORSON÷ (CAVEI  

SHEN 66 PRL I 7  7B6 +BUTEERWDR TH,FU,C~OLDHABERS,TRILLING (LRLI 
ALSO b6 (PRIVATE COMMUNIGERSON GOLDHABER (LRL) 

BASSOMPI 67 PL 26B BO BASSDMPIERRE,GOLOSEHMIOT~ (EERN+BRUX÷BIRM)IJR 
BERLINGH 67 PRL IB 1087  BERLINGHIERI+FARBER÷FERBEL÷FORMAN (ROCHIIJP 
CRENNELL 67 PRL 19 4A eKALBFLEISCH,LAI,SCARR,SCHUMANN iBNLII 
DE BAERE 67 NC 49A 376 +DEBAISIEUX+FAST÷FILIPPASe (CERN÷BRUXJ 

ALSO PRIVATE COMMUNICATION BY B- JONGEJANS 
GOLDHABE 67 PRL 19 976 

BARTSCH 68 NP B8 9 
BOWSE 68 PRL 20 1519 
DENEGR[ 68  PRL 20 1194 

ALEXANOE 6R NP B 13 50B 
ANDREWS 69 P~L 2E 73 I  
ASTIER 69  NP B 1o 6B 
BARBARB 69 PRL 22 1207 
BETTINI 60 NC 62 A 1038 
BISHOP 69 Na B B 4C3 
CHIEN 69 PL 298  433  
CHUNG 69  PR I 8E  lOB3 
COLLEY 69 NE A SB 51q 
ERWIN b9 NP B R 364 
FRIEDMAN 69 OCRL-1B860 
RERNER 69  PR IBB  2023 

ABRAMS TO PR 0 I 2433 
ANTIDH 70 NP B 20 201 
BOWLER 70 Pt 31 B 2IB 
FARBER 70 PRO I 78 

B~NHAM 71 NP B25 45 
DENEGRI 71 NP B 2B I3 
FORBAN 7[ PRD 3 26[0 
GARFINKE 71PRL  26 1505 

ANDERSON 72 PRD 6 1823 
BINGHAM 72 NP B 48  589 
BRANDENB 72 NP B B5 397 
BRANDENB T2 PRL 2B 932 
CRENNELL 72 PRD 6 1220 
DAVIS 72 PRD B 2688 
FIRESTON 72 PRD 5 505 
FIRESTONIT2 NP B 47 3~B 
FRATI 72 PRO 6 2361 
HAATUFT 72 NP B 4B 7B 

BARtOUTA 73 NP B 59 374  
BINOHAM T3 NP B 52 3L 
DE JONGH 73 NP B 58 IIO 
JONES 73 NP B 52 383 
LEWIS 73 NP B 60  2B3 
RERNER T3 RR 0 T 12T5 

ARGELOPO 7~ NC 20A  A9 
BOWLER 7A NP B74 BS3 
DAVIOSBN 7A PR 0~ 77  
OEUTSEHM 74 PL 496 3BB 

ANTIPDV 75 NP BOB 3Bl 
BOWLER 75 NP B97 227  
OORE 75 LNC 13 B65 
DREVILLO 75 PL B5 B 245 
DUNWOOOI 75 NP BOI IB9 
OTTERI T5 NP B86 333  
OTTERB 7B NP B93  365  
OTTER3 75 NP B~B B9 
TOVEY 75 NP B95 109 

BASDEVAN 76 PRL 37  g77  
BOAL 76 PRD 14 2998  
BOWLER 76 JOG 3 775  
BRANDENB 76 PRL 26 T03 
OTTER 76 NP B 106 77 
VERGEEST 7B P t  62  B B7 I  

CARNEGIE TT NP B 127 5OR 
CARNEGIE I77  PL B 68 287 

B EUSCH 78 PL 74  B 282 
GAVILLET  78 PL 76  B 517  
WOHL 78 NP B 132 Q01 

BASOEVAN 79  PRD 19 B~6 
MAZZUCAT T9 NP B 156 B32 
VERGEEST 79 NP B IBB  265  

BACON 80 NR B 162 189 
DIONISI BO NR B I69 1 
ETK IN  BO PRO 22 A2 
IRVING BO JPG 6 153 
RADFORO 80 NP B 167 181 

G.GOLOHABER (LBL )  

+COCCONI ,÷  (AACH÷BERL+CERN+LOICeV IEN I  
+BORENSTEIN ,CALLAHAN,COLE ,COX,e  (JOHNHOPK) 1+ 
+CALLAHAN*ETTL INOER+G[LLESPIE+  (JOHNHOPKI | +  

G .ALEXANOER,F IRESTONEtGOLOHABER,+  (LRL )  
+LACH,LUDLAM,SANOWEISS IBERGER,e  (YALE÷LRL)  
+MARECHAL,MDNTANET,+ (COEF+CERN+ [PNP~L IVP( I JP  
BARBARO-GALTIERI,OAVIS,FLATTE,e (LRL I  
eCRESTI,LIMENTANI,BERTAUZA.BIGI+IPAOO+PISAII 
+GOSHAW, ERWIN,WALKER (WISC} 
eMALAMUD,MELLEMA,RUONICK,SCHLEIN+ (UCLA( 
eEISNEReBALI÷LUERS (BNL( 
• EASTHOOD,÷ (BIRM+GLAS+LOIC+MPlM÷OXF+RHELI 
+RALKER,GOSHAW,WEINBERO [WISCePRIN*VANDI 
J.FRIEDMAN,PH.D. THESIS (LRL) 
÷AMMAR,DAVIS,KRORAE,YARGER,C~O,* (NWES÷ANL( 1 .  

÷EISENSTEIN,KIMtMARSHALLtO-HALLORAN,÷ ( ILL) 
• CARSON,CHIEN,COX,DENEGRI,ETTLINGER,+ (JHU) 1. 
M.G.BOWLER (OXFORD) 
+FERBEL,SLATTERY,YUTA (ROCH) I÷  

• COLLEYeGRIFFITHS,ALPER, + (BIRM÷GLAS÷OXF) 
÷ANTICH,CALLAHAN,CARSON,CHIEN,CDX,+ (JHU) 1+ 
+GELFAND,LEARV,MOSER, SEIDL,WOLFSON (EFT) 
GARFINKELtHOLLANOtCARMONY, LANOERe{RURDeUCD) I÷  

÷FRANKLIN, GOOOEN,RDRELMAN,LIBBy,TAN (COLO) 
+EISENSTEIN,GRARO, HERQUET,* (CERN*BRUXI 
BRANOENBURG,BRODY,JCHNSON~LEITHtLOOS*(SLACI 
BRANOENBURG,JOHNSONtLEITHILOOStLUSTE+(SLACI 
eGDRODN,KWAN-WU LAI,SCARR (BNL) 
÷ALSTON,BAPBARO,FLATTEtFRIEDMAN,LYNCH÷(LBLI 
FIRESTONE,GDLOHABER,LISSAUER,TRILLING (LBLl 
A.EIRESTONE (CITI 
÷HAIPERNtHARGIS,SNAPEtCARNAHAN,+IPENN*CINCI 
eARNOLO, HAGUENAUER,e (BERG*STRB÷EPOL*MADR) 

eDREVILLON,SHAH,+ (SACLeEPOL~RHELI JP 
• FARWEL,e (LBL÷ORSAY+BNL+SACLAY÷MILAN( JP 
÷CORNET,CHARRIERE,+ (BRUX+NONS+CERNeMPIMI 
G.T . JONES (CERN| JP 
+ALLEN~JACOBS,OAN~fSZ,BORGv+ILOWC+LOIC+COEFI  
+SLATTERY,FERBEL (ROCHESTERI 

ANGELOPOULOS.FILIPPAS÷(ATHU+ATENeLIVP*VIEN) JP 
÷OAINTON,KADDOURB~AITCHISON (OXF) 
+CHAPMAN, GREEN,LYS,ROE (MICH) 
DEUTSCHMANN,+ (AACH÷BERL+EERN+LOIC÷VIENI JP 

÷ASCOLI,BUSNELLO,KIENZLEe (SERR÷CERNeILLI JP 
+GANE,AITCHISON~OAINTON (OXF+DAREI 
eGUIOONI,LAAKSO,MARINI,CONFORTO+IROMA÷RHELI 
OREVILLON,BORENSTEINe  (EPOL÷BOHR÷CDEFI JP 
DUNMOOOIEtGRANT÷ (CERN*BELGeMDNS+MPIMI JP 
÷ (AACH÷BERL+CERN÷LOIC÷VIEN÷ATHU÷ATEN÷LIVP( JP 
÷RUDOLPH,RUMPF÷ (AACH+BERL÷CERNeLOIC÷VIEN( JP 
+RUDOLPHtSEYFERT÷ IAACH÷BERLeCERNeLOIC+V IEN I I , JP  
+HANSEN,BORENSTEIN,BORG÷ (RHEL+EPOL+SACL)hJP 

BASOEVANT,BERGER (FNAL+ANL} 
eEOWARDS,RAMAL.TORGESON (ALBERTA( 
M.G.BOWLER IOXFORO) 
BRANDENBURG,CARNEGIE,CASF~ORE,OAVIERe(SLACI JP 
+ IAACH÷BERL÷CERN+LOIC÷V IEN÷LPNP+RHEL÷SACL(  JP 
+ENGELEN,JONGEJANS,+  (ARST+EERN+NIJM+OXF(  JP 

+CASHMORE,DAVIERtOUNWOODIE,LASINSKI+ (SLAC) 
eCASHMDRE, OUNNOODIE,LASINSKI,+ (SLAC)  

÷BIRMAN,KONIGStOTTER,÷ (CERN+AACH~ETHJ JP 
÷OIAZ,O[ONISI,÷ (AMST+CERN÷NIJM÷OXF( JP 
• PALER,CHAURAND,+ (LPNP~RHEL*SAELAY) 

BASDEVANT,BERGER (ANL) 
MAZZUCATO,PENNINGTDN÷ (CERN÷ZEEM÷NIJM÷OXF) 
+JONOEJANS,DIONISI,÷ (NIJMeAMST÷CERNeOXF( 

÷BARREY.BUTTERWORTH,ANSORGE,e (LOIC÷CAVEI 
eOAVILLET,ARMENTEROS÷ ICERN+MADR÷CDEF+STOH) 
eFOLEY,LINDENBAUM,KRANER,+ (BNL*CUNY! JP 
A.C.IRVING (LIVP) 
RAOFORO,BRANDENBURG (MITT 



171 

Data  Card List ings 
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Mesons  
K'(1400), K'(14303 

OAUN 81N1) ~ 18T ~ +HERTZBERGER+(AMST+CERN+CRAC+M1)IM÷OXF÷RHELI 
OTTER 8 1 N P  181 (AACH+BERL+LUIG÷VIEN+BIRN+EELG+CERN÷MONSI 
RODEBACK BE ZPHY C 9 g ÷SJOGREN,ARMENTERUS,÷ (CERN+COEF+MgO1)÷STOH) 

" " 1 K ( 1 4 0 0 )  I 21 RFR,NEI,,OO . . . . . .  = E , 2  
OBSERVED IN K FI  131 PARTIAL-WAVE ANALYSIS. 
NOT SEEN BY VERGEEST Tg, 
WAIT CONFIRMATION. OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 K PRIME MASS [MEVI 

M A ( 1 6 0 0 . |  APPROX. BRANDENBU 76 ASPK + -  13 K+-1) .K1)I1)I  12/77 
M I1~60 .1  APPROX. OAUM B1CNTR 63 K-P,K 2PI  P 1 /82 *  

M A COUPLED MAINLY TO K E1)SILON. DECAY INTO N$(892 }  P l  SEEN. 
M 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 K PRIME WIDTH (MEVI 

W A (250.  I A1)PROX. ERANDENDU 76 ASFK +- 13 N ~ - 1 ) . K P I P I  12 /77  
W I260 .1  APPROX. DAUM 81CNTR - 63 R-PtK 2PI P 1 / 8 2 *  

M A C~PLEO MAINLY TO g EPSILON. DECAY INTO glib92) PI SEEN. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

El K PRIME PARTIAL DECAY MODES 

DECAY MASSES 
PL K PRIME INTO K~(892 I  1)I 8R1+ 1 3 9  
P2 K PRIME INTO K RHO 693+ 769 
P3 K 1)RIME INTO KAPPA 131 1350+ E39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 K 1)RIME PARTIAL WIDTHS (MEV) 

d l  K PRIME INTO g* lB92 )  1)I (GEl  
W1 (109 . )  APPROX. OAUM Bl CNTR 6 3  K-1),K 2PI P 1 /82 "  

W2 K FRIME INTO g RH(~ [G2 I  
W2 I 36 . )  APPROX. DAUN 81CNTR 63 K-PtK 21)I 13 1182"  

W3 g PRIME INTO MA1)PA FI  (G31 
W3 I l l 7 . )  APPROX. OAUM 81CNT~ 63 K-P,K 2 1 3 1 P  1 /82 *  

REFERENCES FOR g PRIME 

BRANOENB 76 1)RL 36 1239 BRANDENBURG.CARNEGIE,CASHNORE,OAVIER+ISLAEI JP 

VERGEEST T9 N1) D 158 265 ÷JONGEJANS,OIONISI ,÷ (NIJM+AMST+CERN+OXFJ 

DAUM Bl N1) B 187 1 +HERTZEERGER+IAMST+CERN÷CRAC+MPIM÷DXF+RHELI 

* * * * I t  $ * * * * * * * *  s t t t * * * t *  t * * * * * * * t  * * * * * * * * *  * $ * * * t * * *  * * $ * * * * * *  * * * * * * * *  

I K * ( t 4 3 0 ) l  2 2 . 4 ,  . . . . . . .  i i=1,2 
E E 

ME CONSIDER THAT PHASE-SHIFT ANALYSES PROVIDE MODE 
RELIABLE OETERMINATIONS OF THE MASS AND WIDTH. 
SEE RMO(TTO| MINI -REVIEW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 M$(1630) MASS IMEV) 

CHARGED ONLY, WIT~ FINAL STATE K 
0 39 1423. IE.O 
O 63 1627,0 12.0 

220 E 4 1 6 . 0  I O . O  
D 60 1 6 1 6 .  I 3 . O  

1 6 0 0  1420.0  3.1 
W O 225 1625. 8 . 0  

B 1628. O 6 . 6  
B 1A23.8 A . 6  
0 57911468 .5 )  15.O)  
D 29211631 .8 )  IS .6 )  

9 3 5  1623,0  5 . 0  

AVG 1422.6  I .R  

NEUTRAL ONLy 
2200 1621.1 2 .6  
1800 1619.1 3 .7  

6. bOO 1616. 
c l lOO E427° 3.  

1420.1 6 ,3  
800 1621.6  6 .2  

E (1623 .01  I 3 . 0 I  
300 1 6 2 0 . 0  T.O 

1) 1 6 6 0 . 0  I O . O  
P 1636.0  2 .0  

1 ~ 5 0 .  30 .  
1 6 2 8 .  3.  

PI 
BASSANO 67 HEC - 4 . 6 -S .OK-1 ) , gOP I -  12 /75  
SCHWEINGR 68 HBC - S .5  R- P (K P l )  12 /77  
CRENNELL 69 DEC - 3.9 R-N [KOPI - )  7160 
LIND 69 HBC + R. K+ BIRD P l+ l  12 /77  
ADUILARE 71 HBC - 3 . 0 , 6 . 6  K- 13 11 /71  
BARNHAM 71HDC + N+ 1)~KO PI+ 1) L2 /75  
MARTIN 78 SPEC + 10 K+-1),KS Pl P H 
MRRTIN T8 SPEC - lO K + - P , K S  P I P  H 
OELFOSSE 81SPEE K+--Ptg÷-- RiO P 1 /82 *  
DELFOSSE 8 l  SPEC - X~-1) .K*-  1310 13 [ 182 "  
TOAFF 81HEC - 6.S K-1),KO 13I- P 1 /82  $ 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0I 

DAVIS 69 HBC O 12. K+ PIN+RE-) 9/69 
AGUILAR[ Tl  HBC 0 3.9,6.6 K- P lllTl 
CORDS TI DOC 0 9. K+ N,K+ 131- P 2 /72  
BUCHNER 72 ODC O 6 .b  K÷ N,K÷ P I -F  12 /72  
L INGLIN 73 H8C 0 2-E3 K÷1),K~1)I- I 2 /TS  
MCCUBBIN T5 HBC O 3 .6  K -P ,K -P I+N  12/T5 
ETKIN 76 S1)EC C6.K-P,gO P I+P I -  TIT7 
HENDRICKX 7B OBC 8 .23  K+N,X+1)I 7/T7  
BOWLER 7T DEC 0 5 . 5  K+O,K 1 3 1 P  P 12/77  
ESTABROOK 78 ASPK O 13K+-13,13 K PI  12 /77  
ETKIN BO SPEC O 6 . K - P , K O  PI+P I -N  3 /82 *  
ASTDN 81  LASS o 1 1 K - 1 ) , K - -  13I÷ N 1 1 8 2 "  

AVG 142&.6 2 .0  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.91 
ISEE IDEOGRAM BELOW I 

SYSTEMATIC ERROR ADDED BY US. 
FROM POLE EXTRAPOLATION, USING WORLO K÷P OST 

O ERRORS ENLARGED BY US TO GAMMA/SQRTIN). SEE TYPED NOTE ON K* 
E SEE MORE DECENT PARTIAL WAVE ANALYSIS IETKIN 80) 

P FROM PHASE SHIFT ANALYSIS. 
M NUMBER OF EVENTS IN PEAK REEAVALUATED BY US 

WEIGHTED AVERAGE = 1426 .4  ~ 2 .0  

ERROR SCALED BY 19  

CH ISQ 

. . . . . . . . . . . .  ASTON 81 LASS  03  

i E T K I N  80  SPEC 

ESTABROOK 78 ASPK 14 ,6  

I . . . . . . . . .  BOWLER 77  DBC 1 .9  

HENDRICKX 76 DEC 0 8  

MCCUBBIN  75  HBC 13  

L I N G L I N  73  HBC 2 1  

- BUCHNER 72  DBC DO 

• CORDS 71 DEC 30  

-AGUILAR1  71 HBC 3 .8  

-DAV IS  69  HBC 41  

J 32 .0  

' (CONLEV 
1400  1440  1480  1520  =O00O)  

NEUTRAL  K* (14303  MASS (MEV)  

22 K$ I1630 )  WIDTH IMEVI 

M CHARGED ONLY, WITH FINAL STATE K Pl 
M 1600 qA.T  15 .1  12 .5  AGUILARZ T1HOC - 3 . 9 , 4 .6  K-  P 11171 
W R6.B 3 .8  
W 91 .7  6 .0  
W D S70 118 .9  20 .0  
W D 292 96 .0  22 .S  
W 9 3 5  85 .0  1 6 . 0  
W . . . . . . . . .  
W AVG 9T.0 2.6 

W NEUTRAL ONLY 
W 2200 tOE. IO .  
W 1800 11~ .6  10 .3  
W OI IO0 1 0 9 .  1 6 . 0  
W C lA l .  O) (14 .  Ol 
w 800 116. 1 8 .  
N 1) I I TO .O)  12O. O) 
w F 98 .0  5 .0  
N P 160. 30.  
W RE. 8. 
w . . . . . . . . .  
W AVG 101 .7  3 . 5  

MARTIN 78 SPEC + lO K+-P,KS 131 P 12 /78  
MARTIN 78 SPEC 10 K+-1),KS P1P  12 /78  
DELFOSSE 81SPEE ÷ K + - 1 ) t K + -  PIO 1) I / g2 *  
DELFOSSE 81 SPEC - R+-P,K+-  PlO P 1 /82 .  
TOAFF 81 HOE 6 . 5  K-1) .KO 131- P 1 / 0 2 .  

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 . 0 1  

DAVIS 60 HBC 0 12.  K+ 1) (K 13II 9169 
15 .5  AGUILARI 71HBC 0 3 .9eA .5  K-  1) 11171 

BUCHNER 72 DEC O 4 . 6  K+ N,K+ P l -P  12 /75  
L INGLIN 73 HBC O 2-13 K+P ,K+RI -  1 /7A 
MCCUBEIN T5 HBC 0 3 .6  K -P ,K -R I+N  12 /75  
BOWLER TT DOE O B.S K+O,K P IP  P 12 /77  
ESTABROOK TB ASFK O 1 3 K + - P , P  g RI 1 2 / 7 7  
ETKIN 8 0  SPEC O 6 . K - P * K O  R I + P I - N  3 1 8 2 "  
ASTON 81 LASS 0 l I  K-1) ,K- PI+ N 1 /82 .  

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 . 0 ]  

N C O FROM POLE EXTRAPOLATION. OSING WORLD R+R OST 
N ERRORS ENLARGED BY US TO 4*GAMMAISQRTIN). SEE K~' TYPED NOTE. 
W P FROM 1)HASE SHIFT ANALYSIS. 
W N NUMBER OF EVENTS IN 1)EAK REEAVALUATED BY US 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 K*(16303 1)ARTIAL DECAY MODES 

UECAY MASSES 
P I  g~114301 INTO K 131 693÷ 1 3 9  
1)2 K * I I 630 )  INTO g * IB92 )  PI 89E~ 13 ¢) 
P3 K'I , (1430I INTO K RHO 6R3÷ T6R 
P6 Ke(1430)  INTO K OMEGA 6q3+ 782 
PS K~(14301 INTO K ETA MR3÷ 868 
P6 K==I1A301 INTO K* I892 I  131 Pl BRE÷ 134)+ E3g 
PT K* {1430 )  INTO K OMEGA 1)I 493 t  782+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The ~ t r L x  b e l o w  i s  d e r i v e d  f r o m  the e r r o r  m a t r i x  Eor t h e  fitted p a r t i a l  d e c a y  mode 

b r a n c h i n g ~ E r a c t i o n s ,  P i '  a s  f o l l o w s :  T h e  d i a g o n a l  e l e m e n t s  a r e  Pi=k 5 P  i ,  w h e r e  

5 p  ~ ~ 6 P 1 5 P i ) ,  w h i l e  t h e  o E E - d i a a o n a l  e l e m e n t B  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f f i -  

c i e n t s  < B P i B p j > / ( B P  i • S P j ) .  F o r  t h e  d e f i n i t i o n s  of  t h e  i n d i v i d u a l  P i '  see t h e  l i s t i n g s  

a b o v e ;  orJ, y t h o s e  P i  a p p e a r i n g  i n  t h e  ~ t r l x  a r e  a s s u m e d  i n  t h e  f i t  to  be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  to  a d d  to  t ,  

P 1 1) 2 133 P 6 1) 5 1 3 6  
1) 1 . 447R+- .0226  
P 2 . 0842  . 26584 - . 0201  
13 3 - *OL 09 . A I B O  . 0879+ - .  Ot 08 
P 6 - .  IS87 - .  2387 - .  1755 • OATS÷-. 0152 
P 5 - . 6 4 1 4  - . N 4 1 5  - .S I30  - . 0918  , 0670+ - .  0266 
I) 6 - . 3913  - .  4361 - . 3126  -.0R87 - . 1155  • I 2eD+- .02SB 

2 2  K~(1630|  BRANCHING RATIOS 

R1 K=(E430) INTO (K 1) I I2TOTAL (1) 11 
R IP  0 .~9  O. U2 ESTABROOK 78 ASFK + -  13K*-P tP  g Pl  12277 
R IP  0 .63  0 .01  ASTON 81 LASS Q I I  K-PER- ~#  N l 182 t  
R1 P FROM 1)HASE SHIFTS ANALYSIS. 
R1 . . . . . . . . .  
RE AVG 0 .442  0 .026  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.71 
R I  FIT O.ASB 0°023 FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 2 .7 t  

R2 K*(16301 INTO (K * IB921P I I / IK  Pl + K P[  1)El I 1 )2 I / IP I+P2+P3 )  
R2 QR (D=ASI ( 0 . [ 31  BAOIER 68 HBC - 3 . 0  K-P 1278 
R2 O (0 .67 )  10 .10 I  BASSANO 67 HBC -O ~ .6 .  5 . 0  M- P I 02b7  
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Data Card Listings 
For.notation, see ke 3, at f ront  o f  Listings. 

R3 
R3 
R3 Q 

R4 
RB 
R4 Q 
R4 
R4 Q 
R4 
R~ AG 
R4 
R4 
R~ A 
R4 
R4 
R4 

R5 
R~ 
R5 
R~ 
R~ 
RE 
R~ 
R~ 
RB 
RS 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 

R7 
R7 
RT 
R7 P 
R7 AN 
R7 P 
R7 P 
R? 
RT N 
R7 A 
R7 P 

K'EL4301 INTO (K RHOII(K PI + K Pl El) (P3)2(PE+P2+P3)  
OR (0 .140  ( 0 .07 )  BADIER 65 HEC -- 3 . 0  K-P  1/78 

( 0 . 140  [O.IO) BASSANO 67 HEC -D  4.6~ 5,0 K- P [0 /67  

K ) (14301  INTO (K t (B920  P I I  / (K  P I I  [P2 ) / (P l l  
0 . 65  0.20 SHEN 66 HBC 0 N)  PRODUCED 10/66 

( 0 . 63 )  ( 0 . 20 )  SHEN 66  HBC + NO N*  PRODUCED 10 /66  
0.52 0 .12  SCHWE[NGR 68 HBC 0 4 .1+5 .5  K-- P I 0 / 67  

8~ ( 0 .930  [ 0 . 111  BISHOP 69 HBC 3 .5  K+ P 9 /69  
0 .87  O. O8 AGUILARI 71HBC 3 .9 ,4 .6  K -  P L1 /71  

150  (0 .651  10 ,250  ANT[POV 78  ASPK - 40 K -P IKe -  P 12 /TS  
0.56 0.16 DEHM 74 DEC 0 8.6 K+ N I2 /75  
0 .62  0 .19  LAUSCHER 75 HBC 010~16  K -P ,K -P I+N  12 /75  

K* PI SIGNAL FROM PARTIAL WAVE ANALYSIS OF (K-PI+PI--I SYSTEM 
. . . .  . . . o  

AVG "0.SIT 0.0S6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 0.540 O. OSI FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

K$[1430l INTO (K OMEGAI I K P [  (P4 ) / (P I )  
R 0.10 0 .16  BADIER 65 HEC - 3 .0  K -P  1/78 

(O.OB) DR LESS SHEN 66 HBC ~ .6  K+P 8 /66  
(O .2 I  OR LESS BASSOMPIE 69 HEC + 5 K+ P 9169 

0 .13  0.07 DASSOMPIE 69 HBC 0 5 K+ P 9/60 
0.05 0 .0~  AGUILAR1 ?l HBC 3.9-4.6 K- P l l / T1  

(D.21 OR LESS EL=.95 CHUNG 74 HBC - 7.3 K-P,K*- P 12/75 

AVG 0 .075  0.034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l . O I  
FIT 0.093 0.035 FROM FIT (ERROR INGLUDES SCALE FACTOR OF 1 .1 )  

K * (1430 }  INTO (K RHOI l (K PIT (P31 / (P I )  
(0.09) DR LESS CHUNG 65 HBC ÷ 0 3 .9 -4 .2  E l -  P 8166 

0 .26  0 .16  SCHWEINGR 68 HBC 0 4 .1+5 .5  K -  P 10 /67  
(O.  2 l  OR LESS BASSOMP[E 69  HBC + 5 K+ P 9 /69  
( 0 . 3 )  OR LESS BASSOMPIE 69  HBC 0 5 K+ P 9 /69  

O 15 (0 .11 )  [ 0 . 06 )  B ISHOP 69  HBC 3 .5  K+ P 9 /6R  
0 .16  0 .05  AGUILARI  71HBC 3.9,4.6 K-  P 11171  
0.02 O. iO 0.02 DEHM 74 ODE 0 4.6 K+ N E2175 

(0 .241  (0 .141  LAUSCHER 7S HBC 010,16 K-P ,K -P I~N  12 /75  
USES RESULTS OF OTTER 75 (SEE RT BELOWI. WE 00 NOT AVERAGE THIS  

S STATISTICALLY REDUNDANT RATIO, BUT KEEP THE LAUSCHER 75 RESULT 
S FOR R~ ABOVE. 

AVG "0.111 0.0S4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 
FIT 0. I96 0,026 FROM FIT  (ERROR INCLUOES SCALE FACTOR OF 1.4) 

K* [1430 )  INTO (K RHO) / (K~ {892 )  P I )  (P311fP?l  
( 0 . 390  CR LESS BASSOMPIE 67 HBC + 5 .  K+ P 9 /67  
( 0 .~0 )  OR LESS EL=.90 FIELD 67 MEG - 3.8 K- P 6/67 

130 0 .13  0 .09  OTTER 75 HBC 08 ,10 ,16  K -P ,K*  N 12 /78  
( 0 . 03 )  10 .03 )  ANTIPOV 75 ASPK - 40 K -P ,K ) -  P 12 /7S  

0 .36  O. IO VERGEEST 76 HBC 0 4 .2  K -P )P  KOPIP I  12177  
(0 .33 )  APPROX. ETK IN  80 SPEC O 6 .K -P ,KO P I+P I -N  3182 "  

0 . 39  0 .03  OAUM 81 CNTR 63 K-P ,K  2P l  P Z /82~  
K RHO MODE NOT OBSERVED 
FROM PARTIAL HAVE ANALYSIS OF [K-PI÷PI - I  SYSTEM 
FROM PARTIAL WAVE ANALYSIS OF (KO PI* P I - I  SYSTEM 

RT 
R7 
R7 

RB 
Re 

Rg K*II4301 INTO (K ETA) / (K'lEg21 P I )  
R9 G (0 .07 ]  ( 0 . 04 )  F IELD  67  HBE 

R iO K~(14300 INTO IK ETA) / (K E l l  
RIO R O.OS 0 .06  BADIER 65 HBC 
RIO R (O.065IOR tESS BASSOMPIE 69  HEC 
RIO  (0.02) OR LESS BISHOP 69 HBC 
RIO (O .OA)  OR LESS CL=.9S AGUILARE 71HBC 
RlO . . . . . . . . .  
RIO FIT 0 .105  0.062 FROM FIT  (ERROR INCLUDES 

R l l  K~ (14300  INTO (K~ (B92 )  P I  E l i / TOTAL  
RL IT  0.12 0.04 GOLDBERG 76 HBC 
RI I  . . . . . . . . .  
RIL FIT 0.130 0.026 FROM FIT (ERROR INCLUOES 

Rl2 K* (1430 I  INTO (K=(892) PI P I I / IK  PIE 
RI~T R 0 .2 I  O.  OB JONGEJANS 78 HEC 

AVG 0 ,364  0 .053  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .91  
FIT 0 .358  0,041 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.~) 

K~(14300 INTO (K OMEGAI / (K= IB921  RE) (PA I / IPZ )  
Q (o. IOl IO.04) FIELD 67 HBC - 3*8 K-  P 6/67 

(P5 I I (P2 )  
- 3 . 8  K -  P 6/67 

(RS I / IP I I  
- -  5 . 0  K - P  1 /78  

5 .0  K*P 1278  
3 .5  K+ P 9 /69  
3 .R -~ .6  K -  P 11271  

SCALE FACTOR OF L .21  

(PA l  
-- 3 K -P ,P  KOPIP IP I  12 /77  

SCALE FACTOR OF I . L )  

IPb ( / IP l l  
- 4K -P ,P  KOOPIP IP I  4 / 78  

RIZ . . . . . . . . .  
R12 FIT 0.290 0.064 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

R13 K~(14301 INTO (K OMEGA PIIITOTAL (UNITS 10~-3)  (P?) 
R13 0 (0.72) OR LESS CL=O.95 JONGEJANS 78 HBC ~ R-P,P KO ~P I  

R Q FOLLOWING SUDGESTION BY AGUILAR 70, WE DO ACT MAKE USE OF MEASURE- 
R Q MENTS WHERE THE (K PI PIE BACKGROUND SUBTRACTION IS DIFFICULT DUE 
R Q TO THE NEARBY 0 REGION. 
R R RESTATED BY US. 
R T ASSUMING P[ Pl SYSTEM HAS ISO-SPIN 1, WHICH IS SUPPORTED BY 
R T THE DATA 

REFERENCES FOR K ) (1630 )  

8ADIER 65 PL 19 6[2 BADIER,DEMOUL[N,GOLDBFRG* IEPOL~SACL+AMSFI 
CHUNG 66 PRL I5 325 +OAHL,HARDY,HESS,JACOBS,KIRZ,MILLER (LRLI 
FDCARDI 65 PL 16 351 FOEARDI,MINGUZZl R~ZItSERRA+IBOLOGNA*SACL) 

SHEN 66 PRL 17 726  +BUTTERWDRTH,FUeGDLDHABERS,TRILLING (LRL )  
ALSO 66 (PRIVATE COMMUN(GERSON GOLOHABER ILRL I  

BASSANO 67  PRL 19 968  +GOLOBERG,GOZ,BARNES,LE ITNER÷IBNL+SYRAEUSE}  
BASSOMPl 67 PL 26 f l  30 BASSOMPIERRE)GOLDSCHMIDT÷ (CERN+BRUX*BIRMIIJP 
E RE NNELL 67  PRL 19 64  +KALBFLE ISCH,L  AIeSCARR,SCHUMANN I BNLI  
DAHL 67  PR 163 1377  +HARDY+HESS+KIRZ+MILLER ILRLI 

ALSO 65 PRL 16  401  HARDYtCHUNG,DAHL ,HESS,R IRZ ,M [LLER (LRL )  
DE BAERE 67 NC 51 A 601  +GOLDSCHMIDT-CLERMONT,HENRI* {BRUX÷CERN) 
F IELD  67  PL 24B  638  ÷HENDRICKS+P IEC IONI *YAGER (LAJOLLA I  
GOLDHABE 67 PRL IR fi72 G.GQLDHABER,FIRESTONE,SHEN (LRL )  

4 /78  

ADERHOLZ 68 NP B 5 ~67 
ALSO 66 PL 22 357 

ANTICH 68 PRL 21 1882 
OUBAL 68 THESIS I~86 
RANG 68 PR 17~ 1587 
SCHWEING 68 PR 166  131T 

ALSO 67 THESIS 

BASSOMPI 69  NP B l3  189 
BISHOP 69 NP B 9 403  
CRENNELL 6q PRL 22  487  
OAVIS 69 PRL 23  I071 
DE BAERE 69 NC 61 A 397 
FRIEDMAN 69 UCRL-18B60 
LIND 69 NP B I~  1 

ABRAMS 70  PRD 1 2R33 
AGUILAR 70 PRL 25 1362 

AGUILARI 71 PRD • 2583 
BARNHAM 71NP B 28 I 71  
CORDS 71PR O 9 I g74  

BUCHNER 72 NP B 41 333  
CRENNt~LL 72 PRD 6 1220 
DEUTSCHM 72 NP B 36 373  
ENGELHAN 72 PRD 5 2162  
FRATI 72 PRD 6 2361 
ROUGE 72 NP B ~6 29 
TIEEKE 72 NP B 3q S96 

÷DEUTSCHMANN+ (AACH÷BERL+CERN+LOIC*VIENNA) 
BARTSCH,DEUTSEHMANN,MORRISON* (ABCLIIC)V) 

÷CALLAHAN,CARSON,EOX,DENEGRI,+ (JHUI  
L.DUBAt (GENEVE$ 
Y.W.KANG (IOWAI 
SCHWEINGRUBER,DERRICK, FIELDS* (ANL~NWES) 
F.L.SCHWEINGRUDER (NORTHWESTERN,EVANSTONI 

BASSOMPIERE,GOLDSCHMIDT-CLERM.÷ (CERN÷BRUX) 
+GDSHAW,ERWIN,WALKER {WISC) 
÷KARSHON,LAI,ONEALL,SCARR IBNL I  
*DERENZO,FLATTE,ALSTON,LVNCH~SOLMITZ (LRL) 
÷C~3LDSCHMIOT-CLERMONT, HENRI ,+  (BELG÷EERNI 
J.FRIEOMAN,PH.D. THESIS (LRL) 
+ALEXANDER,FIRESTONE,FU,GOLDHABER ILRL] 

÷EISENSTEIN,KIM~NARSHALL.O.HALLORAN,+ ( ILL) 
AGUILAR-BENITEZ,EASSANO,E[SNER,~ (BNL*PURD)  

+EISNER,KINSON (BNLI 
÷COLLEY,JDBES,GRIFFITHS,HUGHES,+(BIRM÷GLAS| 
÷CARMONY,ERWINtMEIERE,+ (PURD÷UCO+IUPU) 

+DEHM,CHARRIEREtCURNET,÷ (NPIM÷CERN÷BRUXI 
+GORDON,KWAN-WU LAI,SCARR (BNLI 
DEUTSDHMANN,+ (ABCLV COLLABORATIONI 
ENGELNANN, MUSGRAVE,FORMAN,+ IANL÷EFI) 
+HALPERN,HARGIS,SNAPE,CARNAHAN,÷(PENN÷CINCI 
*V IDEAU,VQLTE~OE BR ION,+  (EPOL+SACL)  
*GRIJNS,HEINEN,DE GROOT,+ (NIJM+AMST) 

CHARRBRR T3 NP E 5L 317  CHARRIERE,DRIJARD, OE BAERE,+ (CERN+BELGI 
ALSO 75 (PRIVATE EOMM~NICATIONI GOLOSCHMIOT-CLERMONT (GERM) 

CLARK 73 NP B 54 632 +LYONS,RADOJICIC (OXFORD) 
UE JONGH 73 NP B 58 lEO 
LINGLIN 73 NP B 5~ 8C8 
WALUCH 73 PRD 8 2137 

C~NO 74 PL 5EB 413 
DEHM 74 NP B75 ~7 

ANTIEOV 75 NP 686 3e l  
LAUSCHER 78 NP B~6 18~ 
MCCUBBIN 75 NP 086  13 
OTTER 75 NP 884 ~33 

ETKIN 76 PRL 36  1482 
GOLDB~G 76 LNC 1T 2E3 
HENDRICK 76 NP B 112 189  
K IRK  76 NP B 116  99 
VERGEEST 76 PL 62  B 47 !  

BOWLER 77 NP B 126 31 

BALDI 70 NP B 134  365 
BOHM 78 PRL 81 1761 
ENGELEN 78 NE B 134 14 
ESTABRO0 70 NP B 133 690  

ALSO 78 PRD 17 6SB 
JONGEJAN 76 NP B 139 3B3 
MARTIN TB NP B 134 392 

ETK IN  8O PRO 22 82 

ASTON 81PL  106  B E3~ 
DRUM BE NP E 187 1 
DELFOSSE 81 NP B 183 349 
TOAFF 81 ~R D 23 1500 

JP 

JP 

r B 

I 1 ( 2 5 8 0 ) 1  3R L IBBo P=2 I=E2 
/ = 

SEEN IN  PART IAL  WAVE ANALVSIS  OF THE K -P I+P I -  SYSTEM 
lETTER 780 .  SEE L I I ?TO)  M IN IREV IEW.  
hEED CONFIRMATION OMITTED FROM TABLE .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3g L I1580 )  MASS (MEV) 

M 11580 . )  APPROX. OTTER 79 - 10 ,14 ,16  K -  P 12/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

50 L (15BO)  WIDTH (MEV) 

W (110.) APPROX. OTTER 79 - I0,14,16 K-- P 12/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 L(L580I PARTIAL DECAY MODES 

DECAY MASSES 
P l  L ( lBBOI  INTO K* (8921  P I  891÷  130  
P2 L ( t 580 }  INTO K t ( lBBO]  P I  1434 .  109  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 L (1BBO l  BRANCHING RATIOS 

W1 L (1SBOI  INTO K* (B921  P I  (P I I  
Wl SEEN OTTER 79 HBC - 10114 , [ 6  K -  P 12 /79  

W2 L (15800  INTO K* (14300  PI (P2 l  
W2 POSSIBLY SEEN OTTER 79 HBC - 10,14,16 K- P 12/79 

REFERENCES FOR L I IB800  

OTTER 79 NP B 147 1 +RUDOLPH,÷  (AACH÷BERL*CERN÷LOIC+WIEN) JR 

= = = = * ~ t  = = ~ = * * = * *  = = * * * = ~ * *  = * = = *  = = *  * * * ~ * = ~ = *  = t = * = * = = =  ~ t = = = * = * =  * t = = = = * =  

+CORNET,EHARRIEREt+ (BRUX÷WDNS÷CERN÷MPIMI 
D,LINGLIN (CERNI 
÷FLATTE,FRIEDMAN (LBL) 

÷EISNER,PROTOPDPESCU. SAMIOS,STRAND (BNLI 
+GOEBEL,WITTEK,WOLF,÷ (MPIM÷BRUX+MONS÷CERNI 

+ASCOLI,BUSNELLQ,KIENZLE+ (SERP+CERN*[LLI 
+OTTER,WIEEZOREK,+ (ABCLV CDLLADORATIDNI JR 
N.A.MOCUBBIN,L,LYONS [OXFI 
+ IAACH+BERL+EERN÷LOIE÷VIEN÷ATHU*ATEN+LIVP} 

÷FOLEY,GOLDMAN,LINDENBAUM,KIM,* (BNL÷EUNY) 
O.GOLOBERG IHAIFAI 
÷V[GNAUD,BURLAUDI+ IMONS÷SACL÷LPNP+BELGI 
*KLEIN,COUNIHAN,+(AACH÷BERL*CERN÷LOIC÷WIEN/ 
÷ENGELEN, JONGEJANS,÷ IAMST÷EERN*NIJM÷OXFI JP 

÷OAINTON,DRAKE,WILLIAMS (OXFORD( 

÷BOHRINGER,DORSAZtHUNGERBUHLER* (GEVAI 
÷VAN DALEN,÷ (ARCH,UCR÷CBRN÷HARV+MUNI÷NWES) 
÷JONGEJANS,HEMINGWAY,+ (NIJM*ZEEM÷EERN÷OXFI 
ESTABROOKStCARNEGIE,÷ (MONT*CARL÷DURH+SLAG| 
ESTABROOKS,CARNEGIE÷ (MONT÷CARL*DURH*SLAC} 
JONGEJANS,CERRADA,÷  (ZEEM*CERN+NIJM÷OXF|  
+SHIMADAIBALDItBOHRINGER, DORSAZ÷(DURH*GEVAI 

+FOLEY,L INDENBAUM,  KRAMER,+ (BNL+GUNYI JP 

*CARNEGIE,DUNWODDIE,DURKIN+ISLAE÷CARL+OTTA) JP 
÷HERTZBERGER+IAMST+CERN~RAG÷MPIM+OXF÷RHELI 
*GUISAN,MARTINIMUHLEMANN,WEILL,÷IGEVA÷LAUS) 
+MUSGRAVE,AMMAR,D&VIS,ECKLUND,+ IANLeKANSI 
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Data Card Listings 
For notation, see key at front of Listings. K'(1650), 

Mesons 
K (t 80) 

I I K $ 29 N * l 1 6 5 O , J R = l - I  I = l l 2  

THIS ENTRY CONTAINS VARIOUS PEAKS CBSERVEO IN THE 
1- WAVE OF THE K PI AND K El Pl SYSTEMS. 
WAIT CONFIRMATION.OMITTED FBOM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 K*(1650) MASS (MEV) 

M (1660.) CHARRIERE 73 HBC O 5. K+ P,K P 3El 1173 
M IE05O. I APPROX. ESTABROOK T8 ASPK O 13 Ke -P ,K÷ -P I * -N  12/T8 
M lEO0. 30. ETKIN EO MPS O 6 K-PIKO PI÷ E l -  118Z* 
N 1800. 70. ETKIN BO HPS 0 6 K-P,KO PI + E l -  l / 8 Z *  
M (170D. I APPROX. ASTON 81 LASS O 11 K-P,K-  PI÷ N 1/82 • 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3,gl  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 K*I1650I  WIDTH (MEVI 

W 160, l CHARRIERE 73 HBC 0 5. K÷ PtK P 3PI I173 
w 25O-300 APPROX. ESTABROOK 76 ASRK O 13 K ÷ - P , K ~ P I ~ N  12178 

170. 30. ETKIN 80 NPS O 6 K-P,NO PC÷ E l -  1 /82*  W 
W 500. lOO. ETKIN BO MPS 0 6 K-P~KO PI÷ PI -  1 /82"  
W 12OO.) APPROX. ASTON Bl LASS 0 11 K-P,K-  PI *  N 1/82"  
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 3,2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 K*(E6EO) PARTIAL DECAY MODES 

DECAY MASSES 
PI K*(16501 INTO K P[ &q7+ 13~ 
P2 K*(1650) INTO K ETA 497+ 5BE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 K*(1650I  BRANCHING RATIOS 

RI K*(1650) INTO IK PII/TOTAL (P1) 
RI (0.351 APPROX. ASTON 8 l  LASS O 11 K-P ,K-  PI÷ N 1/82~ 

REFERENCES FOR K*(I6SO) 

DHARRIEB 7S NP B 51 317 CHARRIERE~DRIJARD~DE DAERE,÷ ICERN÷BELG) 

ESTABRO0 78 NP B 133 490 ESTABROOKS,CARNEGIE,÷ {~(]NT+CARL÷DURH+SLAC) 

ETKIN 80 PRO 22 42 ÷FOLEY,LINDENBAUM, KRAMER,÷  (ANt÷CONY) JP 

ASTON 81 PL 106 B 235 ÷EABNEGIE,DUNWOOOIE,OURKIN÷(SLAC÷DARL÷OTTAI JP 

• * * * * *  * * * * * * . , * *  * * , , * * * * * , .  * * * - * * * * *  = * * * * * * *  * * * * , . * * , , *  * * * * * * * * *  * * * * * * * *  

m B 

IL( 770)1 , ,  L, ,  . . . . . . . . .  , ,  = 1 2  
m ~ 

T h e  T ( 1 7 7 0 )  i s  s e e n  a s  a b u m p  a t  a m a s s  ~ 1 . 8  

G e V  i n  t h e  d i f f r a c t i v e - l i k e  p r o c e s s e s  K N  ÷ ( K ~ ) N .  

The effect is largely dominate~ by the JR=2- par- 

tial waves. 

The l o n g - s t a n d i n g  q u e s t i o n s  c o n c e r n i n g  t h e  

resonant nature of the enhancement as well as its 

p o s s i b l e  d e c a y  modes  h a v e  b e e n  l a r g e l y  c l a r i f i e d  

since our last edition. A detailed parti~l-wave 

a n a l y s i s  b a s e d  on  200 ,000  d i f f r a c t i v e  K-p ÷ 

K 7T+~ p events (DAUM 81) establishes resonance- 

like p h a s e  v a r i a t i o n s  and  i s o l a t e s  s e v e r a l  d e c a y  

modes. T h e  behavior of the extracted 2- waves re- 

quires the existence of at least one L meson, but 

there are indications suggesting the presence of 

a second state in this mass region. 

................................................. 

~3 L( 17701 MASS IMEV) 

M 176S.0 20.0 AGUILAR 70 HBC - 4 .6  K- P 6/7C~ 
M ITBO.O 15.0 EAPTSCH TO HBE 10.1 K- P 1/71 
M [IT6O. O) ( 1 5 . 0 )  LUOLAM 70 HBC - 12.6 K- P 1/73 
M X 176S.0 40 .0  EOLLEY 71 HBC ID.K÷P,K 2PI 1#T3 
M (1743.DI  OENEGR[ Tl DEC 12.6 K-D~K 2El D 5171 
M 1767. 6. BLIEDEN 72 MMS - 1 I . -16 .  K- P 12172 
R P 306 1730. 20. FIRESTONE T2 DBC + 12. R+ O 1/73 
M 60 1710. 15. CHUNG T& HBC -- 7,3K-P,K-O~EGA P 12/7S 
M (1620.1 APPROX. DAUB 81 CNTR 63 K-P,K 2PI P l / B E *  
M . . . . . . . . .  
M AVG 1758.9 lO.O AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1} 

M P PRODUCED IN CONJUNCTION WITH De 
M X SYSTEMATIC ERRORS ADDED £ORRESP. TO SPREAD OF DIFFERENT FITS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 L(1T7O) WIDTH (NEV) 

W lOO.O 50.0 AGUILAR TO HBC - 6.6  K- P 6170 
W I38.0 40.0 BRRTSCH TO HBC 10.1 K- P [171 
W (SO.Ol (~O.OI (2D.OI LUOLAM TO HAD 12.6 K- p 1/73 
w X 90. TO. CDLLEY T1 HDC ÷ IO.K+P,K 2PI ~#73 
w (ISO. OI DENEGRI 71 DEC - 12*6 K-D,K 2PI D S/71 
W 100. 26. BLIEOEN 72 MMS - 11 . -16 .  K- P 12/72 
W P 506 210. 30. FIRESTONE 72 DBE + 12. K÷ D 12112 

60 110. 50° CHUNG 74 HBC - 7.3K-P,K-ONEGA E 1~175 
w (20D,) APPROX. D A U B  81CNTR - 65 K-P,K 2Pl P ~/821 
W . . . . . . . . .  
w AVG 135.1 20 .9  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 

w P PRODUCED IN CONJUNCTION WITH D* 
W X SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 L ( t T 7 0 l  PARTIAL OECAY MODES 

DECAY MASSES 
Pl L INTO K Pl PI 697÷ 134÷ 134 
P2 L INTO N*(1630I Pl 13~+IA3~ 
P3 L INTO K Pl  PI PI 497* 136÷ 13B+ 13~ 
E4 L INTO K#IER2I PI 891÷ 13~ 
P5 L INTO K¢(8921RHO 691+ 769 
P6 L INTO K* (892)  OMEGA 891÷ 782 
P7 L INTO K~(8R2t PI Pl 891÷ 13A+ 13~ 
P8 L INTO K OMEGA 697÷ 782 
P9 L INTO K E 697÷1273 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 L(ITTOI BRANCHING RATIOS 

RI L INTO (Kt(16301 E l i  / (K P( PI / I P 2 l / I P I I  
R1 (K= I [ 430 I  INTO K PI)  
RI ( 1 . 0 )  BARDARO 69 HBC ÷ 1 2 . 0  R÷ P l / I t  
R1 0.2  0 .2  AGUILAR TO HEC ~,6  K- P l /E l  
RI ( l ,O l  OR LESS BARTSCH 70 HBC - l O . l  K- P l / E l  
R1 ( l . O )  OR LE5S COLLEY 71HBC 10. K÷ P l l / / I  
R1 P I1 .01 APPROX. FIRESTONE T2 DEC • 12. K+ O 12/72 
RI ( 0 . 6 )  APPROX. DRUM 81CNTR 63 K-P,K 2El P 1/82= 
RI P PRODUCED IN EONJUNCTION WITH D* 
RI R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY 
RI R MOOES SEE HUGHES 7E,SLATTERY El,EISNER 74. 

RE L INTO (K OMEGA)/TOTAL (PE) 
R2 SEEN CHUNG 76 HBC ~ 7.SK-P,K-OMEGAF 1/82~ 
R2 SEEN OTTER 81 HBC ÷ -  B .25 ,10 ,16  K+-P I~B2e 

RB L INTO ( K * ( B R 2 1 P [ I / I K  Pl P[)  ( P B l / I P l I  
R3 IO.2~)  APPROX. DRUM 81CNTR 63 K-P,K 2El P 1/82~ 

R4 L INTO [K F ] / ( K  El PII  ( P O ) t ( P t l  
R4 (F INTO Pl PI I  
R~ (0.161 APPROX. DRUM 81CNTR 63 K-P,K 2P[ P ~ /82"  

REFERENCES FOR t i l T T O )  

BARTSCH 66 PL 22 357 

BERLINGH 6T PRL 18 lOBE 
CARMONV 67 PRL [8 615 
JOBES 67 PL 268 ~9 

BAR TSCH 68 NP BB 9 
OENEGRI 66 PRL 20 1194 

ANDREWS 69 PRL 22 T31 
E~BARD 69 PRL 22 1207 
COLLEY 69 NC A 59 519 

AG~ILAR TO PRL 25 54 
BARTSCH TO PL 33 B 186 
LUOLAM TO PR D 2 1234 

COLLEY 71NP B 26 71 
DENEGRI TI NP B 28 13 

ANDERSON 72 PR D 6 1823 
EL(EDEN 72 PL 39 B 668 
FIRESTON 72 PR D 5 505 

BARLOUTA 73 NP B 59 374 
BINGHA~ 73 NP B 52 31 
CHARRIER 73 NP B SI 317 

C HUNG 74 EL 51B 412 
DEUTSEHM T4 PL ~91 3BB 
EISNER T4 BOSTON CONF. 

ANTIPOV TE NP 586 381 
OTIER TS NP 893 365 

OTTER 79 NP E 1~7 [ 

DAUM 81NP R lET 1 
OTTER 81NP B 181 1 

÷DEUTBCHMANN,÷ IAACH+BERL+CERN÷LOIO#VIENI 

BERL[NGHIERI+FARBER+FERBEL~FORNAN÷ (ROCHI] 
O.ERRMONY,T.HENDRICKS,L.LANDER ILA JOLLAI 
*DASSOMPIERRE,DE BAERE ÷ IB[RM÷CERN÷BRUXI 

÷CDCCONI,÷ (AACHeBERL+CERN÷LOIEeVIEN) 
÷CALLAHAN+ETTLINGER÷GILLESPIE÷ (JHU) 

÷LACH, LUDLAM,SANOWEISS,BERGER,÷ (VALE+LRLI 
BARBARO-GALTIERI~DAVIS. FLATTEr÷ (LRLI 
+EASIWOOD,÷ IBIRN÷GLAS+LDIC~MPIN÷OXF+RHELI 

AGUILAR-BENITEZ,BARNES,BASSANO,EHUNG,÷(BNLI 
~DEUTSCHMANN,+ IAACH÷BERL+CERN+LOIC~VIEN) 
÷SANOflE[SS,SLAUGHTER (YALEI 

÷JDBES,KENYON, PATHAK,HUGHES,~ (BIRM÷GLASI 
+ANTICH,CALLAHAN,CARSONvCHIEN,COX,+ (JHUI 

÷FRANKLIN, GODDEN,KOPELRAN, LIBBY,TAN (COLD( 
*F[NOCCHIARO,BOWEN,EARLES,+ ISTON÷NEASI 
FIRESTONE,GOLDHABER,LISSAUER,TRILLING (LBL) 

+DREVILLON,SHAH,+ (SACL÷EROL÷RHELI 
÷FARWELe~ (LBL~ORSAY~ENL~SAELAY+MILANI 
EHARRIERE,DRIJARD, DE BAERE,÷ (CERN÷BELGI 

÷EISNERtPROTOPDBESCU,SAMIOStSTRAND (BNLI 
DEUTSEHMANN,+ IAACH~BERL+CERN+LOIC~VIENI 
R.L.EISNER REVIEW TALK lANE) 

÷ASCOLI,BUSNELLDtKIENZLE+ (SERE+CERN+ILLI 
÷RUDOLPH,RUMPF÷ (AACH+BERL÷CERN~LO[C÷V[EN) 

÷RUDOLPH,÷ (AACH÷BBRLeCERN÷LOIC÷WIENI 

~HERTZBERGER+(ABST÷CERN÷CRAC~MEIN÷OXF+RHEL) 
IAAOH÷BERL÷LOIC÷VIEN÷BIEM+BELG÷EERN*NONSI 

{K ' ( t 7801{  . . . . . . . . . . . . . . . . . . . . .  

JP 

JP 
JP 

JP 

All the recent high-statistics experiments 

studying the K~ system in KN ÷ K~N interactions 

have shown clear evidence for the existence of a 

resonant effect at ~1800 MeV in the JP=3- partial 

wave (BALDI 76, BRANDENBURG 76, CHUNG 78, CLELAND 

80, AS%X)N 81). The intensity of the 3- partial 



Mesons 
K'(1780), K'(2060) 
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Data Card Listings 
For notation, see key at front of  Listzngs. 

wave o f  the K~ system produced in the charge-ex- 

change process K-p ÷ K°~+~-n also shows resonance- 

like behavior at ~1800 MeV (BEUSCH 78, ETKIN 80). 

Since the mass values quoted for the K~ and K~w 

modes are not significantly different, it seems 

natural to consider them as alternative decay 

modes of a single resonance. 

There appears to be some disagreement in the 

values of the width obtained using the K~ channel. 

The measured values tend to become larger when the 

number of angular moments included in the fit in- 

creases. For the time being the observed discrep- 

ancies seem to originate from the explicit para- 

metrization of the experimental distributions 

rather than from the data themselves. 

WEIGHTED AVERAGE = 1 4 4 . 2  ± 2 1 . 1  

ERROR SCALED BY I . 4  

/ 
- 1 0 0  DO 

K ' ( 1 7 8 0 )  W I D T H  ( M E V )  

CHISQ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 K*t1780]  PARTIAL DECAY NODES 

60 K*{1780) MASS (MEV) DECAY MASSES 
Pl K*(1780I  INTO K Pl 493÷ 139 

M M 1779.0 11.0  BALDI 76 SPEC + 10 K+R,KO Pl÷P 12/77 P2 Ke(17BO) INTO K*1892l Pl 891÷ 139 
M A ETT6. 26. 9RANOENB 76 ASPK 013 R+-P*K÷-Pt-~ 1Z/T5 ~B K*( I~801 INTO ~ ~HD 493+ 769 
M 1812.0 28.0 BEUSCH 76 OREG IOK-P,KO PI÷PI-N # 1 7 8  P~ K~( IT80)  INTO K * [ I 4 3 0 I  PI 1434+ 139 
M 1786.0 8.0 CHUNG 78 MRS 0 K-P,K-PI+N 6 GEV I/TO PS K=(1780# INTO K Pl Pl 493÷ 139÷ 139 
M 1756. 9. CLELAND 80 SPEC + -  50.K+-P,KS P I P  2 / 8 I ~  P6 K*(ITBO) INTO Kt(Bg21RHO 1275÷ 769 
M 1850. SO, ETKIN 80 MRS 0 6 K-P,KO ~I* P]- 1182" 
M J lTBb. I 5 .  ASTON I 8 l  SPED 0 I I . K - P , K -  P i t  N 2181~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M K 1753. 25. 18. ASTON 2 8L LASS 0 1 1 K - P , K -  Pie N 1 / 8 2 .  

D.O TOAFF 81 HBC - 6.5 K-P,KO PI-  P t 182 "  60 K*(IT801 BRANCHING RATIOS M 190 1762o0 
M 
M AVG 1772.7 5.5 AVERAGE tERROR INCLUDES SCALE FACTOR OF I . 3 )  

(SEE IDEOGRAM BELOW l 

M A CONFIRMED BY PHASE SHIFT ANALYSIS OF ESTABROOKS TT,YIELOS JP=B- 
M J FROM A FIT TO Y(6,0) MOMENT. 
M ~ F~OM ENERGY INGEPERDENT ~WA. 
M M FROM A FIT TO YI6,21 MOMENT. JP=3- FOUND* 

1 7 0 0  

K * ( 1  

W E I G H T E D  AVERAGE = 1 7 7 2 . 7  ± 5 . 5  

ERROR SCALED BY 1 . 3  

IBO0 

780 )  MASS 

CHISQ 

. . . . . . . . . .  TOAFF 81 HBC 14  

. . . . . . . .  ASTON 2 81 LASS 0 ,8  

. . . . . . . . .  ASTON I 81 SPEC 0 8  

ETKIN 8 0  MPS 

. . . . . . . . .  CLELAND 80 SPEC 4 . 3  

. . . . . . . . . .  CHUNG 78 MPS 2 . 8  

I . . . . . .  BEUSCH 78 OMEG 2 0  

. . . . . . . .  BRANDENB 76 ASPK 0 . 0  

, ~ . . . . . . .  BALDI  , 76 SPEC (CONLEV12"403 

1 9 0 0  2 0 0 0  = 0 . 0 8 7 )  

(MEV) 

60 K*ILTBO) WIDTH (NEV) 

W E M 135.0 22.0 BALDI 76 SREC ÷ 10 K+P~KO P I+P  12/77 
W (270. I (70.1  BRANDENB 76 ASPK 013 K÷-PoK*-PI -e  i 2 / 7 5  
W O 181.0 64 .0  BEUSCH TB OMEG IOK-P,KD PI~P[ -N ~#T8 
W 9b.0 31.0  CHUNG 78 MRS 0 K-P.K-PI÷N 6 GEV 1/78 
w 70. 60. CLELANO BO SPEG +- BO.K÷-P,KS Pl P 2 /B [  t 
W Z~0. 50. ETKIN BO ~BS O 6 ~-~,~o PI÷ P I -  L/B2~ 
W J 225. 60. ASTON 1 81 SP£6 OII .K-P,K- PI+ N 2/81~ 
W K 300. 170. DO, ASTON 2 81 LASS 0 I I  K-P,R- PI+ N 1182" 
W 190 (80.1 APPROX. TOAFF 81HBD - 6,5 K-P,KO P [ -  P 1 /82"  
W 
W AVG 14~.2 2~.i AVERAGE tERROR INCLUDES SCALE FACTOR OF l . ~ t  

IBEE IDEOGRAM BELOW I 

W E D ERRORS ENLARGED BY US TO ~GAMMA/SQRTINI. SEE K* TYPED NOTE. 
W ESTARRDOKS T? FIND THAT BRANDENBURG 76 DATA ARE CONSISTENT 
W E WITH ITS MEV WIDTH.NOT AVERAGED. 
W J FROM A FIT TO Y(6,O) MOMENT. 
W K FROM ENERGY INDEPENDENT PWA. 
W M FROM A FIT TO Y(6,2I  MOMENT. JR=8- FOUND. 

R4 KtIL7801 [NTQ (K Pl t/TOTAL t91t 
R4 0*19 0.02 ESTABRO078 ASPK 0 13 K÷-P,K PI 12/77 
R4 0 . [ 6  0.01 ASTDN 2 BI LASS 011K-P ,K -  Pie N 1182" 
R~ . . . . . . . . .  
R4 AVG 0.166 O .OL2  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.31 

REFERENCES FOR K*{1780 i  

CARMONY 71 PRL 27 lIbO 
FIRESIDN 71PL 3b B 513 

AGUILAR 73 P~L 30672 
WALUCH 78 PR D 82837 

BALDI 76 PL 63 B 3~4 
BRANDENB TB PL bO 8 678 
S~IRO 7b PL BOB 389 

BOWLER 77 NP B 126 31 
CARMONV 77 PRO 16 12SI 
GRASSLER 77 NP B 125 18g 

BEUSCH 78 PL 74 B 282 
CHUNG 7B PRL 40 355 
ESTABRDO 78 NP 8133490  

ALSO 78 PRo | 7658  

CLELAND BO PL 97B ~B5 
ENGELEN 80 NP ~ 16T 61 
ETKIN 80 PR O 22 42 

ASION 1 81 PL g9 B 502 
ASTON 2 81 PL 1068 235 
TOAFF B1 PR D 2 3 1 5 0 0  

+CDROS,CLOPP,ERWIN,MEIERE,÷ (PURD÷UED~IUPUI 
FIRESTONE,GOEDHABER,LISSAUER,TRILLING (LRLI 

÷CHUNG,EIS~ER,PROTOPORESCU,GAMIOS,÷ (BNL) 
÷FLATTEvFR[EDNAN (LOLl 

*BOEHRINGER.DORSAZ,HUNGERBUHLER,* (GENEVAI JP 
BRANDENBURG,CARNEGIE,CASHMOREtDAVIER+tSLAC) jP 
÷BARLOUTAUD,PALER,CHAURAND÷ISACL+RHEL*EPOL) JR 

÷DAINTON,ORAKE,WILLIAMS IDXFDRDI JP 
÷CLOPP,LANDER,MEIERE,YEN,+ (PURD÷UCD*IUPU) 
~KLUGOW,÷ (AACHEN+BE~LIN+GERN~LOIC*VIENNAt 

÷BIRMAN,KONIGS,OTTER,* (CERN*AACH+ETH) Jp 
+ETKIN,FLAMINO÷ IBNL÷BRAN÷CUNY+MAS&÷PENN) JP 
ESTABROOKS,CARNEGIE,÷ (MONT+CARL+OURH*SLACI Jp 
ESTASROO~S,t~RNEGIE÷ IMONT~GARL÷OURH÷SLAEt 

*DORSAZ,MARTIN,NEF,÷ (RITT÷EEVA÷LAUS~OURH) Jp 
÷JONGEJANS,DIDNISI* (NIJN*AMST+CERN+OXFI JP 
*FOEEY,LINOENBAUMoKRAMERo* (BNL*CUNY) JP 

~DUNWOOD(E,OURKIN, FIEGUTH+ (SLAE+CARL*OTTA)JP 
+CARNEG(E,OUNWODDIE,OURKIN+ISLAC÷CARL+OTTA} Jp 
÷NUSGRAVE,AMMAR,DAV|S,EDKLUNO,÷ IANL÷KANSI 

IK'( ooo) l . . . . . . . . . . . . . . . . . . . . .  

OMITTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 K~'(2060) MASS (MEVI 

M ~88 21[5. 4.6. CARMONY 77 HBE O 9 K÷DtK÷ PlONS [2 /78  
M A 2024. 20. CLELANO 80 SPEC +-  50.K+-P.KS Pl P | / 8 2 *  
M 8 2023. TO. CLELANO 80 SPEC ~'- 5O.K÷-P,KS Pl P 1182" 
M C 2098. 21. ASTDN I 81 1ASS OII .K-P,K- PI+ K l18Z* 

D 2070. IOO. ~O, ASTON 2 81 LASS 01I,K-P,R- PI+ N 1/82" 
M . . . . . . . . .  
M AVG 2036.7 15.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.01 

M A FROM A FIT TO YIB,O|, Y(b,21 AND YI8.O) MOMENIS. 
M B FROM A FIT TO q MOMENTS. 
M G ~RO~ A FIT ~ YI5 ,OI ,  YIT,OI AND "~IB,O) MO~ENIS. 
M D FROM ENERGY INDEPENDENT RWA. 

i _ _  A S T O N  2 81 LASS 

~ _ _  . . . .  ASTON 1 81 SPEC / . 8  

. . . .  E T K I N  80  MPS 3 7  

• • ~ - - C L E L A N D  BO SPEC 1 . 5  

. . . . . . . . . .  L D I  76 SPEC 0 . 2  

. . . .  ~ 1 0 . 3  

( C O N L E V  
3 0 0  5 0 0  = 0 . 0 6 7 )  
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Data  Card List ings 
For notation, see key at front of Listings. K'(2060), 

Mesons  
K'(2200), D*, D °, D'*(20ZO), D'°(2010) 

W 30D. 
W A 136. 
W B 326. 
W C 209, 
N O 240. 
W . . . . . . . . .  
H AVG 269.2 45.B AVERAGE (ERROR INCLUDES STALE FACTOR OF 1.S) 

A FROM A F IT  TO Y(6,O)~ Y[6,2) AND Yi8,O) MOMENTS. 
B FROM A F IT  TO 9 MOMENTS. 

N C FROM A FIT TO Y (5 ,O t t  V(7,01AhK) Y (8 ,B I  t~BMENTS. 
W D FROM ENERGY INDEPENDENT PWA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 K*(2O6O) PARTIAL DECAY MOOES 

DECAY MASSES 
PI  K~(206Ol  INTO K PI 493+ I 39  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 K~(2060I BRANCHING RATIOS 

RI  K * (2060 )  INT~ (K P I  l /TOTAL (P t )  
RE O.D7 O.DL ASTON 2 81 LASS 0 11K -P~K-  PI+ N 

REFERENCES FOR K*I2OAD) 

CARMONY 71 PRL 27 1160 

CARMONY 77 PRD 16 1291 

BROMBERG BO PR D 22 151~ 
CLELAND BO PL gTB 665 

ASTON 1 8E PL 99 B 502 
ASTON 2 81 PL 106 B 235 

35 N*(2O60)  WIDTH (MEV( 

2D0. CARMDNY 77 HBC O 9 K+D,K÷ PIONS 12 /78  
65 .  CLELANO BO SPED * -  BO°K+-P~KS P/ P 1182"  
65 .  CLELANO BO SPED +-  5O.K÷-P,KS o l  P 1182"  
70 .  55.  ASTON l 81 LASS D I I .K -P tK -  PIe N I /BE~  

ODD. IOD. ASTON B 81 LASS Dll.K-P,K~ FI+ N 11B2# 

+CDROS,CLOPP,ERWINtMEIERE,+ (PURD+UCD+INDI 

÷CLOPP,LANDER,MEIERE,YEN~÷ (PURD÷~D÷IUPU) 

÷HAGGERTY, ADRAMS,DZIER BA(C IT*FNAL÷ILLE÷IN~I 
÷DORSAZ,MARTIN,NEF,÷ (PITT+GEVA*LAUS÷DURH)JP 

+DUNWOODIE,DURKIN,FIEGUTH÷ (SLAE+CARL+OTTA|JR 
÷CARNEGIE~DUNWOOOIE~DURKIN÷(SLAC+CARL+OTTA) JP 

" " 1 K ' ( 2 2 o o ) 1  . . . .  , 
I B 

THIS ENTRY CONTAINS VARIOUS PEAKS IN STRANGE MESON 
SYSTEMS REPORTED IN THE 21DO-ESOD MEV REGION AS WELL AS 
ENHANCEMENTS SEEN IN ANTIHYPERON NUCLEDN MASS 
SPECTRA. ONITTEO FROM 7HE TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 K*(Z2DOl  MASS (MEVI 

M 20 (296D . )  ( 20 .  l LISSAUER TO flBC 9.  K÷ P LL /T I  
M C (2200 .1  APPROX. SLATTEKY 71 RVUE 8-13 K+ P 11171 

37(2 ] .67°1  ( 6 . }  CHLIARNIK 79 HBC * K+P TO LAM--BAR P 1 /80  M 
M Q 2235. 50.  8AUBILL IE  81 HBC - 8. K-P,LAM PBAR ~182"  
M Q 2260. 20. CLELAND 81 SPED +- 50 K+P,LAM PEAR 1192~ 
M P 2320. 30 .  OLELAND BI  SPED + -  50 K÷P,LAM PBAR 1182= 
M R 2690. 2D. CLELAND 81 SPED +-  50 K÷PvLAM PBAR 1 /82  ~, 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = S.OI 

M C COMPILATICN OF (ANTIHYP.-NUCLEON) MASS IN K+ P B . -LB .  GEV/C 
M P JR=3+ FROM MEMENTS ANALYSIS. 
M 0 JP=2-  FROM MOMENTS ANALYSIS. 
M R JP=~e- FROM MDMENTS ANALYSIS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 K~IBBOO) WIDTH (MEV) 

W 2D (BO. I  120.1 LISSAUER TO HBC 9.  K+ P 11171 
N C (ZOO°) APPROX. SLATTERY TI  RVUE 9-13 K÷ P LL /T l  
W 37 (60 . )  APPROX° CHLIAPNIK 79 HBC + N+P TO EAR-BAR P 1180 
N O (BOD.( APPROX. BAUB[LLIE 81 HBC - 8* K-P,LAM PBAR L /B2*  
W O 210.  30 .  CLELAND 81 SPEC ÷ -  SO K+P,LAM PBAR 1182"  
w P (25D . I  APPROX. ELELAND 81 SPED * -  5D K*P~LAM PEAR 1 /82 *  
W R (2DO.)  APPROX. CLELAND BE SPED +-  50 K÷PtLAM PEAR 1182"  

W C COMPILATION OF (ANTIHYP.-NUCLEONI MASS IN K+ P 8 . - 13 .  GEVIC 
W F JP=Be FROM MDMENTS ANALYSIS. 
W O JP=2- FROF MCNENTS ANALYSIS. 
w R JR=A- FROM MDMENTS ANALYSIS. 

REFERENCES FOR K~'(22DO) 

ALEXANDE 68 PRL 20 TOO ALEXANOER,FIRESTONE,GOLDHABER~SHEN (LRL) 

LISSAUER 70 NP B 18 491 +ALEXANOER,FIRESTONE.DOI.OHRBER (LBL I  

SLATTERY 71 UR-87S-332(PREPI P.SLATTERYeA REVIEW OF STRANGE MESONS(ROCHI 

CPiLIAPNI 79 NP B 158 253 CHLIAPNIKOV,GERDYUKOV÷ (CERN+BELG÷NONS) 

BAUBILLI 81 NP B 183 1 BAUBILL IER~÷  (BIRM+CERN+GLAS÷MSU+LFNP) JP 
CLELAND Bl  NP B 186 I ÷NEF ,MAET IN ,÷  (PITT+GEVA+LAUS÷OURHI JP 

C=±1 MESON STATES 

A 6 J 

SEE STABLE PARTIDLE OATA CARO LISTINOS 

F ~  32 NEUTRAL D(1865tJP=D-I I=112 

SEE STABLE PARTICLE DATA CARD LISTINGS 

' " . . . .  G . . . . . .  OLD . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 CHARGED D* (2010 |  MASS IMEVI 

H G (20DB. I ( 3 . )  GOLDHABE 77 SNAG +-  E+E- 12177 
M P (20D8 .6 )  (1 .0 |  PFRUZZI 77 SHAG ÷-  E+E- 12177 
M 
M MASS 2DID. I 0.7 " FROM DO MASS (TRILLING 91 RVUE) AND 
M MASS DIFFERENCE BELOW 

M G FROM SIMULTANEUS FIT TO D*÷,D*O,D÷,AND DO,NOT INDEPENDENT DF 
M G FELDMAN T7 MaSS DIFFERENCE BELOW. 
M P PERUZZI 77 MASS NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE 
M P BELOW AND PERUEZI 77 DD MASS VALUE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 [D*+)  - (DD] MASS DIFFERENCE (MEVI 

OM 30 14S,3 O. 5 FELDNAN 77 SHAG I:~+ TO DO PI+ 12177 
DM 2 145.2 D.6 BLIETSCHA 79 BEBC NEUTRINO P 12179 
DM (165.51 APRROX. AVERY BO SPED GAMMA A 1/82~ 
DM bO 145.5 0.3 FITCH 81 SPED PI- A 1182* 
DM 
OM AVG 165.61 0.24 AVERAGE (ERROR INCLUDES STALE FACTOR OF 1.DI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 (D*÷J - (0.01 MASS DIFFERENCE (MEV) 

EM P 2.6 1.8 PERUZZI 77 SMAG ÷- E÷E- 12177 
EM P NOT INDEPENDENT OF FELDMAN 77 MASS DIFFERENCE ABOVE, PERUZZI TT 
EH P DO MASS, AND GOLDHABER 77 DeD MASS. 
EM . . . . . . . . .  
EM UMASS 2.9 1.3 FROM (D*÷)-(DOI AND ID*OI-(DO( 
EM MASS DIFFERENCES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 CHARGED D~(BDID) WIDTH [MEVI 

W 18 (20.DI OR LESS PERUZZI 76 SMAG ¢- E÷E-,PSIIADBD) I177 
W 30 12.DI DR LESS el=. 90 FELONAN 77 SNAG D~÷ TO DD PI+ 12177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 CHARGED D*(2OLO) PARTIAL DECAY MODES 

DECAY MASSES 
PL O*+ I2OlOI  INTO DO PI+ 1864+ 139 
P2 O*÷120IO) INTO D+ GAMMA 1869+ O 
P3 D*+ (2010 )  INTO D* PlO 1869.  136 

P D*-(ZOZOi MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 CHARGED D=(2OID)  BRANCHING RATIOS 

RL O* * (2D ID I  INTO (DO P I÷ ) /TOTAL (PL I  
R1G 0 .6  D, 15 GOLDHAGE 77 SNAG ÷ E÷E- 12177 
RE G ASSUMING THAT ISOSPIN IS CONSERVED IN THE DECAY 

R2 D~÷I2OLDI INTO (O÷ GAMMAI/TOTAL (P21 
R2 D.DB O.O7 KIRKBY 79 RVUE E+ E- 12179 

R3 O~÷l BOLD) INTO (0+ PIOIFTOTAL (P~  
R3 G 0 .28  0 .09  KIRKBY 79 RVUE *E÷ 'E -  12179 

REFERENCES FOR CHARGED D t I 2O ID I  

PERUZZI 76 PRL 37 569 +PICCDLOtFELONANtNGUYEN,WISS.+ (SLAC+LEL} 

F ELDMAN 77 PRL 38 1313 ÷PERUZZI,PICCOLO,ABRAMS~ALAM+ (SLAC÷LBLI 
FERULE1 77 PRL 39 13D1 ÷PICCOLOtFELOMANePERLv÷(SLACeLBLvNWES~HAHA) 
GDLOHABE T7 RL 69 B 5D3 eWISS,ABRANS,ALAN,BOYARSKI,÷ (LBL÷SLACI 

BLIETSCH 79 PL BB B 1D8 BLIETSDHAU~+ (AACH+BONN~CERN÷MPIM÷OXF) 
KIRKBY 79 BATAVIA CONF.IOT J. KIRKBY (SLAC) 

AVERY BO PRL 66 L3D9 ÷WISS,BINKLEY,ATIYA,÷ {ILL÷FNAL÷COLU) 

FITCH 81PRL  66 761 ÷DEVAUX,DAVAGLIAtMAY,÷ (PRINeSACL÷TORI~BNL) 
TRILLING 8 I  PRPL T5 ST D .H .TRILL ING 1EEL÷OLD) 

" " I D ° ( 2 0 , O )  IB1 NED7 ..... 2 0  . . . . . . .  , i - l , B  
i B 

3 CDNSIBTENT WITH 1, VALUE O RULED OUT (NGUYEN 77). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 NEUTRAL D=(2DIOI MASS (MEVI 

M D 12OO6. l 11.51 GOLDHABE 77 SNAG E+E- 12177 
M G FROM SIHULTANEUS FIT TO De÷, D 'O,  D÷, AND DO. 
M . . . . . . . .  
M MASS 2007.2  2 .1  " FROM DO MASS ITR ILL IND  8 I  RVUEI AND 
M MASS DIFFERENCE BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Mesons 
D'°(2010), F*, ~'(2140), B, EXOTIC MESONS 

61 {D 'O )  - (001 MASS DIFFERENCE (MEV) 

DM G 142 .7  1 .7  GOLDHABE 77 SNAG O E.E-  3182"  
DM 162.2 2 ,0  SAOROZIN BO CBAL O D*O T9 DO P(O 3182*  
OH G FROM SIMULTANEOUS FIT T9 o*e, 0*0, De, AND GO. 
DH . . . . . . . . .  
OM AVG 1~2.5 1..3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 NEUTRAL D${2010)  WIDTH (MEV) 

W (5,) OR LESS GOLOHAB2 76 SNAG E+E- TO D$D* 3177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 NEUTRAL O* (2O lOI  PARTIAL DECAY MODES 

DEEAY NASSES 
Pl  D*O(2OIO) INTO DO PIO 1864÷ 1 3 4  

P2 D*O(2OlO) INTO DO GAMMA lB~÷  O 

P D*O(2OIO)BAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

El NEUTRAL O(,(20LO) BRANCHING RATIOS 

RI O*Ol20[O) INTO (DO GARMAIIIDO PIG + DO GAMMA) IP2IIIPI+P2) 
R1 G 0 .43  0.  I5  GDL DHABE 77 SNAG E*E-  12177 
RI G WE QUOTE THE NORMAL FIT VALUE FROM TABLE I .  THE ISO-SPIN 
RI G CONSTRAINED FIT IS NOW KNOWN TO GIVE A DO GAMMA FRACTION WHICH IS 
RI G TOO LARGE. SEE DETAILS IN FOOTNOTE 2I OF FELDMAN 77 REVIEW. 

R2 O*O(201D) INTO IDO PIOI /TOTAL (P I )  
R2 G 0.53 O, IB KIRKDY 79 RVUE E+ E- 12179 

REFERENCES FOR NEUTRAL D*[20101 

GOLGHABI 78 PRL 37 233 GOLDHABER,PlERRE~ABRAMS,ALAM,+ (LBL+SLAC) 
GOLDHAB2 76 SLAG EDNF. 379 G.GOLOHABER {AVAIL. AS LBL-5534)  (LBL÷SLAE) 

GOLDHABE 77 PL 69 B 503 GOLDHABER,ADRAMS,ALAM÷ (LBL÷SLACI 
ALSO 7T BANFF SUM.INST 75 G.J=FELDMAN (SLAC) 

NC4~YEN lT  PRL 39 262 ÷WISS,ABRAMS,ALAM,BOYARSKI,÷ ILBL~SLAC) J 

KIRKBV 79 BATAVIA CONF.IO7 J .  KIRKBY (SLAC) 

SADROZIN BO MADISON CONF. 681 SADROZINSKI.~ (PRIN÷CIT+HARV÷SLAC÷STAN) 

TRILLING El PRPL 75 57 G.H.TRILLING (LBL*UCBI 

* * * * * *  * * * * , * * * *  $ * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i ' i :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F ' ~  36 F+- (  2020,  JP= 

SEE STABLE PARTICLE DATA CARD LISTINGS 

" "Ir'(e 4o)l . . . .  IB, . . . . . . . . . .  

CMI'TTED FROM TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7R F* MASS (MEV) 

M 214O.O 60. BRANDELIK 77 DASP ~ -  E÷E- ,P I  3 GAMMA 12177 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

74 (F*÷I - (FO) MASS DIFFERENCE (MEV) 

ON LEO. 46 .  DRANDELIK 79 OASP +-  E÷E-,F GAMMA 12179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

76 F*  PARTIAL DECAY MODES 

DECAY MASSES 
Pl  F*  INTO F GAMMA 2021 .  9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IR F* BRANCHING RATIOS 

RI  F* INTO [F GAMMAIITOTAL IP I )  
RI  PROBABLY SEEN BRANDELIK TT GASP E÷E- I2/~T 
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Data Card Listings 
For notation, see key at front of  Listings. 

BRANDELI 77 PL 70 B 132 

BRANDELI 78 PL 76 B ~81 

BRANDELI 79 PL 80 B 412 

REFERENCES FOR F* I2160 )  

BRANDELIK,CCRDS,+(AACH÷DESY+FAMB~MPIM~TOKY) 

BRANOELIK,CORDS,+(AACH+CESYeFAMB+MPIM+TOKY) 

BRANDELIK,CORDS,+(AACH÷CESY~FAMB*MPIMeTOKY) 

*tt~w*# #$tt*e*$$ *tt*ttts$ **$e*$,kt$ etsttt$$$ $=t*wwt*$t $*$#~$$t $e*tttt$ 

B=+I MESON STATE 

N 39 BOTTOM MESON B(5200 ,JP=  ) 

SEE STABLE PARTICLE DATA CARD LISTINGS 

EXOTIC MESON STATES 
*$~,*,,* **.=.~,=,,** $$**$,,$*$ e**,,~,~,**~ *,,$*$*$** **$**$$** ~,**$*$*$* $***,,$*$ 

...... 

THE PURPOSE OF THIS ENTRY IS TO PROVIDE A LIST OF 
REFERENCES FOR EXOTIC MESON SEARCHES (SEE MAIN TEXT, 
SECo 3 AND TABLE 1 [ ,  AS WELL AS TI'~EORETICALLV BASED 
SUGGESTIONS FOR EXPERIMENTS. NOTE THAT LIPKIN 7~ 
gROPDSES EXPERIMENTS WHICH ARE CONCLUSIVE EVEN IF 
NEGATIVE RESULTS ARE OBTAINED. 

REFERENCES FOR EXOTICS 

REPORTS ON SEARCHES 

68 PHILA .CCNF. R,~33 A.H.ROSENFFLD (LRL) 

69 PR 177 1991 +JOLDERSMA, PALMER, SAMIOS (BNLI 

70 PL 32 B 409 eOERRIEK,JOHNSONIMUSGRAVE,+ (ANL~NWESeKANS) 
70 ~L 33 fl 373 G.GIACDMELLI + (BGNAfSACL+AMST+REHO÷EPOL) 
70 PRO 2 2323 J.LYS+ (MICH) 
70 EXP. MESCN SPECTROSCDPY,ED. E.BALTAY AND A.H.ROSENFBLO,P,699 

ROSENFEL 

OOOO 

C HO 
GIACOMEL 
LYS 
ROSNER 

BUHL 72 NP B 37 421 

COHEN 73 NP B 53 1 
DURUSOY 73 PL 6E B 517 

ALAN 74 PL 53B 2CT 
COHEN 74 BOSTON 
9REN T6 NP 871 IBg 
BALTAY 75 PL 57B 293 
DAVIS 75 NP 896 626 

8RUND[ER 76 PL 64 B 107 

BOUCRDr 77 NP B 121 251 
HOODLAND 77 NP B 128 109 
HDOGLAND 77 NP B 12B I 09  
MOSER 77 NP B 129 28 

ALAN 78 PRL 40 I6E3 
ARMSTRON 78 PL 77 B 647 

LEMOIGNE 79 BATAVIA CONF.524 

KOOIJMAN 80 PRL 65 315 

AGDILAR 81 ZRHY C 6 109 
APEL 81 NP B Ig3 269 
BIONTA 81 PRL 48 ~70 
EVANGELI 8 I  NP B tT8 197 
FRAME Bl PL 107 B 801 
IRVING 81 NP B lq3 I 

ROSNER 68 

ROSNER 70 

PRL 21 950, IRbB 

*CLINE,TERRELL [WISCONSIN) 

÷FERBEL, SLATTERY,WERNER IROCHESTERI 
~BAUBILLIER,GEDRGE,ARMENISE,* (LPNP+BARI) 

~BRABSONeGALLOWAY,+ [IND+PURD*SLAC÷VAND) 
D.COHEN REVIEW TALK ICgLU) 
*CgOPER,FIELDS,RHINES,WHITMDRB,÷ (ANL÷OXF) 
+CAUTIS,COHEN,KALELKAR,PISELLO,e(EOLU+BING) 
÷AMMAR,KROPAC,YARGBR,+ (KANS÷CCAC+ANLI 

BRUNOIERS,BRUN,FLURI,+ {FREIBURG4SACL+ETH) 

*NAVACHtRIVETt÷ (LALO+CERN~CDEF÷EPOL[ 
÷GRAYER,HYAMS,BLUM,DITL,+ (AMST+CERN+MPIM) 
÷GRAYER,HYAMS,BLUM,DITL,÷ (AMST+CERNeHRIM) 
F.L.MOSER {EFT) 

÷BAGGETTtBAGLIN,BONAMY÷(INOePURD*SLAC÷VaND) 
AMSTRONG,FRAME,HUGHES,BIENLEINe {GLAS*DESY) 

÷ABOLINS,BARATE÷ (SACL*LOIC+SHHP+IND) 

+ARENTON,AYRES,D[EBOLD~MAy+ [ANL+EFII 

÷ALBAJAR,SJOGREN,÷ (CERNeCDEF+MADR÷STOH| 
+AUGENSTEIN,BERTOLUCCI,DONSKOV,÷(SERPeCERN) 
÷CARRDLL,EOBLSTEIN,÷ (BNL÷CARN÷FNAL+SMAS) 
EVANGELISTAe(BARI~BONN÷CERN÷DAREeLIVPeMILA) 
+HUGHES.EOLLEY. ARMSTRONG,+ (ELAS*BIRMeCERNI 
+LOVERRE,AGUILAR,e {CERN÷CDEF÷MADR÷STOH) 

SUGGESTIONS FOR SEARCHES 

J.L,ROSNER (TEL-AVIV} 

EXP.MESGN SPFCTROSCDPY,ED. C.BALTAY ANO A.H.ROSENFELD,P.499 

FAIMAN 73 PL 63 B 307 D.EAIMAN~G.GOLDHABER,Y.ZARM) (CERN) 
LIPKIN 73 PRO 7 2 2 6 2  H.J.LIPKIN {ARGDNNE+FNAL) 

HOLMGREN 78 PL 77 B 204 ÷PENNINGTON ISTDH÷CERN) 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N's and A's 

Note on N's and ~'s 

I. Introduction 

For this edition, three N's and one A have 

been promoted to the Baryon Table, and several new 

resonances that are not yet established appear in 

the Data Card Listings. Table I.i lists all the 

entries in the Listings, and gives our evaluation 

of the status of each, both overall and channel by 

channel. 

The masses, widths, and branching fractions of 

the N and A resonances come mainly from a few 

comprehensive partial-wave analyses. There are 

also several other recent analyses based on more 

limited data sets and/or energy ranges. Production 

and total-cross-section experiments can be valuable 

in establishing the existence of high mass bumps, 

but at lower energies these experiments have lim- 

ited statistics compared to formation experiments, 

and it is seldom clear which of several states hav- 

ing nearly the same mass is being observed. 

Even when there are good scattering data, 

there are two main problems in obtaining reliable 

resonance parameters from partial-wave analyses. 

First, there is sometimes disagreement among ana- 

lyses on the partlal-wave amplitudes themselves. 

This obviously depends on the quality and quantity 

of the scattering data and on the procedures used 

to determine the amplitudes from the data. 

Secondly, even if smooth curves were available for 

the amplitudes, there would still be some 

parametrization-dependent uncertainty about the 

values of the usual Breit-Wigner resonance parame- 

ters. From a theoretical standpoint, the most 

unambiguously defined resonance parameters are the 

pole position and residue, and it has been found in 

practice that, given sufficiently precise partial- 

wave amplitudes, these quantities can be extracted 

in a stable and parametrization-lndependent way, in 

spite of the fact that an extrapolation away from 

the physical region is required. This point has 

been discussed in detail with regard to the 4(1232) 

in earlier editions of this review. 1'2 Pole param- 

eters have now been determined for many of the N 

and A resonances, and these are included in the 

Data Card Listings. In most cases, we specify pole 

parameters by giving the real and imaginary parts 

TABLE 1.I. STATUS OF N *  RESONANCES 

THOSE WITH AN OVERALL STATUS OF * * *  OR * * * *  ARE INCLUOED IN THE MAIN BA&YON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN -- 
............................... 

O V E R A L L  T O T A L ~  OTHER 
PARTICLE LIJ STATUS CR.S. PIN ETA N K LAM K GIG El DE GAM N CHANN. 
................................................................... 

N [ 9 3 9 )  Pl l  * * * *  
N i t % 4 0 1  P l l  **** **** 
H I 1 5 2 0 1  0 1 3  **t* t*** **** 
N 1 1 5 3 5 1  Sll * * * *  * * * *  * * * *  
N(15401 P13 * 
N116501 SII **** **** 
N I l 6 7 5 )  D I S  **** *** **** 
N I 1 6 8 0 1  F I 5  * * * *  * * *  * * * *  
N I I T O O )  OIB **** *** 
N(17IO} PIE * * * *  * * * *  
N ( 1 7 2 0 )  PI3 * * * *  * * * *  * 
N I L g g O )  E l 7  *** *** * 
N ( 2 0 0 G I  F I B  * *  * *  * 
N ( B O 8 O l  Of 3 *** *** * 

H l 2 1 O O }  S I t  * 
N I Z [ O D )  P I I  * 
N(219Ol G 1 7  * * * *  * * *  * * * *  * 
N I Z Z O O I  D I S  * * *  * * *  * 
N 1 2 2 2 0 1  HI9 **** *** **** * 
HlZBBO) Gig * * * *  * * * *  * 

N I Z 6 0 0 I  1 1 1 1  * * *  * * *  
N | 2 7 0 0 1  K I I 3  * * 
N ( 2 8 0 0 I  G I 9  * * 
N ( 3 0 3 0 I  * * *  * * *  * 
N t 3 Z 4 5 1  * * 

N 1 3 6 9 0 1  
N 1 3 7 5 5 )  * * 

* * *  * * *  EPS H 
* * *  * * *  RHO N 
* * * *  RHD N 
* RHO H 

* * *  * *  * * *  * * *  RHO N 
* * ~ *  * * *  RHO N 

* * *  * * *  RHO N 
,, : :: ...... 
* *  * * *  RHO N 
* *  * * * RHO N 

O E L ( L 2 3 B | P 3 3  * * * *  * * * *  * * * *  F 
DEL(IBSOIR31 * *  0 
O E L I E 6 O O | P B 3  ~ * *  *** R B 
D E L ( t 6 2 0 ) 5 3 I  **** ** **** 
D E L { 1 7 O O | D 3 3  *~** *~* **** I 
D E L ( E g O O I S 3 L  * * *  * * * *  O 
D E L ( [ 9 O S ) F B S  **** * ***e DE 
D E L K | O I O I P 3 L  **** * **** 
DEL(E920)PB) *** *** N 
DELII93OlD35 **** * **** F 
DEl(1940iD33 * * 0 
D E L ( l g 5 O l F 3 7  * * * *  * * *  * * * *  R 
D E L I 2 1 5 O l S 3 1  * * 8 
D E L ( 2 1 6 O l  * * I 
D E L I Z 2 O O ) G B 7  * *  * *  O 
O E L ( 2 3 O O # H 3 ~  ** ** O 
D E L ( Z 3 S O I O 3 5  * * E 
O E L ( Z 4 O O ) F 3 7  * * N 
O E L ( Z A O O ) G 3 g  * * F 
D E L I 2 A Z O I H B I I  *** **~ *** O 
D E L ( 2 7 5 O I I B I B  * * *  R 
D E L I 2 8 5 0 t  *** *** * *  D 
O E L I Z g B O ) K B 1 5  * ** I 
D E L ( 3 2 3 0 )  *** **~ * b 

RHO N 
* *  * RHO N 

* * *  * *  RHO M 
* * *  * * *  RHO N 

** ** RHO N 
* * RHO N 

* * *  * * *  RHO N 

* * * *  GOOD,  C L E A R ,  A~O U N M I S T A K A B L E .  
* * *  GOOD,  BUT I N  NEED OF C L A R I F I C A T I O N  OR NOT A B S O L U T E L Y  C E R T A I N .  

* *  NEEDS C O N F I R M A T I O N .  
WEAK. 
A T T R I B U T E D  TO THE S T A T E  C L O S E S T  TO WHERE THE CROSS S E C T I O N  P E A K S .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

of the pole position and residue. It should be 

noted that these real and imaginary parts tend to 

be highly correlated. In particular, the absolute 

value of the residue is often better determined 

than is the phase. For further discussion, see the 

relevant references, e.g., NOGOVA 73, SPEARMAN 74, 

BALL 75, LICHTENBERG 75, VASAN 76, LONGACRE 77, 

ZIDELL 78, CUTKOSKY 79, MIROSHNICHENKO 79, ZIDELL 

80, and CUTKOSKY 80. 

The following sections discuss various recent 

developments in experimental N and ~ spectroscopy. 

For a discussion of earlier results, see our 1980 

edltion 3 and the reviews of R.L. Kelly, 4 R. Koch, 5 

6 and A.J.G. Hey and R.L. Kelly. 

References for Section I 

I. Particle Data Group, Rev. Hod. Phys. 4__33, Sll4 
(1971). 
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2. Particle Data Group, Phys. Lett. 39B, 103 
(1972). 

3. Particle Data Group, Rev. Mod. Phys. 52, S175 
(1980). 

4. R.L. Kelly, in PKoceedlnKs of the IV th Inter- 
national Conference qn Baryon Resonances 
(Toronto, 1980), ed. N. Isgur, p. 149. 

5. R. Koch, in Proceedln~s of the Conference on 
Low and Intermediate Energy Kaon-Nucleon 

Physics (Rome, 1980), p. I. 

6. A.J.G. Hey and R.L. Kelly, Physics Reports 
(to be published). 

II. Two-Body Partlal-Wave Analyses 

and New Resonances 

(by R.E. Hendrick, St. Bonaventure University) 

Several new partial-wave analyses have 

appeared and several older analyses have been 

extended to include new scattering data since our 

1980 edltion. 1 For ~N + nN reactions, we have 

included results of new analyses by CUTKOSKY 80, 

ZIDELL 80, KOCH 80, and CHEW 80. CUTKOSKY 80 

includes new elastic cross-section and polarization 

data and extends the mass range of the CUTKOSKY 79 

analysis up to 2500 MeV. This analysis reports 

several new baryon states and confirms several ten- 

tative states in the 2000-2400 MeV region. A brief 

discussion of the revised status of these N and a 

states is given below. ZIDELL 80 performs an 

energy-dependent partial-wave analysis from thres- 

hold to 350 MeV. Deviations from isospin invarl- 

ance are reported, and new masses, widths, and pole 

positions of the A 0 and A ++ are given. KOCH 80 

performs an energy-independent analysis over a 

similar low-energy range, but finds little evidence 

of isospin invarlance violation. CHEW 80 uses a 
+ 

Barrelet-zero technique to analyze x p elastic data 

between 1550 and 2100 MeV and reports several new 

$31 and P31 states, but disagrees with the parame- 

ters of the two 4-star $31 and P31 resonances esta- 

blished by other analyses. 

Two new inelastic analyses have been reported: 

an energy-dependent analysis of ~-p ~ AK 0 below 

1900 MeV by MUSETTE 80, and an energy-dependent 

analysis of the three isospin-coupled reactions 

z-p + E-K +, ~-p + zOK0, and ~+p ÷ E+K + up to 2000 

MeV by LIVANOS 80. A number of resonance masses, 

widths, and wN to KZ branching ratios have been 

included from this analysis. 

Data Card Listings 
For notation, see key at front of Listings. 

This year, four new N and h resonances have 

been promoted from 2-star to 3-star status and 

added to the Baryon Table: the DI3 N(2080), DI5 

N(2200), $31A(1900), and P33 A(1920). The D35 

A(1930), already listed in the Baryon Table, has 

been promoted from 3-star to 4-star status. 

A number of weak, higher-mass states have been 

added to the N and h Listings. These include a 

third PII at 2100 MeV, a second D33 at 1940 MeV, a 

third $31 at 2150 MeV, a second D35 at 2350 MeV, 

and a second F37 at 2400 MeV. The G37 A(2200) has 

been separated from the A(2160) listing and has 

been given a separate listing with 2-star status. 

The H39 A(2300) has been promoted from l-star to 

2-star status. In addition, a number of nominal 

resonance masses have been changed from our last 

edition to put them in better agreement with recen~ 

results. 

Figure II.l shows the partial-wave amplitudes 

obtained by HOEHLER 79 and by CUTKOSK¥ 80. 

Reference for Section II 

I. Particle Data Group, Rev. Mod. Phys. 52, S1 

(1980). 

III. The ~N + w~N Channel 

(by R.L. Crawford, University of Glasgow) 

A general ~N + ~N event may be described by 

the center-of-mass energy W, three angles ~, 8, and 

y, and two sub-energles, say w N and w . Unlike 

2 ÷ 2-body reactions, fits of ~N + ~N distribu- 

tions at single values of W cannot be parametrized 

in terms of a set of constants without introducing 

some assumptions into the analysis. All fits to 

~N + ~N use the isobar model, which notes that 

almost all such events lle in quasl-2-body bands in 

the Dalitz plot. Thus it is assumed that any 

purely 3-body interaction is negligible and that 

the reaction proceeds by the formation of quasi-2- 

body intermediate states. 

The basic form used for the amplitudes is 

T(~N ~N) =E [ _JILL" ~W Cw . .JILL" 
+ EAr (W).~ A~ wN)-~A~ 

JILL" JILL" 
+ TN, ~ (W)'BWN,(WT~N)'XN* ~ 

TJILL'(w) BW (w X JILL" 
+ oN " p" ~)" pN 

+ TJILL"(w).BWe(w ).X JILL" ] 
~N EN 
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FIg. ll.l(a). The L.21.2J - SII, PII, P13, and DI3 partlal-wave amplitudes for wN elastic scattering. The 
upper plot for each amplitude 18 from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplltudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to Join them). 
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Fig. ll.l(b). The L-21.2J = DI5, FI5, FI7, and G17 partlal-wave amplitudes for ~N elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-lndependent fits, and the curves are from an energy-dependent fit to Join them). 
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Baryons 
N's and A's 

- . so  - . os  . os  

l eoo -  

~ooo 

~4oo 

! aoo  

z m c n ~  ( x . y )  

_!j 
- - , 1 0  - . 0 5  

I 

1MOO 

~00¢ 

Z4Q¢ 

~ lO0  

ESZmCV (M.Y) 

~(225o) 

- , o e  

l s o o -  

~ooo  

ENERGY (MeV) 

l eoo  Eooo  e4oo  ~ i oo  

l eoo  ~ooo z4oo zsoo  
ENEnQY (MeV) 

~N ELASTIC G19 AMPLITUDE 

. o s  - . 05  
' m ~ l ~ l s )  l l , E n R S Y  (NeV) 

l eoo  

~ooo ~rN ELASTIC HIll AMPLITUDE 

a4o¢ 

~so¢ 

ZNEnQY (%e~9 

- . t o  - . o s  

l eoo  

~ooo 

.E I%(!11) 

.os 

Z 5 . . . . . .  

• ooo ~N ELASTIC H19 AMPLITUDE 

a4oo f 

I l Q 0  

EMERGT (MEW) ENERGY (MoV) 

Fig. II.l(c). The L.21.2J = GI9, H19, and HIll partlal-wave amplitudes for ~N elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-lndependent fits, and the curves are from an energy-dependent fit to Join them). 
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Fig. ll.l(d). The L.21-2J - $31, P31, P33, and D33 partial-wave amplitudes for ~N elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-independent fits, and the curves are from an energy-dependent fit to join them). 
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Baryons 
N's and /~'s 
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Fig. ll.l(e). The L.21.2J - D35, F35, F37, and G37 partial-wave amplitudes for ~N elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the projections of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-lndependent fits, and the curves are from an energy-dependent fit to Join them). 
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Fig. ll.l(f). The L.21.2J = G39, H39, and H311 partial-wave amplitudes for ~N elastic scattering. The 
upper plot for each amplitude is from HOEHLER 79 and the lower one is from CUTKOSKY 80. In the Argand 
plots, the ticks are at integral multiples of 50 MeV, and the established resonances are show~ at their nom- 
inal positions. The real and imaginary parts of the amplitudes as functions of energy are shown projected 
in alignment with the Argand plots (in the proJectlons of the CUTKOSKY 80 amplitudes, the "data points" are 
results of energy-lndependent fits, and the curves are from an energy-dependent fit to Join them). 
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where in present analyses A is the 4(1232), N is 

the N(1440), p is the 0(770), and e is the S-wave, 

I=0 ~n enhancement (not all these isobars are 

included in every analysis). Here, BW denotes the 

appropriate Breit-Wigner or corresponding 2-body 

amplitude from ~N or ~ analyses, and X is a well- 

defined function containing all the angular infor- 

mation. The decays of the resonances that are 

formed in the reaction are described by the 
TJILL" partial-wave amplitudes 4z , etc., where J is 

the total angular momentum and I is the total iso- 

spin of the state formed, and L and L" are the 

orbital angular momenta in the initial 2-body and 

the final quasi-2-body states. So ~ = L + S = 

~" + ~', where S and S" are the initial and final 

total spins. For the O N amplitude, it is necessary 

to add the suffix 2S', equal to 1 or 3, to indicate 

the total oN spin. The partial-wave amplitudes are 

often denoted by 4.L.L'.21.2J, 02s..L-L'.21.2J, 

etc. 

The Listings give the results from four ana- 

lyses. 

LONGACRE 75 (LBL-SLAC) is an analysis of 200K 

Z-p + ~-~0p, ~-p ÷ n-n+n, and ~+p ÷ ~+~0p events 

for 1300 < W < 2000 MeV. Approximate unitarity 

constraints are imposed using a simplified K-matrix 

formalism that links the ~N channel to the ~N 

channel. This gives smooth solutions and ellm- 

inates the overall phase ambiguity at each energy. 

The AT, oN, and EN intermediate states are 

included. Couplings and T-matrlx pole positions 

are given for 14 resonances. 

LONGACRE 77 (Saclay) is a coupled-channel 

analysis similar to LONGACRE 75 that fits 100K 

events for 1380 < W < 1740 MeV. The couplings and 

pole positions are found for 16 resonances, includ- 

ing a PI3 N(1540) and a P31 ~(1550) suggested for 

the first time by this analysis. 

NOVOSELLER 78 (CIT) is an analysis of 

-p + -~0p, ~-p ÷ ~-Z+n, and ~+p + + 0p for 1630 

< W < 1990 MeV based on the LBL-SLAC energy- 

independent analysis. 1 Again the 4z, pN, and £N 

states are used, but the resonances are fitted 

using a simple Breit-Wigner amplitude rather than 

the K-matrix formalism of LONGACRE 75. Single-plon 

exchange with ~ rescattering is used to calculate 
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the higher partial waves (taking account of a cri- 

ticism made of earlier analyses), and it is con- 

cluded that this improves the fit above 1800 MeV 

and helps eliminate the phase ambiguity. Another 

study of the importance of slngle-plon exchange has 
2 

been made by Aaron et el., who also find that it 

can give important corrections to the angular 

dependence. NOVOSELLER 78 gives two solutions, the 

second including the effects of pion exchange. 

They are given in the Listings as fits to LONGACRE 

75 and NOVOSELLER 78. 

BARNHAM 80 (Imperial College) is an analysis 

of 44K --~+p + + 0p and ~+p + n+~+n events for 1440 

< W < 1700 MeV. It thus concerns only the A reso- 

nances, and it uses data that were not available to 

the other analyses. The intermediate states are 

4~, oN, and ~N(1440), the last being necessary to 

account for the difference between the ~÷~0p-- and 
++ 
~ n cross sections. Also included is the effect 

of single-plon exchange leading to the S-wave ~ 

state with I - 2. The phase ambiguity is resolved 

by requiring that the ~A amplitude for the D33 

4(1700) have a Breit-Wigner phase. The parameters 

are found for four resonances, including the P31 

A(1550), but since some of the data were also used 

by LONGACRE 77 it is not clear that this resonance 

is being confirmed. However, there is now some 

evidence that it has also been seen in single-plon 
3 

photoproduction. 

There have also been analyses of ~-p ÷ n-~+n 

for W < 1400 MeV, 4'5 a range dominated by the low 

energy tail of the PII N(1440), with EN as the dom- 

inant intermediate state. The energy range of 

these analyses is too low for them to determine 

decay coupling constants, and they do not appear in 

the Listings. 

It is difficult to assess the systematic 

uncertainties of these analyses or of the quoted 

couplings of the resonances to the isobar states. 

However, those that are indicated in the Listings 

as being well determined by LONGACRE 77 do in gen- 

eral agree, at least in sign, with the values from 

the other analyses, although some of the 03 cou- 

plings have not been measured elsewhere. The 

Imperial College group also claims clear measure- 

ments of the signs of 01SS31 , oIDD33, and N PP33. 
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All existing isobar models can be criticized 

for neglecting possible sub-energy dependence of 

the partial-wave amplitudes, which makes them pos- 

sibly inconsistent with unitarity. 6 This has been 

studied by Aitchlson and Brehm, 7 who derive an iso- 

bar expansion that is consistent with Bose symmetry 

and with sub-energy analyticity and unltarity. The 

resulting coupled integral equations are suitable 

for both dynamical and phenomenological studies of 

~N ÷ z~N. They estimate the sub-energy corrections 

to the isobar model and conclude that such correc- 

tions may not be significant for existing isobar 

fits but that they could become so with better 

data. 8 A rough estimate of these corrections has 

also been made by the Imperial College group, 9 who 

also find that they are small. 
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IV. Photoproduction and Compton Scattering 

(by R.L. Crawford, University of Glasgow) 

The yN couplings of an N or A resonance can be 

studied in any photon-lnduced formation process in 

which the coupling of the resonance to the final 

state is well known. In practice, this limits 

accurate sources for such information to partial- 

wave analyses of slngle-plon photoproductlon, where 
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there is a large amount of data and where the final 

state is well known from ~N ÷ ~N partial-wave ana- 

lyses. Recently, however, some couplings have been 

obtained from Compton scattering on protons. All 

photoproductlon analyses rely heavily on ZN + nN 

analyses for the existence, masses, and widths of 

the resonances. In only a few photoproduction ana- 

lyses are the masses and widths treated as free 

parameters. However, the photoproduction results 

for the masses and widths are of interest since 

they give access to the charge +I states. 

The most important analyses of single-pion 

photoproduction are reviewed below. The formalism 

has been described in an earlier edition of this 
1 

Review, to which the reader is referred for addi- 

tional information. There are three basic methods 

of analysis. All have to cope with the stability 

problems of having four independent complex spin 

amplitudes at any energy and angle, but only six 

(and frequently fewer) independent experimental 

measurements. 

(a) Simple isobar model: This is the simplest 

form of energy-dependent analysis. The partial 

waves are parametrized as a smooth background to 

which Breit-Wigner resonances are added. Usually 

the electric but not the magnetic Born terms are 

included explicitly to reproduce the forward peak 

in charged pion production. This method is suffi- 

ciently flexible to give excellent fits to the 

data, but there are in principle difficulties con- 

cerning the uniqueness of the solution due to the 

large number of waves involved. This problem is 

eliminated by the form of the parametrizatlon, but 

it is not clear how this may bias the solution. 

The most extensive analysis of this type is 

METCALF 74 (for references in this form, see the 

Data Card Listings), which is an extension of the 
2 + earlier Walker analysis. It fits yp ~ ~ n, 

yp ÷ TOp, and Yn ÷ ~-p from the first to the fourth 

resonance regions. FELLER 76 is a similar analysis 

which does not fit Yn + ~ p, but uses data that 

were not available to METCALF 74. Other isobar 

analyses are ROSSI 73, HEMMII 73, HEMMI2 73, 

BENEVENTANO 74, KRIVETS 74, TAKEDA 80, and BRA- 

TASHEVSKIJ 80; these have used relatively small and 

sometimes restricted data sets, usually in associa- 

tion with a particular experiment. ISHII 80 is an 
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isobar analysis of proton Compton scattering for 

laboratory photon energies from 550 MeV to 950 MeV, 

covering the second resonance region. 

(b) Fixed-t dispersion relations (FTDR): This 

technique uses the apparent resonance dominance of 

the photoproductlon amplitudes to get a relatively 

simple parametrlzatlon of their imaginary parts. 

Fixed-t dispersion relations are then used to cal- 

culate the real parts; sometimes a few but usually 

no additional free parameters are introduced. 

Since there are fewer free parameters, the proba- 

bility of having multiple solutions is reduced, and 

the requirements of analyticlty are automatically 

satisfied. However, the method is inflexible com- 

pared to the isobar model and gives poorer fits. 

Also, as has been described in NOELLE 78 and else- 
3 

where, the divergence of the partlal-wave expan- 

sions for the dispersion integrals does not allow 

the use of data at all angles above the third reso- 

nance region. Some but not all analyses satisfy 

the constraints of unitarlty and time reversal 

4 invarlance as given by Watson's theorem. 

FTDR analyses have been made by groups at 

Berkeley (MOORHOUSE 73, KNIES 74, and MOORHOUSE 

74), at Lancaster (DEVENISH 73 and DEVENISH2 74), 

at Glasgow (CKAWFORD 75, BARBOUR 76, BARBOUR 78, 

and CRAWFORD 80), at Yerevan (AZNAURYAN 77), and at 

Tokyo (ARAI 80 and FUJII 81). NOELLE 78 is a 

hybrid analysis incorporating FTDR in a coupled- 

channel isobar calculation. 

(c) Energy independent analyses: These evalu- 

ate the partial waves by making fits at a set of 

essentially single energies, and are thus the least 

biased of all analyses. It is necessary to use 

Watson's theorem to fix the complex phases of many 

of the partial waves and thus to get a unique solu- 

tion. Due to the onset of inelasticity, this 

becomes difficult above the first resonance region, 

and only BERENDS 77 extends into the second reso- 

nance region. This analysis gets significantly 

different couplings from the other analyses for the 

DI3 N(1520). 

New analyses in the Data Card Listings: AKAI 

80 is an FTDR analysis of yp + ~+n, yp + TOp, and 

Yn ÷ ~-p using 7768 data points for energies from 

1168 to 2078 MeV and for momentum transfers t out 

to -1.6 (GeV/c) 2. A K-matrix formalism is used to 

parametrize the resonances, and a Regge formalism 

is used for the high energy part of the dispersion 

integrals. 

CRAWFORD 80 is an extension of earller Glasgow 

analyses to include more data and more resonances. 

The imaginary parts of the partial waves are 

parametrlzed as Breit-Wigner amplitudes plus back- 

ground in the S and P waves. The high energy parts 

of the dispersion integrals are parametrized using 

a Regge formalism, and data are fitted at all ener- 

gies for yp + ~+n, yp ÷ TOp, and yn ÷ ~-p. A total 

of 8838 data points are used for energies up to 2.5 

GeV and for t out to -1.5 (GeV/c) 2. Evidence is 

found to suggest that the P31 4(1550) is photopro- 

duced, but it is not conclusive. 

BRATASHEVSKIJ 80 is an isobar analysis of 

yp + ~Op using recoil proton polarization data from 

Kharkov and is essentially a variation of METCALF 

74. 

TAKEDA 80 is similarly a variation of METCALF 

74 to fit new recoil proton polarization data in 

Tn+~-p. 

FUJII 81 is based on the AEAI 80 analysis and 

includes new neutron target data. 

Resonance couplings and errors in the Data 

Card Listings: The Listings give the results of 

all recent and extensive analyses. If no error is 

given, only a unique result is quoted. The Berke- 

ley analyses and CRAWFORD 75 give for errors the 

spread of solutions around a central value. The 

Lancaster group gives for errors the change of 

value that is required to increase the ''best pos- 

sible X 2"" by I%. METCALF 74, FELLER 76, AZNAURYAN 

77, and AEAI 80 quote similar errors. In BARBOUR 

78 and CRAWFORD 80, the systematic differences due 

to the different methods of analysis are considered 

to be at least as important as the purely statisti- 

cal errors, and the errors quoted are obtained by 

comparing with other analyses as well as from the 

spread of parameters over a number of fits. Thus 

there is often a wide variation in what the errors 

quoted in the Listings mean. 

Table IV.I gives a compilation of the yN decay 

couplings from METCALF 74, KNIES 74, MOORHOUSE 74, 

DEVENISH2 74, BARBOUR 76, BARBOUR 78, ARAI 80, and 

CRAWFORD 80. The errors quoted are a combination 
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Table IV.I. A compilation of measured yN decay 
couplings and of predictions of the quark model. 
Sources are given in the text. 

Coupling s (GeV-I/2xl0-3~ 

Hell- Partial-Wave Quark Model 
Resonance Target city Analyses Predictions 

PII N(1440) p I/2 -70 ~ 9 -5 to -50 
n I/2 +42 + 19 +4 to +38 

DI3 N(1520) p 1/2 - 1 7  ~ Ii -41  to +6 
3/2 +166 + 7 +95 to +174 

n I/2 -69 ~ 14 -23 to -52 
3/2 -136 + 14 -102 to -144 

Sll N(1535) p 1/2 +67 ~ 15 +68 to +147 
n 1 /2  - 7 8  ~ 29 - 8 3  t o  - 1 1 9  

i S 1 N(1650) p 1/2 +45 ~ 17 - 9  to  +95 
n I/2 -23 ~ 33 -45 to +4 

DIS N(1675) p 1/2 +13 ~ 8 0 to +12 
3/2 +22 ~ 12 0 to +16 

n i/2 -37 ~ 24 -31 to -55 
3/2 -54 ~ 24 -44 to -78 

FI5 N(1680) p 1/2 -13 ~ i0 -7 to +24 
3/2 +132 ~ 15 +47 t o  +154 

n I/2 +29 ~ 15 -32 to +27 
3/2 -28 ± 16 -25 to +2 

DI3 N(1700) p I/2 -20 ~ 12 -7 to +9 
3/2 +I ~ 17 -12 to +33 

n 1/2 0 ~ 50 -15 to +25 
3/2 +8 ~ 42 -17 to -76 

PII N(1710) p 1/2 +3 ~ 15 -7 to -37 
n 1/2 +9 ~ 30 -21 to +29 

PI3 N(1720) p 1/2 +60 ~ 36 -133 to +74 
3/2 -34 ~ 26 -65 to +46 

n 1/2 -6 ~ 25 -23 to +57 
3/2 -26 ~ 90 -61 to +12 

FI7 N(1990) p I/2 +17 ~ 35 -8 to -I0 
3/2 0 ~ 20 -i0 to -13 

n 1/2 -82 ~ 25 -18 to -19 
3/2 -86 + 40 -23 to -25 

GI7 N(2190) p 1/2 -43 ~ 40 
3/2 +131 ~ I00 

n I/2 -64 ~ 45 
3 / 2  -60 ~ 130 

P33 A(1232)  p 1/2  -141  ~ 6 -94  t o  - 127  
3 / 2  - 2 5 8  + 8 -162  t o  - 2 2 0  

• #  

P33 A(1600) p 1/2 +2 ± 30 -61 to +2 
3/2 -3 ~ 30 - 107  t o  +4 

S~I A(1620) p 1/2 +23 ~ 38 +43 to +86 

D33 4(1700) p 1/2 +109 ~ 31 +78 to +106 
3/2 +73 ~ 35 +78 to +105 

F35 A(1905) p 1/2 +33 ~ i0 -I0 to +44 
3 /2  - 3 8  ~ 19 -41  t o  +15 

. e  

P~I A(1910) p 1/2 -24 ~ 15 -16 to +15 

D35 4 ( 1 9 3 0 )  p 1 /2  - 4 6  ~ 50 - 1 7  
3 / 2  +13 ~ 50 - 2 4  

F37 A(1950)  p 1 /2  - 7 3  ~ 12 -25  to  - 4 8  
3 / 2  - 8 5  ~ 13 - 3 2  t o  - 6 9  
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of the statistical errors from these analyses and 

the systematic differences between them. Also 

shown for comparison are the range of predictions 

for the couplings from recent quark model calcula- 

tlons. 5-8 While the quantitative agreement between 

the quark models and the measured couplings is not 

yet good, there is qualitative agreement to the 

extent that at least one quark model gives the 

correct sign in the cases where the sign has been 

clearly measured. 
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V. Electroproductlon 

(by F. Foster, University of Lancaster) 

Introduction: Since this review of resonance 

electroproduction was last revised (1978), several 

new data sets on virtual photoproduction of single 

pions have become available. The DESY group has 

completed its detailed survey of the whole reso- 

nance region at values of Q2 from 0.6 to 3.0 GeV 2 . 

The new data on ~+ and 70 production and an 

analysis using the fixed-t dispersion relation 

methods of Devenish and Lyth I are available in 

internal DESY reports, 2'3 and those on ~ production 

are available in r e p o r t s  2 ' 4  and a p u b l i c a t i o n .  5 

Data at smaller Q2 continue to appear from the Bonn 

group, for ~ production 6 at Q2 = 0.4 GeV 2 and for 
7 + and 0 production 7 at Q2 ffi 0.3 GeV 2. The 

Lancaster-Manchester group working at Daresbury has 

also completed new data sets at 0.5 and 1.0 GeV 2 

using both hydrogen 8'9 and deuterium as tar- 

g e t s .  10-12 

Analysis of the new data in terms of the 

appropriate resonance multlpole amplitudes has been 
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facilitated by the availability of the Devenish- 

Lyth fitting program, which uses fixed-t dispersion 

relation constraints. I Ch. Gerhardt has analyzed 

much of the data available to 1978, 13 while Daven- 

port and Morris have analyzed recent Daresbury 

data 14 and V. Gerhardt has analyzed the recent DESY 

data. 3 There are now quite consistent results for, 

in addition to the P33 A(1232) and the SII N(1535) 

resonance multipoles, the DI3 N+(1520) and the FI5 

N+(1680) multipoles for Q2 up to 3.0 GeV 2, and 

there are some clear indications of the behavior of 

the D33 A+(1700). Analysis of the Daresbury "neu- 

tron target" data 12 has also given good results for 

the SII N0(1535) and D13 N0(1520) mult ipoles at Q2 

= 0.5 GeV 2 and allowed significant tests of the 

generalized SU(6) W or single-quark excitation 
15 

models. On the theoretical side, Alcock et al. 

have presented an excellent review of all recent 

quark models for resonance electroproductlon, as 

well as their own proposals for suitable quark 

models on a proper relativistic basis. They con- 

clude that the single-quark transition model can 

reproduce qualitatively the observed behavior of 

the orbit-flip, spin-flip, and spin-orbit parame- 

ters for the excitation of members of the [70,1-] 

multiplet. 

First resonance region: Excitation of the P33 

A(1232) resonance proceeds mainly via the magnetic 

MI+ multipole; the electric El+ multipole is con- 

sistent with zero as is expected from SU(6) and the 

quark model. The scalar multipole has a small but 

significant negative value with SI+ being between 5 

and 10% of MI+ , and as Q2 increases the background 

amplitudes E0+ and MI_ account for an increasing 

fraction of the slngle-pion cross section. The new 

DESY data 2'3 at Q2 . 3.0 GeV 2 give EI+/MI+ ~ 0.05 

0.05 and SI+/MI+ ~ -0.12 ~ 0.05 at 1230 MeV, and 

the background ratios are Eo+/MI+ ~ 0.5 and MI_/MI+ 

-0.3 near resonance. From its measurements of 

MI+ , the DESY group also obtains a value for the 
* 2 Q2 transition form factor GM(Q ) at = 3.0 GeV 2 that 

is much less subject to systematic error than were 

the earlier "single arm" measurements of the total 

cross section. The results confirm that ~ ~(Q2) 

falls more rapidly with Q2 than does the nucleon 

"dipole" form factor. It is also clear that at the 

high values of Q2 the Devenlsh-Lyth program has 

great difficulty in fitting the shape of the MI+ 

variation with mass, and also in accommodating the 

observed background excitation, particularly above 

1300 MeV. An unfortunate consequence is that the 

program cannot give unambiguous results for the 

excitation of the PII N(1440) Roper resonance. 

The 170,i-I resonances: Table V.l gives the 

results of the various disperslon-relation fits for 

the low-lying negatlve-parity resonances SII 

N(1535), DI3 N(1520), SII N(1650), and D33 A(1700) 

from the [70,1-] multiplet. It is difficult to 

0 + Table V.I. Results of recent fits to ~ , z , and 

data for members of the [70,1-] multiplet. 

Resonance 

Multipole 
(~+) ~b I/2 

I DI3 N+(1520) E2_ 0.34 ~ 0.03 

Q2 = 0.3 GeV 2 M2_ 0.58 ~ 0.06 
Bonn 
(Refs. 7, 17) SII N+(1535) EO+ 0.60 ~ 0.07 

SII N+(1650) E0+ 0.33 ~ 0.04 

DI3 N+(1520) 

Q2 = 0.5 GeV 2 
Lancaster- 
Manchester 
(Ref. 14) 

Q2 = 1.0 GeV 2 
Lancaster- 
Manchester 
(Ref. 14) 

D33 A+(1700) 

DI3 N+(1520) 

D33 A+(1700) 

E2_ 0.37 + 0.13 

M2_ 0.53 + 0.07 

S2_ 0. i0 + 0.10 

E2_ 0.23 + 0.13 

M2_ -0.17 + 0.03 

S2__ -0.05 + 0.05 

E2_ 0.08 + 0.02 

M2_ 0.43 + 0.05 

$2_ 0.0 

E2_ 0.18 + 0.07 

M2_ -0.06 + 0.02 

$2_ -0.04 

Resonance 

Multipole DESY data (Ref. 3) 
(~+) pb I /2 

Q2=0.6 1.0 2.0 3.0 OeV 2 

Sll N(1535) 

DI3 N(1520) 

EO+ 0.52 0.51 0.39 0.32 

SO+ -0.30 0.00 -0.ii -0.I0 

E2_ 0.13 -0.04 -O. Ii -0.08 

M2_ 0.47 0.35 0.17 0.063 

$2__ 0.06 0 .00 0 .00 0 .00 
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assign uncertainties to these results, but where 

this has been done it reflects the spread observed 

in independent fits to the same experimental data. 

Also, the SII N(1535) multipoles may be regarded as 

being very well determined since they are extracted 

from ~ electroproductlon data of high accuracy. 

The low-Q 2 data from Bonn were analyzed for the 

helicity 1/2 couplings only, and the multlpoles 

here have been extracted by combining the hellcity 

13 3/2 couplings from the analysis of Ch. Gerhardt. 

The trends in the data are clear: the EO+ mul- 

tipole falls off very slowly so that the $II 

N(1535) is the dominant component of the second 

resonance at Q2 > 1.0 GeV 2. Using only ~ produc- 

tion cross sections and resonance peak heights from 

total-cross-section measurements, the following 
3 results are obtained: 

Q2 (GeV 2) Opeak (~b) Sll (~b) DI3 (~b) 

2.0 15.0 + 1.0 10.07 _+ 0.56 5.0 + 1.2 
3.0 7.7 + i.I 6.85 + 0.37 0.88 + 1.2 

It has also been demonstrated that the effect is 

unlikely to be due to scalar/longitudinal photon 

excitation, since the following results are 

obtained for OL/O T using ~ production cross sec- 

tions at different values of the photon polariza- 

tion: 

Q2 (GeV 2) ~L/O T Reference 

0.4 0.23 + 0.14 6 
0.6 0.25 + 0.23 4 
1.0 -0.13 _+ 0.16 4 

In contrast, the electric multlpoles for the DI3 

and D33 resonances fall rather rapidly with Q2. 

This is particularly noticeable for the DI3 

N(1520), where E2_ falls from 1.05 ~b I/2 at Q2 = 0 

to less than 0.1-~b I/2 at Q2 = 1.0 GeV 2, while the 

magnetic multipole M2_ falls much more slowly. The 

effect is associated with the well-known rapid 

changes in excitation of the resonances from mainly 

helicity 3/2 at Q2 = 0 to mainly helicity I/2 at Q2 

> 1GeV 2. More detailed discussions may be found 

elsewhere (e.g., Ref. 17). An alternative and more 

instructive point of view is to compare the Q2 

variation of the single-quark-transition-model 

(SQTM) parameters A, B, and C which describe the 
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excitation of all the members of the [70,1 ] multi- 

plet: A and B correspond to orbit- and spln-flip 

excitation, and C corresponds to simultaneous spin 

and orbit excitation. The SQTM works well in the 

photoproduction limit where the parameters are 

necessary and sufficient to describe all the exci- 

tation 16 and A, B, and C are roughly in the ratio 

9:4:4. The relations between A, B, and C and the 

dominant multipole amplitude are given in Ref. 17, 

and it is straightforward to determine A, B, and C 

as functions of Q2 using the results outlined in 

Table V.I. Figure V.I shows these results, and it 

is certain that at high Q2 the spin-flip amplitude 

B dominates. This behavior is expected from most 

explicit quark models, 15'17 and Fig. V.I also shows 

the results of a recent quark model calculation 18 

based on the successful photoproduction model of 
19 

Kubota and Ohta. Two points may be mentioned: 

(I) agreement between the explicit model and the 

data could only be achieved by including an effec- 

tive quark "form factor;" and (2) at high Q2 the 

spln-orbit term C seems to go significantly nega- 

tive in contradiction to quark model expecta- 

tions. 15,20 

The SQTM may be further tested by comparing 

the predictions for the neutron-target multipoles 

of I=I/2 resonances calculated from the observed 

values of A, B, and C with the results of the 

Daresbury deuterium-target experiments. This has 

been done with some degree of success by the Dares- 

bury group, I0-12'17 and their results are given in 

Table V.2. 

The PII N(1440): Interest in this enigmatic 

resonance persists because two rather different 

theoretical approaches both predict that the MI_ 

multipole sign will change as Q2 increases from 

zero. In photoproductlon, MI_ has the wrong sign 

according to the simplest quark models, but con- 

sideration of the large spln-orblt contribution to 

the excitation in an explicit model 19 gives rough 

agreement with experiment. As in the [70,1-] mul- 

tiplet, spin-orbit excitations become less impor- 

tant as Q2 increases, so the multipole should 
18 revert quickly to its nominal sign. The same 

effect is predicted by Gavela 21 using a "bag" model 

for electroproduction. Experimentally the situa- 

tion is still far from clear, hut such sign changes 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N's and A's 

17 
are certainly not ruled out. 

The F15 N(1680): All analyses of the data 

near the third resonance give consistent values for 
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Fig. V.l. The Q2 variation of the orbit-flip, 
spin-flip, and s~in-orbit-flip parameters A, B, and 
C for the [70, 1 ] multiplet. The curves are from 
Ref. 18. 

the E3_ and M3_ multipoles for this [56,2 + ] multi- 

plet member. Table V.3 shows the results, and 

again the electric multipole falls much more 

rapidly than the magnetic multipole. This clearly 

agrees with the quark model expectation that spin- 

fllp amplitudes must dominate at high Q2. 
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Table V.2. A comparison of neutron-target results 

at Q2=0.5 GeV 2 (Ref.12) with SQTM predictions. 

Resonance 

Multipole ~b I/2 

(7-) Data SQTM 

Sll N0(1535) E0+ -0.Ii -0.46 

DI3 N0(1520) E2_ -0.55 -0.43 

M2_ -0.16 -0.07 

D33 A(1700) E2_ -0.13 -0.20 

M2_ +0.029 +0.036 

DI3 N(1700) E2_ -0.034 -0.093 

M2_ +0.016 -0.037 

SII N(1650) E0+ -0.09 -0.34 

Table V.3. The FI5 N(1680) resonance amplitudes. 

Q2 Amplitudes (pb) 1/2 

(GeV 2) E3_ M 3- 

0.0 0.47 0.16 

0.3 0.16 _+ 0.02 0.27 _+ 0.03 

0.5 0.12 _+ 0.I0 0.27 _+ 0.01 

0.6 0.13 0.17 

1.0 0.01 0.23 + 0.02 

1.0 0.07 0.1.5 
2.0 0.013 0.083 
3.0 -0.084 0.038 

S 3 _ 

-0.02 _+ 0.02 

0.01 

0.01 _+ 0.01 

0.00 

0.00 

0.00 
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VI. Production Experiments 

Partial-wave analyses of course separate par- 

tial waves, whereas a peak in a cross section or an 

invariant mass distribution usually cannot be 

disentangled from background and analyzed for its 

quantum numbers; and more than one resonance may be 

contributing to the peak. Thus results from pro- 

duction experiments are kept under separate head- 

ings in the Listings (e.g., 1520 MEV REGION -- PRO- 

DUCTION EXPERIMENTS), and they are not used for 

getting numbers in the Baryon Table. 

There is not much new on N and A resonances 

from production experiments in this edition, so we 

refer to the previous edition for a lengthy review 

of the diffractive production of Ng and N~g sys- 

tems. 1 

Reference for Section VI 

I. Particle Data Group, Rev. Mod. Phys. 52, S188 
(1980). 
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Data Card Listings 
For notation, see key at front of  Listings. 

S=O I=i/2 NUCLEON STATES (N) 

F ~  16 PROTON(BOB, J= I / 2 )  I = I I 2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

F ~  17 NEUTRON(939 ,  J= I / 2 )  I= I12  

~EE STABLE PARTICLE DATA CARD LISTINGS 

1N(1440) . . . .  
MASS AND WIDTH ARE BEST DETERMINED FROM PARTIAL HAVE 
ANALYSES, HE l IST  PRODUCTION EXPERIMENTS SEPARATELY - -  
SEE THE NEXT ENTRY IN THE LISTINGS. 

AYED TB CLAIMS TWO P l l  STATES IN THE 1500 MEV REGION. 
WE TENTATIVELY LIST BOTH HERE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N* I / 2 ( I ~401  MASS (MEV) 

M I 1B70 .O)  BRANDSEN 55 RVUE PHASE-SHIFT ANAL 
H lASSO,O) ROPER 65 RVUE PHASE-SHIFT ANAL 
M 1 (1470 ,01  BAREYRE 68  RVUE PHASE-SHIFT ANAL 
M I WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (1466 .0 l  DONNACHI BB RVUE PHASE-SHIFT ANAL 
M 6 (1~61 .0 I  AYED 70 IPWA 

6 FROM ENER, DEP. FIT OF ARGAND DIAGRAH 
M 4 I I 662 .0 )  DAVIES 70 RVUE P-S ANAL SOL A 
M 7 (1#70 . )  ALMEHEO 72 IPWA 
M [405. TO IA2O*  CRAWFORD 75 OPWA P IN  PHOTOPROD. 
M L 1415. OR L390. LONGACRE 75 IPWA P IN  TD 2P1N 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONOACRE 75. 
M 2 (14 [3 . )  AYED 76 IPWA 
M 2 ( 1532 .  I AYEO 76 IPWA 
M 2 AYEO 76 FINDS 2 DIFFERENT P l l  RESONANCES IN THIS REGION IN CONTRAST 
M 2 TO ALL OTHER PWAB. WE LIST BOTH TOGETHER HERE UNTIL 
M 2 SITUATION IS FURTHER CLARIFIED. 
M I1404 . )  BARBOUR 76 DPWA Pl  N PHOTOPROD. 
M (1460 .  l BERENDS TT IPWA PI-N PHOTDPROD. 
M B (1380.)  LONGACRE 77 IPWA P IN  TO 2P I  N 
M B ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION S2 ,  EXCEPT FOR THE POLE 
M 8 POSITION WHICH IS FROM SOLUTIONS ST AND C1. 
M 9 ( [A ]7 . )  BARBOUR 7B DPWA PI-N PHOTOPROO. 
M g SUPERSEDES BARBOUR 76. 
M 5 (1472.)  BAKER 79 DPWA O P l -  P T0 ETA N 
M l I 45D .  I ( 30 . )  CUTKOSKY 79 IPWA P IN  TO PIN  
M I410. 12. HOEHLER 79 IPWA Pl N TO P IN  
M l l 4 I I .O I  CRAWFORD BO DPWA PIN  PHOTOPROO. 
M 1440. 30. EUTKOSKY BO IPWA P IN  TO Pl N 

M AVERAGE MEANINGLESS (SCALE FACTOR = I .O )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N* l I 2 (1440 )  WIDTH (MEV) 

N 1 (255.0) BAREYRE 6B RVUE 
w 3 f i l l .  Of DONNACHI 68 RVUE 
W 6 (164.01 AYED 70 IPWA 
W 4 (391 . )  DAVIES 70 RVUE 
W 7 (220. )  ALMEHED 72 [PWA 
w 255. TO 396. CRAWFORD 75 DPWA 
w 2 L IBD. CR 200. LONGACRE TB IPWA 
W (182. |  (SMALLER MASS| AYED 76 IPWA 
W 2 {75 .  l (LARGER MASSI AYED 76 IPWA 
H (3DO.) BARBOUR 76 DPWA 
W (279,1 BERENDS 77 IPWA 
w 12OO.)  LONGACRE TT IPWA 
w 89 (331. )  BARBOUR 78 DPWA 
w 5 I l l B . )  BAKER 79 DPWA 
W (370 . I  (DO.) CUTKOSKY 79 IPRA 
W 135. IO. HOEHLER 79 IPWA 
W I334 .0 )  CRAWFORD BO DPWA 
W 3#0 .  70. CUTKOSKY BO IPWA 
w . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

9166 
9 /b6  

LL /67  

61OB 
L /TL  

8169  
2 /72  
117b 

111T5  
11175  
11177 
11177  
11 /77  
I I I FT  
I i / 77  

1176 
l / 7e  

11177  
LL I77  
11 /77  
3179 
3179 

I 2179  
12179  
I 2 / 79  
12181*  

1 /82 .  

11167  
6168  
l / IX  

P-S  ANAL SOL A 8169  
2 /72  

Pl  N PHOTOPRO0. 1176 
Pl N TO 2PI N 11275 

EL /T7  
LL177  

P IN  PHOTOPROD. L276  
P I -N  PHOTOPROD. L178 
P IN  TO 2Pl N [ l / TT  
PI-N PHOTOPROD. 3179  

0 P I -  P TO ETA N 12179 
p l  N TO P IN  12179 
P IN  TO mI N I 2 / 79  
P IN  PHOTOPROD. 12 /B I *  
P IN  TO P IN  L /B2*  

EZ N* l /B IL4401  REAL PART OF POLE POSIT ION IMEVI  [ 27#  

RE (1375.) 15.} LEE 7B FIT TO ALWEHED7B 1174 
RE [13BI.D LONGACRE 75 IPWA P[ N TO 2PI N II/75 
RE 8 1360. OR 13BB.  LONGACRE 77 IPHA Pl N TO 2Pl N (liFT 
RE (1369 .1  EUTKOSKY 79 |PWA P IN  TO P [  N 121TD 
RE L375. 30. CUTKOSKY BO IPWA P IN  TO P IN  I IB2$ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

El N*LIBI I##O)  -2*(HAG PART OF POLE POSITION IMEV) I17~ 

IM 1216.) (TO.) LEE 73 FIT TO ALMEHED72 1174 
IM 12Og. l IONGACRE 75 IPWA Pl N TD 2PI N 11/7B 
IM 8 [67. OR 234. LONGACRE 77 IPWA Pl N TO 2Pl N XI177 
IM ( ITS . )  CUTKOSKY 79 IPWA Pl N TO Pl N 12179 
IM IBO. 40. EUTKOSKY BO IPWA Pl N TO P IN  1/B2" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 l  N'112(1440) REAL PART OF ELASTIC PELE RESIDUE IMEVI 

RER l - g . )  CUTKOSKY 79 IPWA P IN  TO Pl N 12179 
RER -9 .  B l .  ~UTKOSKY 80 IPWA Pl N TO Ol N 1182* 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1440) 

~ l  N*l/2(I640) IMAG PART DF ELASTIC POLE RESIDUE )ME,) 

[MR (-48.( CUTKOSKY 79 [PWA P IN  TO P) N 12/79 
IMP -51. 7. DUTKOSKY 80 IPWA P) N TO Pl N L/B2~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N* l / 2 ( l ~401  ABSOLUTE VALUE OF POLE RESIDUE IMEV) 1/7~ 

ASS (74 . )  ( 5 . )  LEE 73 FIT T~ ALHEHEDT~ 1/74 
ADS 52. 5. CUTKOSKY 80 IPWA P) N T0 Pl N 1/82' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E1 N '1 /2 (1440 )  PHASE OF POLE RESIDGE IRADTANS) 1/7~  

PH (-I.4] LEE 73 PIT TO ALHEHED72 1/74 
PH - I . 7S  0 .61  EUTKOSKY 80 [PNA P[ N TO Pl N 1 /82 '  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DECAY MASSES 
Pl  N*L/2(1440) INTO P[ N 139+ 908 
PB N*I/B(IA/O) INTO N EPSILON 908+1300 
P3 N ' I / 2 (1460 }  INTO N~3 /2 )1232 )  P[ I262+ 139 
P4 N=1 /2 |1640 )  INTO N PI PI 938+ 139+ L3q 
P5 N*L /2 )  14401 INTO GANNA N O+ q3B 
P8 N*L /2 (LB~D)  INTO N RHO 938+ T69 
P7 N* I / 211ASO)  INTO GAN Pw HEL)C)TY=I12 O+ 938 
P8 N$1 /2 (1440 )  INTO GAN N, HFLICITY=I/2 O+ 939 
P9 N~I /2 (1440 )  INTO ETA N 93g+ B48 
PlO N* I / 2 ( IASO)  INTO K LAMBDA 697+1L15 
P l l  N=1 /2 (1440 )  INTO N RHO,S=I /2 ,P-WAVE ~38+ 769 
E l2  N*1 /2 (1440 )  INTO N RHOtS=3/2,P-WAVE R38+ 769 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N* I / 2 (16AO)  ERANCHING RATIOS 

N* I / 2 (1%40 )  INTO [PI N)/TOTAL IP1 )  
(0.68) BAREYRE 68 RVUE 11/67 
( 0 . 658 )  OONNACHI 68 RVUE 6 /68  
)0.564) AYEO 70 IPNA 1/71  
(0.49) DAVIES 70 RVUE P-S ANAL SOL A 8/69 
(0,E7) 10.18) SAXON TO HBC AT 1400 MEV 61T0 
(O, BB) ( 0 . 09 )  SAXON 70 HEC 6/7D 
(0 .65 )  ALMEHEO 72 IPWA 2 /72  
( 0 . 5A }  (SMALLER MASS) AYED T6 IPWA l I / ?7  
( 0 . 16 ]  (LNRGER MASS( AYED 76 IPWA I I / 77  

RI 
RI t 
RI 3 
RI 6 
RI 4 
RL A 
RL B 
RI 7 
RI 2 
RI 2 
RI A A ANO B CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON IHRE 
Ri B BODY DECAY S. ASSUMING ONLY RE, P2 AND P3 DECAYS PRESENT. 
B1 (0 .651  IO.O5)  CUTKOSKY 7q IPgA P IN  TO P IN  12 /79  
R[ 0.51 0.0S HOEHLER 79 IPNA El N TO PIN 12179 
R[ 0 .68  0 .04  GUTKOSKY 80 IPWA PIN TO P) N llB2~ 
R) . . . . . . . . .  
R1 AVERAGE MEANINGLESS ISCALE FACTOR = 2 .7 )  

SEE THE NCIES ACCOMPANYING THE MASSES QUOTED. 

R2 Ne1 /2 (1~40 )  INTO IN EPSILON)/TOTAL (P2)  
R2 ODNINANT INELASTIC DECAY THURNAUER 65 RVUE - i l lBT 
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 66 RVUE - 11/67 
R2 DOMINANT INELASTIC DECAY ROSENFELD 6T RVUE - 11/6T 
R2 DOMINANT INELASTIC DECAY MORGAN 68 RVUE ISOBAR MODEL 6 /88  
R2 D IO.I6) DIEM TO lENA 3 BODY ANALYSIS L/7I 
R2 D ASSUMING RI= 0 .6L  
R2 A IO*3Ol  (O.  BO) SAXON TO HBC 6 /70  
R2 B (O .20 l  (O. tB) SAXON 70 HBC 6 /70  
RE A AND B CORRESPOhO TO THE 2 BEST SOLUTIONS, SEE NOTE IN RI. 

R3 N=L /2 (1440 )  INTO (N~3 /211232 )  P I ) /TOTAL (P%) 
R3 D (0.17) DIEM TO IENA 3 BOOY ANALYSIS I/7L 
R3 D ASSUMING RI= 0.8[ 
R3 A (0 .031  ( 0 .20 )  SAXON 70 HBC 61TO 
R3 B 10.22) (0.121 SAXON 70 HBC b/TO 
RO A AND B CORRESPOND TO THE 2 BEST SOLUTIDNSt SEE NOTE IN NI. 
R3 R (0.20) MAKAROV 711PWA 0 PI- P TO P) PIN  3 /72  
R3 R ASSUMES BI=O.6 .  HAX[NUN CM ENERGY ANALYZED WAS 1436 MEV* 

R4 N*L /2 (1440 )  INTO IGAHMA N I I IP I  N) IP5 I / IP I )  
R4 F STRONG INDICATION ROSSI 73 DEC 0 GAB N TO P[-P 2/73 
R4 F DISAGREES WITH OTHER DATA 2173 

R5 Ne I / 2 ( I / 40 )  INTO IN  RHO )/TOTAL (P6)  
R5 D (O. OT) DIEM TO IPWA 3 BODY ANALYSIS I171 
R5 O ASSUMING RI= 0.61 

R6 N~ l / 2 (1440 )  INTO (GAMMA N)/TOTAL (PSI  
R6 E IO.  OG06) NIEKENS TI  THEORETICAL EST. I0/71 
R8 E TOTAL WIDTH TAKEN AS 250 NEV. 

R7 N* l / 2 ( l ~401ERCN P IN  INTO ETA N SQRT(Pl~PD) 2 /74  
R7 (+0 .23 )  LEMOIGNE 73 DPNA 1488 TO 1685 NEV 2/74 
R7 9 (÷0 .3~8 )  FELTESSE 75 OPWA 0 1488 TO 17A5 MEV [ I / 75  
RT 9 GUPERSEOES LEMO1GNE 73 .  USES N AND W OF AYEO 76 ILARGER MASS). I I / T5  
R7 9 AN ALTERNATIVE WHICH CAN NOT BE D[GTINGUISHEO FROM THIS lS TO HAVE l l / T5  
R7 9 A P l3  RES~ANCE WITH M=1530, W=79. ANO COUPLING=+.271 l l / 2 S  
R7 5 BAKER 79 FINES A COUPLING OF THE N* ( I~40 )  TO THE ETA N CHANNEL 12179 
R7 5 NEAR (BUT SLIGHTLY BELOW) THRESHOLD. I 2179  

R8 N~1 /2 (1440 )  FROM P[ N TO K LANBDA SQRT(PI~PID) 4/TS 
R8 C -0 .  296 0 .068  DEVENISH 7~ 0 FIXED T D[SP REL 4/TS 
R8 C EXTRAPOLATION OF PARAHETRIZEO ANPLITUDE BELOW THRES~LD. 4 /75  

R9 N= I / 2 {1ASOI  FROM P IN  TO N=3 /2 (1232 )  P I  SORT(PEeP3) 11/75 
R9 L ( -O .3DIOR -0 .37  LONGACRE 75 [PWA P [N  TO ZP! N I I / TB  
R9 8 ( -O . / l l  LONGACRE 77 IPWA P I N  TO 2PI  N [ 1 / 77  
R9 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

RIO N=L/2 (L4401  FROM P) N TO N RHO,S=I /2 ,P-WAVE SGRTIPI=PL1) [ [ / TB  
RIO L ( 0 . 0 )  OR - 0 . 23  LONGACRE TB IPWA PIN TO 2PI N 11 /75  
RIO 8 (+O . l l )  LONGACRE 77 IPWA P IN  TO 2PI N 11 /77  

R l l  N~1 /2 ( [ 4~0 )  FROM P IN  TO N RHO,S=3/2,P-WAVE SQRTIP I *P I2 )  11 /77  
R I L  8 ( -O .1B |  LONGACRE 77 IPWA PIN  TO 2Pl  N l l / TT  
RI1 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

R12 Ne i / 2 (1440 )  FROM PIN  TO N EPSILON SQRT|PI*P2} 11/7S 
R12 L (O.1R)OR +0 .23  LONGAGRE 7S IPWA P IN  TO 2El  N 11 /76  
Rl2 8 (+0 .1B )  LONGACRE TT IPNA P) N TO 2PI  N 11 /77  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

61 N*II2II/AO) PHOTON DECAY AMPL(GEV*~-[/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

At Ne112(1440) lhTO GAM P, HELICITY=II2 (GEV*$-I/2) 
AI  -D .096  0 .022 DEVENISH 73 OPWA P IN  PHnTOPRO0. 2 /76  
A I  l-O.OBO) HEWMIL 73 ÷ FWB RiO PHIOPROO 2 /76  
A I  -D.OBS 0 .068  MOORHDUS 73 DPWA Pl N PHOTOPRO0. 2/76 
A[  - 0 . 079  0.012 DEVENIS2 74 OPHA Pl N PHDTOPROD. A/7B 
A1 -0.066 O.Ol3 KNIES 74 DPWA Pl N PHOTOPROD. 2 /76  
AL -O.OTO O.O2B HETCALF 74 DPWA P) N PHDTOPROD. 2 /76  
A I  - 0 . 087  0*002 NOORHOUS 74 OPNA P IN  PHO7OPROD. 2 /76  
At -O.OTO 0.040 CRAWFDRD 75 DPWA PIN PHOTOPROD. 1176 
AI  I -O .OT I )  KRIVETS 76 DPWA O)-N PHOTOPROD. L /78  
A[  ( -O .08B)  BARBOUR 76 OPWA P IN  PHDTOPROD. L /76  
At -O.OBT O. OO6 FELLER 76 OPWA Pl N PHOTOPRDD. 2177 
AI  - 0 . 038  O.O[3 AZNAURYAN 77 DPWA PIO PHTPRD,SDL i 12 /79  
A I  -O .O l9  D.OLI  AZNAURYAN 77 DPWA RIO PHTPRD.SOL 2 I 2 / 79  
A I  (-0*076) BERENDS 77 IPWA PI-N PHOTOPRODo l/7B 
AI 9 -0.075 0 .015  BARBOUR 7B OPNA PI-N PHOTOPROD. 3/79 
AI N (-0.[25) NOELLE 7B PI-N PHOTOPROD. l/DO 
At N CONVERTED TO OUR CONVENTIONS USING M=I./B61 W=.610 FROM NOELLE 78. [IBO 
A[ - 0 . 069  0.004 ARA1 BO DPWA Pl N PHOTO FIT I 12/Bt$ 
AI  -D .066  0 ,006  ARAI 80 DPWA P IN  PHOTO FIT 2 1248 [e  
A [  -O.DTR D.OO9 BRATASHEV BO DPWA P IN  PHOTDPROD. 12 /81 t  
A [  - 0 . 068  0 .015  CRAWFORO BO DPWA P IN  PHOTOPROD. I21B1~ 
AI  - 0 . 0S84  0 .0148  ISHII 80 OPWA P CDNPTDN SCAT 12 /8 [ *  
A t  . . . . . . . . .  
A I  AVERAGE ~EANINGLESS (SCALE FACTOR = 2 .7 )  

A2 N*I/211440) IkTO GAN N, HELICITY=IIZ IGEV**-I/2) 
A2 D.OB9 0 .056  DEVENISH 73 OPWA P IN  PHOTORROD. 2 /74  
R2 B ( -D .OO l )  HEMMI2 73 O GNM N TO PIO N 4 /75  
A2 8 ClaN VENTED TO OUR CONVENTIONS USING M AND N FREH WALKED69 AND X=.55 4 /75  
R2 +0 .002  0 .025  HOORHOUS 73 OPWR PIN  PHOTOPROD. 2 /73  
A2 F 0 .117  O. Oll ROSS) 73 DPWA 0 DAM N TO PI- P 4 l IB  
A2 F EGNVERFED TO OUR CONVENTIONS USING M AND W FROM ROSS)73 AND X=.55 6/75 
A2 5 (O.OB3) BENEVENT 74 DPWA O GAM N TO PI -  P 4175 
N2 5 C(~qVERTED TO OUR CONVENTIONS USING M=1470 MEV, W=230 MEVt X=.S5 41TB 
A2 0.041 O*O2S DEVENISB 74 OPNA Pl N PHOTOPRDO. BI75 
A2 O. O00 0 .0 [3  KNIES 7A DPWA El N RHOTOORDO. 2 /76  
A2 0 .043  0 .035  NETEALF T4 OPWR Pl N PHDTOPRDD. 2 /76  
A2 0 .033  O, O13 MOORHGUS 74 OPWA P IN  PHOTOPROD* 2 /76  
A2 +0 .044  O. OOT CRAWFDRD 75 OPWA P[ N PHOTOPROD. 1 /76  
A2 (+O.OSOI BARDOUR 76 DPWA Pl N PHOTOPROD. I176 
A2 9 +0.059 0.016 BARBOUR 78 DPWA PI-N PHOTOPROD. 0179 
A2 N {0.062) NOELLE 78 E I -N  PHOTOPROO. 1180 
A2 N CONVERTED TO OUR CONVENTIONS USING M=1.686, W=.613 FROM NOELLE 78. l/DO 
A2 0 ,023  O.OO9 ANAl BO DPWA El N PHOTO FIT I 12181, 
A2 0 ,019  O.Ol2 ARAI 80 DPWA P IN  PHOTO FIT 2 12 /81 .  
A2 0 .056  0 .015  CRAWFORD 80 OPWA PIN PHOTOPRDD. 12/81~ 
A2 -0.029 0.035 TAKEDA 80 OPWA PIN  PHOTOPRGD. 12181* 
A2 O.O3O 0 ,003  FUJ I [  8 l  DPWA Pl N PHOTOPROD. 12181e 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 2.8) 

REFERENCES FDD N* I / 2 ( [ 460 )  

BRANOSEN 65 PR I3q B1566 
ROPER 65 PR 138 BIRD 
THURNAUE 65 PRL 16 R85 

NAMYSLOW 68 PR 1ST IBB8 

ROSENFEL 67 IRVINE CENF 

BAREYRE 68 PR I6S I731 
D~NACH[  88 PL 268 I 6 I  

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

MORGAN 68 ~R 166 [731 

AYED 70 KIEV CONF 
DAVIES 70 NP B2 I  3E9 
D|EN 70 KIEV CONF. 
SAXON TO PR D2 1790 

MAKAROV 71SJNP IB BID 
NICKENS Tl LNC I TOT 
ALNEHED 72 NP BAD 157 

DEVENISH 70 PL 47B 63 
HEMH|I 73 PL 638 76 
HEMMI2 70 NP 855 B03 
LEE 73 PRL 31 1029 
LEBOIGNE 73 PURDUE CONF. 93 
M(~]RHDUS 73 PL 438 46 
ROSSI 73 NC 13A 59 

ALSO 71LNC 2 1183 

BENEVENT 74 NC 19A 529 
DEVENISH 74 NP B81 330 
DEVEN[S2 74 Pl E2B 227 
KNIES 74 PRO 9 2680 
NETCALF 74 NP 376 2S3 
MOORHI~JS T4 PRO q l 

CRAWFORD 75 NP B97 125 
FELTESSE 75 NP B93 B4B 
KRIVETS 76 SJNP 2O 63D 

ALSO 74 SJNP 19 112 
LONGACRE 75 OL 55B 415 

ALSO 78 PRD i t  1795 

AYEO 76 CEA-N-1921 
8ARDOUR 76 NP 8111 3BB 
FELLER 76 NP E l04  219 

AZNAURYA 77 EF I - - 264 (57 ) -77  
8ERENDS T7 NP B I36  3 IT  
LONGACRE TT NP 8122 693 

ALSO 76 NP BIO8 365 

OARBOUR 78 NP BI / I  253 
NOELLE TB PTP 60 778 
BAKER 79 NP DIS6 83 
CUTKOSKY T9 PRO 20 2839 
HOEHLER 79 HANDBDOK OF PI-N 

+ODONNELLt MOORHOUSE (DURHAM. RHEL)IJP 
LD ROPER,RM WRIGHT,BT FELD (LRL -LVHR,MIT I I JP  
P G THURNAUER (ROCH| 

NAHYSLOWSKItRAZMhROBERTS (STAN,EDIN,LOIC} 

A H ROSENEELD, P BODING (LRL) 

P BAREYRE, C BRICMANt G VILLET (SACLAYIIJP 
A DONNACHIE, R G KIRGOPP, C LOVELACE (CERNIIJP 
DONNACHIE RAPPORTEUR.S TALK IGLAS) 
R G K)RSOPP (EDIN)  
D MORGAN IRHEL) 

R AYED,P BAREYRE, G VILLET (GACLI IJP  
A DAVIES [GLAS) 
* SMADJA, CHAVANON, DELER, DELBEAU÷ {SACL) 
SAXON, MULVEY, CHINOWSKY (OXF,LRL) 

+GASILOVA,NELYUBIN,+÷ iIOFFE INST)IUP 
R E MICNENS (FISKI 
÷LOVEtACE (LUND,RUTG)IJP 

DEVENISH*R ANKIN,LYTH [L(TJC÷BONN÷LANC)IJP 
HENMI,INAGAKI* (KYOTO÷SAGA÷KEK+TOKYIIJR 
+INAGANI,KIKUCHI,MANI,NIYAKE+ (KYOTO,TOKYOIIJP 
LEE,SHAW (~ I+ROYAL  HOLLOWAY COLLEGEIIJP 
÷GRANETvNARTY,AYED,BAREYRE,BORGEAUDv÷ISACL)IJP 
NQDRHOUSE, OBERLACK (GLASttBLIIJP 
÷P[ AZZA,SUSINNO,÷ (RO~A,FRAS~NAPL,P AVIA ) I JP  
CARBONARA,FIDRE,+ (NAPL,FRAS~PAVIAtROMA)IJP 

BENEVENTANO,DANGELO,NOTARISTEFANI,÷ (RDMA)IJP 
DEVENISH, FROGGATT,MARTIN(DESY,NORDITA,LOUCI 
OEVENISH,LYTH,RANKIN IDESY,LANC,BONN)IJP 
KNIES,MOORHOUSE,OBERLACK (LBL,GLAS|IJP 
W J HETCALF,R L WALKER (EII)IJP 
MOORHOUSEIOBERLACK,ROSENFELD (GLAS+LBL) IJP 

R L CRAWFORD (GLAS) IJP 
+AYEOtBAREYRE,BORGEAUD,EAVID,ERNNEIN÷(SACL)IJP 
÷MIROSHNICHENKO,NINIFOROV,SANIN÷ (K IEV I I JP  
KRIVETStNIKIFOROVtSANIN,SHALATSKII (KIEV)IJP 
+RDSENFELD,LASINSKI,SM&DJA÷ (LBL.SLAC)IJP 
LUNGACRE,LASINSKI,ROSENFELD÷ (LBL,SLAC) 

AYEO (THESIS) )SACL)IJP 
[ .  M. BARBOUR,R. L .  CRAWFORD (GLAS)IJP 
+EUKUSHIMA,HORIKAWA,KAJIKAWA+(NAGDYA+OSAKA)IJP 

+AKOPOV,DAGOASARYAN (YEREVAN PHYSICS INST . ) I JP  
F.A.DERENDS.A.DONNACHIE (LE[D,NCHS)IJP 
LONGACREeDOLBEAU (SACL) IJP  
OOLBEAU,TRIANTIS/NEVEU,CADIET (SADL I I JP  

BARBOUR,CRAWFDRDtPARSONS (GLAS) 
P. NDELLE (NAGO| 
+BROWNtCLARK,DAVIEG+DEPAGTER,EVANS+ (RHEL) IJP 
+FORSYTH,HENDRICK~KELLY (CARN+LBLI IJP 

SCNTTERING, PHYSIK OATEN VOL . IB - I  
+NAISER.KOEH, PIETARINEN /KARLSRUHE IJP 

TORONTO DONE 3 R.KOCH (KARLSRUHE)IJP 
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ARA[ 80 TORONTO CONF g3 I .  ARAI (TOKY; 
BRATASHE 80 NP 8166  525 BRATASHEVSKIJ,OORBENKO,OEREBCHINSK[J+(KHAR) 
CRAWFORD 8O TORONTO CONF L07 R.L.CRANFORD (GLAS) 
CUTKOSKY 80 TDRONTO CONF 19 +FORSYTH,BAOCOCK,KELLY,HENDRICK (CARN+LBL)IJP 
{SHE) 80 NP B165 189 ISHII+EGANA,KATO,MIYACH[+ (KYOT÷TOKY) 
TAKEDA 80 NP 8168  17 TAKEDA,ARA[,FUJII,IKEOA,IWASAKI~ (TOKY)  
FUJI) 8I NP B[87 53 FUJII,HAYASHII,[WATA,KAJIKAWA+ [TOKY( 

PAPERS NOT REFERRED TO IN DATA CARDS 

8AREYRE 66 PL 8 137 +BRICMAN, VALLADAS,VILLET, + ISACLAY,CAENI IJ 
BAREYRE 65 PL 18 362  +BR(CNAN, STIRLING, V ILLET  {SACLAYI[JP 
DALITZ 65 PL 16 159 R H DALIFB, R G MOORHOUSE (OXF,RHEL{ 
JOHNSEN 67 UCRt -17613  THESES C H JOHNSON (LRL ]  
DONNACHI 69 NP 108 833 A OONNACHIE, R K [RSOPP (GLAS÷EDIN(  
WALKER 69 PR 182 1729 R L WALKER [C ITHJP  
AYED 70 PL 31B 598 +BAREYRE,VILLET {SACLAY} 
8ERARDO 70 PRL 24  419 +HADDOCKINEFKENS,..IPARSON$÷.o (UCLA+tRL) 
AYED 72 BATAVIA CONF R AYEO,P BAREYRE, Y LEMOIGNE [SACL[ 

THE FOLLOWING ARE 7MED~ETICAL PAPERS CONCERNING THE N*1 /2 (1660 (  - -  
RESN(CK 66 PR ISD 1292 L RESNICK [N[ELS BOHRI 
SCHWARE 66 PR 15E 1385 J H SCHWARZ (LRLI 
8ALL 67 PR 155 1125 JS BALL. GL SHAW, DY WING {UCLA,UC[,UCSD) 
GDLDBERG 67 PR 154 1558 H GOLDOERG (CORNELLI 

1440 MEV REGION - PRODUCTION EXPERIMENTS 

gl  N*I/2[1660w JP= ) [ = I /2  PRODUCTION EXPERIMENTS 

UNDER THIS MEAD[NG WE INCLUDE ALL BUMPS WHICH LIE WELL 
BELOW 1500 MEV. SEE THE MINI-REVIEW PRECEDING THE N 
~ND DELTA LISTINGS FOR A DISCUSSION OF PRODUCTION 
EXPERIMENTS. 

91 N*I I2 [ I~60{  MASS (NEV[  {PROD.EXP.) 

M (1400.) APPROX CDCCONI 6~ CNTR ÷ PP 3 .6- [2  GEV/C 
M ( I625 . ]  APPROX ADELMAN 65 HBC ÷ K-P 1.45 GEV/C 
M [ [830. )  APPROX ANKENBRAN 65 CNTR ÷ PP T.  1GEV/C  
M [ 1600 . )  APPROX BELLETT IN  65 SPRK PP,D 10 -26  GEV/C 
M (1605 . (  ( 15 . )  ANDERSON 66  SPRK ÷ PP, 6 -30  GEVBC 
M {1610.[ (15 . }  BLAIR 66 CNTR + PP 2*8 -T .g  GEV/C 
M (1600.[ (30 , )  FOLEY 67 CNTR PI÷-- P AND PP 
M [1450 .1  ( I 7 . [  ALMEIDA 68 HBC + PP-P2P l ,  IOGEV/C 
M (1428.) APPROX BELL 68 HBC P [~  P, 6 GEV/C 
M [ [400 . )  APPROX LAMSA 68 HBC PI-P, 8 GEV/C 
N S 175 {16~6 . [  ( 11 .1  SHAPIRA 68 DBC INTO PP I ,PN  7.0 
M S THE EFFECT OF SHAPIRA bE, WITH MUCH IMPROVED DATA, HaS ALMOST 
M S DISAPPEARED (YEKUTIELI 72). 
M [139D .  I {20. )  TAN 68 HBC PP TO PIP, 6.1 

RHODE 69 HBE PP 22 GEV/C M LZ0 (1463 .1  ( L5o l  
M (1610.) ( t3 .1  ~NDERSON 70 M~S - PI-  P TO PI -  MMS 
M [1430.) (20.1 BALLAM 7 [  HBE PImP AT [6GEV 
M (I660. I 8EKETOV T I  HBC ÷ PI -  P 6 .AEGEV/C  
M ( I~61.)  ( lO . I  80ESEBEC 7 ]  RVUE PP,P ( -P ,K -P  PRCD 
M 120(1462.01 [6 .0)  120/80 NA 71 HBC P P TO P N Pl 
M (1685.1 (25. (  RUSHBRDOKE71HBC ÷ PP TO P2PI 16GEV 
M {1411 .0 )  [ [ 0 . 0 )  EDELSTE[N 72 M~S PP 6 T0 30  GEV 
M 66 (1610 .0 )  ( 33 .01  GAGE 72 0 PO 5 .9DEV/C  
4 ( I~6~.0[  17.0) ~5 /~5  KARSHON 72 DEC + PD--PD2P[ 7 GEV 
M 11440.) (15 . )  RONAT 72 HBC P[+P TD 3Pl P 
M [1479.) (8.1 L[CHTMAN 76 HOC + PI÷P TO 3PT P 
M ( 1~30 . ]  ( 8 . {  L[CHTMAN 76 HBC + ~[-P TD 3P[  P 
N I ( 1~50 .1  BLOBEL 75  HBC ÷ PP TO P (P [÷P I -P (  
H I PWA INDICATES PI÷Pl-P ENHANCEMENT (S PRIMAOIEY AN 
M l S-WAVE DEITA++P[- SYSTEM WITH [ , JP= I /E ,~ /2 - .  
M (1650.} (16. ]  CAVALLI TS SPED + PP TO 2N*,N=23GV 
M (1462 . )  [ 1 I * )  CAVALLI 75 SPEC ÷ PP TO 2N*,W=31GV 
M (1666.) (28. )  CAVALLI 75 SPED + PP TO 2N*,W=53GV 
M 11390 .1  [ IO . I  MUSGRAVE 75 HBC K+ P TO K P IN  
M I350 .  TO 1400 .  STRAEHMA 75 BE NBAR (N P I I  
M (1450.) (10.)  ATHERTON 76 HBC PEAR P 8.7 GEV 

1400. TO 1480. RUSHBRQO 76 HBC P P l -  SI-WAVE 
M lAOO. TO L825 .  RUSHBRO0 76 HBC P P l -  PC-WAVE 
M (1458 . )  ( 20 .1  APPLE 77 SPE~ + P P TO P (P  P IO [  

(1473. l ( 5 . )  APPEE 77  SPED + P P T0 P (N PI+l 
M [ I~6O . )  [ 10 . {  HEINEN 77  HBE K-P TO K-  N*+  

( I ~TO. I  IEO . ]  HEINEN 77  HBC O K-P TO KOBAR NeD 
M ( I4OO. )  [ 20 .  I EKELOF 78 SPEC ÷ P HE- -P  P [  P[ HE 
M W 707 (1458 . )  ( 20 . )  KENNEDY 78 HBC + o I+  P I0 .3  GEVIC 
M W WIDTH FIXED AT 180  MEV. 
M G 870 [1419 . }  ( 7 . [  APELD008N 79 HBC + -  PBAR P 7 .2  GEV/C 
M G 300(1409.) ( 7 . )  APELDOORN 80 HBC PBAR P E2 GEV/C 
M G PEAK COULD NOT 8E FITTED WITH SINGLE BREIT-WIGNER. GAUSSIAN OF 
M G SIGMA 51 MEV FOLDED IN. 
M IK(165I.  l ( T . l  FUKUNAGA 80 HBC + PI+P TO PI P IN  

7/66 
7/66 
7/66 
7/66 
7/66 

I L l 67  
10/89 
6/18 
6/88 

10/69 
11 /77  
11 /77  
I 0 / 69  
10169  

2171  
2 /72  
3 /72  
3 /72  

IO lT l  
2 / 72  
I / T3  

12 /72  
12 /72  
2 /78  
B/75  
6175  
1176  
1176 ,  
1176 
1 /76  
1 /76  
l l 76  

11 /75  
1 /76  
2 /77  
2 /77  
2 /77  
1 /78  
1 /78  
1 /78  
I 178  
1 /78  
B /79  

[ 2179  
2182 .  

[ 2 / 79  
I 2179  

2 /82 *  

M WE LIST 8ELOW THOSE (PI NI ENHANCEMENTS PEAKING WELL BELOW 1400 MEV 
M AND PRODUCED WITHOUT CHARGE EXCHANGE AT LOW MOMENTUM TRANSFER. 
N (1250 . [  LISSAUER 72 DEE O K+N TO K+N*  L2GV 1178 
M ( I25D . )  BERLaND 76  HBE +O ISOSPIN ANALVSIS  10 /76  
M B ( I23D.[  BRAUN2 75 8E PEAR P AND D,5*7 11275 
M B (12BO.) STRACHMA 75 8E NEAR IN P l l  117b  
M B BRAUN2 71 AND STRACHMAN 75 ANALYSE THE SAME OATA. I178 
M I l [ 350 . )  CHADWICK TB HYBR ÷ P I÷ -P  14 GEV/E 1 /78  
M I CHA[7~ICK TB CONCLUDE THAT AN INTERPRETATION OF THEIR PEAK AS A 1178 
M I RESONANCE IS HIGHLY IMPROBABLE. I l l B  
M 60011346. l { 5 . )  FUKUNAGA 80 HBC ÷ Pl+P TO P IP [  N 2182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~I N*I/2(14401 WIDTH (MEV) [PROD. EXP.I 

(tOO. BELL 68 HBC P[÷- P AND PP 6/68 
I75 (198. (~O.) SHAPIRA 68 08C I0 /69  

( 150 .  [60. l TAN 68 HOE ÷ 10169  
120  (100 .  ( 15 . )  RHODE 69  HBE PP 22 GEVIC 10169  

[2LO. ( I 5 . 1  ANDERSON 70 MNS - P[- P TO IT-  MMS 2171 
[180. (60. (  BAELAM 71HBC ÷- PI÷-P 87 E60EV 2/72 
l iD0 .  BEKETOV 7L HBC P P I÷  IT-  MASS 3 /72  

( 60 .  ( 2O . I  BDESEBEC 71 8VUE PP ,P I - -P ,K - -P  PREO 3 /72  
120  {54 .01  ( I 2 . 01  120 /80  MA 71 HBC P P TO P N P ]  [ 0 / 7 l  

NARROW WIDTH SUGGESTS THIS IS NOT THE USUAL N*I I46D] .  I0/71 
( I 85 . [  (25.)  RUSHBROOKElI HBE + PP TC PBPl LbOEV 2/72 
l iB8 .0)  {38.0) EDELSTEIN 72 MMS + PP 6 TO 30 GEV 1/78 
(212.0) [62.0) O~GE 72 DEC 0 PD 5.9GEVIC 12/72 
(126 .0 )  [2O. OJ KARSHON 72 DEC + PD--PD2P| 7 GEV 12172 

(1OO. I 130 .  l RONAT 72 HBC P I÷P  TO BP I  P 2 /73  
( 80 . )  (BE . I  L ICHTMAN 76  HBC + P I+P  TO 3P l  P 6 /7S  
[62.1 (18. )  LICHTMAN 76 HBC ÷ Pl-P TO 3PI P 4175 

(250.) (DE.( CAVALLI 75 SPEC + PP TO 2Nt,W=23GV I176 
(849. l ( 90 . )  CAVALLI 75 SPEC PP TO 2N*rW=31GV 1/76 
(205 . )  ( lO5 . (  CAVALL [  75 SPEC + PP TO 2N* ,W=B3GV 1176 
( I 65 .  I [ 35 .1  MUSGRAVE 75 HBC R÷ P TO K P IN  11 /75  
( 1 4 5 . (  ( [ 8 . 1  ATHERTON 76  HBC PEAR P 5 .7  GEV 2 /77  
( I 65 .1  [ 30 . )  RUSHBROO 76 HBC P IT- St-WAVE 2 /77  
(273.] (90.)  RUSHBRO0 76  HBC P DE- PI-WAVE 2177 
[12O. I (20 . )  APPLE 77 SPEC + P R TO P (P  PIP) l /TB  

(3O . I  ( 30 .1  
( I 20 .1  120 .1  
[gO.] 130 . }  

(BOO. I  
870 (120. l ( iO . )  
300  ( 87 . ]  ( [ . I  

w 
W 
W 
W APPLE 77 SP~ ÷ P P TO P IN PI÷) 1178 
w HE1NEN 77 HBC ÷ K-P TO K- N*+ 1/78 
W HEINEN T7 HBC 0 K-P TO KOBAR N*O [ IF8 
w ERELOF 78  SPEC ÷ P HE- -P  P I  P I  HE 1176 
w G APELDOORN 79 HBC PEAR P 7.2 GEV/C 12/79 
W G APELODORN 80 HBC ÷-  PBAR P 12 GENIE 2182, 
N G PEAK COULD NOT BE FITTED WITH SINGLE @REIT-WIGNER. GAUSSIAN OF 
W G SIGMA 51 MEV FOLDED IN. 
W 1K (I82.1 (22.| FUKUNAGA 80 HBC + PI+P TO P[ Pl N 2/82* 

W (P[ N[ ENHANCEMENTS PEAKING WELL BELOW 1600 NEV. 
W (300. l LISSAUER 72 OBC O K+N TO K+N* 12GV [178 
W 600  (66.{ f lA .  I FUKUNAGA 80 HBC + P[+P TO P[  P [  N 2182, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ___~_ 

9 i  N,1/2(16~0) PARTIAL DECAY MODES (PRO0.  EXP.[ 

DECAY MASSES 
P l  N "~ I / 2 (14~O l  INTO P IN  13D+ 938  
P2 N* I / 2 ( l ~NOI  INTO N P IP I ( J , I =O)  g3B+ 139÷  I 3 g  
P3 N*I/2[L~4OI INTO N '312 (1232 [  P I  1232~  139 
P4 N* I / 2 (L~60 I  INTO N P I  P I  938. 139÷ 139  
85  N$1 /2 (16601  INTO GAMMA N o+ 938  
P6 N*1 /2 (1~60 )  INTO N RHO (~38÷ 769  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 I  N *1 /2 (1440 )  BRANCHING RATIOS {PRO0 .  EXP . I  

R I  N~1 /2 ( [ 660 [  INTO (P I  N I /TOTAL  (P l )  
RI (0 .66 )  TAN 68  HBC PP TO PIP* 6 .1  10169  

R2 N~ '1 /2 (16601  INTO {N=3 /2 ( [ 232 I  P I { /TOTAL  (P3 I  
R2 PROBABLY SEEN JESPERSEN 68  HBC PP 22 8EVIC 11168 
R2 PRORABLY SEEN LAMSA 68  HBC P I -P  B BEV lC  LL /68  
R2 DOMINANT BLOBEL 75 HBC ÷ PP TO PIPI÷PI-P) 1 /78  

R3 N*L /2 [L~AO)  INTO (N*312 (1232 )  P I ( / (N  P P I (  (P3 ( I (PAJ  
R3 P O .5  0 .2  HEINEN 77 HBC + K-P  TO K -  N$+ 1 /78  
R3 P EOR THE P P [+  P l -  F INAL  STATE ONLY.  1 /78  

C~CONI 64 PL 8 136 
ADELMAN 65 PRL 18 1048 
ANKENBBA 65 NC 3B IC82 
BELLETTI 65 ~E 18 167 
ANDERSON 66 PRL 16 858 
BLAIR 66 PRL I7  789  

FOLEY 6T PRL 19 ~97 
ALNEIOA 68  PR 174  I 638  
BELL 68  PRL 20 I 66  
JESPERSE 68 PRL 21 1368 
LAMSA 68 PR 166  1395  
SHAPIRA 68 PRL 21 [ 135  
TAN 68 PL 288  193  
RHODE 60  PR 187  18B6 
ANDERSON 70 PRL 23 699  

BALLAM 7 I  PR 06  1946  
BEKETOV 71 SJNP [ 3  605 
BOESEBEC 7 I  NP 838  665  
NA 71 PRL 26 333  
RUSHBRO0 71 DR 04  3273  

EDELSTE[  72 RR D5 It?3 
GAGE 72  NP B66 21 
L ISSAUER TB PRD 6 1852  
KARSHON 72 NP B37 87 I  
RONAT 72 NP 838  20 
YEKUTIEL TE NP BAD 77  

BERLAND 74 NP BTB 93 
ALSO 7~ PL L IB  187 

LICHTMAN 74 NP BB[ 31  

BLOBEL 75 NP Bg7 201 
BRAUN2 73 NP 898  808  
CAVALLI 75 LNC I4  353  

ALSO 75 LNC 16 365÷3S9  
½USGRAVE 75 NP 887  365  
STRACHMA 75 NP 898 120 

ALSO 76 NP BLOT 330 

ATHERTON 76 NP 8103 3EL 
RUSHORO0 76 PRO [3  I 835  
APPLE 77 LNC 18 167 
HE[NEN 77 NP B I22  A43 

CHADWICK 78 DRD 17 I 713  
EKELOF 7B NP 8132  BIB 
KENNEDY 78 PRO 17 2~88 
APELD(X)R 79 NP B I 5 6  I l L  
APELDOOR 80 NP E169 368 
FUKUNAGA 80 NC 888  I gg  

ALSO 79 NC 5OA IBO 

GELLERT 66 PRL 17 884 
ALBERI 68 PR L76 E631 
WALKER 68 PRL 20 I33 
CLEGG 69  N~ B IB  222  
ALEXANDE 78 NP 852 221 
ANSORGE 73 NP 863  93  
8EAUPRE 73 NP 866  93 
COOPER 74 NP ~79  15~ 
DEUTSCHM 75 NP 699 397 
DCHS 73 NP 886  2B3 

REFERENCES FOR N* [ / 2 (14401  (PROD. EXP . (  

*L ILLETHUN,SEANLON*STAHLORANDT,  ÷ (CERNI  
S L ADELMAN (CAMBR(DGE[EERN( I  
ANKENBRANOT,CLYDE,CORKvKEEFE,KERTH* ( LRL )  
BELLFTTINI.COCCON[,DIDDENS + {CERNI 
+BLESER,COLLINS,FUJII,÷ (ENL,CARN) 
+TAYLOR,CHAPMAN,* (HARWELL,QUEENMARY,RHEL) 

÷JONESvLINDENBAUM,LDVE,OZAKI÷ (BNL) 
÷RUSHB80OKE,SCHARENGUIVEL+ (CAVE,DESY) 
÷CRENNELL+HOUGH,KARSHDN,LAI÷ (BNL,CUNY) 
JESPERSEN,KANG,KERNAN÷ ( IOWA STATE{ 
÷CASON,B(SNAS,DERADO,GRDVES,÷ [NOTRE DAME{ 
+BENARY,EISENBERG+RONAT,YAFFE÷ (REHD) 
TAN,PERL,MARTIN,VHINOWSKU ÷ (SLAC÷LRL÷UCII 
RHODE, LEACOCK, KERNAN, JESPERSEN, ÷ l IEU{  
÷BLESERgBLIEOEN,EOLLINS÷÷ (BNL,CARN{ 

÷CHADWICK,GUIRAGOSSIAN,JOHNSON,÷* (SLAC) I 
*ZOMBKOVSKII,KONOVALOV,KRUCHININ,÷÷ ( ITEPIIJ 
BOESEBECK,GRAESSEER,KRAUS~++4 (ABBCHLV( I 
÷COLTON (MSU÷LBLII 
RUSHBROOKE,WILLIAMS÷OAREFORO+÷ (CAVE,LOICI IJ 

EOELSTEIN,CARRIGAN,HIEN,~MAHON,e(CARN÷BNLI 
W GAGE,E COLTON,W CHINOWSKI (LBLI 
÷FiRESTONE,GINESTET,GGLDHRBER,TRILLING(LBL)IJP 
*YEKUT IEL I ,YAFFE ,SHAPIRA ,BDNAT ,÷  (REHOI  I 
÷EISENOERG,tYONS,SHAPIRAtTQAFF+ (REHD{ 
YEKUTIELI,YAFFE,SHARIRA,RONAT + (REHD( 

BERLANDvHABERtHODOUS,HULSIZER,÷ (MITT) 
8ERLAND,HABER,HOOOUS,HULSIZER,÷ (NIT(I  
LICHTMAN,BISWAS,EASONvKE~EY,MEGAHAN+(NOAMII 

*ESKREYS,FESEFELDT,FRAN2+ (BONN+HAMB÷MPIMIIJP 
÷GERBER,MAURER,M(CHALON,SCH[BY* STBRB,LPNP [ 
CAVALLI-SFORZA,CONTA* (PAVIA÷PRINT 
CAVALEI-SFORZA,CONTA÷ (PAVIA÷PRIN( 
÷PEETERS,SCREINER,WHITNORE,YUTA [ANL{ 
STRACHMAN,BRAUN,GERBFR,MAURER÷ (LPNP+STRBII 
STRACHMAN (LPNP)I 

&THERTON,FRENCH,SKURA,BOHM÷ (CERN+PRAG[ 
RUSHRBOOKE,RAJA,ANSORGE,CARTER, NEALE (CAVE) JP 
*ASH, CHENG,COYNE,GROSSNAN÷ IPRIN÷P&VIAI 
~ENGELFN, K ITTEL ,RETZGER÷  (NIJM÷AMST+CERNIIJP 

÷CARROLL,CHALOUPKA,BAEtAM÷ (SLAC÷CIT÷LBL(IJP 
÷HERZ,HAGBERG~KULLANOER÷ (CERN÷UPPS÷LOUEIIJ 
÷ZEMANY,BEAUFAYS,KEY,LUSTE,PRENTIEE+ ( INTO{  
VAN APELDDORN,HARTINO,HDLTHUIEEN÷ (AMSTI 
VAN APELDOORNtHARTING÷(AMST÷HEtS÷L(VP÷STOH{ 
÷HAMATSU,HIROSE,KITAMURA,YAMAGATA (TDKYII 
HIROSEtKANAI,KITAMURA, KOOAYASHI [TONYII 

PAPERS NOT REFERRED TO IN DATA CARDS 

÷SMITH,WOJCICKI,COLTON,SCHLE(N ÷ (LRL,UCLA{ 
÷APPEL,BUONITZ,CHEN,OUNNING,GOITEIN÷ (HARV) 
÷THOMPSON,ROBERTSON,OH,LEE*HARTUNG,÷ {WISE) 
CLEGG {LANEI 
ALEXANDER,BENARY÷[TEL-AVIV÷HEIDELBERG÷DESY[ 
ANSORGE,NAOEN,NEALE.RUSHBROOKE ICAVEI  

(AACH÷BERL÷BONN~EERN÷NOAN÷PENN÷TOHO)I 
CODPER,SEIDL,VANDERVELDE (MICHIIJP 
DE~TSCHNANN÷(AACH÷BONN÷BEOL÷CERN÷CONC÷HEIOI 
+DAVIDSON,OZIEREA, FIRESTONE* (C IT÷SLAC÷LBL [ I JP  
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1440), N(1520) 

*COLLEY,JONES,NENYON÷ (BIRH+BRUX+CERN+HONS)IJP 
+NAGV,REGtER,BRANDT+ (CERN÷HAMB÷IPN÷VIEN) 
RUSHBROOKE,RAJA,ANSORGE,CARTERtNEALE (CAVE) IJP  
D.SOT[R[OU [CERN)(JP 
+BARNHAM,DORNAN,EASON~PDLLDCK* [LOIC)IJP 
~LUBATTI,MOR[YASU, BINGHAH+ (WASH+UCB] 
+RUOOLPH, WIECZOREK+ (AACH+BERL+BONN*CERN|]JP 
+FERBEL,SLATTERY+ (R~H+NWES÷FNAL+SLAG) 
BIEL~BLESER,FERBEL÷ (ROCH÷FNAL+SLAC+NWES) 
+CAVALLI-SFORZA,CONTA+ (CERN+PAV[I 
GOGGI,MANTOVANI,CAVALLI-SFOREA+ [CERN+PAV[} 
÷CAVALLI-SFORZAtCONTA+ (CERN~PAVl) 
+SCHROOER,BLOBEL,ERANE÷ (BONN÷HAMB+MP[M(IJP 

CARNEY 76 NP B l lO  248 
OEKERRET 76 PL 63R 477 ,~83  
RUSHGRO0 76 PRD 13 1835 
SOT[R[OU 76 NP B107 A87 
BACON 77 NC 4ZA A31 
HARRIS 77 NP Bl19 ISg 
OTTER 7T NP BE30 340 
BIEL 70 PRD 18 3079 

ALSO 76 PPL 36 506 ,807  
GOGGIL 78 PL 79B I 65  

ALSO 7T PL 72B 261 
GOGGI2 78 NP B143 365 
IDSCHDK 78 NC 48A 395 

ALSO TS RLOBEL 
OTTER 78 NP B l39  365 +RUDOLPH+ (AACH+DERL+CERN÷LOIC+VIEN)IJP 
MUHLEk~N 78 NP 0133 IER MUHLEHANN,CAR[THERS,FERBELtLAM+ IROCH+MCG[] 
BAKKEN 79 NC 49A AE5 +JACOESEN~GENNOW+ (OSLO+SFOH+HELS+ABO) 
GOGGI 79 NP BIE1 14 +CONTA,FRATERNALItLIVAN+ (CERN+PAVI+TRSTI 
MACGREGO 80 LNC 28 05 M.H.MACGREGOR (LLL) 

i i 
THIS RESONANCE IS WELL ESTABLISHED. 

62 N '1 /2 (15201  MASS (MEV) 

M (1530 .01  BRANDSEN 65 RVUE PHASE-SHIFT ANAL 9/66 
M (153G.0) ROPER 65 RVUE PHASE-SHIRT ANAL 9/66 
M t (1510.0| BAREYRE BB RVUE PHASE-SHIFT ANAL 11/6T 
M 1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (1541 .0 )  DONNAGHI 60 RVUE PHASE-SHIFT ANAL 6/68 
M 6 11523 .0 ]  AYED TO IPWA 1 /T I  
M 6 FROM ENER. OEP. FIT QF ARGANO OIAGRAH 
M 4 (1512.0( DAVIES 70 RVUE 
M 7 11820.# ALMENED 7~ IPWA 
M 15GI. TO I503. CRAWFDRD 75 DPWA 
M L 1524. OR 1520.  LONGACRE TS IPWA 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 
M (1525 .1  AYED 76 IPWA 
M ( 1503 . )  BARBOUR 76 DPNA 
M ( 1510 . )  8ERENDS T7 IPWA 
M 0 ( tSLO.  I LONGACRE 77 IPWA 
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2, 
N 8 POSITION MHICH IS FROM SOLUTIONS $1 AND Ct. 
M A (1503 . |  BARBOUR 7B DPWA 
M A SUPERSEDES BARBOUR 76 .  
N (1525 ,1  (ES . I  CUTKOSKY 79 IPWA 
M 1519. 4, HDEHLER T9 ]PWA 
M (1504 .01  CRAWFORD BO OPNA 
M 152S. I 0 .  CUTKOSKY 8O IPWA 
M . . . . . . . . .  
H AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 N~ l /2115201  WIDTH (MEV) 

P-S ANAL SOL A 8/G9 
2/72 

PIN  PHOTOPROD. l /7b 
P IN  TO 2PI N 11/75 

2 OF LONGACRE 75. 11/75  
11 /77  

P IN  PHDTOPROD. 1 / 7 6  
PI -N  PHOTOPROD. l / 7B  
P IN  TO 2PI N 11 /77  

EXCEPT FOR THE POLE 1 | / 17  
11/TI 

PI-N PHOTOPROD. 3/79 
3 /79  

P IN  T0 P IN  12 /79  
Pl N TO P IN  12/70 
P ]N  PHOTOPROD. 12181 ,  
P IN  TD P[ N 1 /82 "  

w 1 ( 12S .0 )  BAREYRE 68 RVUE 11/67  
W 3 ( 140 .0 )  DONNACHt 68 RVUE 6 /68  
W 6 I IS I .O l  AYED 70 IPWA l / ? l  
W 4 IE96 .0 I  DAVIES 70 RVUE P-S ANAL SOL A 
W 7 I t 20 .1  ALMEHED 72 IPWA 2172 
w [15. TO 150. CRAWFDRD 75 DPWA P IN  PHOTOPRO0. 1/76 
W L [20. OR 150. LONGACRE 7S IPWA P IN  TO 2Pl N 11/75 
W (122.1  AYED 76 IPWA 11177 
W 4137.1 BARBOUR 76 DPNA P IN  PHOTOPRGO. 1 /76  
w ( IOS .  I BERENOS 77 IPNA PI -N PHOTOPRO0. 1 /78  
w 8 I t lO .  I LONGACRE 77 IPWA P] N TO 2P[ N 11177 
W A (13S . )  BARBDUR 78 DPNA PI-N PHOTDPRO0. 3 /79  
w (EB3 .  l BAKER 70  DPNA O P l -  P TO ETA N 12/79  
w I 125 . )  ( 25 .  I CUTKOSKY Tg IPWA P IN  TD Pl N 12 /79  
W I t& .  7. HOEHLER 79 IPNA P IN  TO Pl N 12/79 
W (124 .0 I  CRRWFORD 80 DPWA P IN  PHOTOPRDO. 12181"  
w 120. 15.  CUTKOSKY 80 IPWA Pl N TO P] N 1/821 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 )  

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

62 N~ I / 2 ( ISZO)  REAL PART OF POLE POSITION (MEV) L1/75 

RE 1E514,1 LONGACRE 78 ]PWA PIN  TO EPI N 11 /75  
RE 8 ISO8. OR 1505.  LONGACRE TT ]PWA P IN  TO EPI N 11177 
RE (1510 .1  CUTKOSKY 19 ]PWA P IN  TO P IN  12 /70  
RE 1510. 5° GUTKOSKY 80 IPWA P IN  TO P IN  I182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 N* l 12 (15201  -2*IMAG PART OF POLE POSITION (MEV) 11175 

[M (I46.1 LONGACRE 75 IPWA Pl N TO 2PI N 11/75 
IM 8 109. OR 107. LONGACRE 77 ]PWA Pl N TO 2Pl N 11177 
IM (114.1  CUTKOSKY 79 IPWA P/ N TO P IN  12 /79  
IM t14 .  10.  CUTROSKY 80 IPWA P IN  TO Pl N 1182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 N*112(15201 REAL PART OF ELASTIC PCLE RESIDUE IMEVI 

RER (3A . )  CUTKOSKY 79 IPWA P[ N TO P IN  12 /79  
RER 34. 2 .  CUTKOSKY 80 IPWA Pl N TO P IN  1182.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 N=1/2 (15201  IMAG PART OF ELASTIC POLE RESIDUE (MEVI 

IMR ( -B . )  CUTKOSKY 79 IPWA P ]N  TO P IN  12 /79  
IMM -T .  3 .  CUTKOSKY 00 ]PWA P IN  TO P IN  1 /82 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

62 N*L /2 (1520 )  PAR7IAL DECAY NODES 

DECAY MASSES 
Pl N*I I2 ( t520)  IhTO P] N 139+ 938 
P2 N* I / 2 (1520 )  INTO N*3 /Z ( I 23Z )  Pl 1232+ 139 
P3 N* I / 2 (1520 I  lhTO N P[ P[ 538+ 139+ 139 
P4 N* I / 2 ( ISBOI÷  INTO NEUTRON PI+ 039+ 139 
P5 N .1 /2 (1520 )+  INTO PROTON P l~  P I -  ~3B+ 139+ 139 
P6 N*I /21 ISEO)  INTO N ETA g39+ fiA8 
P7 f l * l I 2 (1520 )  INTO N EPS[LON 938+1300 
P8 N* I / 2 (1520 )  INTO N RHO 938+ 769 
P9 N*L /2 ( IS2O)  INTO GAM P~ HEL IC ITY= I / 2  O+ 908 
PIG N '1 /2 (1520 )  INTO GAH P, HELICITY=312 o+ 938 
P i t  N * I / 2 (1520 )  INTO DAM N, HELICITY=II2 O+ 939 
PI2 N* I / 2 (1520 )  INTO DAM N, HELICITY=3/2  O+ 909 
P I3  N * I / 2 ( I 5 2 D )  INTO K LAMEDA 497÷111B 
PI~ N,112(1520l IkTO N,31211232I PI,S-WAVE 1232+ 139 
PIE N* I / 2 ( [SBO)  INTO N '3 /2 (1232 )  PhD-WAVE 1232+ 139  
Ptb N* l l ~ ( i 52O t  INTO N RHO,S=312,S-WAVE ~3R+ 769 

02 Nel/2(IB2O) BRANCHING RATIOS 

R1 N~L/~(15BO) INTO (P[ HI/TOTAL 
Rt [ ( 0 . 54 )  BAREYRE 68 RVUE 
RI 3 iO.5O9I DONNACHI 68 RVUE 
RI 6 (0.5931 AYED 70 IPWA 
RI 4 (O .4BI  DAVIES 70 RVUE 
RI T {0.581 ALMEHED 71 IPWA 
RI ( 0 . $6 )  AYED 76 ]PWA 
RI  ( 0 .B6 ]  IO .O6}  CUTKOSWY 79 ]PNA 
RZ 0.54 0 .03  HOEHLER TO IPWA 
R[ 0 .$8  0 .03  CUTROSKY 80 IPWA 
RI SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 
RI 
R1 ALMOST THE ENTIRE INELASTICITY IS IN N PI PI (ONtN N E7A COULD COMPETE, 
RI AND IT DOESNT). THE N PI  Pl SEEMS TO BE MAINLY N$31111232) P l ,  IN BOTH 
Rt S AND D WAVES. 
RI . . . . . . . . .  
RI  AVERAGE HEANINGLESS (SCALE FACTOR : [.O) 

R2 N* I / 2 (15201  INTO (N '3 /2 (1232 )  PI)ITOTAL (PA)  
R2 0.20 O.O5 KIRZ b6 HBC D ASSUMING RI=O.7Z 9 1 6 6  
R2 DOMINANT INEL DECAY OLSSON 66 RVUE P IP  TO PI  P IN  9 /66  
R2 D (0.40) DIEM TO IPWA 3 BODY ANALYSIS 1/71 
R2 D ASSUMING RE= O,S 

R3 N* l / 21 lSZO)  INTO (N*O /E [ [ 202 )  P I I / (N  PI  P I )  (PZ ) / (P3 )  
R3 LARGE THURNAUER 65 RVUE - I I l 6T  
R3 LARGE NAMYSLDWS 66 RVUE - I t / 6T  
R3 LARGE ROBER7S 67 RVUE - 11/61 
R3 LARGE ROSENFELO 6T RVUE 11/67  
R3 LARGE MORGAN 68 RVUE ISOBAR MODEL 6/68 

R4 N* I /B ( t 520 I  INTO (N EPSILON)/TOTAL (PT)  
R4 PROBABLY PRESENT MORGAN 68 RVUE ISOBAR HODEL blAB 
R4 D (O.OBI DIEM 70 IPWA 3 BODY ANALYSIS t i l l  
R4 O ASSUMING RE= 0.5 

R5 N= t / 2 (1520 )  INTO IN ETA)/TOTAL (P6 )  
R8 D 10 .006 )  APPROX DAVIES 67 RVUE l l l b7  
R5 DAVIES 67 GIVES SEVERAL VALUES DEPENDING ON INPUT DATA. ALL ARE SMALL 
R5 B (0 .014 |  BOTKE 69 NPWA T POLE+ RESON. 10 /69  
R5 B (O.OO3I (O ,OOt I  DEANS 69 MPWA T POLE+ RESON. 5 /70  
RS 0 (O.O02IOR 0 .004  CARRERAS 70 MPMA T POLE+ RESON. 5 /70  
R5 B PARAMETRIZATION USED COULD BE IN DANGER OF DOURLE COUNTING 
RE SEEN LEMOIGNE 73 DPWA 1488 TO 1680 NEV 2 /7~  

R6 N '1 /2 (15201  INTO IN  RHO I/TOTAL (PEt  
R6 D [O.OTI  DIEM 70 IPWA 3 BODY ANALYSIS 1/71 
R6 D ASSUMING RI=  0 .5  

R7 N '1 /2 (1520 )  FROM P IN  TO K LAMBDA SQRTfP I *P I3 )  4175 
R7 C -0.076 0 .032  DEVENISH 74 0 FIXED T D]SP REL ~17S 
R7 C EXTRAPOLATION OF PARAHETRIZED AMPLITUDE BELOW THRESHOLD. 4 /75  

R8 N '1 /2 (1520 I  FROM P IN  INTO N EPSILON SQRT(PI tPT) 11 /75  
RB L IO .O I  OR +0 .17  LONGACRE 75 IPWA Pl N TO 2PI  N 11 /75  
RB B I+D .13 )  LONGACRE 77 IPNA P IN  TO 2PI  N 11177 

R9 N* I / 2 (L5201  FROM P/ N TO N .B /B I lE32 )  PI tS-WAVE SQRT(PI*PLA) ~1175 
R9 L (+O.2T)OR +0 .24  LONGACRE 75 IPWA P IN  TO 2P]  N i t l TS  
R9 B (+0 .261  LONGACRE 77 IPWA Pl N TO BPl N t I I TT  
R9 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL OETERMINED. 

RIO N* t / 2 (15201  FROM P/ N TO N '31211232 )  PI,D-WAVE SQRT(PI=P|5 11 /75  
RID L (+0 .24 )0R  +0 .30  LONGACRE 75 IPWA P ]N  TO EPl N [ 1 /TS  
RIO 8 (÷O .2 l l  LONGACRE 77 IPWA P ]N  TO 2P] N 11/77  
RLO 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

RL1 N*L /211520 I  FRDN P[  N TO N RHO, S=3IEtS-WAVE SQRT(PI*P16) 11 /15  
R11 L (+O.32)OR +0 .24  LONGACRE 75 [PNA P IN  TO EPI N l i l T S  
RI I  8 (+0 .351  LONGACRE 77 IPWA P IN  TO 2P] N L i l l y  
R I I  R LONGACRE 7T EONS(DER THIS COUPLING TO BE WELL DETERMINED. 

R I2  N* l I 2 ( t 520 I  FROM P IN  TO ETA N SQRT(PI*P6) l l l b  
RI2 9 (+O .O I I )DR  +0 .058  FELTESSE 75 DPWA O IA8B TO 17AB MEV 1176 
RIE 9 SUPERSEDES LEMO]GNE 73, USES M AND W OF AYED TG. 11/77 
RIB (0.02) BAKER 79 DPWA O P I -  P TO ETA N 12 /10  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(P l )  
l l / b l  

6 /68  
1 /71  

P-S ANAL SOL A 8 /69  
2 /7E 

t i l l ?  
P IN  TO Pl q 12 /79  
P IN  TO Pt fl 12170 
P IN  TO Pl  N 1 /82 .  

E2 N* I /Z (1S2O)  PHOTON DECAY AMPL IGEV* * - t / 2 I  

FOR DEFINITION OF GAMMA-NUCLEDN DECAY AMPL]TUDESv SEE M IN I -  
REVIEW PRECEDING THE BARYON LISTINGS. 

At N*11211520I INTO GAM P, HELICITY=tI2 (GEVe~-IIB) 
A I  0 . 010  0 .022  DEVENISH TB DPWA Pl N PHOTOPROD. 2 /74  
A I  ( - 0 . 026 |  HEMMI1 70 + FWD PIO PHTOPRDG 2/74 
At  - 0 . 026  O.01E MOORHOUS 70 OPWA P IN  PHOTOPROD. 2 /73  
A1 -0 .008  0 .015  DEVENIS2 74 DPWA P IN  PflOTOPROD. 4/TS 
A1 -0 .019  O. OOB KNIES 74 DPNA Pl N PHOTDPROO. 2 /74  
A I  - 0 . 006  0 .006  METCALF 74 OPNA P ]N  PHOTOPROD. 2 /74  

HOORHOUS 74 DPWA P IN  PHOTOPROD. 2114 At O. OOO 0.006 
A [  - 0 . 009  0 .004  CRAWFORD TS OPWA P IN  PHOTOPROD. 1 /76  
A1 (+0 .011 )  KRIVETS T5 DPWA P I -N  PHDTOPRO0. 1178 
A t  1 -0 ,012 |  BARBDUR 76 DPWA PT N PHOTOPROD. 1 /76  
A I  - 0 . 00S  O. OOS FELLER Tb OPNA P IN  PHOTOPROO. 2/TT 
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Data Card Listings 
For notation, see key at front  of  Listings. 

A( 
A( 
al  
A( 
At 
A1 
A( 
A1 
A1 
A1 
A1 
A I  
AE 

A2 
A2 
A2 
A2 
AE 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 

A3 
A3 
A3 
A3 2 
A3 2 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 

A~ 
A~ 
A4 8 
A~ 8 
AA 2 
A4 
A~ 5 
A~ 5 
A~ 
A4 
A6 
A6 
A~ 
A~ 
A4 
A4 
A4 
A~ 
A~ 
A8 
A4 
AA 
A~ 
A4 

-0 .003  0 .003  AZNAURYRN 7T DPWA PIO PHTPRD,SOL 1 12/79 
-0.030 0.002 AZNAURYAN 77 OPWA P[O PHTPRO,SOL 2 12/79 

I-0.02E) 8ERENDS 77 IPWA PI-N PHOTOPROD. [ / 7 8  
A -0.016 0.008 8ARBODR 78 OPWA PI -N PHOTOPR00. 3/79 
N ( - 0 . 0081  NOELLE 78 PI -N PHDTOPROD. 1 /80  
N CONVERTED TO DUR CONVENTIONS USING M=1.528,  W=.187 FROM NOELLE 78. 1 /80  

- 0 . 032  0 .005  ARA[ 8 0  OPWA P IN  PHOTO F IT  l 12 /81 .  
- D . 0 3 2  0.00% ARAI 80 DPWA Pl N PHOTO RIT 2 E2/BI* 
- 0 . 0 3 1  0 .009  ERATASHEV 80 DPWA P [ N  PHOTOPROD. 1 2 / 8 1 "  
-O. OLQ 0.007 CRAWFORD 80 DPWA P( N PHO7OPR00. 12/81' 
- 0 . 0 4 3 0  0 ,0063  ISHII 80 DPWA P COMPTON SCAT 1 2 / B l *  

AVERAGE MEANIBGLESS (SCALE FACTOR = 3 .2 }  

N'I/2(15201 INTO GAM P~ HELIC[TY=3/2 (GEV**-L/2) 
0 .180  0 .017  OEVENISH 73 OPRA 

+0 .19~  0 .031 MOORHDUS 73 DPWA 
0 . [ 7 [  0.012 ~EVENIS2 7 6  DPWA 
O . 1 6 R  0 . 0 1 2  KNIES  74 OPRA 

METCALF 74 OPWA +0.165 0.011 
0 .176  0.006 MOORHOUS 76 DPRA 

+0.162 0.004 CRAWFORD 75 OPWA 
(+0.138) KRIVETS 75 DPWA 
(~0 .158 }  BARBOU8 76 DPWA 

+ 0 . 1 6 6  0 .008  FELLER 7 6  OPWA 
*O.18Z  0.006 AZNAURYAN 77 DRNA 
*0.'133 O.002 AZNAURYAN 77 OPWA 

(+0.075) BERENDS 77 IPWA 
A ~0,157 0.007 8ARBOUR 7B OPWA 
N (D.2061 NOELLE 78 

R IN  PHOTOPROD. 217~ 
Pl N PHOTOPROD, 2173 
Pl N PHOTOPROO. 8/75 
Pl  N PHOTOPR00. 2 / 7 8  
Pl N PHOTOPRO0. 2 /76  
P IN  PHOTOPROO. 2 /74  
P[ N PHOTOPROO. 1 /76  
PI-N PHOTOPROO. l/TB 
P IN  PHOTOPROO. 1 /76  
P IN  PHOTOPROD. 2 /77  
RIO PHTPRO,SOL I 12 /79  
PIO PHTPRD,SOL 2 12 /78  
P I -N  PHDTOPROD. 1 /78  
PI-N PHOTOPROO. 3 /79  
P I -N PHOTOPR00, I /SO 

N CONVERTED TO OUR CONVENTIONS USING M=1.528, W=.187 FROM NOELLE 78. 1/80 
0 .178  0 .003  ARAI BO OPWA P IN  PHOTO F IT  E 12 /81 "  
0.162 0.003 ARAI 80 OPkA P( N PHOTO FIT 2 [2 /81"  
0 , 1 6 6  0 .005  8RATASHEV 80 DPWA P IN  PHOTOPRO0. 12/81~ 
0 .167  0 .010  CRAWFORO 80 DPWA P [N  PHOTOPR00. 1 2 / B [ *  
D.1695 O. OO16 ISHII 80 OPWA P COMPTON SCAT 12/81" 

AVERAGE MEANINGLESS (SCALE FACTOR = 5 .3 )  

N'I/2(15201 INTO GAN N, HELICITY=I/2 (GEV*~-I/21 
-0 ,075  0 .037  DEVENISH 73 DPWA P IN  PHDTOPRO0. 2 /7~  
- 0 , 085  0 .018  MOORHOUS 73 OPWA P [N  PHOTOPRO0. 2 /73  
+0 .037  0.012 ROSS( 73 DPWA 0 GAMN TO P I -  P 6 /75  

CONVERTED TO OUR CONVENTIONS USING M AND W FROM ROSS(73 AND X=.58 6/75 
( 0 . 1  BENEVENT 76 DPWA 0 CAM N T0 P I -  P 6 /75  
-0.089 D.019 OEVENIS2 7~ DPWA R[N  PHOTOPR00. ~/75 
-D .077  0 .005 KNIES 76 DPWA R IN  PHOTOPR00. 2 /~8  
- D . 0 6 8  0.0E0 METCALF 74 ORWA P IN  PHOTOPRO0. 2ZT~ 
-0.0E8 0 .007  MOORHOUS 76 DPWA P[ N PHOTOPR00. 2 / 76  
-0.067 0.006 CRAWFORD 75 DPWA P( N PHOTOPRGO. l /T8 

(-0.056} BARBOUR 76 DPW~ P IN  PHOTOPRO0, I/T6 
A -0,055 0.016 8ARBOUR 78 DPWA PI-N PHOTOPROD. 3/79 
N (-0.060) NOELLE 78 PI-N PHOTDPRDD. 1/80 
N CDN VERTEO TO OUR CONVENTIONS USING M=I.$28, W=.187 FROM NOELLE 78. E/80 

-0.076 0,006 ARAI 80 OPWA R( N PHOTO FIT I 12/BE* 
-0.071 O.OEI ARAI BO OPWA Pl N PHOTO FIT 2 [2/81* 
-D.056 0.011 CRAWFDRD 80 OPWA P( N PHOTOPROD. 12/81" 
-0 .050  0 .0L8  TAKEDA 80 DPRA P( N PHUTOPROD, 12 /81 "  
-0.08? 0 .006  FUJI( 81 DPWA P[ N PHOTOPR00. 12 /8 l *  

AVERAGE MEANINGLESS (SCALE FACTOR : 2.8) 

N* l / 2 ( I 520 }  INTO GAN N, HEL[CITY=3/2 (GEV~* - I / 2 }  
- 0 . 126  0.028 DEVENISH 73 DPWA P IN  PHOTOPROD. 2 /76  

(-O.OBTl HEMMI2 73 O GAMN TO PIO N 4 /75  
CONVERTED IO OUR CONVENTIONS USING M AND N FROM WALKER69 AND X=.86 6/75 

-0.016 0.016 0.018 ROSS( 73 OPWA 0 GAMN TO P l -  P 6/75 
-0.124 0.013 NOORHOUS 73 OPWA P/ N PHOTOPROD. 2 /73  

{ -0.035) 8ENEVENT 76 DPWA 0 GAMN TO Pl -  P 4/75 
CONVERTED TO OUR CONVENTIONS USING M=I520 MEV, W=I2O MEV, X= .56  4/75 

-0 .155  O.O19 DEVENIS2 76 DPWA P IN  PHOTOPRCD. ~ /15  
-O . [BO 0 ,010  KNIES 74 DPWA P I N  PHOTDPRDD, 2 /7~  
-O. l IB  0.013 METCALF 76 DPWA Pl N PHOTOPROD. 2/76 
-0 . I 19  0 .025 MOORHOUS 7 4  DPWA P IN  PHOTOPROD. 2176 
- 0 . 133  0 .003  CRAWFORD 75 DPWA P[ N PHOTOPROO. 1 /76  

1 -0 .136 )  8ARBOUR 78 DPWA P[ N PHOTOPROO. IZ76  
A -O.141 0.018 BARROUR 78 DPWA P[-N PHOTOPROD, 3/79 
N ( -0 .1271  NOELLE 78 P I -N PHOTOPROD. 1 /80  
N CONVERTED TO OUR CONVENTIONS USING M=1,528, W=.I87 FROM NOELLE 78, 1 /80  

- 0 . 167  0.008 ARAI 80 DPWA p[ N PHOTO FIT [ 12181 .  
-0.1~8 O.OOq ARAI 80 OPWA P IN  PHOTO FIT  2 12181" 
- 0 . 1 6 6  0.015 CRAWFORO 80 OPWA P IN  PHOTOPROO. 121El* 
-O. I lB  0.011 TAREDA 80 DANA P[ N PHOTDPRGD, 12181~ 
-0.158 0.003 FUJII Bl DPWA Pl N PHOTOPR00, 12181* 

AVERAGE MEANINGLESS fSDALE FACTOR = 3 .1 }  

REFERENCES FOR N*II2(ISZO) 

SEE A PREVICUS EDITION IRMP 37, 633, 1965} FDR EARLIER REFERENCES. 

BRANOSEN 65 PR 139 8 [568  ÷ODONNELL. MOORHDUSE (DURHAM. RHELI IJP 
ROPER 65 PR I 38  BIDO LO ROPER~RM WRIOHT~OT FELU ILRL-LVMR,M|T } I JP  
THURNAUE 65 PRL 1~ 9E5 P G THURNAUER (ROCHI 

KIRZ 66 PRIVATE CDMM J KIRZ (LRLI 
NL~WBER EXTRACTED FROM OATA DISCUSSED IN KIRZ 63. Z 63. 

NAMYSLOW 66 Pr J57 1328 
OLSSON 66 PR 145 1309 

DAVIES 67 NC 52A I l l 2  
ROBERTS 67 PREPRINT 
ROSENFEL 67 IRVINE CONF 

BAREYRE 68 PR 165 1731 
DONNACH[ 68 PL 268 LEt 

ALS0 6B VIENNA 139 
ALSO 6 8  THESIS 

MORGAN 6 8  PR 1 6 6  1 7 3 1  

BOTKE 69 PR 180 [%17 
DEANS b9 PR t85  E7g7 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP 821 359 
DIEM 70 KIEV CONF. 
ALMEHEO 7E NP 8AO 157 

NAMYSLOWSKI,RAZMI,RO8ERIS (SIAN,EDIN,LO[OI 
M G OLSSON, G B YODH [WISD,UMD) 

A T DAVIES, R G MOORHOUSE (GLASGOW, RHEL} 
R G ROBERTS (D~RHAMI 
A H ROSENFELD, p SODING (LRL) 

P BAREYRE, C BRICMAN, G V ICLET (SACLAY)IJP 
A DONNACHIE, R G KIRSOPP, C LOVELAEE (CERNIIJP 
DONNACHIE RRPPORTEUR.S TALK (GLAS) 
R G KIRSOPP IEOIN I  
O MORGAN (RHELJ 

J C BOTKE [UCSBI 
S DEANS, J WOOTEN (UNIV S FLORIDA/ 

R AYED~P 8AREYRE~ G VILLET (SACL}IJP 
8 CARRERAS, A OONNACHIE (DARE,MCHSI 
A DAVIES (GLASI 
+ SMADJA, CHAVANON, DELER. DOL8EAU+ ISACLI 
÷LOVELACE [LUND,RUTGtlJP 

DEVENISH 73 PL 678 53 
HEMMIt 73 PL 638 79 
HEMNI2 73 NP 855 333 
LEMOIGNE 73 PURDUE CONF. 03 
MOORHOOS 73 PL 438 64 
ROSSI 73 NC I3A  59 

ALSO 71LNC 2 1 1 8 3  

BENEVENT 76 NC IDA 529 
DEVENISH 74 NP BE( 330 
OEVENIS2 76 PL 52B 227 
KNIES 7 6  PRO 9 2680 
METCALF 74 NP B76 253 
NGORH(TJS 74 PRO q I 

CRANFGRO 75  NP 897 125 
FELTESSE 75 NP B93 242 
KRIVETS 75 SJNP 20 430 

ALSO 74  5JNP 19 112 
LGNGACRE 75 PL 55B A l8  

ALSO T8 PRO IT  17~5 

AYED 76 CEA-N-I92[ 
BARBOUR 76  NP BI l l  358 
FELLER 76 NP Bl04 219 

AZNAURYA 77 EFI-264(571-77 
BERENDS 77 NP B I36  317 
LONGACRE 77 NP 8122 493 

ALSO 76 NP 8108 365 

8ARBOUR 78 NP BIBI 253 
NOELLE 78 PTP BO 778 
BAKER 79 NP BE56 g3 
CUTKOSKY 79 PRO 20 Z839 

DEVENISH, RANKIN,LYTH fLOUC+BONN+LANCIIJP 
HEHMI,INAGAKI÷ (KYOTO+SAGA+KEK+TOKYIIJP 
÷INAGAKI,KIKUCHI,MAKI,MIYAKE+ (KYOTO,TOKYOIIJP 
÷GRANET,MARTY,AYED,BAREYRE,BORGEAUD,+(SACLIIJR 
MOORHOUSE, 08ERLACK (GLAS÷LBLIIJP 
*PIAZZA,SUSINNO,+ (ROMA,FRAS,NAPL,PAVIAIIJP 
CARBONARA,FIORE,+ (NAPL,FRAE,PAVIA,RDMA)IJP 

BENEVENTANO,DANGELDtNOTARISTEEANh+ (ROMA}IJP 
OEVENISH, FROGGATT, MART[N(DESY,NOROITR,LOUCI 
OEVENISH, LYTH,RANKIN IDESY~LANC,BONNJIJP 
KNIES,MODRHDUSE,OBERLACK ILBL,GLAS)IJP 
W J METCALF,R L WALKER (C IT I I JP  
MOORHOUSE~OBERLACK,ROSENFELD (GLAS+LBL}IJP 

R L CRAWFORO tGLAS)IJP 
+AYED,BAREYRE,8ORGEAUD,CAVID,ERNWEIN+(SACL)IJP 
+MIROSHNICHENKO,NIKIFOROV,SANIN+ (KIEV)IJP 
KRIVETS,NIKIFOROV, SANIN,SHALATSKII (KIEVIIJP 
+ROSENFELO,LASINSKI,SMADJR+ (LBL,SLACIIJP 
LONGACRE,LASINSKI,ROSENFELO+ (L8L,SLAC) 

AYEO (THESIS( (SACL)IJP 
I .  M. 8ARBOUR,R, L ,  CRAWFORD (GLASIIJP 
÷FOKUSHIMA,HORIKAWA,KAJIKAWA+INAGOYAeOSAKAIIJP 

+AKOPOV,BAGDASARYAN (YEREVAN PHYSICS INST.IIJP 
F,A.BERENOS,A.DONNACHIE (LE|O,MCHS}IJP 
LONGACRE,OOLBEAU (SACL)IJP 
DOLBEAU,TRIANTIS,NEVEU,DADIET ISACL) I JP  

BARBOUR,CRAWFORD,PARSDNS (GLAS} 
P. NOELLE (NAGO) 
+BROWN,CLARK,DAVIES,DEPAGTER,EVANS÷ (RHELIIJP 
+FORSYTH,HENDRICR,KELLY ICARN+LBLI [JP 

HOEHLER 79 HANDBEOK GF PI-N SCATTERING, PHYSIK OATEN VOL.[2-[  
+KAISERtKOCH, PIETARINEN /gARLSRUHE IJP 

ALSD 80 TORONTO CONF 3 R.KOCH (KARLSRUHE}IJR 

ARAI 80 TORONT~ CONF 93 I .  ARAI (TOKY) 
8RATASHE 80 NP 8186 52S 8RATASHEVSKIJ,GORBENKO,OEREBCHINSKIJ+IKHARI 
CRANFDRD 80 TORONTO CONF [07 R.L.CRAWFORD (GLAS} 
EUTKOSKY BO TORONTO DONF 19 +FORSYTH,BABCOCK,KELLY,PENORIDK (CARN+LBL)IJP 
ISHII  80 NP B165 189 ISHII,EOAWAtKATD,MIYADHI+ (KYOT+TOKY) 
TAKEOA BONP BI68 17 TAKEOA,ARAI,FUJII,IKEDA.IWASAKI+ (TOKY) 
FUJI[ 81NP BIB7 53 FUJII,HAYASHII~IWATA,KAJIKAWA÷ (TOKYI 

PAPERS NOT REFERRED TO IN DATA CARDS 

KIRZ 63 PR 130 2681 d KIRZ,  J SCHWARTZ, R 0 TRIPP (LRLI 
BAREYRE 65 PL 18 382 + 8RICMAN, STIRLING, V ILLET  (SACLAY)IJP 
CROUCH 05 DESY CONF I I  21 (BRONN,CEA,HARVARD,MIT,PADOVA, WEIZMANNI 
DERADO 65 ATHENS CCNF 24~ +KENNEY,LAMSA, * (NOTRE DAME,KENTUCKY} 
MERLO 66 P ROY SOL 289 489 J P MERLO, G VALLAOAS (SACLAYI 

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE REONANCE. 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRL) 
DEANS 69 PRL [77 2623 S R DEANS (UNIV S FL3RIOA) 
OONNACHI 69 NP lOB 433 A OONNACHIE, R KIRSOPP (GLAS+EDIN) 
WALKER 69 PR 182 1729 R L WALKER (CITIIJP 
AYED 70 PL 3 IB  598 +BAREYRE+VILLET (SAELAY) 

1520 MEV REGION - PRODUCTION EXPERIMENTS 
8 N '112 (1520 ,  JR= l I=1/2 PRqDUCTION EXPERIMENTS 

5EL THE MINI-REVIEW PRECEDING THE N AND DELTA LISTING8 
EORA OISCUSEION OF PRODUCTION EXPERIMENTS. 

E N*II2115201 MASS (MEVI (PROD. EXP.} 

M [507.0 6.0 A-BORELLI 67 HBC O PEAR P 5.7 GEV I0271 
M I503. 6. ANDERSON 70 MMS - PI- P TO P l -  MPS 2/TI 
M 1500.0 lO.O AMALO[ 71 SAS P P AT 21 GEV I0271 
M 1512,0 2.0 ELLIS 71 CNTR MMS PP 3.7 GEV/C [O/T( 
M 1680. TO [510, MORSE 71HBC ÷O Pl-P, 7 GEVIC [ I I I T  
M {1510.01 120.01 MORSE 71HBC + PI-P~ 25 GEVlD 11/77 
M 150[.0 5,7 EDELSTEIN 72 MMS + PP 8 TO 30 GEV 1173 
M £ (1500 .1  OH 72 OBC 0 P I -N TO P I -D I -p  2 /73  
M I DETERMINE J=3/E*D[3 PROBABLE 2173 
M 1518. I t .  COOPER 76 HBC 0 D p CEX 6/75 
M (1490. l BRAUNI 75 HBD PBAR P 5 .7  GEV 11/75 
M [510.  7. MUSGRAVE 75 HBC K* ~ TO K P IN  11 /75  
M ( [500. ]  STRACHMA 75 BE NEAR (NP l l  1/76 
M I500, 8, WEBB 75 ISR * o P TO P N~ I I76  
M A ESl5.  5. ROUGE 77 OMEG 0 P I -P  9 , I 2  GEV/E 1 /78  

A BACKWARD PRODUCTION. P[-  P - ->  (PP I - )  P lO  
N B IK 1515. 6. FERRER 78 OMEG O PI~P 9,L2 GEV/= 3279 
N B BACKWAR~ PRODUCTION. Pl P - ->  (PP l - )  AT+ P l -  
M C 202 1518, IO. FEARER T~ OHEG + PI-P g , I 2  GEVIC 3179 
M C BACKWARD PROOUCTION. Pl-- P - -> IP Pl+ P I - I  P ] -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 N~l/2([5201 WIDTH {MEV) (PROD. EXP.) 

W 55 .0  15.0 A-BORELLI 67 HBC 0 PBAR P 5 .7  GEV 10/71 
W 120- tO. ANDERSON 70 MMS - Pl-  P TD Pl -  MMS 2 /7 I  
W l lB.O 20.0 AMALDI 71 SAS P P AT 26 GEV 10171 
W qB.O 2.0 ELLIS 7L [NTR NMS PP 3,7 GEVIC IO/TI 
H 80. TO 12n. MORSE 71H8C + PI~P, 7 GEVIC 11/77 
W ([00.01 (30.0) MORSE 71HBC PI-P, 25 GEV/C 11/77 
W 160,0 43.0 EOELSTEIN 72 MMS + PP 6 TO 30 OEV I/T3 
W [06. 39. 33. COOPER 74 HBC 0 D P CEX 4/75 
W (200.) BRAUN/ 75 HBC PEAR P 5.? GEV [I175 
W lO l .  26 ,  MUSORAVE 75 HBC K+ P TO K Pl N 11 /75  
w 150. 50. WE8B 75 ISR + P P TO P N* I176 
w A 105. 17. ROUGE 77 OMEG O P I -P  9 . [ 2  GEV/C 1 /78  
w 8 [K 105. I0 .  FEARER 78 DMEG D PT-P 9,12 GEV/C 3/79 
W C 202 I l Z .  15. FERRER 78 OMEG + PI-P q,12 GEV/C 3/79 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of  Listings. 

B N* I / 2 (1520 I  PARTIAL DECAY MODES (PROD* EXP.) 

DECAY MASSES 
Pl N*112115201 INTO P IN  139+ 938 
P2 N '1 /2 (1520 }  INTO N*3 /E (1282 )  PI L23E~ 139 
P3 N ' I / 2 (1520 )  INTO N P [P [  93D÷ |39+ 139 
P4 NOIEB( [5201÷  INTO NEUTRON PI+ 989÷ 13q 
~5 N* I / 211SBOI÷  INTO PROTON PI÷ P l -  ~38÷ 139+ 130 
P6 N*1 /211520 |  IRTO N ETA 939÷ 548 
R7 N ' 1 / 2 ( [ 5 2 0 1  INTO N P[PI(J,I=O) 939÷  139+ 130 
P8 NOL/211528|  INTO N RHO 938÷ 769  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 N*[/2(1520) BRANCHING RATIOS (PROD. EXP.] 

RI N,I /E l I5201 INTO (N PII/7OTAL I P l J  
R1 N~wIIS2OI INTO IN PI I /TOTAL PNODUCTION EXPERIMENTS 
R1 0.71 0.24 EASSOMPIE 67 HBC + K+P TO K* N* 11/6E 

R2 N*1 /211S20)  INTO INEUTRON P I÷ I / (P  RI+ P I - I  IP4 ) / IPS I  
R2 0 .77  0 .45  ALEXANDER 67 HBC + PP 5.S BEVIC D/6A 

R3 N* I / 2 (15BO)  INTO IN  P I ) / (N  Pl  P l l  (P l l / (PB )  
R3 1 .2K  0 .44  0 .7 [  A-BORELLI 67 HBC 0 PRAR P 5 .7  BEV/E 9/bA 

R4 N* l / 2 (15EO)  INTO (N '3 /2 (12321  P IT / IN  PI P l l  IP21 / IP31  
R4 0.00 O.Og A-BORELLI 67 HBC 9/66 

R5 N '1 /2 ( [ 5201  INTO (N PI  P l I / TOTAL  IP31 
R5 (0 *08 )  0~ LESS BASSOMPIE 67 HBC + K÷P TO K* N* 11 /18  

R6 N ,1 /2 (1520 )  INTO (N ETA)/TOTAL (PEI  
~6 0 .2E  0 .14  BASSOMPIE 67 HBC + K÷P TO KO N ° L l / b8  

R7 N .1 /2 (1520 )  INTO (P [  N ) / (P I  N*3 /B (123211  (P I | I (P2 )  
R7 (0 *42 )  OR LESS LEE 67 HBC O l -p  3.& GEV/[ l l /&7  

R8 N '1 /2 (152011ATO (N P IP I ( Jv [=O) I /TOTAL  (P71 
R8 MAIN EECAV MODE MORSE 71 HEC + PI-P 7 ,25  GEV/C 11/72  

REFERENCES FOR N* I /211S201  (PROD. EXP.)  

A-BORELL 67 NC 47 252 
ALEXANDE 67 PR 154 1284 
BASSONRI 67 PL 258 440 
LEE 67 PR 159 1~56 

ANDERSON 70 PRL 28 699 

AMALO[ 71PL  3AB 435 
ELLIS 7 l  PRL 27 4S2 
MORSE 71 PR D4 133 

EDELSTEI 72 PR D5 1C73 
JOHNSTAO T2 NP 842 SBD 
DH 72 PL 428 ADT 

COOPER 7A NP 17~ 2S9 

ERAUNI 75 NP R05 4El 
MUSGRAVE TS NP 887 36S 
STRACHMA 75 NP BOB 120 

ALSO 76 NP B107 330 
WEBB TS PL 558 331 

ALSO 75 PL 5SO 356 

ROUGE 77 PL 698 115 
FERRER 78 NP B142 77 

RUSHBRDO 76 PRO 15 1835 
SOTIRIOU 76 NP BLOT 657 
81EL 78 PRO 18 3079 

ALSO 76 PRL 36 504 ,507  
CHADWICK 78 PRO 17 1713 
GOGGI2 78 NP B143 365 
GOGGI T9 NP 8 1 6 1  [ 4  

ALLES-BORELLhFRENCH,FRISK,MICHEJDA (CERN| 
ALEXANOER,BENARY,CZAPEKt+ (WEIZMANN(CERNII 
BASSOMPIERRE, • (CERN, BRUXELLESI 
+NOEBStROEtSINCLAIR,VANOER VELDE (MICHI 

• BLESER,BLIEDEN,COLLINS+÷ (BNL.CARN) 

• BIANCASTELLI,BOSIO,* ( I  SANITA RONA+CERN) 
• NAGLICH,NOREM,SANNES,SILVERMAN IRUTGI 
÷OH,WALKER,CARROLL,LYNCH * (WISC÷TNTO)IJ 

EDELSTEINtCARRIGAN,HIENv~NAHON,+ICARN÷BNLI 
÷MOLLERUD+..°÷JACODSENIBOHR,HELS,OSLO,STQHIIJP 
÷FUNG,KERNAN,POE,SCHALK,SHEN IUCRI IJP  

COOPER,SEIOL,VANDERVELDE (MICHI 

+GERBERtNAURER,MICHALON,SEH]RY÷ (STRB,LPNPII 
• PEETERS,SCRE[NER,WHITMORE,YUTA (ANL) 
STRACHNAN,ERAUN,GERBER,MAURER+ (LPNP+STRBI[ 
STRACHNAN (LPNP) I  
+TRILLING,TELEGDI+ (AACH+UCLA+UCR+CERNI 
+TRILLING, TELEGDI÷ IAACH+LK~LA+UCR÷CERN) 

• DE ROSNY,FLEURYtRIVET÷ (LPNF÷CDEF÷LALOI 
• BDUQUET,D.ALMAGNE÷ (LALO~CERNeGDEF*EPDLII,JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

RUSHBROOKE,RAJA~ANSORGE,CARTER~NEALE (CAVEIIJP 
D.SOTIRIOU (CERNIIJP 
÷FERBELtSLATTERY÷ (ROCH~NWES÷FNAC÷SLAC) 
BIEL,BLESER,FERBEL÷ (ROCH÷FNAL÷SLAC÷NWES) 
+CARROLL,CHALOUPKA*BALLAM+ ISLAC÷CIT+LBL)IJP 
÷EAVALLI-SFORZA.CONTA+ ICERN÷PAVI) 
+CDNTA,FRATERNALI,LIVAN* (CERN÷PAVI÷TRST} 

* * o * * *  * * * o * * o * *  * * o * * * * * *  o o * * * * * * o  D o * * * * * * *  * * * * * * * * *  * * * * * o * * *  * * * o . o * *  

THIS RESONANCE IS WELL ESTABLISHED, 
IT COUPLES STRONGLY TO THE ETA NUCLEON CHANNEL. 

63 N*1 /2 (1535 )  MASS IMEVI 

M (1510 .01  HENDRY &5 RVUE ETA N + S11 P IN  0 /66  
N 11570.01 MICHAEL 66 RVUE FITS BAREYRE S I I  T/b6 
M N t I 55T .O I  OR [ 565 .0  UCHIYAMA- 66 RVUE FITS N ETA DATA 0 /66  
M N F ITT ING GIVES TWO SOLUTIONS. PROBLEMS MATCHING Pl P PHASE SHIFT 
H [ ( 1535 .0 )  BAREYRE 68 RVUE PHASE-SHIFT ANAL 11167 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT , 

M 11591.01 DONNACHI 68 RVUE PHASE-SHIFT ANAL b /68  
N (1535 .  O) ( 10 .O )  DELCOURT 69 CNTR PHOTOPROOUCT. 8 /69  
M 6 ( 1534 .0J  AYEO 70 IPWA 1171 
N 6 FROM ENER. DEP. FIT OF ARGANO D[AGRAH 
M 4 I 1SOZ. OI DRVIES TO RVUE P-S ANAL SOL A 8 /69  
M 7 B (1S00.1  ALMEHEO 72 IPWA 2 /72  
M I1551 .1  HICKS 73 NPNA GAM P-ETA P 9/73 
M 2 ONLY STATES FROM TABLE V l I  OF HICKST3 ARE INCLUDED IN L ISTINGS.  917S 
M 2 N AND W ARE FROM SOLUTION E2,BR-SQRTIGIIW WITH G FROM TABLE V I I .  9/73 
N 1507. TO 1530.  CRAWFORD 75 DPWA OI N PHOTOPROO, I l l &  
M L 1520. OR 1510. LONGACRE 75 IPNA P IN  TO 2PI N I I /TB 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 2 OF LONGACRE 75.  11/7S 
M I1519 .  I AYED 76 IPWA 11 /77  
M (1SO1.1 BARBOUR 76 DPNA Pl N PHOTOPROD. 1176 
N l l 5 0 0 .  I BERENOS 77 IPWA P I -N  PHOTOPROO. 1 /78  
M 1547. 6 .  BHANOARI TT OPWA O USES ETA N CUSP 1/78 
R 8 I 1 S 2 0 . 1  LONGACRE TT IPWA P IN  TO 2P l  N l l / T T  
M 8 ALL LO~ACRETT PARAMETERS ARE FROM SOLUTION 52,  EXCEPT FOR THE POLE 11/77  
N 8 POSITION WHICH IS FROM SOLUTIONS SI ANO E l .  I I177 
M E (ES l t .  I BARBOUR 78 DPWA RI-N PHOTOPROD. 3 /79  
N E SUPERSEDES EARBOUR 76 .  3 / 79  

Baryons 
N(1520), N(1535) 

M (1540. l (20. )  CUTKOSKY 79 IPWA 
M 1526. T. HOEHLER 79 IPWA 

(1513.0) CRAWFORO 80 DPWA 
M 1550. AO. CUTKOSKY 80 [PWA 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2.3) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 N '1 /2 l [ 53S )  WIDTH IMEVI 

W (I3O.O) HENORY 65 RVUE 
W (130 ,01  MICHAEL 66 RVUE 
w N 1156,OI OR 144o0 UCHIYAMA- 66 RVUE 
W [ I155.0) EAREYRE 68 RVUE 
N 3 (2AS*O) APPROX 
N I120.0) 
W 6 (96.0) 

4 ( 36 .01  
( 5O . I  

( [ 34 ,1  HICKS 13 WPWA 

W 
W 7 
W 2 
w 114. TO 167. 
W L 75. ER 100.  
w (75 .1  
W (128 , )  
W (57 .1  
H [ 59 .  33 .  
N B ( 1 3 5 . )  
N E I132. I 
W (180. I 
w (270.  I 180.1 
W I 2 O .  20.  
w I L36 .O l  
w 240. DO. 
W 
w AVERAGE NA~I~GZE;S IMLE EACFO" 

SEE THE NOTES ACCOMPANYING THE 

P IN  TO Pl N 12 /79  
P IN  TO P IN  12 /79  
P IN  PHOTOFROD. 12 /81 "  
P[ N TQ Pl N 1/82, 

DECAY MASSES 
P l  NOt /2 ( IS35 I  INTO P IN  139÷ 938 
P2 N* I / 2 ( tS3S I  INTO N ETA 9399 548 
P3 N,  1 / 2 (1535 )  IRTO N Pl PI 938+ 139+ ISO 
P4 N '1 /2 ( [ 535 )  INTO N EPSILDN 938÷1300 
P5 N '1 /211535 )  INTO NO3/211232l  PI 1232+ 139 
P& NOI121 l f i 3S I  INTO N RHO 938÷ 769 

O÷ 938 P7 N*L /2 I IS35 |  INTO GAM P, HEL IC ITY fL /E  
P8 N '1 /211535 )  IhTO GAM Nt HELICITYf f i [ /2  O÷ 939 
P9 N '1 /2 (1535 )  INTO K LANORA 607÷1115 
PlO N ,1 /211535 )  INTO N RHO, S=L/2,S-WAVE 938÷ 769 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E3 N* I / 2 (1SB51  REAL PART OF POLE POSITION (MEV) 11/7S 

RE (1496.  I LONGAERE TS IFWA F IN  TO 2PI  N 11/7S 
RE 1519. 4. BHANDAR[ 77 DPWA 0 USES ETA N CUSP I/TB 
RE 8 1525. DR 1527. CONGACRE 77 IPWA Pl N TO 2PI  N 11/77 
RE (1465 . )  CUTKOSKY T9 IPWA Pl N TO P IN  12 /79  
RE 1510. SO. CUTKOSKY 80 IPNA P IN  TO P IN  1/82o 
RE . . . . . . . . .  
RE AVERAGE MEANINGLESS (SCALE FRCTOR = l .O )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 N.112 (1535 )  -BOIMAG PART OF PCLE POSITION (MEV| 11175 

IM (I03.1 LONGACRE 75 IPWA El N TD '2~ I  N 11175 
IM 140. 32. BHANOAR[ 77 OPWA O USES ETA N CUSP 1/78 
IM G 135. OR [23. LONGACRE TT IPWA P[ N TO 2PI N 11/77 
IM (25A. I CUTKOSKY 79 IPWA P IN  TO Pl N 12 /79  
IM 260. DO. EUTKOSKY BO IPNA P IN  TO P IN  1/820 
IM . . . . . . . . .  
IM AVERAGE MEANINGLESS ISCALE FACTOR = 1 .4 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 No[IEI I538) REAL PART OF ELASTIC POLE RESIDUE INEVI 

HER 20. 21. BHANOARI 77 OPHA O USES ETA N CUSP 1/76 
RER (48.]  CUTKOSKY 79 IPWA P IN  TO Pl N 12/79 
RER 116. A6 ,  CUTKOSKY 80 IPWA P IN  TO Pl N 1182"  
RER . . . . . . . . .  
RER AVERAGE MEANINGLESS )SCALE FACTOR = 1 .9 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

63 N*[12IE53SI IMAG PART OF ELASTIC POLE RESIDUE (MEV| 

[MR 13. 8. BHANDARI TT DPWA O USES ETA N CUSP 1 /78  
1MR ( -67 .1  EUTKOSKY 79 IFWA P IN  TO Pl  N 12 /79  
IMR 3L. 92 .  CUTKOSKY 80 IPWA Pl N TO Pl N 1182* 
I MR . . . . . . . . .  
INR AVERAGE MEANINGLESS (SCALE FACTOR = l .O I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6~ N* I / 2 ( ISBS)  PARTIAL OECAY MODES 

63 N*L12 (L535 )  

R1 NO l / 2 [ 1538 )  INTO (P l  NI/TOTAL 
R I  [ 0 . 6 0 I  
RE (0 .32 )  
RE N lO.  T l )  CR 0 .28  
R I  I 0 . 011  OR 0 .43  
R I  3 10 .6961 
R| ( 0 . 33 )  
RL 6 ( 0 . 397 )  
RL 4 ( 0 . 36 )  
R I  7 10 .BSI  
R I  (O .3A I  
RI  0 . 297  0 . 0 2 6  
R1 I O . N S I  ( O .  O6!  
RI 0 .38  0 .04  
R I  0 . 50  O. lO 
R1 . . . . . . . . .  
R[ AVERAGE MERNINGLESS (SCALE FACTOR 

BRANCHING RATIOS 

( P t l  
HENORY 65 RVUE 9 /66  
MICHAEL 66 RVUE 9 /66  
UEHIYAMA- 66 RVUE SEE NOTE ON MASS 0 /66  
DAVIES 61 RVUE PIP TO N ETA,BID 11 /67  
DONNACH1 68 RVUE 6168 
OELCOURT 69 CNTR 8 /69  
AYEO TO IPNA 1 /71  
DAVIES TO RVUE P-S ANAL SOL A R/69 
ALMEHEO 72 IPWA 2172 
AYEO 76 IPWA 11 /77  
BHANOARI 77 DPNA O USES ETA N CUSP IE78 
GUTNOSKY 79 IPWA P IN  TO P [N  12 /79  
HOEHLEN 79 IPWA P IN  TO P IN  I2179 
GUTKOSKY 80 IPWA P IN  TO Pl N 1 /82 "  

= t . T I  

9166 
7/66 

SEE NOTE ON MASS 9/b6 
11167 

OONNACH[ 68 RVUE 6168 
DELCOURT 69 CNTN PHOTEPBODUETo 8169 
AYED 70 IPWA 1 /71  
DAVIES TO RVUE P-S ANAL SOL A 8 /69  
ALNEHEO TE IPWA 2172 

GAM P-ETA P 9 /73  
ERANFORO 75 DPNA P ]N  PHOTOPROD. 1 /76  
LONGAERE 75 1PWA P IN  TO 2P! N 11 /75  
AYED 76 IPWA 11 /77  
DARBOUR 76 DPNA F IN  PHOTOPRODo 1 /76  
BERENOS 77 IPWA P I -N  P~OTOPROD. 1 /78  
BHANDARI T7 DFWA O USES ETA N CUSP 1 /78  
LONGACRE TT IPNA P IN  TO 2Pl N 11177 
8ARBOUR 78 OPNA P[-N PHOTOPROD. $179  
BAKER 79 OPNA O P I -  P TO ETA N 12 /79  
CUTKOSKY 79 IPWA P IN  TO P| N 12 /79  
HOEHLER 79 IPNA P IN  TO RE N 12 /79  
CRAWFORD 80 DPNA Pl N PHOTOPROD. 12 /81 .  
EUTKOSKY 80 IPWA P IN  TO P[ N 1 /820  

= 1 . 1 )  
MASSES QUOTED. 



Baryons 
N(1535), N(1540) 

198 

D a t a  C a r d  L i s t i n g s  

For notation, see key at front of  Listings. 

82 N*l/2(153SI INTO (N ETA)/TOTAL (SEE 88 ALSO.} (P2) 
R2 OONINANT INEL DECAY HENORY 85 RVUE 9/66 
82 10.88) MICHAEL 66 RVUE 9/66 
82 N (o*2g) OR 0 .7 [  UCHIYAMA- B6 RVUE SEE NOTE ON MASS 9 /b6  
R2 (0.69} OR 0.45 DAVIES 67 PVUE PIP TO N ETA÷BeG i [ / 67  
R2 B (0,4)  (O . l )  DEANS 69 MPWA T POLE÷ RESON. 5/70 
R2 (O .b61  BELCOURT 69  MPWA 6 /69  
R2 B (0.69) GR 0.696 - CARRERAS 70 MPWA T POLE÷ RESON. 5/70 
82 B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R2 THE VALUES OF 82 LISTEO ABOVE ARE INCOMPATIBLE WITH THE RESULTS 
R2 OF DIEM ETAL .  (701  
R2 THE BRANCHING RATIO INTO ETA NEUTRON FOUNC ~Y BHANGARI 77  IS 12/79 
82 0 .70  (R.BHANDARI, PRIV. COMM., L979 ) .  12179  

R3 N~1/211535) INTO [N~3/211232] PI ) /TOTAL  (PS)  
R) O (O.OT) DIEM 70 [PWA 3 BODY ANALYSIS 1/71 
R3 D ~SSUMING RI= 0 ,3~  

R~ N*[12(1535) INTO (N EPSILONIITOTAL (P4} 
R~ 0 10.26) BIEM 70 IPWA 3 BODY ANALYSIS 1/71 
84 0 ASSUMING Rl= 0 ,34  

R5 N#1 /2 (1535 )  INTO IN  RHO ) /TOTAL  (PE)  
R5 D 10.201 DIEM 70 IPNA 3 BODY ANALYSIS 1 /71  
R5 O ASSUMING R1= 0 .34  

86 N~ l / 2 t I 5351  INTO GAMMA PROTON/TOTAL (P7) 9 /73  
R6 5 0 .0042  0,0014 DEANS 72 MPNA P ETA PHDTOPROD. 9 /73  
R6 5 BR=(DEANS72 RADIATIVE WIDTH)/( NOMINAL FULL WIOTH=EOO MEV) 9 /73  
R6 5 THE HICKS73 ENTRY UNDER RT IS A MORE RECENT RESULT BY SAME GROUP* 9173 

R7 N~I/2(1535| FROM GAMMA PROTON TO ETA PROTON SGRTIP2~P7) 9 /70  
R7 2 (0 .0366 )  HICKS 73 MPWA GAM P-ETA P 9 /73  

RB N~1/2(I535) FROM P) N INTO ETA N (SEE 82 ALSO. }  SQRTIPI*P2I ~174 
RB I+0 .43 )  LEMOIGNE 73 OPWA 1488 TO 1685 MEV 2174 
RB A (+0 .48 )  FELTESSE 75 DPWA O 1488 TO 1745  MEV 11175  
R8 A SUPERSEDES LENOIGNE 73, USES M AND W OF AYEO 76. 11171 
88 (+0 .33 }  BAKER 79 DPWA o PI -  P TO ETA N 12/79 

89 N#112[15351 FROM Pl N TO K LAMBDA SQRTIPL~PD) G175 
R9 C -0 .691  D ,214  OEVENISH 74 O FIXED T DISP  REL ~175 
R9 C EXTRAPOLATION OF PARAMETRIZED AMPLITUDE BEL36 THRESHOLD. 4 /75  

RIO NSEI2(1535I FROM P IN  TO N=31211232) PI SQRTIPl=P5) 11 /75  
810 L (O.O) 08 -0.06 LONGACRE 75 IPWA P IN  TO 2PI N I I / 75  
B10 8 lO.O0) LONGACRE 77 IPWA P IN  TO 2Pl N i i177 

P I I  N~112[IS35) FROM P IN  TO N BHO,S=II2,S-WAVE SQRTIPE~PIO) I I175 
Rl l  L (÷O.12)OR +0.09 LONGACRE 75 IPMA P) N TO 2PI N 11/75 
R l l  8 (÷O . [B )  LONGACRE 77 IPWA P IN  TO 2P I  N I l l 7 /  

R12 N '11211535~  FROM P IN  TO N EPSILON SQRTIP I *P4 I  1E /7S  
R12 L (0 .1)  OR --0.09 LONGACRE 75 IPWA PIN  TO 2PI N 11/75 
R12 8 (-0.08) LONGACRE 77 ]PWA P IN  TO 2Pl N 11177 

............................................................ 

~3 N*[12(1535) PHOTON DECAY AMPL(GEV=*-I/2) 

FOR OEFINITICN OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

A I  N*L /211535 )  INTO GAM P,  HEL IC ITY= I / 2  (GEV* * - [ / 2 )  
AI 0 .042  0 .023  BEVENISH 73 DPWA Pl N PHOTOPRO0. 2 /7~  
A t  IO .O I5 )  HEMMII 73 + FWD PIO  PHTOPROD 2174 
AI ÷0 .053  0,020 MDORHDUS 7 3  DPWA Pl N PHOTOPROD. 2/73 
AI  0.078 0.020 DEVENIS2 7¢ DPWA P IN  PHDTDPRGB. 4/75 
A[ 0 .056  0 .020  KN IES  74 DPWA Pl  N PHOTOPROD. Z /7~  
A [  +0 .063  0.013 NETCALF 76  DPWA P t  N PHOTOBROB. 2 /7~  
AI 0.036 0.002 MDORHOUS 7~ DPWA P) N PHOTOPROB. 217~ 
A1 +0.082 0.007 CRAWFORO 75 DPHA Pl N PHOTOPRDO. 1176 
AL l +0 .062 )  KRIVETS 75 DPNA P I -N  PHOTOPROO* 1 /78  
AI [+0 *063 )  BARBOUR 76 OPWA PIN  PHOTOPRDD, I176  
A1 +0 .070  O. O0~ FELLER 76 DPWA P IN  PHOTOPROD. 2 /77  
AI ÷O*O~B 0.007 AZNAURYAN 77 OPNA PIO PHTPRD,SOL I 12/79 
A t  ÷O.lOE 0.012 AZNAURYAN 77 DPWA P[O PHTPRD,SOL 2 [2179 
A1 (+0,034) BERENOS 77 IPWA PI-N PHOTOPROO. 1/78 
A1 E ÷0.082 O.OI9 BARBOUR 78 DPWA PI-N PHOTOPRO0. 317q 
AI N (0.046) NOELLE 78 PI-N PHOTOPROD. 1180 
AI N CONVERTED TO OUR CONVENTIONS USING M=l.5~B, W=.073 FROM NOELLE 78. i180 
A) BO OPWA P IN  PHOTO FIT I 12181@ 0.083  0.007 ARAI 
A[ 0,080 O,OO7 ARAI 80 OPWA Pl N PHOTO FIT  2 E2181~ 
A I  O.OB9 0,007 BRATASHEV 80 DPWA PIN PHOTOPR00. [2161*  
A [  0 . 065  0 .016  CRAWFBRD 80 OPWA P IN  PHOTOPROD. L2 /B [~  
A1 0.070~ O.OOg[ ISHII 80 DPWA P COMPTON SCAT 12281 # 
AI . . . . . . . . .  
AL AVERAGE MEANINGLESS (SCALE FACTOR = 4.El 

A2 N~L/2II535) INTO GAM N, HELICITY=II2 (GEV~- I /2)  
~2 -0 .026  0,029 OEVEN[SH 73 GPWA P IN  PHOTOPROD. 217~ 
A2 -D.04B 0.021 MOORHOUS 73 DPWA Pl N PHOTOPROB. ~173 
A~ 8 -0*03[  0.024 ROSS) 73 DPWA o GAM N TO P l -  P ~ /75  
A2 B CONVERTED TO OUR CONVENTIONS USING M AND W FROM ROSS)73 ANO X=.36 ~/75 
A2 9 }-0.078) BENEVEMT 74 OPWA 0 GAM N TO PI-  P 4/75 
A2 8 CONVERTED TD OUR CONVENTIONS USING M=I520 MEV, W=80 MEV, X=.36 4175 
A2 -0,837 0.023 OEVENISB 74 OPHA P[ N PHOTOPRO0. ~/75 
A2 -0.052 0.005 KNIES 74 DPWA P) N PHOTDPROD. 2/7~ 
A2 -0 .051  0 .021  METCALF 74 OPWA P [N  PHOTOPROD. 2 /74  
A2 -0.02T 0,009 MOORHOUS 74 OPMA P [N  PHOTOPROG. 2/7~ 
A~ -0.088 0.011 CRAWFORO 75 DPWA P[N PHDTgPRGU. 1/78 
A2 (-O.[09) BARBOUR 76 DPWA Pl N PHDTOPROB. I /7b 
A2 E -0.112 0.03~ BARBOUR 78 DP~a P[-N PHOTOPR~O. 3/79 
A2 N (-D.0~8) NOELLE 78 PI-N PHOTOPRO0, 1/B0 
A2 N CONVERTED TB OUR CONVENTIONS USING M=[.5~8, W=.073 FROM NOELLE 78. L/Bb 
A2 -0 .075  0 .019  ARAI  80 DPWA P [N  PHOTO F IT  l 12 /81 "  
A2 -0.078 0*0[8 ARAI 80 DPHA Pl N PHOTO FIT 2 12/8(@ 
A2 -0.098 0*026 CRAWFORD 80 DPWA P [N  PHOTOPRCO. [2/81~ 
A2 -O;B11 0.017 T~KEDA 80 DPWA Pl N PHOTOPROD. L2/81* 
A2 -0;062 0.003 FUJI) 810PWA P( N PHOTOPROB. 12/81" 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.91 

REFERENCES FOR N~1 /2 (15351  

HENDRY ~5 PL [8 171 AW HENDRY, R G MOORH(]USE (RHEL) 
REVIEWS EARLY PHASE-SHEFT-ANALYSIS RESULTS AND P l -  P TO ETA N 
EXPERIMENTS. kE TAKE NUMBERS FROM THE SOLUTION USING BRANBSEN 65. 

MICHAEL 66 PL 21 93 
UCHIYAMA 6b PR I~9 [220  
DAVIES 6T NC 52A lIEB 

C MICHAEL (OXF) 
F UCHIYAMA-CAMP6ELL, ~ K LOGAN ( I l l } l i P  
A T DAVIES. R G MOORHCUSE (GLASOOW,RHE[) 

BAREYRE 68 PR t65 170I 
DCNNACH[ 68 PL 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

DEANS 69 PR IB5 1797 
OELCOURT 69  PL 29B 75 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP 82| 359  
B IEM 70  K IEV  CONF. 

ALMEHED T2 NP 840  t 57  
DEANS 72 PN 3 217  
DEVENISH 73 PL ~78 53 
HEMMII T3 PL N3B 7S 
HICKS 73 PRO T 261~  
LEMOIGNE 73 PURDUE CONF. 03 
MOORHOUS 73 PL 438 44 
ROSS) 73 ME 13A 59 

ALSO 71LNC 2 1183  

BENEVEN7 74 NC 19A 529 
DEVENISH 74 NP BBI 330  
DEVENIS2 7 4  PL 52B 22T 
KNIES 74 PPG 9 2680  
METCALF 7k  NP BT6 2E? 
MOO RHOUS 74 PRO 9 I 

CRAWFORD 75 NP 897  125 
FELTESSE 75 NP Bg8 242 
KRIVBTS 75 SJNP 20 R3O 

ALSO 74 SJNP 19 E12 
LONGACRE 75 PL 558 415 

ALSO 78 PRO 17  1795 

AYEO 76 CEA-N-1921 
BARBOUR 76 NP B I lE  3SO 
FELLER 76 NP BLO~ 219 

AZNAURYA 77 EFI-26~157)-77 
BERBNDS 17 NP BE36 317 
BHANDARI 77 PRO 15 t92 
LBNGACRE 77 NP B122 A93 

ALSO 76 NP BtOB 365 

BARBOUR 78 NP Bl61 253 
NOELLE 78 PTP BO 778 
BAKER 79 NP B]56 B3 
CUTKOSRY 79 PRO 20  283q  
HOBHLER 79 HANDBOOK OF PI-N 

ALSO 80 TORONTO CONF 3 

ARAI BO TORONTO CONF 93 
BRATASHE BO NP B166 525 
CRAWFORD 80 TORONTO CONF 107 
CUTKOSKY 80 TORONTO CONF t9  
ISHII 80 NP B165  I 69  
TAKEGA 80 NP 8188  17 
FUJII 81NP  818T  B3 

BAREYRE 65 PL 18 362 

P BAREYRE, C BRICMAN, G VILLET (SACLAY)(JP 
A DONNACHIE, R 0 KIRSOPP, C LOVELACE ICERN|IJP 
OONNACHIE RAPPORTEUR.S TALK IGLAS) 
R G KIRSDPP (EDIN) 
S BEANS, J WOOTEN (UNIV S FLORIDA} 
DELCOURT,LEFRANCOIS ,PEREZ-Y -JORBA,+  IORSA)  

R AYEOeP BABEYREI G VILLET (SACLIIJP 
B CARRERAE, A DONNACHIE IOARE,MCHS) 
A DAVIES (GLAS) 
÷ SMAOJA, CHAVANON, DFLER, D~LBEAU+ (SACLJ 

• LOVELACE [LUND,RUTGIIJP 
÷JACOBS, LYONS, HICKS (U S FL TAMPA+EARN) 
OEVENISH, RANKIN,LYTH (LOUC+BDNN+LANCIIJP 
HEMMI,INAGAR[+ (KYOTO~SAGA+KEK*TOKY)IJP 
+DEANS,)ALOES.LYONS+ (CARN÷OPNL+SOUTH FLA.IIJP 
÷GRANET,MARTY,AYED,BAREYRE,BORGEAUD,÷(SACLJIJP 
NOORHOUSE, DBERLACK [GLAS~LBL)IJP 
+PIAZZA,SUSINNO,÷ IROMA,FBAS,NARL,PAVIA)[JP 
CARBONARA, FIORB,÷ (NAPLtFRAS,PAVIA,ROMA)IJP 

BENEVENTANO,DANGELO,NOTARISTEFANh+ (ROMA)IJP 
OEVENISH, FROGGATT,MARTINIDESY,NORDITA,LOUC) 
DEVENISH,LYTH,RANKIN (DESY,LANC,BONN|IJP 
KNIEStMOORHOUSE,ODERIRCK (LBL,GLASIIJP 
W J METCALF,R L WALKER ICITIIJP 
MOORHOUSE,OBERLADK,HOSENFEID (GLAS~LBLIIJP 

R L CRANFBRO (GLAS)IJP 
+AYED,BAREYRE,BORGEAUD,OAVIO ,ERNWEIN+(SACL I I JP  
+MIROSHNIEHENKO,NIKIFOROV, SANIN+ (RIEVIIJP 
KRIVETS,NIKIFDRDV,SANIN,SHALATSKI[ (K IEV I I JP  
+RDSENFELD,LASINSKI,SMADJA÷ (LBL~SLACIIJP 
LONGACRE,LASINSKI,ROSENFELD÷ (LBL,SLAC) 

AYEQ }THESIS} (SACL)IJP 
I ,  M. BARBOUR,R. L. CRAWFORD (GLASIIJP 
+FUKUSHIMA,HORIKAWAtRAJIKAWA+(NAGOYA÷OSAKA)IJP 

+AKOPOV.BAGDASARYRN (YEREVAN PHYSICS INST.))JR 
F.A,BERENDS,A.OONNACHIE (LEIO,MCHSJIJR 
R BHANDARI,Y-A CHAD (C~RN)IJP 
LONGACRE,DOLBEAU (SACLIIJP 
DDLBEAU.TRIANTIS,NEVEU.EADIET (SACL)IJP 

BARBOUR,CRAWFORD,PARSONS IGLAS) 
P. NOELLE (NAOG) 
÷BROWN,CLARK,DAVIES,OFPAGTER,EVANS÷ IRHEL) I JP  
+FDRSYTH,HENBRICK,KEILY (CARN*LBL)(JP 

SCATTERING, PHYSIK OATEN VOl.12-I 
÷KAISER,KOCH,PIETARINEN IKARLSRUHE IdP 
R.KOCH (KARLSRUHB)]JP 

I *  ARA[ (TOKY) 
BRAEASHEVSKIJ,GORBENK~,DEREBCHINSKIJ÷(KHAR) 
R.L.CRAWFORO (GLAS) 
+FORSYTH,BABCOCK,KELLY,RENORICK (CARN÷LBLIIJP 
ISHII,EGAWA,KATO,MIYACHI+ (KYOT÷TDKY) 
TAKEDA,ARAI,FOJII,IKEOA,IWASAKI~ (TOKYI  
FUJII.HAYASHII,IWATA,KAJIKAHA÷ (TOKYI 

PAPERS NOT REFERRED TO IN DATA CARDS 

• BR(CMAN, STIRLING, V[ l lET (SACLAYIIJP 
BRANDSEN 65 PR 139 B1566  ÷DDONNELL, MBORHOUSE (DURHAM, RHELIIJP 

BASIS OF NUMBERS WE QUOTE FROM HENDRY 65. 
J(]HNSON 67 UERI-kTbe3 THESIS C H JOHNSON ILK1) 
LDVELAEE 67 HEIDELBERG C* 79 c LOVELAEE (CERNIIJP 
DBNNACHI 69 NP IOB 433 A DONNACHIE, R K}RSOPP (GLAS+EDIN) 
AYED 70 PL 318 S~E +B~REYRE+V[LLET (SACLAY) 

THE FOLLOWING ARTICLES DEAL WITH THE REACTIONS PI- P TO ETA N 
AND GAMMA P TO ETA P NEAR THRESHOLO. THE DATA AND THE THEORETICAL 
ARTICLES ARE USEFUL IN UNDERSTANBING THE BEHAVIOR OF THE SIE AMPLI- 
TUDE AS DETERMINED IN P [P  PHASE-SHIFT ANALYSES. FURIHER REFERENCES 
MAY BE FOUND IN THEM. 

MAINLY EXPERIMENTAL ~- 
BULBS 6~ PRL 13 486 (BROW~,PRANQEIS,HARVARD,MIT,PADOVAI I 
BACCI 66 NC ~SA 9E3 +PENSD,SALVINI,MENCUCCINI,÷ (ROMA,FRASCATI)IJP 
JONES 6& PL 23 507 ÷BINN[E,BUANE,HORSEY,WASON,÷ (LOIC,RHEL) 
RICHARDS 68 PRL IB [ ~21  ÷CHIU,EANDI,HELMHOLZtRENNEY,* (LRL,HAMA(1) IJ 
PREPOST 67 PRL 18 82 R PREPDST, D LUNDQUIST, D QUINN (STANFOqO) 
BLOOM 68 PRL 21 llOO +HEUSCH, PRESCOTT, ROCHESTER (CITI 
BULBS 69 PR 187 tE27 ÷LANOU~BDRDNER,BASTIEN+(BOST+HARV÷MIT*PENNI 
HEUSCH 70 PPL 25 1B81 ÷PRESCOTT,ROCHESTER,W(NBTEIN (CIT) 
BINNIE 73 PRD B 2789  +CAMILLERI,DEBENHAM,DDANE,* {LOIC,SHMP) 

MAINLY THEORETICAL - -  
BALL 66 PR t 49  1191 J S PALL (UCLA)  
POBSON 66 PR 146  1022 P N DOBSON IHAWAI ( )  
MINAMI 66 PR i~? 1123 S MINAMI (OSAKA) 
DEANS 67 PR 161 l~&6 S R DEANS, W G HOLLADAY (VANDERBILT) 
L~AN 67 PR 159 163~ R K LOGAN, F UCHIYAMA~CAMPBELL [ I l l )  
MENCUCCI 67 NC 48A 5?9 C MENCUCCINI, A REALE (FRASEATI) 
MINAMI 67 PR 162 1619 S MINAMI (OSAKA) 
MOSS 67 OR t63 1785 T A MOSS (LSU) 
BEANS 68 PR [65 lOB6 S R BEANS. W 0 HOLLADAY (VANDERBILT) 
PAL 68 PR 167 [3E0 6 K PAL (NPL NEW DELHI} 
BALL 69 PR [77 2257 +GARG+SHAW (UCLA+UCI) 
LEFIEVRE 70 NC 66A 349 ~LERUSTE ICDEFI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I N ( 1 5 4 0 ) J  . . . . . .  , . . . . . . . . . . . . . .  i ..... . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

log N*lI2(15401 MASS IMEV) 11177 

M B I I540.  l LONGACRE 77 IPWA P) N TO 2PI N 11177 
M ~ ALL LONGACRE77 PARAMETERS ARE F~OM SOLUTION $2, EXCEPT FOR THE POLE I [ / 77  
M POSITION WHICH IS FROM SOLUTIONS SI AND CI.  11177 

109 N*t12115001 WIDTH IMEV) II177 

w 8 1B00.) LONGACRE 77 IPWA Pl N TO 2Pl K [1177 



199 

Data Card Listings 
For notation, see key at front of Listings. 

L09 N* I12 (1B60 )  REAL PART OF POLE POSITION (MEVI 11/77  

RE 8 1535, OR 1482.  LONGACRE 77 IPWA Pl N TO 2Pl  N 11 /77  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

109 N*112 (1560 (  -2* [MAG PART OF POLE POSITION (MEVI [ l / 77  

IM 8 207, OR 814. IONGACRE 77 IPWA P( N TO 2PI N 11/77 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E09 N* I / 2 ( IS40 )  PARTTAL DECAY MOOES 11 /77  

DECAY MASSES 
P[ N* I / 2 (1560 )  INTO P[  N 139+ 938 
P2 N*Z /2 ( IB60 )  INTO N RHOtS=I /2 ,P-NAVE 938+ 769 
P3 N*Z /2 (15808  INTO N RHO,S=3/2,P-WAVE 938+ 769 
P4 N* | / 2115601  INTO N*3 /B (12321  P[,P-WAVE 1232+ | 39  
P5 N*1 /2 (1560 (  INTO N EPSILON 938+1300 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10g N*1/2(18601 BRANCHING RATIOS 11/77 

RI N* I / 2 {1560 [  FROM PIN  TO N RHO,S=I/2,P-WAVE SORT(PI*RZ) 11 /77  
R1 8 ( -0.08) LONGACRF 77 IPWA Pl N TO 2PI N 11 /77  

R2 N '1 /2 (1560 (  FRCM P[  N TO N RHOeS=8/2,P-WAVE SQRT(PI*PB) 11/77 
R2 8 ( 0 . 001  LONGACRE 77 IPWA Pl N TO 2PI  N 11 /77  

R3 N*112(15603  FROM P( N TD N '3 /2112321R [ ,P -WAVE SORT(PI*P4} 11 /77  
R3 8 (÷0.111 LONGACRE 77 IPWA P IN  TO BPI N 11/77 

RA N* l / 2 (L560 (  FRDM P IN  TO N EPSILON SQRT[PL*PS) 11 /77  
R4 8 ( 0 . 00 )  LONGACRE 77 IPWA P IN  TO 2P[ N 11177 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR N '1 /211560 [  

LONGACRE 77 NP 8122 4q3 LONGACRE,ODLBEAU (SACL) IJP 
ALSO 76 NP 8108 385 00LBEAU,TRIANTIS,NEVEU,CADIET (SACL) [JP  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * = *  * * * * * * * *  

IN(165o)1 .... 112(1 . . . . . . .  [ / 2 - ) [=1 /2  

THIS RESONANCE IS WELL ESTABLISHED. 

EB N*112(16S08 MASS (MEVJ 

M (1695 .0 )  BRANOSEN 65 RVUE PHASE-SHIFT ANAL 9166 
M (170B.  OI MICHAEL 66 RVUE FITS BAREYRE $11 7 /66  
M G (1710.03 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M G WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 3 (CTlO.O) OONNACH[ 68 PVUE PHASE-SHIFT ANAL 8168 
M (170S*O)  (10.0) OR(TO 69 RVUE N LAMBOA PS ANAL 8 /69  
M b 11689 .0 |  AYED 70 IPWA l / 7 I  
M 6 FROM ENER. DEE* F IT  OF ARGAND DIAGRAM 
M 4 [1765.0( DAVIES 70 RVUE P-S ANAL SOL A 8/69 
M ( I bTB .O)  SCHORSCH 70 OPWA K LAW PHOTOPRD. 10171 
M A [1685 .0 )  WAGNER 71 [PWA P I -P  TO K LAMB 1/71 
M A THERE ARE 3 SIMILAR SOLUTIONS 
M T 11670 . )  ALMEHEO 72 IPWA 2 /72  
M 2 (1690.) HICKS TB NPWA GAM P-ETA P 0173 
M 2 ONLY STATES FROM TABLE V l l  OF MICKS78 ARE INCLUDED (N LISTINGS. 9/73 
M 2 M AND W ARE FROM SOLUTION C2,BR=SQRT(GIIW WITH G FROM TABLE V I I .  9178 
M I ( [R60 . [  LANGBEIN 73 IPWA PI N-K SIG,SOL 2 9 /73  
M l S I t  AMPLITUDE LARGE BUT NOT RESONANT IN SOLUTION 1 OF LANGBEIN73 9 /73  
M i DEANS75 AND LANGBEIN73 DISAGREE WITH El* P TO K+ SIGMA+ DATA OF 1178 
M I WINNIKT7 AROUNB 1920 MEW. 1/78 
M (1678 .1  KNASEL 75 OPWA 0 P I -  P TO KO LAM 11/75  
q L 1675. OR 1660.  LONGACBE 78 lENA Pl N TO 2P[ N t i l T5  
N L THE 2SETS OF PARAMETERS ARE FROM METHODs 1 AND 2 CF LONGACRF 75, 11 /75  
M (1673 . )  AYED 76 lENA 11/77  
M (1676 .1  BARBOUR 76 OPWA P[ N PHOTOPROD. 1 /76  
M O (1700 . )  15 . )  BAKER TT 1PWA 0 P I -  P TO K LAW. 1 /78  
M E 11680 . )  BAKER 77 DPNA 0 P( -  P TO K LAM. l / TB  
M D THE TWO ENTRIES FOR BAKER TT ARE FDR AN IPWA USING THE BARRELET 1/78 
M E ZERO METHCD AND A CONVENTIONAL ENERGY-DEPENDENT ANALYSIS. 1 /78  
q 8 [ITOO. l LONGACRE 77 IPWA Pl N TO 2El N 11/77  
M 8 ALL LONGACRE77 PARAMETERS ARE FROM SOLUTION $2. EXCEPT FOR THE POLE l l / T7  
M 8 POSITION WHICH IS FROM SOLUTIONS SI AND CI. I I I T7  
M (1680 . )  BAKER 78 OPWA 0 P l -  P TO K LAW 3 /79  
M 9 (169~.) BARBOUR 78 DPWA PI-M PHOTOPROD. 3/79 
M 9 SUPERSEDES BARBER 76.  3 / 79  
M (1660 .1  (BO.I CUTKUSKY 79 IPWA P I N  TO P( N 12/79 
M 1670, B. HDEHLER 79 [PWA P( N TO ~I  N 12179 
M (16B8.O)  CRAWFORO 80 DPWA P( N RHOTOPROD, 12/81~ 
M 16BO. 30 .  OUTKOSKY BO [PWA P[ N TO Pl N 1 /82  t 
M (1675 . [  L(VANOS 8D OPWA Pl o TO K SIGMA 1 /82 .  
M (1672 . )  MUSETTE 80 IPWA 0 Pl- R TO K LAM 1182. 
M H (1680.) SAXON 80 DPWA 0 PI-  P TO K LAM 12/79 
M 
M AVERAGE'MEAN(NGLESS'(SCAEE''*''** FACTOR = 1.03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N*1 /211650 )  WIDTH (MEW) 

W [Z~o .o )  
w l ( 860 .0 )  
w 8 (3Do. o)  
w IIO~.OI 115.0[ 
w 6 ( IB6.0( 
W 6 (404.  OI 
W 6 SOL B GIVES I 2 t  MEV 
W (99 .0 [  
w A (IlO.O)On(t~O.O) 
W 7 1120. )  
w 2 (19S*) 
w 1 [ 200 . (  
w 1170.)  
w L 150. OR 130. 

lISO.) 
w (196.[ 
w O (130 . }  I lO .  I 
W E (90 .1  
w B ( lTD . )  

MICHAEL 66 RVUE 7/66 
BAREYRE 68 RVUE 11167 
OONNACHI 68 RVUE 8189 
OR[T0 60 RVUE 8 / 6 9  
AYED 70 IPWA 1/71 
DAVIES 70 RVUE P-S ANAL SOL A 8169 

2273 
SCHORSCH 70 OPWA K LAM PHOTOPRO. IO/TI 
WAGNER 71 IPWA PI -P  TO K LAMB 1171 
ALNEHED 72 IPWA 2 /72  
HICKS 73 MPWA GAM P-ETA P 9 / IS  
LANGBEIN 73 [PWA Pl N~K BIG,SOL 2 9/73 
KNASEL 75 DPWA O P I -  P TO KO LAM 11 /75  
LONGACRE T5 (PWA Pl N TO 2El  ~ L l / 75  
AYED 76 IPWA 11 /77  
EARBOUR 7B OPWA P IN  PHOTOPROO. 1176 
BAKER 77 IPWA O El-  ~ TO K taM. 1/78 
BAKER 77 DPWA O PI- ~ TO K LAW. 1 /78  
LONGACRE 77 IPWA Pl N TO 2PI  N I I l / 7  

Baryons 
N(154o), N(165o) 

W (90.) BAKER 78 OPWA O El-  P TO K LAM 3179 
N B 1193,1 BARBOUR 78 DPWA PI-N PHDTOPROD. 3179 
W ( t 60 , ]  ( 40 . }  CUTKOSKY 79 IPWA P IN  TO P( N 12 /79  
W [80. 20. HOEHLER 79 IPWA Pl N TO P IN  12/79 
W 1~88.0 (  CRAWFORO BO OPWA P( N PHOTOPROO. 12/BL~ 
W 1S0. 40 .  CUTKOSKY 80 (PWA P( N TO P IN  1182 '  
w (IO0. l LIVANOS 80 DPWA Pl P TO K SIGMA 1/821 
w [ 179 , )  MUSETTE 80 IPWA O E l -  P TO K LAM 1182~ 
W H ( I 20 ,1  SAXON 80 DPNA 0 E l -  P TO K LAM 12 /79  
W . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR : 1.01 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N '12211650 l  REAL PART OF POLE POSITION (MEVI 11/7S 

RE 11668 . [0R  LONGACRE 75 IRMA P IN  N TO ZPI N [ 1 / 7S  
RE 8 I699. IBDB. LONGACRE 77 IPWA Pl TO 2El N 11177 
RE (IBBg.[ CUTKOSRY 79 IPWA P IN  TO P IN  [2179 
RE 1660. 20. CUTKOSKY BO IPWA Pl N TO Pl N l/B2~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N=II2([650) --2*(MAD PART OF PELE POSITION [MEV) 1|178 

IM ( t t ? . l  LONGACRE 75 lENA P[ N TO 2PI  N [ 1 / 75  
[M 8 176. OR 173. LONGACRE 77 IRMA P[ N TO 2PI  N I [ 17T  
[M ( l ab . )  QUTKOSKY 79 IPkA P IN  TO P IN  12 /79  
IN  lSO. BO. CUTKOSKY 80 IPWA P IN  TO Pl N 1 /82 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

86 N*I/2(IbSOI REAL PART OF ELASTIC POLE RESIDUE (MEW) 

RER (3 . )  CUTKOSKY 79 IPWA P IN  TO P IN  12179 
RER 18* 25. CUTKOSKY 80 [PWA P IN  TO P( N I282 • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N'1/2(1650] IMAG PART OF ELASTIC POLE RESIDUE (MEVi 

[MR (-88.)  CUTKOSKY TO IPWA P( N TO P( N 1Z179 
IMP -58. 12. CUTKOSKY SO IPWA P IN  TO P IN  I/B2= 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N ' I / 2 (1650 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI NtI I2( IBEOI InTO P[ N 139" 988 
P2 Nt l /2(1650) INTO N ETA 939* 568 
P8 N*II21IBBOI INTO LAMBDA K f l i P *  497 
P4 N* I / 2 ( | 650 )  INTO GAM P, HEL IC ITY= I / 2  O* 938 
P5 N*1 /2 (16501  INTO GAM N, HEL IC ITY= ] IB  O+ 939 
P6 N* I / 2 (1650 (  InTO N Pl PI &BB+ I39÷  139 
PT N '112 (16501  INTO N EPSILON 938~1300 
P8 N= I / 2 (16EOI  INTO N RHO 9BB* 789 
P9 N= I /~ ( [ 6SOI  INTO K SIGMA 693 .1189  
PlO N* I / 2 (16BO(  INTO N RHO,S=I /2,S-WAVE 938~ 769 
P11 N*1121IBBO) INTO N RHD,S=B/2,D-WAVE 938. TOO 
Pl2 N* I / 2 (16SO)  INTO N tB /2 ( I 232 )  PI 1232.  139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66 N*[12116801 BRANCHIMC RATIOS 

R1 NCL/B[16BOI INTO (P I  N)ITOTAL (P I (  
RI ( I .O [  APPROX MICHAEL 66 RVUE 7166 
RI  3 [O .Tq l  BONNACHI BB RVUE 8289 
RI  6 ( 0 . 6621  AYED 70 IPWA ] / 71  
R I  6 ( 0 . 58 )  DAVIES 70 RVUE P-S ANAL SOL A 8 /69  
R[ ? ( 0 . 5 )  ALMEHED 72 IRNA 2 /72  
RI  10.541 AYED 76 IPWA 11177 
RL 10 .60 l  (O.  OBI EUTKOSKY 79 lENA P IN  TO P IN  12179 
RI  0 . 61  0 .04  HOEHLER 79 lENA El N TO P IN  12 /79  
RI 0 .6S  O. IO CUTKOSKY 80 (PWA Pl N TO P IN  1 /82 *  
R1 . . . . . . . . .  
RI  AVERAGE MEANINOLES$ (SCALE FACTOR = I.O) 

R2 N*II2{LASC( FACM P[ N TO K LAMBDA SQRTIPI*PB( 6175 
R2 (0,20) (0.05) OR(TO 69 RVUE 4/75 
R2 A (0.2IIQR 0 .2 )  WAGNER 71 IPWA El-  P TO K LAMB 4175 
R2 -O.I7q 0.033 DEVENISH 7& 0 FIXED T DISP REL 6175 
R2 (0 .12 )  KNASEL 75 DPWA 0 P I -  P TO KO LAW 11 /75  
R2 D I - 0 . 233  (O .O l }  BAKER 7T IPNA O E l -  P TO K LAW. |178 
R2 E ( -O .ZS )  BAKER 7T DPWA 0 P I -  P TO K LAM, 1178 
R2 F [-0.251 BAKER 78 DPWA 0 PI-  P T0 K LAM 3179 
R2 F THE (UNOETERRINEOI OVERALL PHASE OF ALL COUPLINGS FROM BAKERTB 3/79 
R2 F HAS BEEN CHANGED TO AGREE WITH PREVIOUS CONVENTIONS. 3 /79  
R2 H (--0.22) SAXON 80 D~NA 0 PI-  P TO K tam 12/79 
R2 H SUPERSEDES BAKER 78. 12179 

R3 N* t / 2 t l 6SOI  INTO [LAMBDA KIITOTAL [P~)  
R3 B (0,028[ APPROX. RUSH 68 HRWA T POLE * RESON. 8/69 
R3 B PARAMETR[ZATION USEO COULD BE IN DANCER DF DOUBLE COUNTING 

R4 N'112(1650[ INTO (N ETA}ITOTAL (P2) 
R4 B 10.0131 BDTKE 69 MPWA T POLE + RESON. tOlD9 
R~ B (0.03) (0.02) DEANS 69 MPWA T POLE * RESON. B/69 
R~ C (0 . [ 93  OR 0.27 CARRERAS 70 MPWA T POLE RESON. 8170 
R~ B PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
R4 C CARRERAS 70 USES REGGE POLES * RESONANCES. VALUES SUSPICIOUSLY LARG 

R5 N~LI211650) FROM GAMMA PROTON TD K LAMBDA SQRT(P3*P4( 9178 
RS (0.002(0R LESS ORIT02 89 CNTR K LAM PHOTOPRO TO/T1 
RS (0.00721 SCHORSOH TO DPWA K LAW PHOTOPRO. [017[ 
R5 (0 .0060 [  DEANS l [  MPWA GAM P-K LM.SOL O 9 /73  

R6 N*[22116501 FROM GAMMA PROTON TO ETA PROTON SQRT(P2*P4) 9/73 
R6 2 (O. OlOl) HICKS 78 MPWA GAM P-ETA P 9178 

R7 N'112(1650[ FROM P( N TO K SIGMA SQRT(PI*PD) 9/73 
R7 1 [0.113 LANGBEIN 73 IPWA Pl N-K SIG,S~L Z 9113 
RT B [ 0 . 066110  0 .137  DEANS 78 OPWA P IN  TO K SIGMA I [ / TS  
RT 5 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS. 1117B 
R7 [ 0 . 20 )  KNASEL 75 OPWA 0 P I -  P TO KO LAM 11 /7S  
R7 [-0.254) LIVANOS 80 DPWA Pl P TO K SIGMA 1/82'  

RB N* l / 2 (16501  FROM P l  N TO N '8 /2 (12321  Pl SQRT(Pl=PIZJ 11/7S 
R8 L ( -O.  I6 }DP -O . [B  LONGACRE 75 IPWA Pl N TO 2P[ N 11 /15  
R8 8 [ -0.2q) LONGACRE 77 IPWA P( N TO 2El N I1177 
RB 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 



Baryons 
N(1650), N(16?5) 
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Data Card Listings 
For notation, see key at front of  Listings. 

R9 N* I / 2 (E6BD[  FRCM P[ N TO N RHO,S=I/2,S-WAVE SQRT(PI*PIO) 11 /75  
R9 B L [0.23)0R +0.16 LONGACRE 75 [PWA P[N  TO 2P[ N I } / 75  
Rg ( - 0 . 17 )  LDNGACRE 77 IPWA P [N  TO 2RE N 1 } / 77  

RIO N*I/2(E650[ FROM P[N TO N RHO.S=3/2,D-WAVE SQRT(PI*Pll) 11 /77  
RiO 8 (-0.29) LONGACRE 77 IPWA Pl  N TO 2P[ N l l / 77  
RIO 8 LONGACRE 77 CONSIDER THIS COUPLING TO BE WELL DETERMINED. 

RE( N*I/2[1650) FROM P[N TO N EPSILON SQRT(PI*P7) [1 /75  
R I I  L [-0.2310R -0.25 LONGACRE 75 [PWA Pl N TO 2PI N 11/75 
RE( 8 (0.00) LONGACRE 7? ]PWA Pl N TO 2P[ N 11 /77  

R I2  N*I/2(L650) FROM P[N  TO ETA N SORT(PEEP2[ 12/79 
RL2 ] ( -0.00) BAKER 79 DPWA 0 Pl-- P TO ETA N 12/79 
R12 [ THIS COUPLING WAS FIXED OUR[NO FITTING. BUT THE NEGATIVE SIGN 12/79 
RIB I RELATIVE TO N(1535) IS WELL DETERMINED. 12/79 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A I  
A t  
A I  +0.066 0.042 MOORHOUS 73 DPWA 
At O.OZ9 O.OtB DEVENIS2 74 OPWA 
AI 0.058 0 ,018  KN IES  74 OPWA 
AI  +3 .012  0.018 HETCALF 74 OPWA 
A t  0 . 054  0 .008  MOORHOUS T~ OPWA 
AI +0 .0~  O. 018 CRAWFORO 75 OPWA 
AT (+0.0441 BARBOUR 76 DPWA 
A1 +0.088 0 .009  FELLER 76 DPWA 
AI  ~0 .004  0 .004  AZNAURYAN 77 OPWA 
AT +O.003  0.004 AZNAUBYAN T7 OPWA 
A[ 9 +0.04B 0.017 BARBOUR 7B DPWA 
A1 0*065 0.005 ARAI BO OPWA 
A[  0 .06E  0.005 ARAI 80 DPWA 
AI  0 .031  0 .017  CRAWFORD B0 DPWA 
AE . . . . . . . . .  
A I  AVERAGE MEANINGLESS ISCALE  FACTOR = 4.5) 

A2 N*1 /2 ( I 650 )  INTO GAM N,  HEL IC  ITY= [ /2  [GEV$~-I/2) 
A2 0 .010  0o04B DEVENISM 73 DPWA 
A2 -0 .072  0 ,066  MOORHOUS 73 DPMA 
A2 -0.006 0.031 DEVON[S2 78 OPWA 
A2 -0 .015  0 .035  KNIES 74 DPWA 
A2 -0.019 0.022 METCALF 74 DPWA 
A2 -0 ,027  0 .009  MOORHOUS 74 DPWA 
A2 - 0 . 103  0.010 CRANFGRD 75 DPWA 
A2 [ - 0 . 022 )  BARBOUR 76 DPWA 
A2 9 -0.04S 0 ,O24  BARBOUR 7B DPWA 
A2 O.OIO 0 ,020  ARAI BO DPNA 
A2 0 .00B  0 ,019  ARAI 80 DPNA 
A2 CRAWFORO BO OPWA -0 .068  O. O40 
AZ -O.01E 0 ,011  TAKEDA 80 DPWA 
A2 0.004 0.004 FUJI( BE DPNA 
A2 . . . . . . . . .  
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 3 .6 [  

66 N 'E /2 (16501  PHOTON DECAY AMPL{GEV**-I/21 

FOR DEFINITIEN OF GAMMA-NUCLEON DECAY AHPLITUDESt SEE MINI- 
REVIEW PRECEDING THE BARYON LISTINGS. 

N*112[1650( INTO GAM P, HEL[CITY=II2 (GEV*~-I/2) 
0.024 O.O3B DEVENISH 73 DPWA Pl N PHOTOPROO. 2/74 

PIN  PHOTOPROD. 2/73 
P IN  PHOTOPROD. 41TB 
P IN  PHOTOPROO. 217~ 
P [N  PHOTOPROO. 217~ 
P IN  PHOTOPROO. 217~  
PIN PHOTOPRO0. 1176 
P[N  PHOTOPRO0. 1 /76  
P IN  PHOTOPROO. 2 /77  
P[O PHTPRO,SOL I 1217R 
RIO PHTPRD,SOL B 12 /79  
P I -N  PHOTOPROD. 3 /79  
Pl N PHOTO FIT 1 12181* 
PIN  PHOTO ~IT 2 12181*  
P[  N PHOTOPROD. 12181*  

P[ N PHOTOPROO. 2174 
P IN  PHOTOPROO. 2173 
Pl N PHOTOPROD. 4175 
P IN  PHOTOPRDD. 2 /7~  
Pl N PHOTOPRO0, 2/74 
P IN  PHOTOPROD. 2176 
PIN  PHOTOPROD, 1176 
PIN  PHDTOPR~O. } / 76  
PI-N PHOTOPROD. 3/79 
P( N PHOTO F IT  1 12 /8L *  
P[  N PHOTO F IT  2 E2 /8Z*  
PIN PHOTOPRO0. 12181*  
P[ N PHOTDPROO, 12/81. 
PIN  PHOTOPROO. 12181*  

5 * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * *5 * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR NsE /2 [16501  

BRANOSEN 65 PL 19 420 

MICHAEL 66 PL 21 93 

BAREYRE 68  PR 165  1731 
DI}NNACHI 68 PL 26B  161 

ALSO 68  V IENNA 139 
ALSO 68  THESIS  

RUSH 68 PR E73 1778 

BOTKE 69  PR 180  EB IT  
DEANS 60  PR IB5  I 7~7  
ORITO 69 LNC 1 906  
ORITOB 69 INS J 113 

AYEO 70 K IEV  CONF 
CARRERAS 70  NP 16B 35 
DAVIES 70  NP 821  359  
SCHORSCH 70 NP 825 179 

WAGNER 71NP BZS 411  

ALNEHED 72 NP 860  157 
DEANS 72 PRD 6 1906  
DEVENISH 73 PL 478  53  
HICKS 73 PRD 7 2614  
LANGBEIN 73 NP 8 5 3  251 
MOORHOUS 73 PL 438  44  

DEVENISH 76  NP BB I  330  
DEVENIS2 74 PL 528 227  
KNIES 74 PRD 9 2680  
METCALF 74  NP 876  253  
NOORHOGS 74 PRO 9 1 

CRAWFORD 75 NP 8 9 7  12E 
DEANS TB NP B96 90 
KNASEL F5 PRO 11 1 
LONGACRE 75 PL BEB 415  

ALSO TB PRD 17 1795 

AYED 76 CEA-N-Ig21 
BARBOL~R 76 NP B l t I  35B 
FELLER 76 NP B104  219 

AZNAURYA 77 EF[-264(57)-77 
BAKER 77 NP B t2&  365  
LONGACRE 77 NP B122  493  

ALSO 76 NP 8108  365 

BAKER 78 NP B IA I  29 
BARBDUR 78 NP 8161 253 
BAKER 79 NP B156  93 
CUTKOSKY 79 PRO 20  2E39 

+ODONNELL, MOORHOUSE [DURHAM, RHEL[IJP 

C MICHAEL (OXF [  

P BAREYREt C BRICMANe G VILLET (SACLAY)IJP 
A DONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 
DONNACHIE RAPPORTEUR.S TALK (GLAS) 
R G KIRSOPP (EOIN) 
J E RUSH (UNIV ALABAMA) 

J C BOTKE (UCSBI 
S DEANS, J WOOTEN (UNIV S FLORIDA) 
S ORITO, S SASAKI (TOKYO-OSAKA} 
S ORITO ITHESIS) [TOKYO( 

R AYEOsP BAREYREt G VILLET (SACLIIJP 
B CARRERAS, A OONNACHIE (OARE,MCHS[ 
A DAVIES (GLASI  
+TIETGE,WEILNBOECK [NP IM [  

F WAGNER. C LOVELACE (CERN) 

÷LOVELACE [LUND,RUTGI I JP  
DEANS,JACOBS. LYONS.MONTGOMERY [SOUTH PLA . I I JP  
DEV ENISH,RANKIN,LYTH [LOJC+FONN+LANCIIJP 
÷OEANS.JACOBS,LYONS+ (CARN+ORNL~SOUTH FLA. IIJP 
LANGBEIN,WAGNER (MUNICH[IJP 
MOORHOUSE. OBERLACK IGLAS+LBLIIJP 

OEVEN[SH, FROGGATT, MARTIN(DESY,NORDITA,LOUC[ 
DEVENISH, LYTH,RANKIN [DESY,LANO,BONNIIJP 
KNIES,MODRHOUSE,OBERLACK (LBL,GLAS)[JP 
W J METCALF,R L WALKER (EIT)IJP 
MOORHOUSE,OBERLACK,ROSENFELD (GLAS+LBLHJP 

R L CRAWFORD (GLASIIJP 
+MITCHELL,MONTGOMERY.+ (SFLA.ALABA~A)IJP 
+L INDQUIST ,NELSON+ (CH IC ,WUSL~OSO,ANL) I JP  
+ROSENFELO.LASINSKhSMAOJA+ (LBL~SLAC[IJP 
LONGACRE~LASINSKItROSENFELO÷ [LBL,SLAC) 

AYED [THESIS[ (SACL) I JP  
1 .  M. BARBOUR,R. L .  CRAWFORO (GLAS)IJP 
+FUKUSHIMA.HORIKAWA.KAJIKAWA+[NAGOYA÷OSAKAIIJP 

+AKOPOV,BAGDASARYAN (YEREVAN PHYSICS INST.[IJP 
+BLISSET,BLOODWORTH,BROONE,HART+ (RHEL [ I JP  
LONGACRE~OOLBEAU [SACLIIJP 
DOLBEAU.TRIANTIS,NEVEU.CAOIET (SACL I } JP  

+BLISSET,BLOODWORTH, 8ROOME+ (RL+CANB)IJP 
BARBOUR,CRAWFOROtPARSONS (GLAS) 
+BROWN,CLARK,DAVIESvOEPAGTERtEVANS* (RHEL) I JP  
+FORSYTHfHENDRICKeKELLY (CARN+LBLIIJP 

HOEHLER 79 HANOBCOR OF PI-N SCATTERING. PHYSIK OATEN VOL.tB-} 
+KA ISERvKOCHePIETARINEN IKARLSRUHE [JR 

ALSO 80 TORONTO CONF 3 R.KOCH (KARLSRUHE)IJP 

ARA[ BO TORONTO CDNF 93 I .  ARAI (TOKY) 
CRAWFORD 80 TORONTO CONF 107 R.L.CRAWFORO (OLAS) 
CUTKOSKY 80 TORONTO CONF 19 +FORSYTH,BAECOCK,KELLY,HENDR[CK (CARN÷LBLPIJP 
LIVANOS 80 TORONTO CDNF 38 ÷BATON, COUTURES,KOCHOWSKI.NEVEU [SACLIIJP 
MUSETTE BO NC ETA 37 M. MUSETTE [BRUX)IJP 
SAXON 80 NP B162 522 +BAKER,BELL,BLISSETT,BLOODWO~TH+(RHEL*ORIS[IJP 
TAKEDA BO NP Bt6B 17 TAKEDA,ARAhFUJII.IKEOA.IWASAKI+ {TDKYI 
FUJI| 81N  p BEBT 53 FUJII,HAYASHII.IWATA,KAJIKAWA+ [TDKYI  

PAPERS NOT REFERRED TO IN DATA CARDS 

BAXEYRE 65 PL }8 062 ÷ BR[CMAN, STIRLING. V ILLET  (SACLAY)IJP 
JOHNSON 67 UCRL-IT683 THESIS C H JOHNSON ILRL) 
DEANS 69 PR l i t  2623 S R DEANS [UNIV  S FLORIDA) 
DONNACHI 69 NP LOB A30 A DONNACHIE. R KIRSOPP (OLAS+EOIN) 
AYED 70 PL 3 IB  598 +BAREYRE+VILLET (SACLAY) 
WINNIK 77 NP 812B  Bb +TOAFF,REVEL.GOLOBERG,BERNY (HAIFII  

g J 

IN(1B?S)I ..... ,2,, ........ /2 .... }/2 
1 m 

THIS RESONANCE IS WELL ESTABLISHED. 

64 N*1 /2 (1675 [  MASS (MEV[ 

M [1650.0} APPROX 8RANDSEN 65 RVUE PHASE-SHIFT ANAL 7166 
M I (2680.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M L WHERE CROSS SECT(ON IS GREATEST - EYEBALL FIT 
M 3 ([67B.01 DONNACHI 68 RVUE PHASE-SHIFT ANAL 6168 
M {1674 .0 )  DUKE 68 CNTR PI-P EL + POL 616B 
M 6 (1675.0) AYEO 70 [PWA L/7 l  

6 FROM ENER. D£O. F IT  OF ARGANO OIAGRA~ 
N 4 11669 .0 )  DAVIES 70 RVUE P-S ANAL SOl A 8 /69  
M 7 [ 1683 . )  ALMEHED 72 IPRA 
M 1652. TO 1687. CR&WFORD 75 OPWA 
M L Z660.  OR I660. LONGACRE 75 IPWA 
M L THE 2 SETS OF PARAMETERS ARE FROM METHODS I AND 
M I1660.[  AYED 76 ]PWA 
M (1687 , )  BARBOUR 76 DPWA 
M B IEbSOo)  LONGACRE TT [PWA 
M B ALL LONGACRET7 PARAMETERS ARE FROM SOLUTION $2, 
M B POSITION WHICH IS FROM SOLUTIONS SI AND CO. 
M 5 [1680oJ 8ARBOUR 78 OPWA 

5 SL~'ERSEOES 8ARB~UR 76. 
M {1680 . [  ( [ 5 . )  EUTKOSKY 79 [PWA 
M 1679 ,  B.  HOEHLER 70 IPWA 
M [L685 .01  CRAWFORD 80 DPWA 
M 1675. TO. CUTKOSKY 80 IRWA 
M 9 ( i bTO . )  SAXON BO DPWA 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64 N* I / 2 (E67S)  WIDTH IMEV) 

w 1 ( I3s.  O) 
W 3 (173.0) 
w 6 (143.0) 
w 4 l iE5.0 ) 
w 7 [tSO.) 
w t 65 ,  TO 185 .  
W L 145. OR 150. 
W 1146 . )  
N [172 . )  
W 8 ( 130 , )  
w 5 (19Z .  I 
W IB8.) 
W (IBO.) (30.)  
N 120. 15 ,  
w ( I g l .  O) 
w I60, 20. 
B 9 [ 40 , )  
W 
w AVERAGE MEANINGLESS (SCALE FACTOR 

SEE THE NOTES ACCOMPANYING THE 

2/72 
P IN  PHDTOPRCO. 1/76 
P IN  TO 2PI N 11175 

Z OF LONGACRE 75. 1117S 
11 /77  

P[ N PHOTOPROO. 1/76 
PIN  TB 2P~ N LL /77  

EXCEPT FOR THE POLE E1 /77  
E1 /77  

PI-N PHOTOPROD. 3/79 
B /70  

P IN  TO P [  N 12 /70  
P IN  TO Pl N 12 /79  
P IN  PHOTOPRDO. 121815  
P[ N TO P IN  1182 "  

0 P l -  P T0 KLAM 12 /T9  

BA N*IIBIEB75) REAL PART OF POLE POSITION (MEV) 11175 

RE 11663 .  l LONGACRE 75 [FWA P IN  TO ?P IN  1L175 
RE 8 I 649 .  OR 1650 .  LDNOACRE 77  IPWA P( N TO ZP I  N 11 /77  
RE (L66B . )  CUTKOSKY 79 IPWA P IN  TO P [N  12170  
RE I 660 .  10 .  ~UTKOSKY 80  IPWA P IN  TO PIN  1 /82 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64  N* l / 21E675 [  - 2 * [MAG PART OF PCLE PCSIT ION (MEV) 11175  

IN (1~6 . )  LONGACRE 75 IPWA P IN  TO 2Pl N 11175 
IM 8 127. OR 127. LONDACRE 77 IPWA P IN  TO 2P I  N 11177 
[M ( I 50 .  l CUTKOSKY 79 IPWA P l  N TO Pl N 12 /T9  
[M tAO. 10. CUTKOSKY 80 TPWA P IN  TO Pl N 1182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64 N*1 /2 ( I 675 [  REAL PART OF ELASTIC PCLE RESIDUE (MEV) 

PER (33 , (  CUTKDSKY 79 [PWA P [  N TO P l  N 12179  
PER E7. 5. EUTKOSKY 80 IPWA P[ N TD P [N  1/82" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E4 N'11211675) IMAG PART OF ELASTIC POLE RESIDUE [MEV) 

IMR ( - i [ . )  CUTKOSKY 79 IPWA P IN  TO P IN  12/79 
[MR -16. 5. EUTKOSKY BO IFWA P IN  TO Pl N 1182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BAREYRE 68 RVUE 11 /67  
DONNACHI 68  RVUE 6 /68  
AYEO 70  IPWA 1 /71  
DAVIES 70 RVUE SOL A AND 8 8/69 
ALMEHED 72 IPWA 2178 
ERAWFORD 75 DRWA Pl N PHOTOPROG. 1176 
LONGACRE 75 IPWA P( N TO BP[ N 11175 
AYEO 76 IPWA 11177  
BARBOUR 76 OPWA P( N PHOTOPROD. 1/70 
LONGACRE 77 IPWA P IN  TO BP I  N 1E /77  
BARBOUR 7B DPWA PI-N PHOTOPRO0. 3/79 
BAKER 79  DPNA 0 P I -  P TO ETA N 12 /79  
CUTKOSKY 70 IPNA  P IN  TO P [  N 12 /79  
HOEHLER 79  IPNA P IN  TO P IN  12 /79  
ERAWFORD 80 OPWA Pl  N PHOTOPROO. 12/81' 
EUTKOSKY 80 IPNA P[N TO P IN  11825 
SAXON BO DPWA O PI- P TO KLAM I2179 

= 1 ,6 )  
MASSES QUOTED. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N( 1675) 

:: 
:: 

:: 
:: 
:: 
:: 
:: 
43 

:: 

:: 



Baryons 
N( 1680) 

202 

Data Card Listings 
For-notation, see key at front of Listings. 

:: 
:: 
AI 

5 

l”ERIGl 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1680), N(1700) 
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Baryons 
N( 1700) 

Data Card Listings 
For notation, see key at front of Listings. 

FACTOR = L.6, 

t***** ******t** (I******** t*tt**tt* *t*tt*** 

1700 MEV REGION - PRODUCTION EXPERIMENTS 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N( 1700) 

PP ** GE”lC 
PI- P TO PI- MS 
PI+ P I7 5 GC”,C 
PI+P, 5.5 GE”,C 

t 
. 
l 

+ 
t- 

+ 

PIP->P+X,JCBN PX 

PI-P TO PI- OH P 
P,+P TO WI P 

PI-P TO 3PI P 

PB6.R P 5.7 GE” 
PBAR P 5.7 GE” 
P TO *N*.U=*%” 

PP TO ZW.W.3,G” 
PP TO ZW.Y.53G” 
Kt P TO K PI N 



Baryons 
N( 1700). N( 1’710) 

206 

Data Card Listings 
For notation, see key at front of Listings. 
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Data Card Listings Baryons 
For notation, see key at front of Listings. N( li’lo), N( 1720) 



Baryons 
N( 1720), N( 1990) 

208 

Data Card Listings 
For notation, see key at front of Listings. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
N(1990), N(2000), N(2080) 

___--_ ______-__ __---.-_ __----__ ___--.-_ 
06 N.l,ZlZOOOl YlDTH ,ME”I 
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Baryons Data Card Listings 
N(2080), N(2100) For notation, see key at front of Listings. 



Data Card Listings 
For notation, see key at front of Listings 

Baryons 
N(2100), N(2190) 

70. 



Baryons 
N(2190), N(2200) 

212 

Data Card Listings 
For notation, see key at front of Listings. 

*fl*** **t****** ******t** ********* ******I** l ******** *****t*** l ******* 

REFERENCES FOR N*l,Z,*L901 

l **** ****~*** ****t**** ********* l ******** ******tt* t*******t ******t* 

t-t** l ***“*** ********* l ****tt** ****t**tt ********* *tnt**t* ******et 

_____ ________ _________ ____-.-_. _______i_ ------ -------- -------- 

2200 MEV REGION - PRODUCTION EXPERIYENTS 

,” . . . . . . . . . 
AVERlGE *E*NINGLESS ,SCALE FlCTDR = 1.71 

___ _______- _-____ _--_-_ 
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Data Card Listings 
For notation, see key at front of Listings. 

l n*** l ***n**. *****tt** ****tt*** tt***ttt* *t****tt* tt**t***. ******** 

__ 

___- ____-_- ------ __-____- -__---- _______ ________ 
90 N*,,Z,*ZZO, -2.,U.G P&R, OF POLE POSiTION IMEVI 

____ __--__ ------ --__--___ -__---_ __----- ------ _---_ 
90 Ntl,Z,ZZ*O, REPL PLRT OF EL157,C POLE RESIDUE ,nw, 

____ __-_ -___-- --__---- -------_ _---- --_____ --____-- 
90 NtL,*,ZI*O, IMAG PART OF ELASTiC POLE rlESID”E ,REYI 

_--- -------- ____ __--__- ----~ 
90 N*,,Z,**ZO, PlRT,lC DECA” MODES 

_-_-_ _____ ______ _______-- ___----_ _____-- _--_____ .--_-.. 
90 N*L,Z,ZZZOI BRLNCHINC R8.TIOS 

Baryons 
N( 2220), N( 2250) 

ISPCLIIJP IIND+LBLIIJP ,*NOllJP 

:: 
_-__- 

:: 

RER 
RER 

_--- 

IMR 
I MR 

;: 

P3 

:: 

:: 

:: 
RI 
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Data Card Listings 
For.notation, see key at front of Listings. 

Baryons 
N(2600), N(2650), N(2700), N(2800) 

1 N(2600) 1 L20 N*L,Zl*bOO. JP=**,z-I l=l,* LJ I 
111 

**t*** ****t**** l ******** ***t*t*** l ******** ****t**t* ********* ***t**** 

REFERENCES FOR N’llZ126001 

_-_- ---- ------ ______-_ -____---_ __- __--- _---_. 

____ _______ ___-___ ____-____ --__---- ----- ------ __--. -- 

_____ ____-_- -__--__ ---_--___ _____-_-- ----__-. ------- __-- -__ 

***** I***“*** l *t***t** ********* ****t*t** *t**t***t **tt*t**t ******** 

*y t***tt*** :******** l *t*t***t l *t***t** l *t*t**** l ******** **t***.t 
* 

I lN(2700)l **I N*,,Z,2100, JP=,3/2+, l-l,* I K 

*es*** l ***t**** l *t**t*** *t*tt**** t*t****** *****t*** l ******** *******t 
****** *t**“*t* l ******** **.****** **t****** t****t*** tt”***** .*t***.* 

, 1 N(2800) 1 *z* N**,Z,2800. JP19,2-I ,=I,2 L&.l G" 

1 --_-_ __---__- - _---- --------- ____-___ --_-- _----__ _.-__ __. 
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Data Card Listings Baryons 
For notation, see key atfront of~&ings.N(>3000), N(3030), N&3245), N(3690). N&3755) 

>3000 MEV REGION - FORMATION EXPERIMENTS 

-----_ ___.-___ 
1ZB N.1,21>30001 Ml5.S ,ME”, 

*It** l ***n*** t*t***ttt t***tt*** tt*t****t *t****ttt t*******t l *****tt 

_-___ -_-___ -_____ _________ _________ 

--___ -___--_ __--__-_- ____-____ _________ __-___ ________ ______ 

--- ------- __----__- --_____-_ ____-_- _______ _______ 

l tt*** t*tt”t*t l *t*ttt** t*t*****t **tttt*t* l ******** t**tt**** *****et* 

REFERENCES FOR **1,2,30301 IPROO. EXP., 

_-___ _______ __--___ -________ -.--___- ______ 
14 N* 12132651 P)IRT,IL DEClY “ODES ,PROD. EXP., 

DECb” MASSES 
P, PiI 12132451 lhT0 PI N 139. 938 

__-__--_ ___---_ ________ 
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Baryons 
A(1232) 

****I* l ****t*** .t*****t* ****ttt*t *****it*** *****t*** ****t**** ******Cl 

l “*** l ***t*.*t *****t*** *t******* l *t*t**** **tt***** *t***.t** ***ttt** 

S=O I=3/2 NUCLEON STATES (A) 
t"t** l ***t**** ,**t***t* **I****** *******It I******** l t.****t* *t****,* 
l *.*** I*******. ***.****t ******t** ***t***t* et******* I******** ******t* 

Data Card Listings 
For notation, see key at front of Listings. 

.-.-- --- _----____ --_______ ___--__ _______ 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A( 1232) 

1232 YEV REGION - PRODUCTION EXPERIMENTS 
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+POIRET+,*ONS+SERP*S~~~~.~~~-~~~*~”~”~~~~‘, 

*****tt** ti*****t* ****lit*** t****t*** ****.*** 

****.**** l ******** **t****** lit******* **t***** 

Data Card Listings 
For .notation, see key at front of Listings. 

: 
w 
w 
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Data Card Listings Baryons 
For notation, see key at front of Listings. A( 1600), A( 1620) 
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Baryons 
A( 1620), A( 1700) 

41 
4, a”En~GE’s;bfirfiG;E;~.,~c~~~ Fl\CTOR = 2.91 

l *t*** l ******** tt***tt** **t***t*t ttt*****. t*****t*t ********* ***t**** 

Data Card Listings 
For notation, see key at front of Listings. 

_-_-- __---__ .-___-_ __----___ -.___---_ _---__- ____--__ _---___ 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A( l?OO), A( 1900) 

: 
. . . . . . . . . 

AYERbGE “EANINGLESS ISCALE FACTOR = 1.0, 

.____ ---_- __----- ------ _____- _______ ________ 

30 N.3,*,,900, WDTH ,ME”, 9113 

AZ . . . . . . . . . 

PZ AVERAGE WININGLESS ,SCALE FLCTOF. = 3.61 

***t* l ****t*tt l **,***** *t***t**t **ttt*t** l ******** l t*****tt l tt**t*t 
_____ ____-_- -_______ _______ ________ 

****** t******** ********* t**t***** l **.t***. l ******** *t*.***** *it***** 
REFEllENCES FOR N*3/*,19001 



Baryons 

222 

Data Card Listings 
A( 1900), A( 1905) For notation, see key at front of Listings. 

R 
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Data Card Listings Baryons 
For notation, see key at front of Listings. A(l905), A(1910) 

____ 

.____ ________ -_____-- -----.--- ------ ______ _______ 
12 N*3,*,,9,0, BRLNCHING RLTlOS 

: : 
w * 

: : 
Y 9 t*tt* ****L**t l **tt*t** l ******t* l ******** ****t*** ****t**** l ******. 

REFERENCES FOR N+3/*IL9101 : 
8 : 5 



224 

Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A( 1910), A( 1920), A( 1930) 
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Data Card Listings 
For notation, see key at front of Listings. 

--___ ____-___ ___-___ _________ ________ ______ _-____ _______ 

Baryons 
A( 1930), A( 1940), A( 1950) 

_____ __--__ ________ ____..--- ____-__ 
83 N*3,2,,950, HAS lME”l 
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Baryons Data Card Listings 
A( 1950) For notation, see key at front of Listings. 

*.**** *t******* *I******* ****t**** ********* **t**t**t t***tt*** ******tt 

****** *******I* t**t*.**, t*******. *******t* *****t**t ***t***** ***et**. 

1950 MEV REGION - PRODUCTION AND urna EXP'TS 

10 Nt3,211950, JP= , 1=3/z PROO"CT104 EXPERI*tNTS 
TEE THE n,N,-nt",Eu PRECEOlNG THE N &ND DEL,& LlZTfNGS 
FOP. 4 D,SC"SSION OF PRDD"CTION EXPERlHFYTS 

DltP LO.3 GE”,C 

PEIR P 7.2 BE”,‘ 
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Data Card Listings 
For notation, see key at front of Listings. 

________ ________ _________ _________ _____--- --------- -.-...-. 
10 N*3,*,,950, BRANCHING RATLCS IPROD. EXP., 

*et*** *****t*** **t,***t* ********* *tt****** *t****t** t*******. ******** 

REFERENCES FOR N*3/2,,950, IPROD. EXP., 

____ ________ -_-_-- _________ ______-- -------- -------- 
137 N*wZIZ1501 nfiss IHE”) 

Baryons 
A( 1950), A(2150), A(2160). A(2200) 

,***** l **t**** ***,*t**t ********* *ttt*t*t* ***t***** l *t**ttt* **t***** 

REFERENtES FOR N*,,212,501 

IPt** *it**“.** ********* ****t**t* ********t I******** *******tt ***t**** 
I**** *t******t ****a**** l ******** l t***ttt* t*.*****t **lt*.t** ***t**** 

_ _______ ________ _________ ________ _______ _______ _______ 

.____ ______ _________ ______-_ ___------ _______ ________ 

_____ _-_---_ 

_ ______ ________ 

et*** l **tt**t* l *****t** l **t*t**t t***.**** l t**t**** t*****t** **t***** 

REFERENCES FOR Nt3/*,2160, 
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Baryons 
A(2200), A(2300), A(2350). A(2400) 

,oz* 
,,w* 
lm** 

L,82* 

_____ _______ __-_____ _-_______ -____- ---__-- ------- -_-_---. 

_____ ___-___ _______ _________ ________- _-__- -----_ ____-.-_ 

____ __-__ ______ _________ 

____ _______ _-_____ _.__-___ ----____ 

Data Card Listings 
For notation, see key at front of Listings. 

et**** t*t****** *t*****t* t******** *****t*** ***t***** l *t****** ******** 

REFEr(ENCES F”R N*3/2123001 
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Data Card Listings 

For notation, see key at front of Listings. 
Baryons 

A(2400), A(2420) 

_____ ______ _______ _____-___ ____-___ _-__-__ __--_- -_______ 

Et: *vERncE’*;Al;I;G;E;s’L;C;LE FACTOR = 1.0, 

I”*** l ******** l **.***** l **.****t t***t*t** **ttt*t** **tt*tt** t******. 
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Data Card Listings Baryons 
A(2420), A(>2500), A(2750) 

l ***** I******** .**t,**** l ******** ********* I******** ****t*t** l *t***** 

*et*** ******** *******tt l ******.* ********I **t****t* ******.*t ***tt*t. 

For notation, see key at front of Listings. 

>2500 MEV REGION - FORMATION EXPERIMENTS 

: 
. . . . . . . . . 

AYERIM MEbNlNGLESS ISCPLE FACTOR = 2.31 
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Data Card Listings Baryons 
For notation, see key at front of Listings. A(2850), A(2950), A(3230), EXOTIC NUCLEONS 

____ _______ _______ ______--- -___----------- 
PS N.3,2,2850, PART,IL DECA” HODES ,PROD. EXP.I 

OECb” MASSES 

___ _______ ________ -________ ----__-- 

_____ _______ -_--___ -------- ___ _______ ________ 

_____ _____ __---___ -.------ ________ _______. 

____ ________ -__-__ ______--- ___----- _____ ___-___ ______. 

.____ ________ --______ ..-.-_--- -.------- -------- -------- -------- 

#“III *t******* I******** *****t*** *t**t*t** ********* It******* **.***** 

REFERENCES FOR hl*3,2132301 ,PROD. EXP.1 

l tt*** l *t****** t**t****t t*tt***** ********* ********* l .******* t**t**** 

****** **I****** *t**tt*** *t*t***** ****t**** t*t*t**** *****t*** l *t***** 

EXOTIC NUCLEONS - 1400-1700 MEV REGION 

_____ ________ _______ _________ _________ _______ _______ ________ 

ts B 
cs B 

a”*** l ******** t***t**** l ******** l **t*t*** l ******** l **t****t ****il.** 

REFERENCES FOR EXll*00-1100, 
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Baryons 
Z*‘s, Z,( 1780) 

Data Card Listings 
For notation, see key at front of Listings. 

Note on the S = +l Baryon System References 

The evidence for S = +1 baryons was thoroughly 

reviewed in our 1976 edition, 
1 
and has been 

reviewed more recently by Kelly' and by Oades. 
3 

In the last few years the results of several 

new experiments have appeared. In particular, the 

K+n charge-exchange polarization data of WATTS 80 

(for references in this form, see the Listings that 

follow), the K+n elastic polarization data of 

ROBERTSON 80, and the 
<p 

+ K,"p data of CAMERON 78, 

ENGLER 78, and CORDEN 79 provided badly needed new 

constraints on the I = 0 KN amplitudes. 

Three new phase-shift analyses have been 

reported since our last editfon. Energy- 

independent analyses were made by Martin and 0ades4 

in the I=0 and I=1 KN channels, and by WATTS 80 in 

the I=0 and I=1 channels simultaneously. CORDEN 82 

made an energy-dependent analysis of the I-O chan- 

nel. 

1. Particle Data Group, Rev. Mod. Phys. 48, S188 
(1976). 

2. R.L. Kelly, in Proceedings of the Meeting on 
Exotic Resonances (HUPD-7813) (Hiroshima, 
1978). ed. I. Endo et al. 

3. G.C. Oades, in Low and Intermediate Energy 
Kaon-Nucleon Physics (1981), ed. E. Ferrari 
and G. Violini. 

4. 

5. 

6. 

B.E.I;@gtin and G.C. Oades, in Proceedings of 
International Conference on Baryon 

Resonances (Toronto, 1980), ed. N. Isgur. 

R.L. Jaffe. Phys. Rev. D15_, 267 (1977). 

R.L. Jaffe and F.E. Low, Phys. Rev. m, 2105 
(1979). 

7. J.J. de Swart et al., in Proceedings of the 
IVth International Conference on Baryon Reso- 
nances (Toronto, 1980), ed. N. Isgur. 

a. C. Roiesnel, Phys. Rev. z, 1646 (1979). 

****t* ****.t*** ********* l ******** t******tt t***tt*** l t*****tt **t*t*t* 
****** **t****** l **.**t** t*****t** *t.*t*ttt t**t****t t*****tt* tttt**tt 

All analyses agree there is little real evi- 

dence for classical Breit-Wigner Z* resonances. 

The Argand diagrams for the PO1 and P13 amplitudes 

exhibit counterclockwise movement, but there are no 

corresponding speed maxima. However, the parametr- 

izations of MARTIN 75 and ARNDT 78 for the P13 

amplitude do have unphysical-sheet poles. The 

recent low-energy K+p elastic polarization data of 

LOVETT 81 can be well described either by the 

analysis of ARNDT 78 (which used preliminary data 

of LOVETT 81), or by other analyses not requiring 

structure in the PI3 amplitude. 

The multi-quark states predicted by Jaffe' in 

the MIT bag model should be most easily observed in 

the KN system. Jaffe and Low6 showed that such 

multi-quark states need not appear as classical 

resonances in hadron-hadron scattering. Rather 

they would manifest themselves as poles in the P- 

matrix, which connects the discrete quark states 

inside the bag with the physical scattering states 

outside. De Swart et al. 
7 
have predicted the low- 

lying multi-quark states which might be seen in the 

KN channel, and Roiesnel' (using the partial-wave 

analysis of MARTIN 75) and CORDEN 82 have found 

such P-matrix poles. However, the agreement with 

the predictions of de Swart et al. is not com- 

pletely compelling. 

S=l I=0 EXOTIC STATES (Z,) 
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Data Card Listings 
For notation, see key at front of Listings. 

_-___ _-__-_- __-_-_ .-____--_ ___--__-- ---_--_ ----_-- .-_____. 
96 Z.OlLBbS, nass ,MEY, 

_-___ -__--- ______ _________ _________ _____-_ _-____ _______ 

l “*** l t**l*** tttttt*** t**tt***t ******t** **t***t*t tt******t l ****.** 
*a8*** l **t*t*** ***t***** ***tt*t** *****t*** l ******** I******** *******a 

Baryons 
Z,( 1780), Z,( 1863, Z,( 1900) 

,*t*** l t***t**t l *t*.**** l *******t *****t*** *****,*** t****t.*t l t.t**.t 
*U*** l ******** l ****t*** ********* l **t****t l ****t*** l ***ttt** *t*t**t* 

S=l I=1 EXOTIC STATES (Z,) 
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Data Card Listings Baryons 
Z,(1900), z,(2150), Z,(2500) 

t-t** l *******. t**tt**t* *******t* l ******** l ******** ***tt**** ******.* 

*“*** l ***9)*** t******** t******** ********* t******** t******** ****lit** 

For notation, see key at front of Listings. 

Z, CROSS SECTION LIYITS 

*t**** ***rntt* t**.t***t ***t****t ttt*****t l **ttt*.* **ii****** **,****. 

REFERENCES FOR z*, CROSS SECTION LIMITS 

****** ********t t.***tt** *******tt t****t*** ********* ********* ******** 
**a*** l *t*.*t** l *t**t*t* l tt*****t t******** t******** ********I I*/***** 
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Data Card Listings Baryons 
For notation, see key at front of Listings. h’s and E’s 

Note on h’s and C's 

The number of established Y* resonances is 

still slowly increasing. In 1978 two l\'s and one c 

were promoted to the Baryon Table, in 1980 none 

were promoted, and in this edition two A'S have 

been promoted. There remain, however, a large 

number of proposed but unconfirmed resonances in 

the Data Card Listings. Table I is an attempt to 

evaluate the status, both overall and channel by 

channel, of each Y* in the Listings; the evalua- 

tions are of course partly subjective. A blank 

lndlcates there is no evidence at all: either the 

relevant couplings are small or the resonance does 

not really exist. The Baryon Table includes only 

the well-established resonances (overall status 3 

or 4 stars). Any particular one of the question- 

able resonances may disappear with the next 

analysis, but there are probably many new reso- 

nances underlying those already established. 

None of the Y*'s proposed in the last few 

years couple strongly to the main 2-body decay 

channels Nz, An, and IIT, and thus they seldom 

appear in cross sections or invariant mass distri- 

butions. Rather, when the reactions EN -+ &, 

% + AT, and & + CTI are partial-wave analyzed, 

some of the amplitudes are found to traverse small, 

more-or-less resonance-like counterclockwise clr- 

cles. The question in each case is: Is this 

really a resonance, or is it an Idle meander? Is 

the effect even real, or is it the result of imper- 

fect data and analysis procedures? 

I. Formation Experiments 

(by G.P. Gopal, Rutherford 
and Appleton Laboratories) 

Partial-wave analyses have been made mainly 

for the NE, An, and Es channels, but there are also 

a few results for the EK, AU, and some quasi-2-body 

channels. The earliest analyses covered, in the 

main, rather narrow mass ranges, usually the range 

of a single bubble chamber experiment. Although 

the amplitudes obtained often did not join smoothly 

with those from other analyses of the same channel 

performed in neighboring mass ranges, they gave 

useful and fairly reliable information about the 

strongly coupled resonances dominating the middle 

of the ranges covered. The more recent analyses 
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covering much wider mass ranges have found that 

using these established dominant states as input 

provides extremely useful constraints in determin- 

ing the overall partial-wave amplitudes and thus in 

getting information about the less strongly coupled 

resonances. Besides covering wider mass ranges, 

some of the more ambitious analyses have treated 

several channels simultaneously so that unitarity 

constraints are automatically satisfied and only a 

single mass and width is obtained for each reso- 

nance. The early multi-channel analyses 
l-3 

included the channels Ni, Ar, and CT, and covered 

the only mass range (1500 to 1900 MeV) with data of 

relatively good statistical accuracy, nearly all of 

it from a single bubble chamber experiment. 4 

The amount of bubble chamber data has since 

been considerably increased below,5 across, 6 and 

sbove7 the range covered by that experiment, and 

there are now data with lower statistics up to 2500 

MeV. 8 More recently, counter experlments have made 



Baryons 
h’s and Z’s 

major contributions by measuring the K-p -t ?n 

total and differential cross sections at low ener- 

gies,' the K-p polarizations down to 1630 MeV for 

the first time, 
10 

the K-p polarizations over the 

range 1700 to 1900 MeV with an order of magnitude 

increase in statistics, 
11 

the pure I=1 K-n elastic 

angular distributions from 1600 to 1800 MeV 
12 

and 

from 1900 to 2300 MeV, 
13 

and the 180' K-p and 0' 

C-r' differential cross sections from 1550 to 1900 

MeV. 
14 

There are also new data with good statis- 

tics on pure I-1 {p interactions in the Ax 
+ 

and, 

more importantly, the co,+ channels 15-17 . Finally, 

there are new K-n * (CT)- data over the range 1750 

to 2200 MeV.18 All these new data provide sensi- 

tive tests of the overall correctness of existing 

competing partial-wave amplitudes. Some of the new 

data have yet to be incorporated into new analyses. 

In the following, we discuss the more recent 

partial-wave analyses, comparing them with each 

other and with the new data. 

The NT channel: The most recent analysis of 

this channel is an update 
19 

of the old Rutherford 

Lab-Imperial College (RLIC 77) analysis. 
20 

As was 

its predecessor, it is a conventional energy- 

dependent analysis with the added constraint that 

the masses and widths of the resonances must be 

consistent with those determined in the inelastic 

channels analyzed previously -- AT, XV, A(1520)~r, 

C(1385)n, and NE*(892). With good angular distri- 

butions now available at lower energies, 
5 

the 

analysis goes closer to threshold: the range 

covered is 1470 to 2170 MeV. With the exception of 

the very high-statistics charge-exchange differen- 

tial cross-section measurements' (which are in 

serious disagreement with both the earlier and the 

latest6 high-statistics bubble chamber measure- 

merits) and the backward elastic data, 
14 all the new 

NiT data mentioned above have been included. As 

before, angular distributions (a total of 5110 data 

points) have been fitted directly. The new 

partial-wave amplitudes are not significantly dif- 

ferent from the old RLIC 77 amplitudes for this 

channel. However, the inclusion of the I=1 K-n 

data has removed some of the uncertainties in the 

I-l Y* spectrum. 

The LBL-Mt. Holyoke-CERN analysis 
21 

covers the 

Data Card Listings 
For notation, see key at front of Listings. 

narrower range of 1500 to 1940 MeV and also 

includes most of the new data. It is an energy- 

dependent analysis using a unitary background 

parametrization in terms of scattering lengths. 

The cusp effects at the An and ZD thresholds are 

included by introducing a square-root singularity 

in the energy variation of the widths of the 

corresponding resonances. The inclusion of their 

own high-statistics charge-exchange data' -- admit- 

tedly not in good agreement with bubble chamber 

measurements -- all but kills the less well- 

established resonances. 

The University College, London (UCL) K-matrix 

energy-dependent analysis 
22 

covers the range 1540 

to 2000 MeV. The Nz amplitudes are consistent with 

those of the other analyses over the greater part 

of this range. However, at the low-energy end 

there are considerable differences, indicating the 

lack of strong constraints from the dominant DO3 

A(1520) state -- just below the range covered. The 

new K-n angular distributions and K-p polarization 

measurements are not very well described by the 

amplitudes from this analysis. 

These analyses, all below 2200 MeV, are com- 

plemented by the College de France-Saclay (CdF-S) 

energy-dependent analysis' covering the range 2070 

to 2440 MeV. Besides the conventional polynomial 

parametrization of the background amplitudes, they 

also tried a more economical parametrization with 

constraints imposed from the duality hypothesis 

(that s-channel backgrounds come exclusively from 

the t-channel Pomeron exchange amplitude). With 30 

fewer free parameters, the results are consistent 

with the more conventional approach. 

The Clr channel: There are no new analyses of 

this channel. There is very little agreement, par- 

ticularly in the lower partial waves, between the 

amplitudes of the two multi-channel analyses. 
20,22 

The low energy {p + x0x+ data15'16 are better 

explained by the RLIC 77 amplitudes than by the UCL 

amplitudes. At the higher mass end there is good 

continuity between the RLIC 77 amplitudes and those 

of the single-channel analysis of the CdF-S colla- 

boration8 covering the range 2070 to 2440 MeV. The 

two strongly coupled resonances, DO3 A(1520) and 

GO7 A(ZllO), lying below and above the mass range 

covered by the UCL analysis, clearly provide strong 
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For notation, see key at front of Listings. 

Baryons 
h’s and C’s 

constraints on the amplitudes. 

The Aa channel: This pure I=1 channel, where 

simultaneous measurements of the polarization and 

differential cross section are possible, has been 

the subject of many wide-range energy-dependent and 

energy-independent analyses (for example, RLIC 

77 2o I UCL, *2 Baillon-Litchf ield, 23 de Bellefon- 

Berthon, 
24 and Van Horn25). However, even the 

widespread use of the method of Barrelet zeroes has 

not helped to resolve the I-l Y* spectrum -- prob- 

ably because most of the I=1 states do not couple 

strongly to the initial NE channel. 

Quasi-*-body channels: The RLIC group has 

made energy-dependent analyses of the h(1520)1~, 

C(1385)r, and NE*(892) channels over the widest 

ranges for which data are available. The data are 

extracted from the appropriate 3-particle final 

states by making 4-variable fits to an incoherent 

superposition of quasi-2-body final states and 3- 

particle Lorentz-invariant phase space. The qual- 

ity of the fits suggests a maximum model-dependent 

systematic uncertainty of 10%. The errors quoted 
* 

on the Y couplings do not include this uncer- 

tainty. The AW channel has been analyzed from 

threshold to 2440 MeV by the CdF-S collaboration. 8 

Figures : Argand plots of fifteen S=-1 partial 

waves are shown in Fig. l(a) through (k). The ana- 

lyses shown were picked for illustrative purposes 

rather than on the basis of our judgment of their 

quality. For the & channel, we show the ampli- 

tudes from RLIC 77 
20 

and from LBL-Mt. Holyoke- 

CERN, and for the Ax and C* channels those from 

RLIC :z2’ and from UCL. 22 

Errors on masses and widths: Often the errors 

quoted on resonance parameters from partial-wave 

analyses are only statistical, and the parameters 

can change by more than these errors when a dif- 

ferent parametrization of the waves is used. 

Furthermore, the different analyses use more or 

less the same set of data, so it is not really 

appropriate to treat the different determinations 

of the resonance parameters as Independent measure- 

ments or to average them together. In any case, the 

spread of the masses, widths, and branching frac- 

tions from the different analyses is certainly a 

better indication of the uncertainties than are the 

quoted errors. In the Baryon Table, usually a 

range reflecting the spread of values obtained is 

given rather than a particular value with error. 

For three states, the A(1520). the A(1820), 

and the X(1775), there is enough information avail- 

able to make an overall fit of the various branch- 

ing fractions (see Sec. VII B of the main text). 

It is then necessary to use the quoted errors, but 

the’errors obtained from the fit are not to be 

taken seriously. 

II. Production Experiments 

Partial-wave analyses of course separate 

tial waves, whereas a peak in a cross section 

invariant mass distribution usually cannot be 

disentangled from background and analyzed for 

par- 

or an 

its 

quantum numbers; and more than one resonance may be 

contributing to the peak. Results from partial- 

wave analyses and from production experiments are 

generally kept separate in the Listings, and in the 

Baryon Table results from production experiments 

are used only for the low mass states. The C(1385) 

and h(1405) of course lie below the s threshold 

and everything about them comes from production 

experiments; and production and formation experi- 

ments agree quite well in the case of A(l520) and 

results have been combined. There is some 

disagreement between production and formation 

experiments in the 1600-to-1700 MeV region: see 

the C(1620) and X(1670) notes for details. 

The most interesting recent result from a pro- 

duction experiment is the observation of a narrow 

hyperon of mass 3170 MeV decaying to multi-strange 

final states containing five or six particles 

(A/cc + pions, EK + pions). The effect is seen in 

two high-statistics bubble chamber experiments 

studying K-p Interactions at 6.5 and 8.25 GeV/c. 26 

The statistical significance of the peak is about 

6.5 standard deviations, and the observed width is 

consistent with the experimental resolution. The 

nodes with three strange particles possibly suggest 

an exotic (e.g., qqqq;) state. 

References 

(see also the Listings) 

1. J.K. Kim, Phys. Rev. Lett. 27, 356 (1971). 
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h’s and Z’s 

iiN-KN PO1 AMPLITUDE 

Data Card Listings 
For notation, see key at front of Lisi:l’ngs. 

Fig. l(a). The L.I.2J = 
nels. The lower plot 

SO1 and PO1 partial-wave amplitudes for % scattering in the elastic and Cn chan- 
for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 

from ALSTON 78, and the upper plots for the Xa amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi- 
tions [the SO1 A(14051 is of course below threshold and is not shown]. The real and imaginary parts of the 
amplitudes as functions of energy are shown projected in alignment with the Argand plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
h’s and Z’s 

Fig. l(b). The L.Ia2.J - PO3 and DO3 partial-wave amplitudes fork scattering in the elastic and I* chan- 
nels . The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the CIT amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi- 
tions. The real and imaginary parts of the amplitudes aa functions of energy are shown projected in allgn- 
ment with the Argaod plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

i?N+nZ DO5 AMPLITUDE 

h+nE F05 AMPLITUDE 

Fig. l(c). 
nels. 

The L.I.ZJ = DO5 and F05 partial-wave amplitudes for I(N scattering in the elastic and Zn chan- 
The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 

from ALSTON 78, and the upper plots for the Cw amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonances are shown at their nominal posi- 
tions. The real and imaginary parts of the amplitudes as functions of energy are shown projected in align- 
ment with the Argand plots. 
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For notation, see key at front of Listings. 

100 
iZN-iZN F07 AMPLITUDE 

Baryons 
h’s and Z’s 

ihu+nL GO7 AMPLITUDE 

Fig. l(d). The L*I*2J - F07 and GO7 partial-wave amplitudes for kl scattering in the elastic and XIT chan- 
nels. The lower plot for each amplitude is from RLIC 77, the upper plots for the elastic amplitudes are 
from ALSTON 78, and the upper plots for the EIT amplitudes are from MARTIN 77. In the Argand plots, the 
ticks are at integral multiples of 50 MeV, and the established resonance is shown at its nominal position. 
The real and Imaginary parts of the amplitudes as functions of energy are shown projected in alignment with 
the Argand plots. 
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Data Card Listings 

A’s and Z’s For notation, see key at front of Listings. 

(qQ____---iji, 
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Data Card Listings 
For notation, see key at front of Listings. 

Pll AMPLITUDE 

Baryons 
A’s and Z’s 

Fig. l(f)._ The L-1.2J = Pll partial-wave ampli- 
tudes for KN scattering in the elastic, An, and Cn 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli- 
tude is from ALSTON 78, and the upper plots for the 
An and CTI channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

Fig. l(g) ._ The L.I.2.7 = P13 partial-wave ampli- 
tudes for KN scattering in the elastic, AIT, and Cr 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli- 
tude is from ALSTON 78, and the upper plots for the 
hn and h channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV [the C(1385) is of course below threshold 
and is not shown]. The real and imaginary parts of 
the amplitudes as functions of energy are shown 
projected in alignment with the Argand plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
h’s and C’s 

iZN+rrE D13 AMPLITUDE 

Fig. l(h)._ The L.I*ZJ - D13 partial-wave ampli- 
tudes for KN scattering in the elastic, AT, and Zr 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli- 
tude is from ALSTON 78, and the upper plots for the 
AIT and CT channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonances are shown 
at their nominal positions. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Baryons Data Card Listings 
h’s and E’s For notation, see key at front of Listings. 

iiN+i?N D15 AMPLITUDE 

Fig. l(i)._ The L.I.ZJ = D15 partial-wave ampli- 
tudes for RN scattering in the elastic, AIT, and CIT 

channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli- 
tude is from ALSTON 78, and the upper plots for the 
AIT and Cr channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position. The real and imaginary 

parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
h’s and E’s 

itN+rrZ F15 AMPLITUDE 

Fig. l(j)._ The L.I.2.l - F15 partial-wave ampli- 
tudes for KN scattering In the elastic, AIT, and CTI 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampll- 
tude is from ALSTON 70, and the upper plots for the 
Ar and Cr channels are from MARTIN 77. In the 
Argand plots, the ticks are at Integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Baryons 
A’s and Z’s 

Data Card Listings 
For notation, see key at front of Listings. 

t- 

_- 

itN+rrf F17 AMPLITUDE 

Fig. l(k)._ The L*I*PJ = F17 partial-wave ampli- 
tudes for KN scattering in the elastic, AIT, and CIT 
channels. The lower plot for each amplitude is 
from RLIC 77, the upper plot for the elastic ampli- 
tude is from ALSTON 78, and the upper plots for the 
AIT and XT channels are from MARTIN 77. In the 
Argand plots, the ticks are at integral multiples 
of 50 MeV, and the established resonance is shown 
at its nominal position. The real and imaginary 
parts of the amplitudes as functions of energy are 
shown projected in alignment with the Argand plots. 
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Data Card Listings Baryons 
For notation, see key at front of Listings. h’s and X’s, A. A( 1405) 

2. W. Langbein and F. Wagner, Nucl. Phys. m, 
477 (1972). 

3. 

4. 

5. 

6. 

A.T. Lea et al., Nucl. Phys. m, 77 (1973). 

R. Armenteros et al., Nucl. Phys. B8, 195 
(1968) and G, 15 (1970). 

T.S. Mast et al., Phys. Rev. G, 13 (1976). 

B. Conforto et al., Nucl. Phys. w, 189 
(1976) and W. Cameron et al., Nucl. Phys. 
w, 21 (1981). 

7. R.J. Hemingway et al., Nucl. Phys. m, 12 
(1975). 

8. A. de Bellefon et al., Nuovo Cimento @A, 403 
(1977); Nuovo Cimento G, 175 (1977); Nucl. 
Phys. E, 1 (1975); and Nuovo Cimento u, 96 
(1977). 

9. 

10. 

M. Alston-Garnjost et al., Phys. Rev. && 
2216 (1978) and p17, 2226 (1978). 

R.D. Ehrlich et al., Phys. Lett. z, 455 
(1977). 

11. H.C. Bryant et al., Nucl. Phys. m, 207 
(1980). 

12. C.J.S. Damerell et al., Nucl. Phys. w, 13 
(1979). 

13. 

14. 

Y. Declais et al., CERN 77-16 (1977). 

M. Alston-Garnjost et al., Phys. Rev. m, 
1191 (1980). 

15. 

16. 

A. Engler et al., Phys. Rev m, 3061 (1978). 

W. Cameron et al., Nucl. Phys. m, 189 
(1978). 

17. M.J. Corden et al., Nucl. Phys. m, 13 
(1979). 

18. M.J. Corden et al., Nucl. Phys. u, 61 
(1977). 

19. G.P. Gopal, in Proceedings of the IV 
th Inter- 

20. 

national Conference on Barvon Resonances 
(Toronto, 1980), edited by N. Isgur, pa 159. 

G.P. Gopal et al., Nucl. Phys. m, 362 
(1977). 

21. M. Alston-Garnjost et al., Phys. Rev. *, 182 
(19781. 

22. B.R. Martin et al., Nucl. Phys. B126, 266 
(1977); w, 285 (1977); and Lr349 
(1977). 

23. P. Balllon and P.J. Litchfield, Nucl. Phys. 
u, 39 (1975). 

24. 

25. 

26. 

A. de Bellefon and A. Berthon, Nucl. Phys. 
m, 129 (1976). 

A-J. Van Horn, Nucl. Phys. m, 145 (1975). 

J. Amirzadeh et al.. Phys. Lett. @, 125 
(1979). 
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S=-1 I=0 HYPERON STATES (A) 
*wt.* t***.*tt. l t**.*ttt *t******* t*tt***** **t***t*. It.****** .*t***** ****** ****bl*** t*****tt* l ******** **.**t*** t*****.t* l ***tt*t* **t**t*, 

q A 18 LbHBDbllll6, .JP=l,**l I=0 
TEE STABLE PLRTlCLE O&T* ‘4RO LISTlNGS 

*“*a* t*t****** .*t.***** *.t.***** ***t***.* ****tt*** l ******** ******** 

1405 MEV REGION: EXTRAPOLATIONS BELOW THRESHOLD 
*I "*011405. .JP=1,2-) 1=0 5'01 EXTR*POLA,ION BELOY THRESHOLD 
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Baryons 
A( 1405), A( 1520) 

Data Card Listings 
For notation, see key at front of Listings. 



2 5 1  

Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
A(1520), A(1600), A(1670) 

BURKHARO 6R NP Bt8 10~ 
CLINE 69 LNC 2 407 
GALTTERI 69 LUND 352 

ALSO 7O OUKE 95 

8URKHAROT71NP E27 68 
COLLEY 71NP B3I 61 
KIM 71PRL 27 3S6 

ALSO 70 DUKE 1 6 1  

CHAN 72 PRL 28 266 
MAST 73 PR 07 S 
NAST2 73 PRO 7 3212 
BERT HON 74 NE 21A L~6 
CORDEN 75 NF E84 306 

MAST 76 PBD 14 13 
CAMERON 77 NP E131 399 
RLIC 77 NP OElg 3E2 
ALSTON 78 PR DIE 1E2 

ALSO 77 PRL 38 10G7 
BARLAG 79 NP B149 220 
BARBER 80 ZPHY C7 17 

+FILTHUTH+ELUGE+.. (HEID÷EF]+CERN+SACLAT) 
+LAUMANN+MAPF (NISEI 
FARBARO-GBLT[ER[eBANOER7ERtMAST,TBIFF (LRL) 
R D TR1FP {LRL) 

+FILTHUTH,KLUGE,OBERLACK++ (HEIO+CERN+SACLI 
+COX,EASTWOOO,FRY+.. (EIRM+EOIN+OLAS+LDIC) 
J K RIM (HARV)IJP 
J, K. K[M (HARVIIJP 

+EUT.-SHAF ER)HERTZ BACH,KOFLEP~ (MASA,YALEI 
+ALSTON-GARNJOST.BANGEMTER,+... [LBL) ]JP 
+BANGERTER~ ALSTON-GARNJOST. + (LBL)IJF 
EERTHON,TR[STRAM,* (CDEF+RHEL+SACL+STRBI 
EORDEN,EOX)OARTNELLtKENyON~ONEALE,+ 101RM) 

MAST,ALSTON-GARNJOST.BANGERTER÷ (LBL) 
+FRANEK)GOPAL~KALMUSeMCPHERSON+ (PHEL+LO[C)IJP 
GOPAL,ROSS,VAN H~N,MEPEERSON÷ ILGIC+RHELI]JF 
+KPNNEY,FOLLARD)ROSS+ (LBL+MTHO÷CERN)IJP 
ALSTON-GARNJOST)KENNEY (LBL÷MTHO+CERNIIJF 
+BLOKZI3L.JONGEJ&NS+ {AMST+CERN+NIJM+OXF) 
+DAINTON,LEE,MARSNALL÷ {DARE+LANC+SHEFI 

GOFAL 80 TORONTO CONF 1S9 G.P.GOPAL IRHEL)IJP 

PAPERS NOT REFERRED T0 IN DATA CARDS 

8ERLEY 70 PR D1 E g g 6  +YAM[N,KOFLER,MANNTMEISNER+ (ENL~MASAtYALEIIJP 
GOLOWICH 74 PRO 10 3EBI EUGEN GOLOW[CH (SLACI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

iA(  oo)l ,.o,,,oo . . . .  , , , .  i = o  

SEE THE NOTE FOR THE Y*0(1800, JP=I/2+I P''O1. 
SCMENHERE IN THIS REGION THERE IS PROBABLY ONE, 
IND PERHAPS TWO, P01 STBTES. 

101  Y*0(16001 MASS (MEVI 1176 

l (1S70. )  KIM 71 OPNA K-MATRIX ANAL. 1/76 
1 POSSIBLE EFFECT IN SIGMA PI AND NBAR N CHANNELS. 

1620.0 IO.O LANGBE IN 72 IPWA MULT ICflANNEL 1/76 
IS96.0 ( 6 . 0 )  KANE TB DRWA K-P TO Pl SIC 12181* 

M 2 16~. 7. CARROLL 76 ORNA I=O TOTAL ES 2/77 
1572. OR 1617. MARTEN 77 DFWA REAR N MULTICHNL 11/77 3 

3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 3 PARAMETERS FROM THE T-MATBIX POLE ANO FROM A B-W F1T, RESPECTIVELY. 
M 1573. 25. PLIC 77 DPMA KBBR N MULTICMNL 1/76 
M 1703. 100. ALSTON 78 OFWA KBAR N ELASTIC l /TB  

1568o0 (20.0) GOPAL 80 OPWA KBAR N ELASTIC 1.8181" 

M AVERAGE MEANINGLESS (SCALE FACTOR = 2.31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

101 Y*0(1600)  WIDTH (MEV] I176 

N l ISO. l KIM 71 DPMA K-MATRIX ANAL. 1176 
w 60.0  10.0 LANGBE IN 72 IOWA ~AJLTICHANNEL 1/7& 
W 175.0 ( 2 0 . 0 )  KANP 7B OPWA K-P TO PI SIG 12181* 
W 2 ( 2 0 . }  CARROLL 76 DPWA I=0 TOTAL ES 2/TT 

3 247. OR 271. MARTIN 77 DPWA REAR N MULTICHNL 11/77 W 
W 147. 50.  RLIC 77 OPNA KEAR N RULT[CHNL l / Tb  
W 593. 200. ALSTON 78 OPNA KEAR N ELASTIC 1/78 
W 116.0 ( 2 0 . 0 )  GOFAL 80 OFWA KBAB N ELASTIC 18/81~, 
N SEE THE NOTES ACCOMPANYING MASSES QUOTED 
W 
W AVERAGE MEANINGLESS (SCALE FACTOR = 1 .7 ]  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1C1 Y*0[1600)  PARTIAE DECAY NODES 1176 

DECAY MASSES 
PI Y*O( 1600I INTC N KBAR R3B÷ 493 
F2 Y~'O(16001 INTO SIGMA PI 1189+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

101 Y*O[16001 BRANCHING RATIOS 1/76 

RI Y*O(EBOO) INTO (KEAP NI/TOTAL IF1)  1/76 
RI 0.25 0.15 LANGBEI N 72 IPWA MULT ICHANNEL 1176 
Rt 2 TOTBL CROSS SECTION BUMP WITH ( J + l / Z l X = . O 6  SEEN BY CARROLL 76 2/77 
RI 3 ( 0 . 3 0 1 0 R  0.29 MARTIN TT DPWA KEAR N HULT[CHNL 11177 
RL C (0.24) IO. OkI RLIC 7T DPWA KEAR N MULTICMNL 1/76 
R1 C (KBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAI 80. 
R1 0 .18  0,05 ALSTON 78 DPNA KSAR N ELASTIC 1/78 
RI 0.23 (0.06I GOPAL 80 DPWA NEAR N ELASTIC 12/8E t/ 
RL . . . . . . . . .  
R1 AVERAGE MEANINGLESS [SCALE FACTOR = 1.0) 

R2 Y*O( L600] FROM KBAR N INTO SIGMA Pl SQRT(PE~.PBI 1/76 
R2 0 .28 0.0R LANGBEIN 72 IPBA MULTIEHANNEL 1176 
R2 - 0 . 0 3  (O.11I  KANE 76 OPWA K-F TO Pl SIG 12/81 t  
R2 NOT SEEN HEPP2 76 DPWA - 0  K- NUE TO SIG Pl 2/77 
R2 3 ( - 0 .39 )0R  - 0 . 3 9  MBRTIN 77 OPMA KOAR N MULT[CHNL 11/77 
R2 - 0 . 1 6  0.04 RLIC TT OPWA KOAR N MULTICHNL 1/76 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .2 )  

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR V*OIE6001 

KIM 71 PRL 27 356 J K KIM (HARVIIJP 
ALSO 70 DUNE 16E J . K .  KIM (HARVI[JP 

LANGBEIN 72 NP E67 877 +MAGNER (MP[M)IJF 
KANE 76 LBL-2452 O.F.KANE [LEL)IJP 

CARROLL 76 PRL 37 806 +CHIANG.KYCIA, LI.MAZUR,M[EHAEL+ {BNL]I 
HEPP2 76 FL 6SB 687 *BRAUN,GRIMM,STROBELE,THOL+(CERN,HE[D,MFIM)IJP 

MARTIN 77 NP 8127 34R MARTIN,PIDCOCK.MOORHOUSE (LOUC+GLAS)IJP 
ALSO 77 NP B126 266 MARTIN)PIOCOCK [LOUC) 
ALSO 77 NF 6126 2BE MARTIN,P1DCOCK (LOUC)IJP 

RLIC 77 NP B119 3E2 GOPAL,RQSStVAN HORNtMCPHERSGB+ (LOIC+RHELIIJF 
ALSTON 78 PR 018 182 +KENNEY,POLLARD,ROSS+ {LBL÷MTHO+CERN)IJF 

ALSO 77 PRL 38 1 0 0 7  ALSTON--GARNJOST.KENNEY ILEL+MTHO+CEMNIIJP 
GOPAL BO TORONTO CONF leg G.P.GOPAL (RHELIIJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

,A_ svo, ..... . 6  ....... ,B_, ,=o 

SEE THE MINT-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WELL ESXASL[SHEO. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 Y*O(1670) MASS IMEVI 

M M (1666,0)OR(E67S.O) BERLEY 65 HBC 0 K-P TO LAM ETA 7166 
M M THE FIRST VALUE ASSUMES THE BRANCHING RATIO INTO LAMBOA ETA IS 
M SMALL, THE SECOND THAT IT IS LARGE. 8EGAUSETHE RES{~&NCE IS NEAR 
M THE LAMBDA ETA T P~ESHOLO. THE BRANCHING RATIO AFFECTS THE MOMENTUM 
M OEPENDENCE OF THE TOTAL WIDTH, AND THUS ALSO THE PESONANCE PARA- 
M METEPS OBTAINED BY FITTING TO THE DATA. 
M N (1663.0)  ( 3 . 0 )  ARMENT-1 68 HBC 0 ELASTIC) CH EXCH 11/68 
M N (1678,OI ( 2 . 0 )  ARRENT-2 68 HEC 0 R-P TO SIGMA PI 11/68 
M N THE APPAFENT DISCREPANCY BETWEEN THESE RESULTS IS PROEBBLY NOT 
M SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 
M ERRORS THRT RESULT FROM THE RESTRICTIVE PARAMETBIZATION FORCED ON 
M THE P~RTIAL-WJVE AMPLITUDES ARE NOT INCLUDED, AND CAN 8E LARGE. 
M A 1678.0 [S.O) ABMENT-3 69 HBC 0 MULTICHANNEL 9169 
M A THE MULTICHANNEL ANALYSIS INCLUDES EL6STIC AND SIGMA Pl . 10/69 
H N 16E2.0 (3 .01  ARMENT-4 69 HEC 0 ELASTtEH°EXC.ED R/69 
M N 1680 .0  ( l .O )  ARMENT-4 6R HIE 0 K-P TO SIG PI°ED 9/6R 
M 1674.0 BERLEY 69 HEC O K-P TO SIGMA PI 6170 
½ 1683.0 (5.0) OALTIERI TO HBC 0 SIG P[,EOPNA 7/70 
M 1670. KIM 71DOWA K-MATRIX ANAL° D/71 
M 1660.0 ( 4 0 . 0 I  LANGBEIN 72 I P W A  MULTIEHANNEL 12/72 
M 1700. ( I 0 . )  BAXTER 73 OPHA O K- P TO NEUTRALS 10174 
M 1678, 11. ) HART 73 DPNA EL+CX,.T-.BGEV/C 2/74 
M 1679.0 [ 1 , 0 )  KANE 74 OPNA K-F TO PI S[G 1 Z / E l *  
M 166s. 1 5 . )  FREVOS7 74 OPNA O- X M TO S(E38BIP{ E0/74 
M 1675. ( 2 . )  HEPP2 76 OPWA - 0  K- NUC TO SIG PI 2/77 
M Z (1664°)  MARTIN 77 DPNA KEAR N MULTICHNL EI /7T 
M 2 MARTIN 77 QBTAINS IDENTIOAL RESONANCE PARAMETERS FROM THP 
M 2 T-MATRIX POLE AND FROM A E-W FIT. 
M 1670. {5, I  ELIC 77 OPWA KBAR N MULTICHNL 1/76 
M 1671. (3° I ALSTON 78 ORWA KBAR N ELASTIC 1/78 
M 1667.0 (S.0) GOPAL 80 DPWA KBAR N ELASTIC 12/81*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 Y*0(1670) WIOTH (MEV) 

W M N [22.0IOR(15.0) BERLEY 68 HER 0 0 SEE NOTE M ABOVE 7166 
W (26.01 ( 8 . 0 )  ABMENT-E 68 HBC SEE NOTE N ABOVE 11/68 
w N ( 26 .0 )  ( 5 . 0 )  ARMENT-2 68 HEC 0 11166 
W A 2S .0  ( 3 . 0 )  ARMENT-B 69 HEC 0 9 /69 
W N 38.0 (15 .0 (  ARMENT-4 69 HeC 0 BLAST)OH EXO.ED 9169 
w N 33 .0  ( 5 . 0 )  ARMENT-4 69 HBC 0 K-P TO S1G PI.ED 9/69 
W 31.0 8EPLEV 69 HBC 0 K-R TO SIGMA Pl 6/70 
W 25.0 (5.0I GALT[ERI 70 HBC 0 SIG PI,EDPNA 7170 
W 3 5 .  KIN 71DPWA K-MATRIX ANAL. 3/71 
W 8S, 0 ( 20 .0 )  LANGBEIN 72 IPWA MULTICflANNEL 12178 
w 65. ( 2 0 , )  BAXTER 73 OPMA 0 K- P TO NEUTRALS 10/74 
w 19, ( 2 , )  HART T3 OPWA EL+CXs.T-.BOEVIC 2 /74 
w 60,0  ( 3 . 0 )  KANE 76 DPWA K-P 70 PI SIG 12181* 
W 19. (5 ,1  PREVOST 74 DPNA O- K-N T0 SI l3ES)PI  10174 
W 46. ( 5 . ]  HERR2 76 OPWA - 0  K- NUC TO SIG PI 2/77 
W 2 I I B , l  MARTIN 77 OPWA KBAR N MULTICHNL 11/77 
w 4 5 .  ( 1 0 . |  RLIC 77 DPWA KBAR N MULTICMNL 1/76 
W 29. IS.) ALSTON 7B DPWA KBAR N ELASTIC I178 
N 29.0 15.0) GOPAL 80 OPWA NBAR N ELASTIC 12181* 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

AO Y*O(E670) PARTIAL DECAY MODES 

DECAY MASSES 
R1 Y*OII6TO) INTO N KBAR 938+ 4R3 
F2  Y*O(1670( INTO LAMBOA ETA 1115+ 568 
F3 Y*O(1670) INTO SIGMA Pl 1189+ E39 
F4 YeO(16TOI INTO SIGMA(IB8S) Pl 159+1385 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

40 Y*O(1670I BRANCHING RATIOS 

R1 Y*O(L670} INTO (ROAR NI/TOTAL I P l l  
R1 F IO. L41 (0 .06 )  ARMENT-1 6E HBC 0 OLD OATA L l l 6 8  
R1 0.1T ARMENT-3 69 HEC 0 9/69 
81 P 0 .16  (0 .06 )  ARNENT-4 69 HEC 0 NEN DATA 9169 
RI A (0.381 (O.OS) COHFORTO 7E HEC 0 K-P,ELASTtCEX 6/70 
Rl  O.2E N[M 71DPWA N-MA7RIX ANAL. 3/71 
81 0.3S (O. O6I LANGBE[N 72 IPNA MAJITICHANNEL 12/72 
R1 0.3G (O, OBI HART 7B OPNA ELeCX,.T-.BGEV/C 2/T4 
RI Z (O . IS I  MARTIN TT OPNA KBAB N HULTICHNL 11/77 
E l  C (0.201 (0 .0B)  RLIE 77 CPNA gEAR N MUL7ICHNL 1/76 
R1 C (NBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED OY GOPAL 80. 
RI O . l ?  (O. OSI ALSTON 78 OPWA KEAR N ELASTIC I I 78  
RI 0.18 (0.031 GOPAL 80 DPWA NBAR N ELASTIC 12181e 
RI A EFFECT BELOW REGION ANALYZEO. VALUE OF 0.1B DOES NOT 
RI A AFFECT FIT OR VALUES OF OTHER PARAMETERS* 
RE P THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGANO PLOT. IT IS 
RI SUPERIMPOSEO ON A LARGE BACKGROUND. 

R2 Y*O[16TO] FROM KBAR N TO LAHBDA ETA SQRT(PleP2] 
R2 M ( 0 , 2 0 1 C R  0.23 BERLEY 65 HEC O SEE NOTE M ABOVE 7/66 
82 (0 .86 )  ARMENT-3 69 HBC 0 9 /69  
R2 (0.841 RIM T1DPWA K-MATRIX ANAL. B/71 
R2 +0.20 TO. DE) BAXTER 73 DPMA 0 K- P TO NEUTRALS 10174 

SEE TME NOTES ACCOMPANYING MASSES QUOTED 



Baryons 
A(1670) A(1690) 

R3 Y*O( [6TOI  FRCM KBAR N TO SIGMA P) SQBT(Pl*P3( 
R3 I (-0.251 (0.061 ARMENT-2 68  ~BC 0 OLD DATA 
R3 E I -0.2T) A~BNT-3  09 ~BC 0 9/69 
R3 [ (-0.90) (0.03) ARMENT-~ 69 HBC 0 NEW OATA D/69 
R3 I PUBLISHED SIGN CHANGED TO AGREE WITH LUND I969  CONVENTION (SEE TEXT) lO /7R  
R3 -O.Z7 BERLEY 69  HBC 0 K-P TO SIGMA PI 61T0 
R3 -O .Z9  (0.03} GALTIER[ 70  HBC 0 BIG P I .EOPHA 7 /70  
R3 -0.38 KIM 7 I  DPWA K-MATRIX ANAL.  3 / 7L  
R3 -0 .28  ( 0 . 05 )  BAXTER 73 DPWA 0 K-  P TO NEUTRALS LO/7~  
R3 -0.27 (0.G2[ KANE 74 DPWA K-P TO Pl SIG L21B[* 
R3 -0 .23  ( 0 . 03 )  LONDON T5 HLEC 0 K -  P TO SIGO PJO 4 /75  
R3 -0 .  B9 (0.03) HEPP2 76 DPWA -0  K-  NUC TO BIG PI  2/77 
R3 2 { -0.13) MARTIN 77 DPWA KBAE N MULTICHNL IL/77 
R3 -0.31 (0.03) RETE 77 OPHA KBAR N MUCTICHNL 1 /76  

R4 Y*O(1670( FRGN KBAE N TO S I G M A ( J 3 8 5 )  P l  SQRT(P I *P~ I  
R~ -0.18 0.05 PREVOST 7~ DPWA O- K-N TO S (13B5 }P [  I0/74 

REFERENCES FOR Y*0([670) 

BERLBY 65 PRL L5 64I +CONNOLLY, HART, RAUM. STONEHILL, + (BNL)IJP 
ARMENT-I 68 NP BB [9S ARMENTEROS, BAILLON, + {CERN~HEIDEL~SACLAY|[JP 
ARMENT-2 68 NP B8 223  ARMENTEROS, BAILLON, + (CBRN,HEIOEL,SAELAY)[JP 

ARMENT-3 69 LUND PAPER 229 ARMBNTEROS, BAILLON, + (CERN,HEIDEL,SACLAY)IJP 
VALUES A~E GU~T£D IN  L£Vl SETTI 69. 

AEMENT-4 69  NP BIB ~I 
BERLEY 69  PL BOB 430 
GALTIERI 70 DUKE [73 

CONFORTO 71 NP B34 4[ 
KIM 7 [  PRL 2T 356 

ALSO TO OUKE [6 [  
LANGBEIN 72 NP B4T 477  
BAXTER 73 NP BB7 125 

TB PURDUE C£NF .  31L HART 
KANE 7~ LBL -2~52  
PREVOST T~ NP BB9 246  
LONDON 75 NP B85 289  

HEPP2 76 PL 65B  4B7 
MARTIN 7T NP B [27  3A9 

ALSO 77  NP B[26 266 
ALSO T7 NP 6L26  2e5 

REIB 77 NP B[[9 ~62 
ALSTON 78 PR D18 182 

ALSO 77 PRL ~8 [007 

ARMENTEROS, BAItLON, + (CERN,HEIDEL,SABLAYIIJP 
+ HART, RAHM, WILLIS, YAMAMOTD (BNL I I JP  
A.  BARBARO GALTIERI (LRLIIJP 

÷LEVI SETTI,LASINSKI..OBBRLABK÷÷ (EFI+HE[D)(JP 
3 K KIR IHARVI13~ 
J .  K .  KIM (HARVI ] JP  
÷WAGNER (MPIM)IJP 
BAXTER,BUCKINGHAM,CORBETT,DUNN,÷ (OXFORD)IJP 
÷RICE,BACASTOW,FUNG,+ ITENN÷UCE÷MASA÷BUFF)IJR 
D.F .KANE ILBL I [ JP  
PREVOST,BARLOUTAUD,+ ISACL÷CERN+HEID] 
LONDON,VU,BOYD,+ (BNL,CERN,EPOI,OESA*TORI) 

+BRAUN,GRIMM,STROBELE,THOL+(CERN,HEID,MR[M)IJP 
MART[N, PIDCOCKtMDORHOUSE ILOUC+GLASIIJP 
MARTIN,PIOCOCK (LOUC) 
MARTIN,PIOCOEK (LOUCIIJP 
GOPAL,ROSS,VAN HORN~MEPHERSON+ (LO[C÷RHEL)|JP 
÷KENNEY,POILARD,ROSS÷ (LBL+MTHO+CERNIIJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO÷CERN)IJP 

GOPAL 80 TORONTO CONF 159 G.P.GOPAL (RHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BIRMINGH 66 PR 152 i i~8 [BIRNINGHAM,GLASGOWeLCIC,OXFORD, RUTHERFD) 
LEVISETT 69  LUND 339 R LEVI SETTI (EAPPORTEUR) (CHICAGO( 

1X(1690)] . . . .  OI . . . . . . . .  3 / 2 - 1  I =O  F~ 
SEE THB MINI-REVUB AT THE START OF THE V*  LISTINGS* 

THIS RESONANCE IS WELL ESTABLISHED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

55 Y * O I I A g O I  MASS (MEV)  

M ( [ 696 .D )  (3,0) ARMENT-I 68 HBC O ELASTIC, CH EXCH [ l / 6B  
H ( [ 6B I .O I  ( 2 . 0 )  ARMENT-~ 68  HBC O K-P TO SIGMA P[ [ 1168  
M 1681. (B . )  BARTLEY 68 DBC 0 K-P AND K -D  DATA 11 /68  
M [695.0 (4 .0 )  BUGG 68 CNTR 0 K-P~ O TOTAL 7/68 
M R ( [697.0 I  ( 2 . 0 I  CONFOETO 68 HBC 0 ELASTIC, CH EXCH 11/68 
M M THE Y*O l1690 )  IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 
M M CONFORTO. THE SAME OATA AS WELL AS OTHERS EXTENDING TO LOWER 
N N ENBRGIES ARE INCLUDED IN ARMENTEROS 1. 
M A 1691.0 (2.0)  ARMENT-R 69 HBC 0 ELAS,CH EXC.ED 9/69 
M A ANALYSIB INCLUDES OLD AND NEW DATA OF CHS COLLAB. O.A3-.8 GEV/C 
M A THE APPARENT DISCEEPANCY BETWEEN THE SIGMA P) AND OTHER RESULTS IS 
M A PROBABLY NOT SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE 
M A SYSTEMATIC ERRORS THAT RESULT FROM THE RESTRICTIVE PAEANETRIZATION 
M A OF THE PARTIAL-WAVE AMPLITUDES ARE NOT [NCLUDEO, AND CAN BE LARGE. 
M A 1608.0 (2.0)  ARNENT-A 69  HBC O K-P TO SIG PI.EO 9 /69  
M EBBD.G BE~LEV 69 HSC 0 K-P TO SIGMA P) 6/70 
M 1701 .0  [A .O I  BERTANZA 6g  MBC 0 ELAST IC ,  CH EXCH 9 /69  

1680.0 (5.0) GALTIERI 70 HBC O BIG PI,EDPWA 7/70 M 
N 1688.0 i3 .  O) CONFORTO 7 [  MBC O K -P .ELAST .CEX  6 /70  
M I690. KIM 71DPRA K-MATRIX ANAL. 3171 
M [680°0 (20.0) LANGBEIN 72 IPWA MULTICHANNEL [2172 

1670 .  I [O . I  BAXTER 73 OPWA 0 K-  P TO NEUTRALS 10 /74  
M 168# .  ( 3 . )  HART T3 OPWA EL÷CX. .7 - .BGEV/C  2 /74  
M 1689.0 ( I .O)  KANE 74 DPWA K-P TO Pl BIG 12/81. 
M 2 1692. ( 4 . )  CARROLL 76 DPWA l=0  TOTAL CS 2177 
M 1690. (3.1 HEPP2 76  DPWA -O K- NUC TO SIG PI 2/77 
M 3 1687. OR 1689. MARTIN 7T DPWA KBAE N MULTICHNL 11/7T 

3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE M 
M 3 PARAMETERS FREM THE T--MATRIX POLE ANO FROM A E-W FIT, RESPECTIVELY. 
M 3 ANOTHER 312- LAMBOA AT 1960 HEV IS ALSO SUGGESTED BY MART[NTT, 
M 3 BUT IS V£EV ~BRTA|N.  
M 1690. IB . )  RLIC 77 DPWA KBAR N MULTICHNL 1/76 
M L692. (5 . )  ALSTON 78 DPHA KBAR N ELASTIC I/TB 
M E690. D IS.DO GOPAL 80 DPWA KBAR N ELASTIC 12/81" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

55 V *0 (1690 )  WIDTH (MEVI  

N (35.0) (7 .  OI ARMENT-I 60  HBC 0 OLD DATA 11/68 
W (85 .0 I  17 .0 )  ARNBNT-3  6B HBC 0 OLD DATA 11 /68  

BARTLEY 6B DBC 0 K ~p  AND K-D ~ATA [ 1 / 6 8  w ~8 .  ( 15 . I  
H ~O.O (7 .0 (  BUGG 68  CNTR O 7 /68  
W M A (27.0} (5.0|  CONFORTO 68 HBC O SEE NOTE M ABOVE 11/68 
W 3 [ . 0  17 .0 )  ARMENT-4 69  HBC O ELAS,CH EXC.EO g169  
W A 72.0 (B.O) ARMENT-4 69  HBC 0 K-P TO SIG p l  ED 9 /69  
w 57 .0  BERLEY 69  HBC o K-P TO SIGMA P[ 6 /70  
w 28.0 IB .O )  BERTANZA 69  HBC 0 9 /69  
w 85 .0  (10.0) GALTIERI 70 HBC 0 BIG PhEDPWA 7170 
W 64 .0  ( 5 . 0 )  CONFORTO 7~ HBC O K-PtELAST,CEX 6/70 
W 55 .  KIM 710PWA K-MATRIX ANAL. 3 /7 [  
w ~O.O ( tO .O)  LANGBEIN 72 IPWA MULTICHANNEL 12/72 
W 30 .  I lO .  l BAXTER 73 DPWA O ~- P TO NEUTRALS lO /T~  
W 86 .  ( 9 . )  HART 73 DPWA EL÷CX. .T - . 8GEV/C  2 /7~  
W 60 .0  ( 4 . 0 I  KANE 76 OPWA K-P TO P[  B ID  12181*  
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w 2 I38. I CARROLL 76 DPWA I=O TOTAL CS 2/77 
W 82. (B . l  HEPP2 76 DPWA -D K- NUC TO SIG PI 2177 
W 3 62 .  OR E2. MARTIN 77 DPWA KBAR N HULT[CHNL 11177 
W 60. (5. t RLIC 77 OPWA KBAR N MULTIC~NL 1/76 
W &4. (EO.) ALSTON 70 DPWA KBAR N ELASTIC 1170 
M 61.0 IS.O) GOPAL 80 DPWA KBAR N ELASTIC 12/81~ 

SEE T~E NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5S Y=OI1690) PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y *O( [690 )  INTO N KBAR g38+ 493  
P2 Y~0 (1690 )  INTO SIGMA PI  1189+  ] 39  
P3 Y~DIEBqQ~ INTO LAMBOA PE P l  t i tS+  139+ t 39  
P4 Y*O(lBgOl INTO SIGMA PI Pl I19E+ 139+ 139 
P5 Y~OII690) INTO Y*]( [3B5) Pl S-WAVE 139+1385 
P6 Y*O(16901  INTO LAMBOA ETA [ i lS+  5RB 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~B Y*O l l 6qO l  ~KNCHING RATIOS 

THE SUM OF ALL THE QUOTEO BRANCHING RATIOS IS MORE THAN 1.0. THE 
TWO-BODY RATIOS ARE FROM PART IAL WAVE ANALYSES, AND THUS PROBABLY ARE 
MORE RELIABLE TFAN THE THREE-BODY RATIOS, WHICH ARE DETERMINED FROM 
BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA P[ P[ BUMP LOOKS 
MORE SIENIFIBANT (THE ERROE GIVEN FOR THE LAMBOA Pl P) RATIO LOOKS UN- 
REASONABLY SMALL). HARDLY ANY OF THE ~IGMA P[ Pl OEGAV CAN BB VIE 
Y*I(t3@~), FOR TFEN NINE T(MES AS MUCH LAMBDA Pl PI DECAY WOULD BF 
RBQUIRED. 

R[ Y*0(1690) INTE (KBAR N)/TOTAL {P l )  
R l  (O.  lB I  ( 0 . 03 }  ARMENT-E 68  HBC 0 11 /68  
El (0.731 BUGG 6B C~TE 0 ASSU~I~G ~=312  7160 
RI M [0.22) [0.03) CONFORTO 68 HBC 0 SEE NOTE M ABOVE 11/68 
RI O.lB (O. O2I ARMENT-4 69 HBC O NEH DATA 9/69 
A t  0.28 (O. OA) BERTANZA 69 HBC 0 9/69 

(0.3A) (0 .021  EONFDRTO T[ HBC 0 K-P,ELAST,CEX 6/70 Ri N 
R[ N EFFECT IS AT END OF REGION ANALYZED. THIS CGULE AFFECT VALUE OF X[. 
R[ 0.22 KIM 71DPWA X-MATRIX ANAL. 3171 
R1 O .L5  IO ,O5 )  L~NGBB|N T2 IPWA MULTICHANNEL L2172  
RL 0.24 (O. Ot) HART 73 DPWA ELaCX,.7-.BGEV/C 217~ 
Rl 3 (0.2810R 0 .26  MARTIN 77 DPWA KBAR N MULTICHNL 11/77 
At C (0.2~} (O.0OI RLIC T7 OPWA KBAR N MULTICHNL 1/76 
R[ C (KBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED 8Y GOPAL BO. 
Rl 0.22 (0.031 ALSTON TB 9PWA KBAE N ELASTIC L /TB  
At 0.23 (0.03) GOPAL BO DPWA KBAR N ELASTIC L2/81~ 

R2 Y*O I I 690 )  FROM KBAR N TO SIGMA Pl SQRTIPteP2) 
R2 t (-0.33) 10.02) ARMENT-3 68  HBC O OLO OATA 11/60 
R2 L ( -0.36]  {0.02} ARMENT-4 6g HBE O NEH DATA 9/69 
R2 l PUBLISHED SIGN CHANGED TO AGREE WITH LUNO Iq6£ CONVENTION (SEE TEXT( 10174 
R2 -0.2T BERLEY 69 HBC O K-P TO SIGNA Pl 6/70 
R2 -0.31 lO.O3) GALTIBRI 70 HBC O SIG PI,EDPWA 7170 
~2  -O .~O  K~  71 DPWA ~-~ATR~X ANAL,  3 / 71  

LANGBEIN 72 IPWA MULTICHANNEL 12172 R2 0.26 {O .O7 )  
R2 -0 .20 (0.03} BAXTER 73 DPWA O K- P TO NEUTRALS 1017~ 
RE -0.20 (O. 02I KANE 74 OPWA K-P TO P [  BIG 12181, 
R2 -0 .28  ( 0 . 03 |  LONDON 75 HLBC O K- P TO SIGO PIO 4/75 
R2 -0.2R (O. O3) HEPP2 76 DPNA -0 K- NUC TO SIG P I  2/77 
R2 3 (-0.30lOP -0.28 MARTIN 77 DPMA KBAR N MULTICHNL 11/77 
E2 -0 .2B  IO .O3 I  EL~C 7T DPWA KBA~ N ~ULTICH~L [176  

R3 Y*011690 I  FROM KBAR N TO LAMBDA PI Pl SQET(PI~P31 
R3 B (0.25) (O.O21 BARTLEY 68 HDBC 0 LAM 2PI EROS SEC 11 /68  
R3 B ONLY CROSS-SECTION OATA USED. ENHANCEMENT NOT SEEN BY PREVOST 71, 3/72 

R4 Y*O(1690)  FROM KBAR N TO SIGMA P) PI  SQRT(P[*PA) 
E9 IO .21 I  A~MBNT-2 6B HDBc., 0 ~ -N  TO BID P I  R I  [ I / 6B  

R5 Y*O([bDOI FROM KBAR N INTO LAMBDA ETA SQRT(PI*PB) 
R5 O.O0 (0.03) BAXTER 73 OPWA O K- p TO NEUTRALS IO/T4 

R6 Y .0 (1690 )  FROM KBAR N TO Y* I ( I 38B I  PI S-WAVE SQRT(P I *P5 )  
R6 ÷O.2T 0.04 PREVOST T~ OPWA O- K-N TO S(1385IPI I017~ 

REFERENCES FOR Y*O([6qO) 

ARMENT-1 08 NP BB ISS 
ARMENT-8 68 NP BB 2t6 
AEMEN~-3 BB NP BB 223 
BARTLEY 68 PRL Et LILt 
BUGG 66 PR I6B 1966 

ALSO 67 PAl [B 02 
CONFORTO 68 NP BB 265 

ARMENT-~ 69 NP B14 9I 
BBRLEY 69  PL 300  ~BD 
BERTANZA 69 PR 177  2OBB 

GALT IER I  70  DUKE I73  
BONFORTO 7L NP B3~ 41 
K IM 71RRL  27 356  

ALSO 70 DUKE L61 
LANGBE|N T2 N9 B~7 417 
BAXTER 73 NP BbT 120 
HART 73 PURDUE CONF. 31I 
KANE 7A LBL-2~52 
PREVOST 7~ NP B6g 246  

LONDON T5 NP BB5 289  
CAr rOLL  Tb PRL 3T SO6 
HEPP2 T6 PL 65B  487  

MARTIN 7T NP B [27  349  
ALSO 77 NP 8126 266 
ALSO T7 NP B126 285 

RL IC  77 NP B l19  3BE 
ALSTON TB PR OLO LB2 

ARMBNTEROS, BAILLGN, ÷ (CERN.HEIOEL,SACLAY(IJP 
ARNENTEROS, BAILLDN, (CERN,HEIDEL,SACLAY) I 
AR~EHTEROS, BAILLON, ÷ IEB~N,HEIOEL,SACtAYIIBP 
+CHU,DOWD, GREENB,+ ITUFTS,FSU,BRANOEISI [ 
+GILMORE, KNIGHT, + (BIRM,CAVE,RHEL) I 
DAVIEStDOWELL,* (BIRMeCAVE,RHEL) I 
÷HARMSEN, LASINSKI, + (CHICAGO,HEIOELIIJP 

ARNENTERDS, BAIL[ON, + (CERN,HEIDEL,SACLAYIIJP 
+ HART, RAHN, WILLIS, VAMANOTO (BNL|[JP 
+BIGI,CABRARA,CASALh + (PISA,BNL,YALE)IJP 

A. BARBARO GALTIERI (LRLIIJP 
÷LEVI SETTI,LASINSKI..OBERLACK÷+ (EFI÷HEIDIIJP 
J K KIM (HARVIIJP 
J. K. KIN (HARVIIJP 
+WAGNER (MeIHIIJR 
BAXTER,BUCKINGHAM,CORBETT,DUNN,÷ (OXFORD)IJP 
÷RICE,BACASTOW,FUNG,+ (TENN÷~R÷MASA+BUFFIIJP 
O.F .KANE (LBL I I JP  
PREVOSTtBARLOUTAUD,+ {SACL+CBRN+HEID) 

LONDON,YU.BOYD,+ (BNL.CERN,EPOL,ORSA,TORII 
÷CH[ANG,KYCIA,L|,MAEUe,MICHAEL÷ (BNL|I 
+BRAUN.GRIMM, STROBELE,TPOL÷ICERN,HEIO,MPIM|IJP 

MARTIN,PIDCOBK,MOORHOUSE (LOUC÷GLASIIJP 
MARTIN,PIDCOCK (LOUCI 
MARTIN~R[DGOCK (LOUC)IJP 
GOPAL,ROSS,VAN HEWN,ME PHERSON÷ [LOIC÷RBELIIJP 
÷KENNEY,POLLARO,ROSS÷ (LBL÷MTHO÷CEEN~IJP 

ALSO T7 PRL 38  [ 007  ALSTON-GARNJOST.KENNBV ILBL+HTHO+CERN| I JP  
GOPAL 80 TORONTO CONF [59  G.P.GOPAL (RHEL( I JP  

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTERDAM CONF ÷ CHS COLLAEORATION (CERN+HEID÷SACL) 
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I ( 8oo)I . . . . . . . . . . . . . . .  .._,,=o 
THE SOl AMPLITUDE SHOWS A RATHER CLEAR SECOND REStGNANCE 
BEHAVIOR IN  THE 1700-1900 NOV REGION. THPqE ARE WIDE 
EISAGREEMENTS AMONO THB MASS, WIDTH, ARD COUPLINO 
[ETERMINATIONS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3E Y=O(IB00) '~ASS {MEV) 

M (1872 .0 )  ( tO .O)  BRICMAN 70  ~PWA If]T, ELAS, CHEX 1/71 
M (1780.1 KIN 71 DPWA K-MATRIX ANAL. 3 /71  

LANGBE IN 72 IPRA ~ULTICH~NNEL 12/72 M 1830 .0  ( 20 .01  
M I 1767 .  OR 18~.2. MARTIN 77 DPWA KBAR N MULTICHNC 11/77 
M 1 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M I PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1828 .  ( 20 . )  RLIC 77 OPWA KBAR N MULTICHNL 1176 
M 1725. 120.1 ALSTON 78 DPWA KBAg N ELASTIC 1/78 
M I041.0 ( I 0 . 0 )  GOPAL 80 OPWA KBAR N ELASTIC 12/81" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36 Y'O{1800) WIDTH (~EV) 

W ( tOO.O)  120 .0 l  BRIEMAN 70 DPV, A TOT, ELAS, CHE~ 1/71 
d (40.1 KIM 71 DPWA K--MATRIX ANAL. 3/71 
W TO.O 115.01 LANGBE IN  72 IPWA ~ULTICHANNEL 12/72 
w l 435. OR 473. MARTIN 77 DPWA KBAR N MULTICH~L 11/T7 
W 230. 12O.) RLIC 77 DPWA KBAR N MULTICHNL 1 /76  
w lOB.  ( 20 . )  ALSTON 78 DPWA KBAR N ELASTIC 1/78 
W 228.0 (20.01 GOPAL 80 DPWA KBAR N ELASTIC 12 /81 '  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~6 Y *O I IBODI  PARTIAL  DECAY MOOES 

DECAY MASSES 
PI Y*O(1800 )  INTO N KBAR B3B÷ 493 
P2 Y*CIIBOO} INTO SIGMA PI 1189" 139 
P3 Y*O([BOO) INTO Y~ ' l ( 1385 )  P I  139+1385  
P4 " f .  B i lBO0 )  INTO N K~ ' ( 8901 ,  S l  WAVE 939+ Bq l  
PB Y*O(IBOO) INTO N K*(B9O), D3 WAVE 939÷  BBl 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36 Y*O)18001 BRANCHING RATIOS 

R I  Y~ 'O l lqO01  INTt" (KBAR N I /TDTAL  IP l )  
RI (O . [B I  lO°OB) BRIC~AN 70 DPWA TOT, ELAS, CHEX l / T |  
R1 )O.BO) KIM 7[  DPWA K~MATRIX ANAL. 3 /T [  
R I  O.=_B (0 .151  LANGBE IN 72 IPWA MULTICHANNEL 12 /72  
R I  1 ( I .21)OR 0.70 MARTIN 77 DPW~ KBAR N MULT[CHNL I1 /77  
R1 C )0 .37 )  (0°05)  RLIC 77 DPWA KOAR N MULTIC~INL 1 /76  
R[ C (KBAR N)/TOTAL FRO~4 RLIC 77 IS SUPB~SEDED BY OOPAL 80. 
R I  O. BB 10 .05 )  ALSTON 78 OPWA KBAR N PLAST[E  1 /T8  
R I  D ,3~  10 .041  O00AL 80 DPWA KBAR N ELASTIC [2/81~" 

RE Y*O(1B00) FROM KBAR N TO SIGMA Pl SORT(pI~p?) 
)0 .24)  K IN  71 DPWA K-MATPIX  ANAL. B/71 R2 

R2 I (-O.74)OR -0o43  MARTIN 77 DPWA ~(BAR N MULTICHNL I I / 77  
R2 -O.OB (0 .05 )  RLIC 77 DPWA KAAR N MULTIC'INL 1/76 

R3 Y*O(IBDD) FROM KBAR N INTO Y* l ( 1385 )  P l  SDRT(P I *PB)  
R3 2 +0.056 O.02R GA~ERDN 78 DPWA 0 K-P TO S(13RSIPI 1 /78  
R3 2 SIGN CHANGED TO BE IN ACCORD WITH THE BARY(~N-FIRST OONVENTION. 12/79 

R4 Y*O(1800) FRO ~ KBAR N INTO N K*(BBql ,  St WAVE SQRT(PI*P41 
R4 3 - 0 . 17  0.03 CAMERONB 78 DPWA K-P TD K*N 12/79 
R'4 3 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R4 3 CONVENT[ [~N. 12/79 

R5 Y~'O([~00) FRq p KBAR N INTO N K'[BOOT, D3 WAVB SQRT)PI*P5) 
RB - 0 . 13  0 .0~  CAMFRON2 TB OPWA K-P TO K~N [2 /79  

BRICMAN 70 PL 338 51I 
KIN 7[  PRL 27 356 

ALSO 70 DUKE Ib I  
LANGBEIN 72 N~ 847 477 

MARTIN 77 UP 8127 ?49 
ALSO 77 NR BI2b 266 
ALSO 77 NP B126 288 

RL IC  77 NP B I I g  3E2 
ALSTON 78 °R D IB  tB?  

ALSO 77 PRL 38 ICC7 
CAMERON 7B UP 8143  l B 9  
CAMERON2 78 NP B I4E  327 

C ORICMAN. M FEPRO-LUZZI, J P LAONAUX(CERN)[JP 
J K KIM (HARV)IJP 
J .  K. KIN (HARV)IJP 
+W~ONER IMPlM)IJP 

MARTIN,PIDCOCK,MOORHOUSE (LOUC÷GLASIIJP 
MARTIN,PIDCOCK {L~UC) 
MARTIN,PIDCOCK (LOUC)IJP 
GOPAL,ROSS,VAN HORN,MCPHERSOk* (LO[C*RHELIIJP 
÷KENNEY,POLLARD,ROSS÷ (LBL+MTHO+CERN)IJP 
ALSTON-OARNJOST,KENNEY (EBL÷MTHO+CERNIIJP 
*FRANEK,GOPAL,BAC~N,BUTTERRORTH*IPHEL*LqIC)IJP 
÷FRANEK,GCPAL,KACMUS,MCPHFRSON,*(RHBL+LOIC)IJP 

00PAL 80 TO~ONTO CONF 159 G.P.GDPAL (RHEL)IJP 

1^(18oo)1 . . . . . . . . . . . . . . . . . . . . . .  
SEE ThE MINI-REVIE~ AT THE START OF THE Y* LISTINOS. 

THE FVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. I I  
WAS PlRST SUGGESTED IN A pARTIAL WAVE ANALYSIS OF 
KBA Q N DATA BY THE BEHAVIOUR OF THE POT AMPLITUDE 
WHFN IT WAS pARAMETRIZED AS A TWO-STRAIGHT--LINE 
BaCKGR{GLI~ID (ARmENTEROS 6~ l .  

ALMOST ALL THE RECENT ANALYSES CONTAIN A POI STATE, AND SOmET(~ES 
TWO, BUT IHE WASSFS, WIOTHS, AND BRAr~CHING RATIOS OBTAINED IN THE 
DIFFERENT ANALYSES VARY GREATLY. SEE ALSO THE YmO(IbOB)P01 LISTING. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

77 Y *O(18OOI  MASS (~"EV) 

M (1745.01 AOMENTERO 68 HOE 0 ELASTIC, CH EXLH 1 [ /68  
M I ) . 740 .01  BAILEY b ~) OPWA 0 ELASTIC, CH EXEH 10/70 
M (lOOP.O} ARMENTEPO 70 HBC O ELASTIC, CH EX 6 /70  

( I7BO.OI APMENTER{ ] 70 ~BC O SIGMA PI 6 /70  
M N (169D.O) )10 .0 )  GALTIERI 70 PBC 0 SIG PI,EDPWA 717,) 
M N FRROR ~IATIKT. f~NIY- NF) ERROR DUE IO PARTICULAR P.W.ANAL. INCLUOEO 1 /7 [  

Baryons 
A(1800) 

M (1785.)  KIN 710PWA K-MATRIX ANAL. 3 /T t  
M 1780.0 20 .0  LANGBEIN 72 IPWA MULTICHANNBL 12/72 
M [746. TO. PREVOST 74  OPWA O-  K-N TO S(1388)P[ 10 /74  
M 1 [735. 5. CARROLL 76 DPkA I=O TOTAL CS 2/77 
M B 186I. OR 1953. MARTIN 77 DPWA KBAR N ¼ULTICHNL 11/77 
M 3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 3 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1853. 20. RLIC 77 DPWA KBAR N MULTICHNL 117b 
M 1841.0 (20 .0)  GOPAL 80 DPWA KBA~ N ELASTIC [ 2 / 81 "  
M 
M AVERAGE MEANINGLESS (SCALE FACTOR : 3 .5)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

77 Y=O(1BO0) WIDTH IMEV)  

W (147.0) 
W {300.0)  
W (30.01 
W (70.Ol  
W N 122.0} 
W ( 85 . )  
W 120.0  lO.O 
w 46. 20. 
w 1 (28 . )  
w 3 535 .  OR SOB. 
w IbA .  20. 
W 90 .0  80.0 
w 164. o )20 .0)  

ARMENTERD b8 HBC 0 
BAILEY 69 DPWA 0 ELASTIC, CH EXEH [0 /70  
ARMENTERO 70 HOC 0 ELASTIC, CH EX ~/70 
ARMENTERO 70  HBC 0 SIGMA PI 6 /70  
GALTIER[ 70 HBC 0 SIG PIeEDPWA 7/T0 
KIN 7 [  OPWA K-MATRIX ANAL. 3 /71  
LANGBEIN 72 IPWA MOLTICHANNBL 12172 
PROVOST 74 OPWA O- K-N TO SI IGBSIPI  [0 /74  
CARROLL 76 DPWA I=O TOTAL CS 2 /77  
MARTIN 77 DPWA KBAR N MULTICHNL ~[ /7T 
RLIC  77  DPWA KBAB N MULTICHNL [17b 
CAMERON2 76 DPWA K-P TO K=(8901 N 12179 
GOPAL BO DPWA KBAR N ELASTIC 12/81* 

W . . . . . . . . .  
W AVERAGE MEANINGLESS )SCALE FACTOR = 2 .6 )  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

77 Y *O( [B00 )  PAQT[AL DECAY MODES 

DECAY MASSES 
Pl Y~O{1800i INTO N KBAR g38+ ~98 
P3 Y=0(1800) INTO SIGMA Pl 1189+ 139 
P3 Y~O(1800 )  INTO SIG~A(1388) PI ~39÷1385 
P4 Y~OIlOO0) INTO N Kt(BBOi, PI WAVE 939+  891 
P5 Y$0 (1800 )  INTO N K* I8gO) ,  P3 WAVE 939+ 891 

77 Y=O(I80O) BRANCHING RATIOS 

R[ Y*O(1800) INTO (KBAR NI/TOTAL (P I )  
RI ( 0 . 4 )  ARMENTERO 68 DPWA 0 ELASTIC* CH EXCH 11/68 
R[ (O.SBI BAILEY 6g DPWA 0 ELASTIC, OH EXCH TO/TO 
R[ (O. IB)  ARMBNTERO 70 DPWA 0 ELASTIC, CH EXCH [0170 
R[ (O.3D) KIN 7[  DPWA K-MATRIX ANAL. 3 /T!  
R[ 0 .36  O,OS LANGBEIN 72 [PWA MULTICHANNEL 12/72 
R[ 3 (O.BBIOR 0.49 4ARTIN 77 OPWA KBAR N MULTICHNL 11/77 
R[ C (0.211 (0 .04)  RLIC 77 OPWA ROAR N ~ULTICHNL 1/76 
Rt C (KBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL BO. 
RI 0 .24 10.04) GOPAL BO DPWA KBAR N ELASTIC 12/81.  

R2 Y*Of[BOO) FROM KBAR N INTO SIGMA Pl SORT(PC*P2) 
R2 2 I+0 .20)  ARMENTERO 70 DPWA 0 K-P TO SIGMA P[ 6/T0 
R2 2 PUBLISHED SIGN CHANGED TO AGREE WITH LUND iq69 CONVENTION [SEE TEXI) 10/74 
RB N ( - 0 . 13 )  (0.031 GALTIERI 70 OPWA 0 K-P TO BIOta PI 7/70 
R2 (0 .17)  KIN 710PWA K-MATRIX ANAL. 3/71 
R2 (0.011 OR LESS LANGBEIN 72 IPWA MULTICHANNEL 12/72 
RB 3 (÷0.25)0R +0.23 MARTIN 7T OPWA KBAR N MULTICHNL 11/77 
R2 -0 .24  0.04 RLIC 77 OPWA KBAR N MULTICHNL I /Tb 

R3 Y*OIIBOOI FRO W KBAR N TO SIGMA(1385) P[ SQRTIPL*PG) 
R3 *0 . [ 8  O. LO PREVOST 74 DPWA O- K-N TO S([GB5)PI 10 / /4  

R4 Y*D(I8001 FROM KBAR N INTO N K*(BqOh Pl WAVE SORT(PlOP41 
R4 4 - 0 . 14  0.03 CAMERON2 TB DPWA K-P TO K*N 12/79 
R4 4 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12179 
R4 4 CONVENTION. [2 /79  

RB Y*0(1800) FROM KBAR N INTO N K~I890) ,  P3 WAVE SQRT["I=PS} 
R5 +0.35 0.06 CAMERON2 ?B OPWA K-P TO K~N 12/79 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

REFERENCES FOg Y*O{]BOO) 

ARMENTER 68 NP 88 195 ARMENTEROS, 5AILLON, * (CERN,HEIDELoSACLAY]IJP 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY [LRL L[VERMORE)IJP 
ARMENTER 70 DUKE CONF 123 ARMENTEROS, BAILLDN, + {BERN, HEIOELIIJP 
OALTIERI ?0 DUKE CONF 173 A FARBARO-GALTIERI (LRL)IJP 
KIM 71 PRL 27 3~6 J K KIN (HARVIIJP 

ALSO 70 DUKE 161 J .K .  KIN (HARV)IJP 
LANGBE]N 72 NP 847 477  *WAGNER (MPIM)IJP 

PREVOST 74 NP 86~ 24E PREVOST,BARLODTAUD,* (SACL÷CERN~HEID) 
CARROLL 76 PRL 37 806 +CHIANG,KYCIA,LI,MAZUR,MICHAEL ÷ (BNLII 
~ARTIN 77 UP 8127 349 MART[N,PIDCOCK,MODRHOUSE (LDUC÷GLAS)[JP 

ALSO 77 NP 8126 266 MARTIN,PIDCGCK (LDUC( 
ALSO 77 NP 8126 2E5 MARTIN,PIDCOCK (LBUCIIJP 

RLIC 77 NP 8119 ~E2 DOPAL,ROSStVAN HORN,MCP~ERSOE + (LO[C+RHELIIJP 
CAMERON2 78 NP e l46 327 +FRANEK,GOPAL,KALMUS,MEPHERSDN, ÷(RHBL÷LOICI]JP 
GOPAL BO TORONTO BONF I59 O.O.GOPAL (~HEL)IJP 

IA(t800)l . . . . . . . . . . . . . . . . . . . . . . .  . . . .  
I I T~IS NARROW STATE WAS REOUIRED TO F IT  A PEAK IN THE A7 

(OEFF IC IENT  DF THE K--P ANGULAR D ISTRIBUT ION IN  RL [C  T7 .  
IT WAS NOT REQUIRED IN PI SIGMA. NEW KBAR N ANALYSIS 
{GOPAL BO) FINDS THE STATE [NCONS[STENT WITH THE NEk 
~IGH STATISTICS K-P POCARIZATIDN MBASUREMENTS )BRYANT 
BOI. 

1 0 2  Y'OTTO00)  MASS (MEV) 1 /76  

IBO~.  5 .  RL IC  77 OPWA KBaR N "~ULTICHNL 1276 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
A(Z800) ^(z82o) 
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Data Card Listings 
For notation, see key at front of Lisiings. 

IC2 Y*O(IBOO) WIDTH (MEV) I176 

W BT. 5. RLIC 77 DPWA KBAR N MULTIEHkL 1 / 7 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 2  Y*O(1800 )  PARTIAL DECAY MODES 1 /76  

DECAY MASSES 
Pt Y 'O I l 8001  INTC N KBAR DEe+ 493 
P2 Y*G(IBO0) INTO SIGMA PI 1197+ 1 3 q  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lC2  v*o( I800I  BRANCHING RATIOS 1 /76  

RI Y=O(IBO0} INTO IKBAR N|/TOTAL (Pt )  1/76 
BE C (0 .04 )  [ 0 . 01 )  RLIC 77 DPWA KBAR N MULTICHNL [ /76 
Rl C {KBAR N)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
R I  0.03 (0.03) GOPAL BO DPWA KBAR N ELAST IC  12/81" 

R2 Y*O(IB00) FROM KBAR N INTO SIGMA PI  SORT(PEeP2) 1/76 
R2 LESS TH iN  0.04 RLIC 77 DPWA KBAR N MULTICHNL 1 / 7 6  

REFERENCES FOR Y*O(1800) 

RLIC 77 NP B l I 9  362 GOFAI,RDSS,VAN H(~RN,MCPHERSON* (LOIC+RHEL)[JP 
GDPAL 80 TORONTO CONF 159 G.P.GOPAL IRHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRYANT BO NP Bl6B 207 +CARTERtCOUPLAND,EISENHANDLER,+ (LOQM+RHEL) 

J IBUMPS . . . . . . . . . . . . . . .  E A 5 S . . . . . . . . . . . .  C .......... LAMBDA P l  + P I -  MASS SPECTRL~ FROM THE REACTION 
PP - ->  LAMBOA PI *  P I -  ÷ ANYTHING IN A CERN ISR 
EXPERIMENT AT C.M. ENERGIES OF 43  AND 62 GEV. 
THE MAIN DECAY MODES APPEAR TO BE Y*l(1385) PI AND 
Y*L(1BbOI Pl (SEE THE ENTRY FOB Y*I(15601}.  

THE I-SPIN IS NO7 ESTABLISHED, BUT SINCE THE LAMBGA PI DECAY IS NOT 
OBSERVED, I=0 IS MARGINALLY PREFERRED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 9  Y*O[ IBO0)  MASS (MEV)  IPROD. EXP . )  

M 60 1802. 3. LOCKMAN 78 SPEC 0 PP TO L P[ P[ X 12/70 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 9  Y*O( IBOO)  WIDTH IREV)  (PROD. EXP . )  

W C 60 24. B. LOCKMAN 7B SPEC 0 PP TO L PI P l  X 12/79 
W C OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ii~ Y*O[I800) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P l  Y *O I I 800 I  INTO LAMBDA P(  P I  1115+  139+ 139  
P2 Y*O( IBO0)  INTO Y .111385 )  P I  138B÷ 139 
P3 Y*B ( IBO0)  INTO Y* I ( 1B60 |  P I  1560+  1 3 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

119 YtO(IBO0) BRANCHING RATIOS (PROD. EXP.) 

R1 Ya=O(1800) INTO (LAMBDA Pl P I ) /TOTAL  (P I )  
R1 SEEN LOCKMAN 78 SPEC 0 PP TP L P l  P[ X 12/79 

R2 Y*0 {1800 )  INTO (Y* I I I38S)  PI)/TOTAL (P2 )  
R2 SEEN LOCKMAN 78  SPEC 0 PP TO L P I  P l  X ]2 /7B 

R3 Y*O(1800 ]  INTO (Y , l ( 15601  P I ) /TOTAL  (P3 )  
B~ SEEN LOCKMAN 78 SPEC 0 PP TO L P l  P l  X [ 2 / 79  

REFERENCES FOR Y*O(18001  (PRCO.  EXP . I  

LOEXMAN 7B CEN DPEPE 78 -01  +MEYER,RANDER.POSTER,SCNLEIN+ (UCLA+SACLI 

IA( 82o)1 ............... /2÷) I=O F ~ I  

EEE THE MINI-REVIEW AT THE STAPT OF THE Y*  LISTINGS. 

THIS STATE IS HELL ESTABLISHED. MOST OF THE QUOTED ER- 
BDRS ARE STATISTICAL ONLY. THE BVSTEMATIC ERRORS DUE TO 
THE PARTICULAR PARAMETRIZATION USED IN THE P.W.A. ARE 

NOT INCLUDED. FOR THIS REASON WE DO NOT CALCULATE WEIGHTED AVERAGES FSR 
MASS AND WIDTH. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 Y*0{1020) MASS (MEV) 

M N 1813 .0  (2 .0)  ARMENT-t 67  HBC 0 K-P TO SIGMA PI 8167  
M N 1816.0 (4 .01  BELL 67 HDBC 0 K-N TO SIGMA PI  11467  
M N 1B17 .0  ( 2 . 0 }  ARMENT-3 6B HBC 0 ELASTIC, CH EXCH 1 1 / 6 B  
M N 1819.0 (~.OI BUGG 68 CNTR 0 K-P, D TOTAL 6 /68  
H N IB2B.O (1.0)  BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
M N 1819.0 I f .O |  BRICMAN1 70 DPWA SIGTOT,ELAS.CHEX 1/71 
M 1830.0 (tO.Of COOL 70  CNTR K--P, D TOTAL L0470 
M 1820.0 ( I 0 .0 )  GALTIERI 70 DPWA 0 K-P TO SIGMA PI 7170 
M N 1818.0 (2.0)  CONFORTO 71 DPWA 0 ELASTIC* CH EXCH 6/70 
M lBlO. KIM 71 DPWA K-MATRIX ANAL. 3/71 
M ~ (1823 .0 )  [ 3 . 01  MANE 72  DPWA 0 K-P TO P I  SIG 10 /71  
M 4 KANE 72 IS  SUPEREOED BY KANE 7~ .  
N N 1BL~.O (B.O) LANGBEIN TZ IPWA MULT]CHANNEL 12 /72  
M 18B1 .0  12 .01  KANE 74  DPWA K-P TO PI SIG 12/81" 
M (1830.1 DECLAIS IT DPWA KBAR N TO KBAB N 1/78 

M 2 1817. OR 1819. MARTIN 77 CPWA KBAR N MULTICHNL 11177 
M 2 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 2 PARAMETERS FROM THE T-MATRIX POLE AND FROM A EL'W FIT, RESPECTIVELY. 
M N 1822. ( 2 . )  RLIC 77 DPWA NBAR N MULTICHNL 1476 
M IBlq. (2 .1  ALSTDN 7B OPWA KBAR N ELASTIC 1 / 7 8  
M 1823 ,0  ( 3 *0 )  GDPAL 80  DPWA KBAR N ELASTIC 12/81. 
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W. ANAL. INCLUDED 1171 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 Y*O[I8201 WIDTH (MEV) 

W 87 ,0  115 .0 )  ARMENT- 1 67 HBC 0 8167 
w 6~.0 (12.0) BELL 67  HOBC 0 11 /07  
W N TL*O (4.0)  ARMENT-3 68 HBC 0 ELASTIC, CH EXCH [ l / be  
w N 75 ,0  ( 7 .  O) BUGG 68  CNTR 0 K -P ,  O TOTAL 6 /68  
W N BO.O (6.01 BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
W N 79.0 (3.0) BR [CMANI ?0 DPWA SIGTOT,ELAS,CHE X 1/71 
W IO0 .O  COOL 70  CNTR K -P .  D TOTAL 10 /70  
w IO0 .O  (20.0) GALTIERI 70 OPWA O K-P TO SIGMA Pl 7 /70  
w N go.o (4.0)  CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
W 70. KIM 71 OPWA K-MATRIX ANAL. B/71 
W 4 N (104.01 (16.0) KANE 72 DPWA 0 K-P TO P[ SIG 10/71 
W 70.0 (5.0}  LANGBEIN 72 IPWA MULTICHANNEL 12 /72  
W B7.O (3.0) KANE 74 DPWA K-P TO PI BIG 12/Bit 
w (B2.} DECLAIS 77 DPWA KBAR N TO KBAR N 1/78 
W 2 76. OR 76. MARTIN TT DPWA KBAR N MULTICHNL 11 /77  
w N 81. (B. )  RLIC 77 DPWA KBAR N MUtT[CHNL 1/76 
W 72. ( 5 . )  ALSTON 78 DPWA KBAR N ELASTIC 1/78 
W 77.0 (5.0)  GOPAL BO OPWA KBAR N ELASTIC 12 /81 "  

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

39 Y*B(IBBO) PARTIAL DECAY MODES 

DECAY MASSES 
PI  Y ' 0 [ 1820 )  INTO N KBAR 9B8÷ 493  
P2 Y*D(IB20) INTO SIGMA P[ I I89÷ 1 3 9  
P3 Y*0 (1820 )  INTO SIGMA P[ P l  1192e  139+ 139  
P4 Y*O(1820) INTO ETA LAMBDA 5~B+ [ I I 5  
P5 Y *O( IB20 )  INTC Y* I ( IBBS)  P I  P-WAVE 139+13BB 
P6 Y*0 (1820 )  INTO Y* I ( 1B85 I  PI F-WAVE 13¢;+1385 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTI~D PARTIAL DECAY MODE BR-~NCHING F~CTIONS 

T h e  m a t r i x  b e l o w  i= d e r i v e d  f r o m  t h e  e r r o r  m a t r i x  f o r  t h e  f i t t e d  p a r t i a l  d e c a y  m o d e  

b r a n c h i n  B E r a c t i o n s ,  Pi* a s  I o l l o w a :  T h e  d iaF{onal  e l e m e n t s  a r e  P i ± S P i ,  w h e r e  

5 P  i = . . ~  w h i l e  t h e  o f f - d i a ~ o n M  e l e m e n t ~  a r e  t h e  n o r m a l i z e d  c o r r e l a t i o n  c o e f i i -  

c i e n t s  { 6 P i E P  j >/(BP i , 6 P j ) ,  F o r  t h e  d e f i n i t i o n s  of t h e  i n d i v i d u a l  P i '  t e e  t h e  l i s t i n g s  

~ b o v e ;  o n l y  t h o s e  P i  a p p e a r i n g  i n  t h e  m a t r i x  a r e  ~ l ~ u m e d  i n  t h e  f i t  to  be  n o n z e r o  a n d  

a r e  t h u s  c o n s t r a i n e d  t o  a d d  to  I .  

P l P 2 P B P 4 P S P E 
P i .60,%,4'c--.0216 
P 2 - . 4984  . 114E~ - . 0082  
P 3 - . 1166  . 0571  . 1028+ - .  0287  
P ~ - . 39B4  . 0151  - .TB79  . 1B60+ - .  0340  
P 5 - . 0643  .OBBO . OOT~,  - . 223T  • 0152+ - .  OOSB 
P 6 - . 0401  .C200  . 00#6  - . 167B  . 0026  . 0070+ - .  B062  

39 Y*O(1BZO)  BRANCHING RATIOS 

ERRORSQUOTED BY EXPERIMENTERS DO NOT INCLUDE U~ERTAINTY DUE 
TO PARAMETRIZATION USED iN THE P.W.A. THEY SHOULD BE INCREASED. 

RI V*OllBBO] INTO (KBAR N)/TOTAL IP l )  
RI 0.62 0.02 ARMENT-3 68  HBC 0 ELASTIC. CH EXCH 11/68 
R[ (0.72) BUGG 68 CNTR 0 K-Pt D TOTAL 6/68 
R1 0.65 0.02 BRICMAN TO CNTR 0 TOTAL AND CH EX 6170 
RI 0.58 0.02 BRICMAN[ TO DPWA SIGTDT.ELAS,CHEX 1/71 
R I  ( 0 . 8 )  COOL 70  CNTR K -P ,  D TOTAL [O lTO  
R [  0 . 63  O .O l  CONFORTO 71DPWA 0 ELAST IC*  CH EXGH 6 /TO  
R1 10 .52 )  K IM  71DPWA K-MATRIX  ANAL.  3 / 71  
R I  0 . 43  0 .02  LANGBEIN 72 [PWA MULTICHANNEL 12 /72  
RL (0.51) DECLAIS 77 OPWA KBAR N TO KBAR N 1/78 
RI 2 [O .SB)OR 0 .58  MARTIN 77 DPWA KBAR N MULTICHNL 11/77 
R[ C (O.B71 (O.B2} RLIC 77 DPWA REAR N MULTICHNL 1/76 
R1 C (KBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
R[ 0.60 0.03 ALSTON 7B DPWA KBAR N ELASTIC 117B 
RL 0 .58  10 .021  GOPAL BO DPWA KBAB N ELASTIC  1248 l *  
R I  . . . . . . . . .  
Bt AVG 0.60B 0.024 AVE'RAGE (ERROR INCLUDES SCALE FACTOR OF 3 .4 )  
RE F IT  0 .604  0.022 FROM FIT ]ERROR INCLUDES SCALE FACTOR OF 3 .1 )  

R2 Y*0[1820) FROM KBAR N INTO SIGMA PI SQRT(PI$PB) 
R2 L -0 .27  O.Ol ARMENT-i 67  DPWA 0 K-P TD SIGMA PI 10 /74  
R2 i PUBLISHEO SIGN CHANGED TO AGREE WITH LUND 1969 CONVENTION (SEE TEXT) 10474 
R2 0 .23  0 .025  BELL 67  DPWA 0 K-P TO SIGMA P I~  11 /67  
R2 -0.26 0.03 GALTIERI 70  DPWA O K-P TO SIGMA P] 7 /T0  
R2 (0.26)  KIM 71 OPNA K-MATRIXANAL. 3#71  
R2 4 ( - 0 . 26B)  (O .02T )  KANE 72 DPWA 0 K P TO P l  S IG  10 /71  
R2 O. 2S O. 03 LANGBE1N 72 IPWA I 'X}LTICHANNEL 12 /72  
R2 -0 .28  ( 0 . 01 I  KANE 74 DPWA K-P TO P I  S IG  12 /81  e 
R2 2 (-0.BB)OB -0.2B MARTIN 77 DPMA KBAR N MULTICNNL 11/77 
R2 -0.28 0.03 RLIC 77 DPWA KBAR N MULTICHNL 1/76 
R2 . . . . . . . . .  
R2 AVG NOD 0.2642 0.0082 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
R2 FIT 0.2631 O.OOB2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0] 

R3 Y~0(1820) FROM KBAR N TO ETA LAMBDB SQRTIPI*P4) D /73  
R3 -0 .096  0 .040  0 .020  RADER 73 MPWA 9 /73  
RB . . . . . . . . .  
R3 FIT 0.0~6 O.OZT FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0] 

R4 Y*O(IBBO) INTO (YtE(13BB) PIT/TOTAL (PB} 
R4 O.BO 0 .05  B I~GE G5 HBC 0 K-P  TO LAM P I  P I  7466  
R4 . . . . . . . . .  
R4 FIT 0.10B 0.B29 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5( 

RS Yt0(1820) INTO (SIGMA PI PI)4TOTAL (P31 
R5 P NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIG P l  P[ l l lBB 
RB P THERE IS A SUGGESTION OF A BUMP, ENOUGH TO BE CONSISTENT WITH 
RS WHAT IS EXPECTED FROM SIGMA PI DECAY OF THE Y* I I I3BS)  - -  ABDUT 0.02. 
RB . . . . . . . . .  
R5 F IT  0 .156  0 .034  FROM FIT  
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Data Card Listings 
For notation, see key at front of Listings. 

R6 Y*O{IB20) FROM KBAR N TO Y~ I (1385 t  P( P-WAVE SQRT(PI*PSI 
R6 A (0o3 )  10 .05 (  ARMENT-8 6T HBC 0 K-P TO LAH P÷ P+ 
R6 +0.27 0 .03  PREVOST T& GPNA O- K-N TO S(13851PI  
R6 3 -O.  I6T 0 .054  CAHERON 78 DFNA 0 K-P TO S ( 1 3 B 5 ) P l  
R6 . . . . . . . . .  
R6 AVG NOD D.2~6 O .O&6  AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .T)  
R6 FIT 0 ,299  0 ,035  FRDH FIT {ERROR INCLUDES SCALE FAETOR OF 1 .5 )  

R7 Y*O(182D{ FROM KBAR N TO Y '111385 )  P[ F-WAVE SQRT[PI~PB) 
R7 3 +0 .065  0 .029  CAMERON 78 DPWA 0 K-P TO S {1385 )P [  
R7 8 THE SIGN HERE AND IN R8 IS CHANGED TO BE IN ACCORD WITH THE 
RT 3 BARYON-FIRST CONVENTION. 
R7 . . . . . . . . .  
R7 FIT 0.065 0.029 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0) 

REFERENCES FOR Y*0(1820) 

BIRGE 65 ATF~NS CDNF 298 +ELY,KALMUS,KERNAN.LOUIE,SAHEURIA, + ( LRL l l JP  
ARNENT-I 67 PL 2B8 198 ARHENTEROS~ F LUZZI. + (CERN~HE[DELtSACLAY)IJP 
ARMENT-2 67 ZEIT PHYS 202 ~86 ARMENTERDS, F LUZZ[, + {CERN,HE[OEL,SACLAY)IJP 
BELL 67 PRL 19 ~36 R 8 BELL {LRL ) I JP  
ARNENT-B &8 NP B8 1~5 ARMENTEROSe BA[LLON~ + (EERN~HEIDEL,SAELAY)IJP 
ARMENT-~ &8 NP 88 216 ARMENTEROS, BA[LLON. + (CERN~HEIDEL,SAELAY) I 
BUGG 68 PR 168 1666 +GILMORE. KN IGHT ,  (RHEL+B[RM+CAVE) I 

BRICMAN 70 aL 318 152 +FERRO LUZZI. PERREAU,+ {CERN.CAEN,SACLAY) 
BRICMAN1 70 PL 33E 511 +FERRO-LUZZI,LAGNAUX (CERN) 
COOL TO PR D1 1817  +G[ACDMELLI. KYCIA, LEONTIC, L I ,  + {BNL) I 
GALTIERI 70 DUKE CONF 1T3  A BARBARO-GALT[ERI {LRLIIJP 

CDNFORTO 71NP B36 61 
KIM TI PRL 2T 356 

ALSO TO OUKE I81 

KANE 72 PR 05 15E3 
LANGBEIN 72 NP B67 677 
RAOER T3 NC 16A I ?8  
KANE 7~ LBL-24S2 
PREVOST 74 NP B69 266 

DECLAIS 77 CERN T7-L6 
MARTIN 77 NP B127 399 

ALSO T7 NP B I26  266 
ALSO 7T NP B126 885 

RL[C 77 NP BII9 3B2 
ALSTON 78 PR D18 182 

ALSO 7T PNL 3B 1007 
CAMERON 78 NP B 1&3 I89 
GOPAL 

*LEVI  SETTI.LAS[NSKI.*OBERLACK++ (EFI+HEID)IJP 
J K KIN (HARV|IJP 
J. K. KIM (HARV)IJP 

D F KANE (LBL)IJP 
+WAGNER (MPIMIIJP 
+BARLOUTAUD~+ ISACL+EEIO+CERN+RHEL+CDBF) 
D,F*KANE [LBL l l JP  
PREVDST,BARLOUTAUD,+ (SACL+CBRN+HEIGI 

÷DUCHON,LOUVEL,PATRY,SEGUINOT÷ (CAEN+CERN)IJP 
MAR TIN,PIDCOCKeMOORHOUSE (LOUC+GLAS)]JP 
MARTIN,PIDCOCK (LOUCI 
MARTIN~P[OCOCK (LDUCl lJP 
GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
+KENNEY~POLLARO~ROSS+ (LBL+MTHO+EERNIIJP 
ALSTDN-OARNJOST~KENNEY (LBL+MTHD+CERNIIJP 
+FRANBK,GOPAL,BACON. BOTTERWOBTH÷(RHEL+LD(C)[JP 

80 TORGNTD CONF 159 G.P.GOPAL (RHEL)IJP 

10 /76  
1 /78  

1 /78  
[ 2 / 79  
12 /79  

PAPERS NOT REFERRED TC IN DATA CARDS 

THE FOLLOWING PAPERS ARE NOW OF ONLY HISTpR ICAL INTEREST - -  

EHAMBERL 62 PR 125 1696 CHAMBERLAIN.CROWE,KEEFEtKERTH. + (LRL) I 
GALTIERI 68 PL 6 296 A BARBARO-GALTIERI~A HUSSAINtRO TRIPP (LRL { I J  
SOO1CKSO 64 PR [ 33  B757 SODICKSON,MANNELLI.FRISCH.WAHLIG (MIT(BNLI) J 
HOLLEY 65 UCRL-1827A THESIS W R HOLLEY (LRL} d 
BIRMINGH 66 PR 152 11~8  81RMINGHAM,GLASGOW~I.C., OXFORD.RUTHERFORD 
COOL 66 PRL 16 1228 +GIACONELLhKYCIA,LEONTIO,LUNDBY + {BNL)) 
GELFAND 66 PRL t7 [284 +HARMSEN,LEVI-SETTI,PRECAZZI+ (EFI,ANLI 
ARMBNTER 67 NP B3 B92 ARMENTEROS,FERRO-LUEZI÷ (CERN,HEIO.SACLAY)IJP 
:ONFORTO 6B NP BB 265 +HARMSEN, LASINSKI, + (CHICAGO, HE[DEL)IBP 
LASINBKI 68 OR 163 1792  LASINSKI, LEVI SETTh PREDAZZI [CHICAGO) JP 
PREVOST 7[  AMSTERDA~ CDNF + CHS COLLABORATION (CERN+HEID+SACL) 

I A ( , a a o ) l  . . . .  ,, . . . . . . . .  = o  
~EE THE MINI-REVIEW AT THE START OF IHE Y t  LISTINGS. 

THE BEST EVIDENCE EOR THIS RESONANCE COMES FROM THE 
SIGMA P( CHANNEL. IT IS WELL ESTABLISHED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5& Y*0(1830) MASS (MEV) 

N N [827.0 (3.01 ARMENTERO 67 HBC 0 K-P TO SIGMA P] 8/87 
M N lB37.O ( t L .O I  BELL 67 HBC 0 K-P TO S{GWA PI 11167 
M N IBOT. O ( I 0 . 0 )  ARNENTERO 68 HBC 0 ELASTIC, CH EXCH 11166 
M lB40.O (15 .0 l  GALTIERI 70 DFWA 0 K-P TO SIGMa PI 7 /70  
M N IBB l .  D (E.O) CONFORTO 71DPWA 0 ELASTIC, CH EXCH 6 /70  
M 1830. RIM 71 OPWA K-MATRIX ANAL. 3 /71  
M 3 K (1720 . )  KIN 710PHA K-MATRIX ANAL* 3 /E l  
½ {1832 .0 )  ( 5 . 0 )  KANE 72 OPWA O K-P TO Pl BIG 10271 
N 3 KANE 72 IS  SUOEREDEO BY KANE 7~.  
M 1810.0 (10.0) LANGBEIN 72 IPWA MULTICHANNEL 12172 
M 1825.0  ( 1 .O )  KANE 76 DPWA K-P TO p I  SIG 121B l *  
M 1 1817. OR 18E8. MARTIN 77 DPWA KBAR N MULTICHNL EL/T7 
M 1 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M l PARAWETERS F~OM THE T-MATRIX POLE AND FROM A B-W F IT ,  RESPECTIVELY. 

1825. ( 10 .1  RLIC TT DPWA WBAR N MULT{CHNL 1/76  
M 1831.0 ( iO .  OI GOPAL BO OPWA KBAR N ELASTIC 12181* 
M K POSSIBLE EFFECT MAINLY IN SIGMA P I .  NOT CLEAR IF UNCORRELATEO 
M K WITH 7HE 1830 EFFECT 
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W. ANAL. INCLUDED 1/71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

56 Y$O(1B30) WIDTH (MEV) 

W 75.0 (q.O) ARMENTERO 67 HBC 
W 74.0 ( lB .O )  BELL 67 HBC 
w I23,0 ( 32 .0 l  ARMENTERD bB NBC 
W ISO.O (30.01 GALTIBRI 70 GPWA 
W 106.0 (3B.O) CDNFORTO 7L OPWA 
W SO. KIN 71DPWA 
W 3K (20.) KIM 71DPWA 
W [88 .0 )  ( IO .O)  KANE 72 OPWA 
w 60.0 (20.0) LANGBEIN 72 IPWA 
W 1 [q .0  { 3 *0 )  KANE 7~ OPWA 
H 1 56* OR 56. MARTIN 77 DPWA 
w 9 4 .  { 1o . I  RL1C 77 DPWA 
W LO0.O ( IO .O)  GOPAL 80 DPWA 

SEE THE NOTES ACCOMPANYING MASSES OUDTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O K-P TO SIGMA PI 8/67 
0 K-P TO SIGMA Pl  8167 
O ELASTIC, CH EXCH 11168 
0 K-P TO SIGMA PI 7170 
O ELASTIC, CH EXCH 6170 

K-MATRIX ANAL. B271 
K-MATRIX ANAL. 317[ 

O K-P TO PI BIG lO/TL 
T'~JLTICHANNEL 12/72  
K-P TO OI SIG 1218L* 
KBAR N MULTICHNL 11177 
KBAR N MULT(CHNL 1 / 7 6  
KBAR N ELASTIC 12181* 

Baryons 
A(1820), A(I830), A(1890) 

56 v *0 (1830 )  PARTIAL DECAY MODES 

DECAY MASSES 
PL Y=O(1830) INTO N KB&R q3B÷ 493 
P2 Y*O(IB30) INTO SIGMA Pl 1189~ 139 
P3 Y*O I IB30 }  INTC Y~ I (1385 I  P l  D-WAVE 139+13B5 
P4 Y=O(183D) INTO ETA LAMBDA 568+111B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SB Y~0(18301 BRANCHING RATIOS 

R1 V*O(E830) INTO (KBAR NI/TOTAL (P l l  
RI D,O9 {O. Ot) ARMENTERO 68 HBC 0 ELASTIC, CH EXCH 11 /68  
RI  0 , 03  ( 0 . 02 {  BRICMANE 70 OPWA SIGTOT,ELA8,CHEX 1/71  
RI  O.OB (0 .021  CDNFORTO 710PWA 0 ELAST{C, CH EXCH 6 /70  
RI  ( 0 , 2 4 )  KIN  71DPNA K-MATRIX ANAL. 3171 
R I  0 . 10  { 0 . 03 )  LANGBEIN 72 IPWA ~LTICHANNEL 12/72 
R I  1 (O .06 (OR 0 .06  MARTIN 77 DPWA KBAR N MULTICHNL 11177 
RI C (O.OB) [O.OBI  RLIC 7T DPWA KBAR N MULTICHNL I176 
RI C {KBAR NIITDTAL FROM RLIC 77 IS SUPERSEDEO BY GOPAL 80. 
RL O. OB [0.021 ALSTON 78 DPWA KBAR N ELASTIC 11T8 
RI  0 . 08  ( 0 . 03 }  GOPAL BO DPWA KBAR N ELASTIC 12181* 

R2 Y*O(1B30) FROM KBAR N INTO SIGMA Pl SQRTIPIeP2) 
R2 A (-0.15) (O.O21 ARMENTERO 6T DPWA 0 K-R TO SIGMA P( I017A 
R2 A PUBLISHED SIGN CHANGEO TO AGREE WITH LUNG 1 9 6 9  CONVENTION (SEE TEXT) 10174 
R2 0 .19  ( 0 . 011  BELL 67 DPWA O K-P TO SIGMA PI 11167 
R2 -0 ,16  10 .03 )  GALTIER[ 70 DPWA 0 R-P TO SIGMA PI 7 / 70  
R2 0 .15  K{M T l  DPWA K-MATRIX ANAL. 3171 
R2  3 { -O .13B)  (O.O18) WANE 72 DPWA 0 K-~ TO PI SIG 10/71 
R2 0 .27  {O.  OT) LANGBEIN 72 IPBA MULTICHANNEL 12472 
R2 -0 .15  ( 0 . 01 )  KANE 76 DPWA K-P TO Pl  BIG 12/81 • 
R2 1 ( -O* I7 ]OR -0 .17  MARTIN 77 DPWA KBAR N MULTICHNL 11177 
R2 -0.17 (0.03) RLIC 77 OPWA KBAR N MULT{EHNL 1176 

R3 Y=0(18801 FRCM KBAR N TO ETA LAMBDA SQRT(PI=P~I 9 /73  
R3 -0 ,044  0 .080  RADER 73 MPWA 9 /?B 

R6 Y~D( IB30{  FROM KBAR N TO Y~ I (138S I  Pl D-WAVE SQRT{PI*P3) 
R4 +0 .13  0 .03  PREVOST T4 GPWA O- K-N TO S( IBBS IF I  [0176  
R4 2 +0.1R1 0 .016  CAMERON T8 OPWA 0 K-P TO S ( IBBB)P I  1 /78  
R4 2 CAMERON 78 UPPER LIMIT ON G-WAVE DECAY IS 0 ,03 .  THE SIGN HERE IS 12 /79  
R6 2 CHANGED TO BE IN ACCORD WITH THE flARYO~-FIRST CONVENTION. 12/79 
R4 . . . . . . . . .  
R6 AVERAGE MEANINGLESS {SCALE FACTOR = 1.0} 

REFERENCES FOR Y*O( IB30 I  

ARMENTER 6T PL 2~B 198 ARNENTEROS. F -LUZZ [ .  + (CERN.HEIDEL.SACLAYI[JP 
BELL 67 PRL t 9  906 R B BELL (LRL ) I JP  
ARMENTER 68 NP B8 195 ARMENTEBOS~ BAILLON, + ICERN,HEIOEL,SACLAY)[JP 
CONFORTO 6B NP B8 265 +HARMSENt LASINSKEt + (CHICAGO,HEIDELIIJP 

I~ SUPERSEDED BY CONFORTO 71,  
BRICMANI TO PL 33B 811 +FERRO-LUZZIILAGNAUX (CERN) 
GALTIER{ 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL)IJP 

CONFORTO 71 NP B34 AI  *LEVI SETTI,LASINSKI..OBERLACK+÷ (EFI+HEIDIIJP 
KIM 71PRL 27 356 J K KIN (HARV) IJP 

ALSO 70 DUKE 161 J .K .  KIM (HARV)IJP 
KANE 72 PR D5 15E3 D F KANE (LBL ) I JP  
LANGBEIN 72 NP B47 477 +WAGNER (MPIMIIJP 
RADER 73 NC 16A 178 +BARLOUTAUD,+ {SACL+HEIO+CERN+RHEL+COEF) 

KANE 76 LBL-2658 D.F.KANE (LBL I I JP  
PREVOST 74 NP B69 8A6 PREVOST,BARLOUTAUD,÷ (SACL+CERN+HEIOI 

MARTIN 77 NP B187 3A9 MARTIN, PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 
ALSO 77 NP 8128 266 MARTIN,PIDCOCK (LOUC{ 
ALSO 77 NP B186 2EB MARTIN,PIDCOCK (LOUCIIJP 

RLIC 77 NP B119 362 GOPAL.ROSStVAN HORN.MCPHERSOB~ [LOIC+RHEL{IJP 
+KENflEY,POLLARD,ROSS+ (LBL+MTHO+CERNIIJP ALSTON 78 PR 018 182 

ALSO 77 PRL 3B 1007  ALSTON-GARNJOST,KENNEY (LBL+HTHO+CERN)IJF 
CAMERON 78 NP B143 [89 +FRANEK,GOPAL.BACON.BUTIERWORTH+(RHEL+LOIC)IJP 
GDPAL 80 TORONTO CONF 189 G.PoGOPAL (RHSLI [JP 

PAPERS NOT REFERRED TO IN OATA CARDS 

PREVOST 71 ANSTERD~M CONF + CHS COLLABORATION (CERN+HEIO+SACL) 

1 8 9 o ) ]  I ( A  . . . .  o{ . . . . . . . . .  ,2., ,.o 
THE JP=3/2+ ASSIGNNENT IS CONSISTENT WITH ALL 
AVAILABLE DATA (INCLUDING POLARIZATION) AND RECENT 
PARTIAL WAVE ANALYSES. THE DOMINANT INELASTIC 
NODES REMAIN UNKNOWN. SEE ALSO Y~OI20OOI NINI-REVIEW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

60 Y~O{1BDO) MASS (MEV) 

M A N FOE IB64. O 2.0 ARMENTERO 6B OPWA 0 ELASTIC, CH EXCH LI/8B 
M 1870.0  5 .0  BUGG 68 CNTR O K-P TOTAL 7168 
N A F07 1877.0  6 .0  BRICMAN 70 CNTR O TOTAL AND CH EX b/TO 
M IB70*O 6.0 BRICMAN1 70 OPWA 0 SIGTOT,ELAStCHEX I lTL 
M i N 1B83.0 10 .0  CONFORTO 710PWA 0 ELASTIC, CH EXCH 6170 
M {1710.) KIN 710PWA K-MATRIX ANAL. 31EL 
M IB50.0 20.0 LANGBEIN 72 IPWA MULTICHANNEL 12/72 
M 2 (1868 , )  LEA 73 DPWA MULTTEHNL K-MTRX 9 /73  
M 1B96. 10. HEMINGWA 78 ORWA 0 K- P TO KBAB N IT/T8 
M 3 (1900.[ NAKKASYA 75 OPWA 0 K-P TO LAN. OMG. 1178 
M SEEN BACCANI TT IPWA 0 K-P TO LAM. DMG. 1178 
M R 1858. OR IB68. MARTIN 77 OPWA KBAR N MULTICHNL l i l l E  
w 4 THE TWO ENTRIES FOR MARTIN T7 CORRESPOND TO EXTRACTION OF RESONANCE 
M 4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A E=-W F IT t  RESPECTIVELY. 
M 1900. E. RLIC 77 DPWA KBAR N MULTICHNL 1/76 
M 1N08. 10. ALSTDN 78 DPWA KBAR N ELASTIC E/IS 
M 189T.0 IS.O) GORAL 80 DPWA KBAR N ELASTIC L2/BI~ 
M A THESE TWO ANALYSES GAVE THE FOE ASSIGNMENT, THEY HAVE TO BE 1/71 
M A DISCARDED IN VIEW OF CONFORTD 70 AND BRICMANI 70 
N N DUE TO PARTICULAR PARAMETERIZATION USED.ERROR CAN BE LARGE 1/71 
M L 2 POSSIBLE EFFECT MAINLY IN SIGMA PI .  WE TENTATIVELY LIST IT HERE. 
M ONLY UNCONSTRAINED SEATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. 91T3 
M 3 FOU/~ IN CNE OF TWO BEST SOLUTIONS. 1/T6 
M . . . . . . . . .  
M AVERAGE MEANINGLESS [SCALE FACTOR = 2.4) 



Baryons 
A(1890), A(2000), A(2020) 
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For notation, see key at front of  Listings. 

EO Y*O(IBO0) WIDTH (MEV) 

W A N F07 3g.O 7.0 ARMENTERO 68 DPWA 
N 40.0 I0 .0  BUGG 68 CNTR 
W A FO/ 24.0 15.0 BRICMAN TO CNIR 
W 37 .0  I 0 . 0  BRIDMANI 70  OPNA 
W IN 80.0 20 .0  CONFORTO 7 I  OPWA 
W 120 . )  KIM 7L DPWA 
W 125 .0  20.0 LANGBEIN T2 IPWA 
W 2 1323.81 LEA 73 DPWA 
W ID7. 10. HEWINGWA 75 OPWA 
W 3 1100.) NAKKASYA 75  DPWA 
W 4 Lgl. OR 183 .  MARTIN 77 DPWA 
W 72* EO. RLIC 77 DPkA 
W LLg .  20. ALSTON 78 DPWA 
a 74.0 (tO.O) GOPAL 80 OPNA 
W SEE THE NOTES ACCOMPANYING M~SSES QUOTED 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 2.B} 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~O Y*O([8901 PARTIAL DECAY MODES 

OECAY MASSES 
P[  Y *O(1890 )  INTO N KBAR ~38+  493 
PB Y*O I1BgO)  INTO SIGMA Pl 1189+ 139 
P3 Y*OI IBOO)  INTO LAMBDA OMEGA 1115+  782  
P4 Y*O( IBgO)  INTE Y* I ( 13BS)  PI P-NAVE 139 .1385  
P5 Y*OIIBOOI INTC Y*III385) PI F-WAVE 139+1385 
P6 Y tO l lBgO)  INTO N K*(BgO), P I  WAVE g39÷ 891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 ELASTIC, OH EXCH [ I l b8  
0 K-P TOTAL T/AB 
0 TOTAL AND CH EX b/70 
0 SIOTOT,ELAS,CHEX 1/71 
0 ELASTIC, CH EXEH b/70 

R-~ATRIX  ANAL.  ~ /TL  
MULTICHANNEL 12 /72  
MULTICHNL K-MT~X 9173 

0 K- P TO KBAR N 11175 
O K-P TO LAM. OMG. 1/76 

KBAR N HULTIDH~L II177 
KBAR N MULTICHNL 1 /76  
NBAR N ELASTIC 1178 
KBAR N ELASTIC 12181* 

60 Y*O( IBgO)  BRANCHING RATIOS 

R[ Y*OI18901 INTO (KEAR NIITOTAL IP I I  
R1 A F07 0.12 0.02 ARMENTERO 6B HBC 0 ELASTIC, CH EXCH I t l bB  
R[  [ J+ I / 21PL=  0 .%0  BUGG 68  CNTR O 7 /6B  
R[ A FOT 0.07 0.02 BRICMAN 70 CNTR 0 TOTAL AND DH EX b170 
R[  0.1% 0.02 BRICMAN1 70 DPWA 0 SIGTOT,ELAS,CHEX l / T l  
R [  N 0.2B 0.03 CONFORTO 7E OPWA 0 ELASTIC, CH EXEH b/70 
RI 0.37 0.05 LANGBEIN 72 IPWA MULTIEHANNEL 12/72 
R1 2 (0.32) LEA 73 DPWA MULTICHNL K-MTRX 9173 
RE 0.24 0.04 HEMINGWA 75 DPWA 0 K- P TO KB=R N 11175 
RI 4 (0.3610R 0.34 MARTIN 77 DPWA KBAR N MULTICHNL 11177  
R[ C [O. JB) (0.021 RLIC 77 DPWA KBAR N MULTIEHNL llTb 
R1 C {KBAR N)/TOTAL FROM RLIC 7T IS SUPERSEDED BY GOPAL DO. 
R1 0.34 0*05 ALSTON T8 DPWA KBAR N ELASTIC 1/78 
RE 0.20 (0.021 GO~AL BO DPWA KBAR N ELASTIC 12 /61 .  
R I  SEE THE NOTES ACCOMPANYING MASSES QUOTED 
R [  . . . . . . . . .  
R[ AVERAGE MEANINGLESS [SCALE FACTOR = 2 .8 l  

R2 Y*0 (1890 )  INTO (SIGMA PIIITOTAL (P21  
R2 P PROBABLY SEEN GALTIERI 6B DBE 0 K-N TO SIG Pl PI 11 /68  
R2 (0.03) C8 LESS LANGBEIN 72 IPWA MULTICHANNEL 12/72 
R2 P POSSIBLY THIS BUMP SEEN AT 18%0+-10 MEV WITH A WIDTH OF 35+-10 MEV 
R2 IS THE Y$OIIB30), WHICH DECAYS STRONGLY TO SIGMA Pl .  HOWEVER THE 
R2 NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y*O([BgO). 

R3 Y*O( IB90 )  FRCN KBAR N TO SIGMA PI  SQRT(P I *P2 )  9 / 73  
R3 2 (+0.151 LEA 73 OPWA MULTICHNL K-MTRX 9/73 
R3 4 [+O.ES)OR +0.14 MARTIN 77 OPWA KBAR N MULTICHNL l l / TT  
R3 -O. OQ 0.03 RL[C 77 OPWA KBAR N MULTICHNL 1176 

R4 Y~O(1B90I FROM KBAR N INTO LAMBDA OMEGA SQRTIP I *P3 )  1 / 16  
R% 3 (0.032) NAKKASYA 75 DPWA 0 K-P TO tAM. DMO. 117b 

R5 Y=O{IB90i FROM KBAR N INTO Y~I(13851 P[ P-WAVE SORT(BE*PAT 
R5 LESS THAN 0.03 CAMERON 78 DPWA O K-P TO S(138B)PI 1/78 

R6 Y tO(EBgO)  FROM KBAR N INTO Y* I ( 13BS)  P l  F-WAVE SORT(B l iP5 )  
R6 5 - 0 . 126  0 .055  CAMERON 78  DPWA 0 K-P  TO S [13BS}P I  1 / 78  
R6 5 SIGN CHANGED 70 BE [M ACCORD WITH THE BARYON-FIRST CONVENTION. 12/79 

R7 Y*0118901 FROM KBAR N INTO N K*IB90), P l  WAVE SORT(PlOP61 
R7 6 -0.0T 0.03 CAMERON2 TB DPWA K-P TO K*N 12/79 
R7 6 THE SIGN HERB IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R7 B CONVENTION* UPPER LIMITS ON THE P3 AND F3 WAVES ARE EACH 0.03. 12/79 

REFERENCES FOR Y*011890) 

ARMENTER068 NP B8 195 
BUGG 68 PR 168 1466 
GALTIERI 68 PRL 21 573 

BRIDMAN 70 PL 31B  152 
8RICNAN1 70  PL 33B  51 l  
CONFGR70 71 NP B34 41 
K IN  71 PRL 27  356  

ALSO 70 DUKE 16 I 
LANGBEIN T2 NP B47 437  

LEA 73 NP BEE 73  
HEMINGWA T5 NP Bq l  12 
NAKNASYA 75 NP B93 85 

MARTIN 77 NP B127 3%9 
ALSO 77 NP B126  B66 
ALSO 77 NP B126  285  

RLIC 77 NP 8119 362 
ALSTQN 78 PR D18 182 

ALSO 77 PRL 38 COOT 
CAMERON 78 NP BE~3 189 
CAMERON2 78 NP B146  327  
GOPAL 

ARMENTEROS, BAILLON, ÷ (CERN,HEIOFL,SAELAYIIJP 
+GILMORE, KNIGHT, + (RHEL,BIRM,CAVEI I 
BARBARO-GALTIERh MATISON, + ILRL,SLAC) 

+FERRO LUZZl, PERREAUe+ (CERN,CAEN,SACLAY) 
+FERRO-LUZZI,LAGNAUX (DERNI 
+LEV I  SETTI,LASINSKI,.OBERLADK++ IEFI+HEID)IJP 
J K KIN (HARV)IJP 
~.  K .  K IM (HARVI I JP  
+WAGNER (MPIM)IJP 

+MARTIN.MOORHOUSE+ (RHEI~LOUC÷GLAS+AAR~USIIJP 
HEMINGWAY,EADES,HARMSEN* (CERN,HEID,~PIMIIJP 
A.  NAKKASYAN (CERNIIJP 

MARTIN,PIOCOCK,MOORHOUSE ILOUO*GLAS)IJP 
MARTIN,PIDCOCK (LOUC) 
MARTIN~PIDEOCK (LOUCI I JP  
GOPAL,ROSS,VAN HORN,MCPHERSON+ (LOIC+RHEL)IJP 
+KENNEY,POLLARD,ROSS+ (LBL*MTHO÷CERN)[JP 
ALSTON-GARNJOST.KENNEY (LBL+MTHO÷EERN)IJP 
+FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL+LOIC)IJP 
+FRANEK,GOPAL,KALMUS,MEPHERSCN,+IRHEL+LOIC)IJP 

B0 TORONTO CON~ 159 G .P .GOPAL  (RHEL) I JP  

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 67 NP B3 592 ARMENTEROS, F-LUZZI, ÷ (CERN,HEIDEL,SAOLAYIIJP 
REPLACED BY ARMENTERDS 6B AND CONFORTO @B. 

DQNFORTO 68 NP B8 26E +HARNSEN, LASINSKh ÷ (CHICAGO,HEIDELI]JP 
SUPERSEDED BY CONFORTO TI.  

LEVISETT 69 LUND 339 R.LEVI SETTI (RAPPORTEUR) (EFT) 
ALBROW 71 NP B29 413  +ANDERSON,BOSNJAKOVIC,DAUM,ERNZ,+ ICERN) 
BACCARI 77 NC 61A  96  ÷POULARD,REVEL,TALLINI+ ISACL÷CDEF[IJP 

[A(2o00) I . . . . . . . . . . . . . . .  
SEE THE MINI~REVIEW AT THE START OF THE Y* LISTINGS. 

WE LIST HERE ALL THE AMBIGUOUS RESONANCE POSS[BLITIES 
WITH A MASS AROUND 2 GEV. THE PROPOSED QUANTUM NUWBERS 
ARE 93 (GALTIERI 70 IN STOMA PIT, 03+F5, P3+05, OR 
PI+D3 {BRANDSTETTER 72 IN LA~BOA GHEGA), NND $1 

(CAMERONB 7B IN NK~). THE FIRST TWO OF THE ABOVE ANALYSES SHOULD NOW 
BE CqNSIDERED OESOLETE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

eg Y=O(BO00) MASS (MEV) 

M 12010.01 (30.0) GALTIERI 70 DPWA 0 K-P TO SIGMA P[ ?/70 
M 1 1935. TO 1971. BRANDSTE 72 DPWA 0 K-P TO LAM. OMG. 1/74 
M E 1951. TO 2034. BRANOSTE 72 DPWA 0 K-P TO LAM. OMG. 1/7% 
M [ PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS, THE LOWER 11/79 
M I (HIGHER) MASS STATE PROBABLY HAS J.LE.312(5/2).  I I175 
M 2030.0 30.0 EAMERON2 7B OPNA K-P TO K*(8901 N 12179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e~ Y*O(20001 WIDTH {HEV) 

W 1130.0) (SO.O) GALTIERI 70 OPWA 0 K--P EO SIGMA PI 7/70 
W I 180. TO 240. (LWR. MASSI BRANDSTE 72 CPWA 0 K-P TO LA~. OMG. 1/14 
W [ 73. TO 154. (HGR. MASS) BRANOSTE 72 DPWA 0 K-P TO LAM. OMG. i17~ 
W 125.0 25.0 CAMERON2 78 DPWA K-P TO K*(B90) N 12/77 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E9 Y*Oi2000) PARTIAL DECAY MODES 

+O~EAY MASSES 
938 493 P1 Y=O(20DOI INTO N KBAR 

P2 Y'~ 'OI2000)  INTO SIGMA PI l lBq+  139 
P3 Y*O(BOOO) INTO LAMBOA OMEGA 1115+ 782 
P4 Y~O(2OO0)  INTE N K~ ' (BgOI ,  51 WAVE 939÷ 891 
P5 Y=O(20001 INTO N K=IBO0}, 03 WAVE g39+ 891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 Y*O(20OO) BRANCHING RATIOS 

RE Y*O(2ODO) FROM KBAR N IO SIGMA P[ SQP7(PI*PBI 
R[ {-O.2O) (0.041 GALTIERI 70 OPNA 0 K-P TO SIGMA P[ 7/?0 

R2 Y*O{20001 FROM KBAR N INTO LAMBDA OMEGA SQRT(PI *P3)  
RB I 10.171 TO 0.25 (LNR.) BRANDSTE 72 OPNA 0 K-P TO tAM. OMG. 1/74 
R2 1 i0.04) 70 0.15 IHGR.) BRANDSTE 72 OPWA 0 K-P 70 LAM. OMG. 1/74 

R3 Y*O(BO00) FROM KBAR N INTO N K$18901, $I WAVE SQRT(PI*P%) 
R3 2 -0 .12 0.03 CAMERON2 TB OPWA K-P TO K*N I217g 
R3 2 THE SIGN HERE IS CHANGED TO BE IN ACCORD NITH THE BARYON-FIRST 12/79 
R3 2 CONVENTION. 12/79 

R% Y*O(200O l  FROM KBAR N INTO N K= (8901 ,  03 WAVE SQRT(P I~P5 )  
R4 +0.09 O.O3 CAMERON2 78 OPWA K-P TO K*N 12/79 

REFERENCES FOR Y*O{2000) 

GALTIERI 70 DUKE CONF 173 A BARBAR~-GALTIERI (LRLIIJP 
BRANDS7E 72 NP B39 13 BRANDSTETTER,BUTTERWORTH,+ (RHEL+COEF÷SACL) 
CAMERON2 78 HP B146 327 *FRANEK,GOPAL,KALMUS,MEPHERSON,÷iRHEL~LDIC)IJP 

PAPERS NOT REFERRED TC IN DATA CARDS 

NAKRASYA 75 NP B93 E5 A. NARNASYAN (CERNHJP 

*~$==  t===$ t l *$  =~ t$$= t t t  ===$$=$$ t  t $ t$= l== t  t * t $=~=~*  t t l = i t t = t  $ f * t $=$*  

IA( o o)l . . . . . .  . . . . .  ..... = o  F q  
EFFECTS IN THIS PARTIAL WAVE HAVE BEEN OBSERVED AT 
CIFFERENT ENERGIES IN TWO CHANNELS. IN LITCHFIELD 71, 
NEED FOR THE STATE RESTS SOLELY Oh POSSIBLY 
INCONSISTENT POLARIZATION MEASUREMENT AT 1.784 GEV/C. 
HEMINOWAY 75 ANALYSIS OF KBAR N DOES NCT REQUIRE THIS 

STATE. RLIO 77 CD NOT NEED IT IN EITHER KBAR N OR Pl SIGMA. WITH NEW 
K- NEUTRON ANGULAR DISTRIBUTIONS INCLUDED, OECLAIS 77 SEE THIS STATE. 
HOWEVER, THIS AND OTHER NEW DATA ARE INCLUDED IN GOPAL 80 AND THIS 
STATE IS NOT REQUIRED. BACAR[ 77 WEAKLY SUPPORTS THIS STATE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27 Y~0120201 MASS (MEVI 

M 12020.0) 120.01 GALTIERI 70 DPWA 0 K-P TO SIGMA P[ 7/70 
M 12130.) 130.) LITCHFIE 7I DPWA K-P TO KBAR N 10/71 
M (ZlSO.I BACCARI 77 DPWA 0 K-p TO LAM. OMG. 1178 
M (2117 . )  OECLAIS 77 DPWA KBAR N TO KBAR N 1 /T8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27 Y*012020) WIDTH IMEVI 

w 1160 .0 )  ( 30 .0 ]  GALT IER [  70  OPNA O K-P TO SIGMA PI  7 / 70  
W (E2O. l (30.)  LITCHFIE 7L DPWA K-P TO KBAR N 10/71 
W (128.) BACCARI 77 DPWA 0 K-P TO LAM. OMO. I l l B  
W (167.) DECLAIS 77 OPWA KBAR N TO KBAR N 1/78 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27 Y*0120201 PARIIAL DECAY MODES 

DECAY MASSES 
P[ Y=0{2020)  INTO N KBAR 93B÷ %93 
P2 Y*0(20201 INTO SIGMA P[ 1189+ 139 
P3 Y*O(2O20} INTO LAMBDA OMEGA 1115+ 782 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke~ at front of Listings. 

Baryons 
^( too) 

27 Y*0(2020) BRANCMING RATIOS 

Y*0(2020) INTO (KBAR NI/TOTAL 
10 .05 )  ( 0 . 02 }  L1TCHFIE 7E DPWA 
10 .05 )  DECLAIS 77 DPWA 

IP1 )  
K-P TO KBAR N I 0 / 71  
KBAR N TO KBAR N 1 /78  

R1 
r l  
R I  

R2 Y'0(2020| FROM REAR N TO SIGMA PI SQRT(PI*P2) 
R2 (-0.15) (0.021 GALTIERI 70 OPWA O R-P TO SIGMA P[ 7/70 

R3 Y~'0(2020I FROM KBAR N TO LANDOR OMEGA SQRTIPI*P3)  l / TB  
R3 LESS THAN 0.05 BACCARI 77 OPHA O K-P TO LAH. OMG. l /T8 

REFERENCES FOR Y=O(2O20) 

GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL I I JP  
LITCHFIE 71 NP B3O 125 LITCHFIELDt.*.+LESQUOYt+o. (RHEL+CDEF*SACL)IJP 

BACCARI 77 NC 41i  '~E ÷POULARD,REVEL*TALLINI÷ (SACL÷CDEFIIJP 
OECLAIS 77 CERN IT-16 ÷DUCHON, LOUVEL v PATRY t SE GUT NOT+ (CAEN÷CERN) I JP 

PAPERS NOT REFERRED TO IN DATA CARDS 

HENINGWA 75 NP 891 12 HEMINGWAY, EADES,HARMSEN÷ (CERN,HEID,MPIM)IJP 

IA< ,oo)l..o. . . . . . . . . . .  = o  
SEE THE MINI-REVIEW AT THE START OF THE Y~ LISTINGS. 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MRSS DISTRIBUTIONS AROUND 2100 MEV ARE 
GIVEN IN A SEPARAT E ENTRY BELOW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A l  Y*O(2IOO) MASS (MEV) 

M (2120 .0 )  NOHL 66 HBC K--P CH EX 7 /66  
M A (2OBO, O) ( [O .O)  BURGUN 68 DPWA 0 K-P TO X( K 10 /69  
M L (2130.0] 12O.OI 8ERTHONI 70 BPWA O K-P TO SIGMA PI 10 /T0  
M 2119.0 (20.0) GALTIERI 70 DPWA O R-P TO SIGMA Pl 7170 
M 2~00. ( 15 . ]  L ITCHFIE 71 DPWA K-P TO KBAR N 10/71  
M L 2110.0 130 .0 )  LITCHFIE 71 OPWA K-P TO SIG PI IOl71 
M 1 2113, TO 2154.  BRANOSTE 72 OPWA O K-P TO tAM. ONG. 1 /74  
M B (2092 .01  (12.0) KANE 72 DPWA O K-P TO P[ SIG 10/71  
M 5 KANE 72 IS SUPEREDEO BY KANE 7%. 
M 2115.0  ( lO .O )  KANE 74 OPWA K-P TO PI SIG 12/81~' 
M 2105. I lO . )  HEMINGWA 75 DPWA 0 K- P TO KBAR N I I / 7S  
M 2 2110. OR 2089. NAKKASYA 75 DPWA 0 K-P TO LAM. OMG. 11 /73  
M 3 (2094 . )  BACCARI 77 OPHA O K-P TO LAM. OMG. 1 /78  
M (2094 . }  DEELA[S 77 OPWA KBAR N TO KBAR N 1/78  
M 2110. (10.)  RLIC 77 OPWA KBAR N MULTICHNL 1/76 

2106. (30.!  BELLEFON 78 DPNA O KBAR N TO KBAR N I178 M 
M 2106 .0  (10.0) OOPAL BO DPWA KBAR N ELASTIC 12181* 
N 2 QUOTED PARAMETERS CORRESPOND TO THE TWO BEST SOLUTIONS FOUND. 11/78 
M 2 EACH HAS THE Y$OI21OO) AND ONE ADDITIONAL RESCNANCE (P3 OR F5I .  11/75 

A B~GUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE 
REACTION K-P TO X( K. HOWEVER. AS THEY POINT OUT, IT IS NOT CLEAR 

M WHET~R 1T IS MAINLY THE GOT Y*O(2EOOI OR INSTEAD A SO FAR OTHERWISE 
H UNOBSERVED RESONANCE WITH A SPIN LESS THAN 712. 
M L LITCHF[ELD Tl [S  AN UPDATE OF BERTHONI 70 3/72 
M 1 PARAMETERS QUOTED ARE RANGES FROM THREE BEST FITS. 1 /74  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

q l  YtO(2100) WIDTH (MEV) 

W (1~5.01 WOHL 66 HBC 7 /66  
W A (8O.OI  ( IO .O)  BURGUN 68 DPWA O K-P TO XI  ~- 10 /69  
W lk.O.O (15 .  O) BERTHON1 TO DPWA 0 K-P TO SIGMA PI 1(}/70 
W 60.0 125.0) GALTIERI TO OPWA O K-R TO SIGMA PI 7/70 
W B (ITO. l T0(300.) L[TCHFIE 71 OPMA K-P TO KBAR N ID/71 

B LARGER VALUE CORRESPONDS TO PURE B.Wo LOWER VALUE, TO B.W. ÷ BCKGRD W 
W L 140o0 (50 .0 )  (30.0) L[TCHF[E 71 DPWA K-P TO SIG PI ID/EI 
W 1 208. TO 229. BRANOSTE 72 DPWA 0 K-P TO l~M. OMG. I /7~ 
W 5 1144 .0 !  ( 26 .0 )  KANE 72 DPWA 0 K-P TO Pl SIG 10/71 
N 132 .0  ( 15 .0 )  KANE 74 OPWA K-P TO Pl SIG 12 /81 "  
w 2RE. (30.)  HEMINGWA 75 DPWA 0 K- P TO KBAR N I I / 75  
N 2 2%A. OR 302. NAKKASYA 75 DPWA 0 K-P TO LAM. ONG. I I / 75  
W 3 (08 . |  BACCARI 77 DPWA D K-P TO LAM. OMG. 1 /78  
w 1250.) DECLA[S 7T DPWA KBAR N TD KBAR N 1/78 
W 250. (30.) RLIC 77 OPWA KBAR N MULTICHNL 1/76 
W 157. ( 40 . )  BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1 /78  
W A 1250 .0 )  GOFAL 80 BPWA KBAR N ELASTIE 12 /81 "  
w 4 WIDTH NOT WELL CONSTRAINEO BY THE OATA. HENCE FIXED 70 THE RLIC T7 12/81. 
w ,4 VALUE. 12 /81 .  

SEE THE NOTES ACCOMPANYING MASSES OUOTEO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

41 Y*0 (2100 )  PARTIAL DECAY NODES 

DECAY MASSES 
PI  Y 'U (2100 )  INTO N KBAR g38÷ 493 
P2 Y*O(21001 INTO SIGMA Pl 1189+ 139 
P3 Y~ '0(2 [00)  INTO X I  K 1321+ 497  
P4 Y*O(2LO0) INTO LAMBDA OMEGA 1115÷ 782 
PB Y*O(21DOI INTO ETA LAMBOA 548+El15 
P6 Y*O(21001 INTO N K*I89011 D3 WAVE 939÷ 891 
P7 Y*O(21DO) INTC N K* (890 ) ,  G1 WAVE G39+ 891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4I Y*0(2100) BRANCHING RATIOS 

R1 Y*0 (2100 )  INTE IKBAR N)/TOTAL (P1# 
R1 (0 .25 )  
RE D 
R! 
R1 
R1 
RI  C 
R1 C 
R1 
R1 
RL D 

WOHL 68 HBC 7166 
(0.33) DRUM 68 CNTR K-P ELA,POL,SIGT 7170 
0.30 (0.03) LITCHFIE 71DPWA K-P TO KBAR N lOITl 
0 .31  10 .03 |  HEM[NGWA 75 DPHA O K- P TO KBAR N 11173 

10 .29 )  DECLA[S TT DPWA KBAR N TO R~AR N 1 /78  
( 0 . 3O l  (O.O3) RL[C 77 DPWA KBAR N MULTICHNL 1/76  

(KBAR N)/TOTAL FROM RLIC 77 IS SU~ERSEOED BY GOPAL 80. 
0 *26  IO.  O6I BELLEFON TB DPWA O KBAR N TO KBAR N 1 /78  
0 .3~  ( 0 . 03 )  GOPAL 80 OPHA KBAR N ELASTIC IE /B I *  

DRUM 68 ASSUMES (JeE/2)*X VALUE SEEN IN TOTAL CROSS SECTION. 

R2 V*O(2IOO) FROP KBAR N INTO SIGMA Pl SQRTIPL*P2) 
R2 L (÷O.IB] (O°O2) BERTHONI TO DPWA 0 K-P TO SIGMA El IOITO 
R2 +0 .06  ( 0 . 03 )  GALTIERI 70 DPWA O K-6 TO SIGMA P1 7 /70  
R2 5 L 0.16 (O. OS) LITCHFIE 71 OPWA K-P TO SIG Pl IO/7I  
R2 I+O .096 )  ( 0 . 037 )  KANE 72 OPWA 0 K-R TO Pl  SIG 10/71 
R2 +0 .11  ( 0 . 01 )  KANE 74 OPWA K-P TO PI SIG 12 /E l *  
R2 +0.12 (O. O4l RLIC 77 OPWA KBAR N MULTICHNL 1/76 

R3 Y~O(2IDO) FROM KBAR N TO Xl K SDRTIPI*P3) 
R3 (0.05) TRIPP 67 FVUE O K-P TO XI K 8/67 
R3 B (O.Oq) (O. Ol) BURGUN 68 OPWA 0 K-P TO XI K I0167 
R3 ( 0 . 0031  MULLER 69 OPWA O 7 /T0  
R3 0.035 0.018 LITCHFIE Tl OPWA K-P TO XI K 3/72 
R3 B BURGUN 68 UPDATED BY LITCHFIELD 71, WHO TAKES SOLUTION C OF ~URGUN 3/72 

R4 Y*O(2[OO) FROR KBAR N INTO LAMBDA OMEGA SQRT(PI*PA)  
R4 1 (O. OSI lO O.Ll 8RANDSTE 72 DPWA 0 K-P TO LAM. DMG. I17~ 
R4 2 (O .122)OR 0.15~ NAKKASYA 75 OPWA O K-P TO LAW. UMG. l i173 
R4 3 I-O.OTO) BACCARI 77 DPWA 0 GD37-WAVE 1/78 
RA 3 (+O.Oll( BACCARI 77 DPWA 0 GGLT-WAVE I178 
R4 3 (+0.0081 BACCAR[ 77 DPWA O GG3T-WAVE 1/78 
R4 3 NOTE THAT TFE 3 ENTRIES FOR BACCARI7T ARE FOR 3 DIFFERENT WAVES. I178 

R5 Y*O(21OO) FRCM KBAR N TO ETA LANBDA SQRT(PE~PS) DIE3 
R5 -0 .050  0 .020  RADER 73 MPWA 9 /73  

R6 Y*O(2IOO) FROM KBAR N INTO N K*(890). D3 WAVE SQRTIPI~P6) 
R6 +0.21 0.0% CAMERON2 78 DPWA K-P TO K*N 12/70 

R7 Y*O(2100}  FROM KBAR N INTO N K*(BgOle G1 WAVE SQRT(6L*PTI 
R7 4 -0 .0A  0.03 CAMERON2 78 OPWA K-P TO K*N 12/77  
R7 A THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R7 4 CONVENTION. THE UPPER LIMIT ON THE G3 WAVE IS O.O3. 12/79 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

REFERENCES FOR Y*O(21001 

WOHL 66 DRL ET 107 C G WOHL, F T SOLMITZ~ M L STEVENSON (LRL)IJP 
TRIPP 67 NP B3 IO + LEITH,  ÷ (LRL,SLAC.CERN,HEIDEL,SACLAY] 
BURGUN 68 NP B8 447 +MEYER,PAUL(, * {SAELAYtCOLFRANCE,RHEL) 
DRUM 68 NP B7 19 +ERNE, LAGNAUX, SENS. STEUER, UO0 (CERNIJP 

C~FIRMS THE SPIN-PAR ITY ASSIGNMENT. 
MULLER 69 THESIS,UCRL 19372 R A MULLER ILRt) 

BERTHONI 70 NP 824 A17 +VRANA, BUTTERWORTH, ÷ (CDEF, RHEL, SAELAYIIJP 
GALTIER[ 70 DUKE CONF E73 A BARBARO-GALTIER[ (LRL I I JP  
LITCHFIE T1 NP 830 125 LITCHFIELO,...÷LESQUOY,÷.. [RHEL+COEF+SACL)IJP 

BRANOSTE 72 NP 839 13 BRANDSTETTER÷...~TALLINI (RHEL.COEF,SACL) IJP 
KANE 72 PR 05 15E3 D F MANE [LBL ) I JP  
RADER 73 NC LbA 178 +~ARLOUTAUO,+ (SACL+EEID+CERN÷RHEL+COEF) 
KANE 7~ LOL-2AS~ D.F.KANE (LBLIIJP 

HENINGWA 75 NP 891 12 HEMINGWAY, EADES,HARMSEN÷ ICERN.HEID,MPIM)IJP 
NAKKASYA 78 NP B93 85 A. NAKKASYAN (CERN)IJP 

OACCARI 77 NC AIR 51 +POULARO,PEVEL,TALLINI+ (SACL+CDEF)IJP 
DECLAIS 77 EERN 77-16 +DUCHON,LOUVEL,PATRY,SEGUINOT÷ (CAEN+CERN)IJP 
RLIC 77 NP BL I9  312 GOPAL,ROSS,VAN HORN,MEPHERSON÷ (LOICeRHEL)IJP 
BELLEFON 78 NC 42A 403 +BERTHON,BILLOIR~BRUNET+ ICDEF+SACLIIJP 
CAMERON2 78 NF B146 327 *FRANEK,GOPALtKALMUS,MCPHERSON,÷IRHEL+LOIC)IJP 
GOPAL 80 TORONTO CONF 159 G.P.GGPAL {RHFL| IJR 

* * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * *  * * * * * * * * * * * * * *  

2 1 0 0  WEV REGION - PRODUCTION AND ¢~vt,, EXP'TS 
25 Y*OI2IOO, JR= ) [=0 PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTE TD THE 007 Y*OI21DO(, WHICH PRECEDES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS- 

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y*O{2[OO), 
BUT HAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB- 
LISHED OTHER RESCNANCES IN THIS REGION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 Y*O(21001 MASS (MEV! (PROD. EXP.) 

M (2097 .0 }  ( 6 , 0 ]  BOQK 65 HBC PEAR P 5 .7  BEV/C 7 /66  
M 2100.0 (7.0)  BUGG 68 CNTR K~P, D TOTAL 6/68 
M 212E.0 IS.O) BRICMAN EO CNTR O TOTAL AND CH EX 6/10 
M 2107 .0  ( tO .O)  COOL 70 CNTR K-P, D TOTAL Z0 /70  
M (2L33 .0 I  ( 20 .0 )  LU 70 CNTR O GAMMA P TO K+ Y* 1 /7L  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 Y*O(2100} WIDTH (MEV) (PROD= EXP.( 

w (2R .o I  ( 14 .0 )  ( 24 .01  BOER 63 HBC INTO KBAR N (H I (  7 /66  
W 140.0 (15.0) BUGG 68 CNTR 6/68 
W 147.0 (13.0) BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
W 185.0 COOL 70 CNTR K-P, O TOTAL iO/TO 
W 14O.O) LU 70 CNIR 0 GAMMA P TO K* Y* 1/T1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 Y~O(21OO) PRRTIAL DECAY MODES (PROD. EXP.I 

OECAY MASSES 
P1 Y*Ol2EOOl INTO N KBAR 038+ 493 
P2 Y~O 21001 INTO N KBAR Pl 938+ 497+ 139 
P3 Y*O(2 lOOI INTO LAMBOA ETA [115 .  548 
PA Y*0 (2100 )  INTO LRNBO& OMEGA 1115+ 782 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~5 Y*O(21OO) BRANCHING RATIOS (PROD. EXP.] 

R1 Y*O(21OOl [NEE (KBAR NI/TOTAL (P l l  
RI THESE VALUES OF ELASTICITIES ASSURE J=7/2 - -  
RE 0 .305  BUGG 68 CNTR 6 /68  
RE 0 .24  (0.02) BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
RE 0.4 COOL 70 CNTR K-P* D TOTAL 10/T0 

82 Y*B[2 IOOI  INTO (KBAR N P I I / TOTAL  (P2 I  
R2 SEEN BOOK 63 HBC 
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R3 Y*O(2[O01 FRO~ KBAR N INTO LAMBDA ETA SQRT(PI*PBI 
R3 (D.09) ~R LESS FLATTE 2 67 HBC 0 K-P TD LAW ETA 6 / b 8  

R~ Y*0(2100) INTO (LAMBDA OMEGA)/TDTAL (P~) 
R~ {O . I )  ~R LESS FLATTE I 67 HBE 0 K-P TO LAM OMEGA 8/67 

BOCR 65 PL 17 166 
FLATTE 1 67 PR 155 1517 
FLATTE 2 67 PR 16B 1 4 4 1  
BUGG 68 PR 16E I~66  

BRICMAN 70 P t  31B  152 
COOL 70  PR D1 IE87  
LU TO PR D2 IB46 

COOL 66 PRL l&  I~2B 
SUPERSEDED BY COCL 70. 

+COOPER.FRENCH,KIHSDN. + (CERN,SACLAYI 
S M FLATTE (LRL) 
S M FLATTE. C G WOHL (LRL) 
+GILMORE.RNIGHT. + (RHEL,BIRM~CAVE) I 

+FERRO LUZZI. PERREAU,+ (CERN,CAEN.SACLAY} 
+GIACOMELL[, KYCIA, LEONTIC. L [ .  + IBNL) [ 
+GREENBERG, HUGHES, MINEHART, MORT.+ (YALE)  

PAPERS NOT REFERRED T~ IN DATA CARDS 

+GIACOMELLI,KYC[A) LEONTIC,LI,LUNDBY,+ (BNL I  l 

la( l,o)l . . . . . . . . . . . . . . . . . . . . .  o 

BERTHONI TO FIND EITHER FOE OR 005 POSSIBLE IN  
THE BIG P l  CHANNEL, WITH P05 SLIGHTLY PREFERRED. 
IN THE REAR N CHANNEL, LITCHFIELD 7 [  (SANE GROUPI 
FIND ONlY 005 .  AS USUAL, THE STATISTICS ABE MUCH 
BETTER IN THE ELAST IC  CHANNEL. 

ALTHOUGH KANE 72 FINDS AN F05 EFFECT, THE UNUSUALLY BROAD 
WIDTH MAY INVALIOATE A RESONANT INTERPRETATION. HOWEVER RL IC  T7 ,  
BELLEFDN 77, AND BELLBFON TB ~LS(] FIND AN FOE. THE EVIDENCE FOR 
FOE FROM THE LAMBDA OMEGA ANALYSES. NAKKASYAN 75 AND BACCARI 77~ 
IS QUITE WEAK* BUT THEY GIVE NO EVIDENCE IN FAVOR OF DOE. THE 
WEIGHT OF THE EVIDENCE IS THUS IN FAVOR OF FOE. SEE ALSO THE 
Y'O[ 2OOOI MINI-REVI EW. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 Y*O(2[[O) MASS IMEV) 

M (2110.)  ( lB . )  BERTHON1 TO DFWA - K- P TO SIG PC [ /T I  
M DOS 2140. 40.  LITCHFIE 71 DPWA K-P TO KBAR N 10171 
M A (214~.0}  ( 6 . 0 )  RANE 72 OPWA 0 K-P TO Pl SIG 10171 
N A RESONANCE OUTSIDE RANGE OF DATA.  SUPERSEDED BY KANE 74. 
M 2112.0 7.0 KANE 74 DPWA K-P TO Pl SIG 12181*  
N 1 ( 2 [ 0~ . )  NAKKASYA 75 OPWA 0 K-P TO LAM. ONG. 1/76 
N i FOUNt) IN ONE OF TWO BEST SOLUTIONS. 1/76 
M [2137. )  BAECARI 77  OPWA 0 K-P TO LAM. OMG. 1 /78  
M 2I~O. (2O. I  BELLEFON 77 DPWA 0 K-  P TO SIG PI  i ~ /77  
M 21DO. (BO.) RL[C 77 DPWA KBAR N MULTICHNL [176 
M 2EO6. ( 50 . )  BELLEFDN 78 DPWA 0 KBAR N TO KBAR N 1 /78  
M 2 [25 .0  (25 .01  CAMERON2 78 DPWA K-P TO K* (BqOI  N 12 /79  
M 2092.0 [ 25 .0 )  GOPAL 80 DPNA KBAR N ELASTIC L2181~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

35 Y*O(2I IO)  WIDTH IMEV) 

W 185- 30. BERTHONI TO DPWA - K-  P TO SIG PI ~ lT [  
w DOS 120 .  40 .  L ITCHF IE  T l  DPWA K-P TO KBAR N lO /7 l  

A (BO~.OI (TO.O# KNNE 72 DPWA 0 K-P TO PI SAG lOfT(  
190 .0  ( 30 .01  KANE 7~ DPWA K-P TO PI  SlG 12/81" 

w i (3R1 . )  NARKASYA 75  DPWA 0 K-P TO LAM.  OMG. [ / 76  
W (132. )  BAECARI 77 DPWA 0 K-P TO LAM. OMG. [178 
w 140 .  ( 2O . I  BELLEFON 77  DPWA 0 K -  P TO B IG  P I  11 /77  
W 200. { 50 . )  RLIC 77 DPWA KBAR N MULTICHNL 1176 
w 251 .  I 50 . |  BELLEFON 78 DPWA 0 KBAR N TO KBAR N 1 /78  
w 160.0 (30 .0)  CAMERON2 78 DPhA K-P TO K*(890) N L2179 
W 2~5.0 I 25 .0 )  GOPAL 80 DPWA KBAR N ELASTIC 12/81"  

35 Y~O(2110I PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y~O(2110) INTE N KBAR qBB+ ~gB 
P2 Y*O[2110) INTO SIGMA Pl 1189+ 139 
P3 Y*O(2110} INTC LAMBOA OMEGA 1[15+ 782 
P4 YtO[2110) INTO Y~ I ( [ 3BB)  P I  P-WAVE 139+[385 
P5 Y~0 {2110 )  INTC N K*1890 } ,  F I  WAVE 939+ BO[ 

3S v*O(21[Ol  BRANCHING RATIOS 

R1 Y*O(2IIO) FROM KBAR N TO SIGMA Pl  SDRTIPI*P2) 
RI +0 . [ 7  0.03 BERTHON[ 70 DPWA - K- P TO BIG Pl ~ l l l  
RI A (+0 .156 )  (O ,O lB)  KANE 72 DPWA O K-P TO PI BIG lO /T l  
RE +0 .20  40 .03 )  KANE 74  OPWA K-P TO P|  SAG 12161*  
RI +0.16 (0 .01)  BELLEFON 77 DPWA 0 K- P TO BIG PI 1/76 
R I  (+O. lO I  [O.OBI RLIC 77 DPWA KBAR N MUCTICHNL 1176 

R2  Y*O(2E IO)  INT [  (KBAR N) /TOTAL  [P l )  
R2 005 0 .16  0.04 LITCHFIE 7E DPWA K-P TO REAR N 10/T1 
R2 C (0.071 (0 .03 )  RLIC 77 DPWA KBAR N MUtTICHNL 1176 
R2 C (REAR N)ITOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
R2 22  0 .2 ; '  [ 0 . 061  BELLEFON 78 OPWA O KBAR N TO KBAR N 1 /78  
R2 THE PUBLISHED ERROR OF 0 .6  WAS A MISPRINT. 12179 
R2 0 .07  ( 0 . 03 )  GOPAL 80 DPWA KBAR N ELASFIC [2181.  

R3 Y=O(2110) FROM KBAR N INTO LAMBDA OMEGA SQRTIPI=PB) [ / 76  
R3 1 (O . l l 2 )  NAKKASYA T5 DPWA O K-P TO LAM. OMG. l i T6  
R3 LESS THAN 0.05 BACCARI 77 DPWA 0 K-P TO LAM. GMG. 1178 

R~. Y *O(2 I IO )  FROM KBAR N TO Y* I I I 3B5 I  P l  P-WAVE SQRT iP I tP4 )  
R~ 2 +0 .071  0 .025  CAMERON 78  DPWA 0 K-P TO S(13BB)PI l i T8  
R4 2 CAMERON 7B UPPER LIMIT ON F-WAVE DECAY IS 0 .03 .  THE SIGN HERE IS [2179 
R4 2 CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12 /79  

R5 Y#O(2 [ IO )  FRC~ KBAR N [NTO N K* (BOO]~  F1 WAVE BQRT(P IePB ]  
R5 3 - 0 . [ 7  O.O~ CAMERON2 78 OPWA K-P TO K~N [2 /79  
R5 3 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R5 3 CONVENTION. UPPER LIMITS ON THE P3 AND F3 WAVES ARE EACH 0 ,03 .  [ 2 /79  

BERTFW]NI TO NP B24 417 
LITCHFIE 7I NP BBO 125 
KANE 72 PR D5 I5E3 
KANE 74 LBL-2~52 

NAKKASYA 75 NP B~3 ES 
BACCARI 77 NC ~ IA  96 
BELLEFON 77 NC 37A [75 
RLIC 77 NP E l I 9  3E2 

BELLEFON 7B NC ~2A R03 
CAMERON 7B NP B143 1B9 

REFERENCES FOR Y*OI21101 

+VRANA,BUTTERWORTH,+ (CDEF.RHEL.SACLAY)IJP 
LI ICHFIELD,. . .+LESQUOY,+..  (RHEL+CDEF+SACL)]JP 
0 F KANE (LBL)IJP 
O.F.KANE [LRLI IJP 

A.  NARKASYAN (CERN)IJP 
+POULARD,REVEL ,TALL IN I+  ISACL+COEFI I JP  
DE BELLEFON~BERTEE}NmBILLDIR+ iCOEF+SACL IEJP  
GOPAL*ROSS,VAN HORN,MCPHERSEN+ ILOIC+RHELIIJP 

+BERTHON,BILLOIR,BRUNET+ (CDEF+SACL I I JP  
+FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL÷LOICIIJR 

CAMERON2 78 NP BI46 327 +FRANEK,GOPAL,KALMUS,MCPHERSON,+(RHEL+LOICIIJP 
GOPAL 80 TORONTO CONF [59 G.P.GOPAL (RHEL)IJR 

BAC~RI 77 FIND FHIS STATE WITH JP EITHER 3X2- OR 
l 3/2÷ IN A OPWA OF K- P TO LAMBDA OMEGA FROM 2070 TO 

2~36 MEV. A SUBSEQUENT SEMI-ENERGY-INDEPENDENT PWA 
FROM THRESHOLD TO 2636 MEV SELECTS 312 - .  
EELLEFDN TB (SAME GROUP) ALSO SEE THIS STATE IN A 
CRWA OF K- P ELASTIC AND CHARGE-EXCHANGE DATA 
IN  THE SAME ENERGY RANGE, AND F IND  JP=3 /2 -  OR 3 /2+ .  
TEBY AGAIN PREFER JP=312-. BUT ONLY ON THE BASIS 
GF MODEL DEPENDENT CONSIDERATIONS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[12 Y.0(23251 MASS (MEV) 

M 3 2327. 20. BACCARI 77 OPWA 0 K-P TO LAM. OMG. 1/78 
M 2342. 30. BELLEFON 78 DPWA 0 KBAR N TO KBAR N I IT8  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = l .O I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LIE Y~0[23251 WIDTH (MEVI 

W 3 160. 40. BACCARI 77 IPWA O K-P TO LAM. OMG. I I T8  
W 177. 40. BELLEFON 78 DPWA 0 KBAR N TO KBAR N [ ITB 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = l .O l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

112 Y~OI2B25 )  PARTIAL DECAY MODES 

DECAY ~ASSES 
Pl Y'0(2325) INTO N KBAR 938+ 693 
P2 Y*0(2325) INTO LAMBDA OMEGA I I IS+  ?B2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I 2  Y *0 (2325 )  BRANCHING RATIOS 

R[ Y*0(2325) FROM KBAR N TO LAMBDA OMEGA SORT(EL=P21 
R[ 3 0 .06 0.02 BACCARI 77 IPWA O OS33-WAVE 1/78 
R1 3 0.05 0.02 BAECARI 77 DPWA 0 DDI3-WAVE t178 
R[ 3 O.OB 0.03 BACCAR[ 77 DPWA 0 DD33-WAVE [ l lB  
R[ 3 NOTE THAT TEE 3 ENTRIES FOR BACCAR[77 ARE FOR 3 DIFFERENT WAVES. [ / 78  
R[ . . . . . . . . .  
R I  AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0)  

R2 Y=0[2325) INTO IKBAR NIITOTAL (P l )  
R2 0 . [ 9  0.06 BELLEFON 78 OPWA O KBAR N TO KBAR N 1/78 

REFERENCES FOR Y=0 i2325 ]  

BACCARI 77 NC ~lA B6 +pOULARDjREVELtTALLINI+ (SACL+EDEFIIJP 
BELLEFON TB NE 42A AO3 +BERTHONtBILLOIR,BRUNET+ [CDEF+SACLIIJp 

I I  . . . . .  , . . . . . . . . . . . . . . . . .  . . . . . . . . .  , ..... 
B U M P S  . . . . .  E . . . . . . . .  I . . . . . . . . . . . . .  F . . . . . .  I S T I N G S .  

CAUM 68 FAVORS JP=712- OR 912+. BRICMAh 70 FAVORS 9/2+.  
LASINSKI 71 SUGGESTS THREE STATES IN THIS REGION 
USING A PDMERON + RESONANCES MDOEL. TEERE ARE NOW ALSO 

T~EE FORMATION EXPERIMENTS FROM THE COLLEGE DE ERANCE-SACLAY GROUP 
WHICH WE INCLUDE HERE, BELEFON 77. BACCARI 7T, AND BELLEFON T8. WHICH 
FIND 912+ IN DPWAS OF KBAR N TO SIGMA P I .  LAMBDA OMEGA, AND RBAR N. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

42  Y~0(2350) MASS [MEVI (PROD. EXP.[ 

M 2340 .0  IT .B )  BUGG 68  CNTR K -P ,  0 TOTAL 6 /68  
M 2358 .0  ( 6 . 0 )  BRICMAN 70  CNTR 0 TOTAL AND CH EX 6 /70  
M 234¢.Q ( IB .D I  COOL TO CNTR K-P. O TOTAL 10170 
M 12360 .0 )  ( 20 .0 )  LU 70  CNTR O GAMMA P TO K+ Y*  l / T (  
M (2372 .  I BACCARI  77  DPWA O K-P TO LAM.  OMG. [ I TB  

BELLEFON 77  OPWA 0 K -  P TO B IG  P [  1 [ / 77  M 2365. 20. 
M 2370 .  50 .  6ELLEFON 78 OPWA O KBAR N TO KBAR N 1178  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = [ . 0 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

42 Y*O(2BBO) WIDTH (MEVI (PROD. EXP.I 

w 140o0  (2D .  0) BUGG 68  CNTR K -P ,  D TOTAL 6 /68  
w 32~.0 (30 .0)  BRICMAN TO CNTR O TOTAL AND CH EX 6170 
W 1100 .0 )  COOL TO CNTR K -P t  D TOTAL 10170  
W (55 .0 )  LU 70  CNTR 0 GAMMA P TO K+ Y~ 1/T[ 
w [257 . |  BACCARI 77 DPWA O K-P TO LAM. OMG. I / T8  
W I IO .  20. BELLEFON 77 DPWA O K-  P TO SIG P[ l [ 177  
w 204. 50. BELLEFON 78 DPNA 0 RBAR N TO KBAR N 1/78 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.7) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



259 

Data Card Listings 
For notation, see ke~ at front of Listings. 

Baryons 
^(2350), /%(2585), E*, Z-, £o E(1385) 

42 Y*0(2350) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P1 Y$0(23S0(  INTO N KBAR 93B+ AM3 
P2 Y~D(2350]  INTO SIGNA P( LIBO+ 139 
P3 Y*OI2BSOI [NTC LAMBOA OMEGA 1[15+ 782 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

42 Y~0{2350)  BRANCHING RATIOS (PROD, EXP.)  

R( ¥~0(2380 |  INTO IKBAR N)ITDTAL (P l )  
RI 0 . I 2  0.04 BELLEFON 78 OPWA 0 KBAR N TO KBAR N 1 /78  

R2 Y~0{2350)  FROM KBAR N INTO SIGMA P/ SQRTIPI=P21 1 /76  
R2 -ODE1 0 .02  BELLEFON 77 DPWA 0 K- P TO SIG P[ 11 /77  

R3 Y=0(2350)  FROM KBAR N TO LAMBDA OMEGA SQRT(PI=P3) 1 /78  
R3 LESS THAN 0 .05  BACCARI 77 DPWA 0 K-P TO LAM. ONG. ~/78 

R4 Y*012350)  INtO (KBAR NI/TOTAL ( J+ I / 2 ) * (P I )  
R~ J IS NOT DETBRNINEO IN THESE EXPTS, THE FOLLOWING IS ( J+ I / ~ )¢PE  
R6 (0 .571  BUGG 68 CNTR K-P,  0 TOTAL 3178 
R6 l . l  0o2S BRICMAN 70 CNTR 0 TOTAL AND CH EX 3178 
R4 (E ,O )  COOL 70 CNTA K-P* 0 TOTAL 3 /78  

REFERENCES FOR Y*012380 )  (PRCO, EXP. ]  

BOGG 6B PR 168 IA66 
OAUN 68 NP 87 Ig 
BRICMAN 70 PL 31B 152 
COQL 70 PR D l 18BT 
LU 70 PR 02 1846 

B~CCARI 77 NC 4EA 96 
BELLEFON 77 NC 37A 175 
BELLEFON 78 NC ~2A ROB 

COOL 66 PRL 16 1228 
SUFERSEOEO BY COCL 70 .  

+GILMORE+KNIGHT, + (RHEL,BIRM,CAVE) [ 
+ERNE, L~GNAUX, SENS, STEUER, UO0 " ICERNIJP 
+FERRO LUZZ[ ,  PERREAU,+ {CERN,CAEN.SAELAYI 
÷GIACOMELL[, KYCIA, LEONTIE+ LI, • (BNL| I 
+GREENBERG* HUGHES, MINEHART, MORT,+ (YALE) 

+POULARD*REVEL~TALLINI+ (SACL+CDEF)I~P 
OE BELLEFON+BERTE~N,BILLOIR+ (COEF+SACL)IJP 
+BERTHONtBILLOIRIBRUNET+ [CDEF+SACL)|JP 

PAPERS NOT REFERRED TO IN DATA CARDS 
÷GIACOMELLI,KYC[A, LEONTIC,LI,LUNDBY.+ (BNL) I 

LASINSKI T l  NP 829 125 T A LASINSKI (EFIIIJE 
BELLEF02 75 NC 28& 289 DE BELLEFON,BE~T~N,BILLOIR+ (CDEF+SACLI 

PRESENTLY LISTED UNDER Y=1(2250), BUT I50SPIN UNDETERMINED. 

I ! .... + ...... O T +  BUMPS ~EE . . . . . .  t-REVIEW AT THE START CF THE Y* LISTINGS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T Y=0(2585)  NABS (MEVI (PROD. EXP.)  

M 2585.0  4S .0  ABRAMS TO ENTR K-P,  O TOTAL 10/70  
M (2530 .0 )  125 .0 )  LU 70 CNTR O GAMMA P TO K+ Y= 1 /71  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 Y=0(2585)  WIDTH (MEV) (PROD. EXP.)  

W (30O.OJ ABRAMS TO CNER K-P,  0 TOTAL lO/TO 
w I IBO .O)  LU TO ENFR O GAMMA P TO K+ y= l / T l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 YtOI2SBS) PARTIAL DECAY NODES (PROD. EXP.) 

DECAY MASSES 
PI Y 'O(258S)  INTO N KBAR ~88+ A93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 Y$0(2585)  BRANCHING RATIOS (PROD. EXP.) 

RE Y~01258S) INTE (KRAR NI/TOTAL [P I I  
R( J IS NOT KNOWN. THE FOLLOWING iS ( J÷ l / 2 ) tP  1. 
R[ [ I . 0 )  ABRAMS TO ENTR K-P, D TOTAL 10/70 
RI C (0 .12 )  I 0 , 12 )  BRICMAN TO CNTR TOTAL  AND CH EX IO/TO 
RI  C RESONANCE AT ENO OF REGION ANALYEED - -  NO CLEAR S]GNALo 

REEERENCES FOR Y*0(2585) (PRED. EXP.I 

ABRAHS 70 PR 1D 1917 +COOL, GIAEOMELLI, KYC[A, LEDNTIC, + (BNL) I 
BR[CMAN 70 PL 318 152 +FERRO LUZZI, PERREAU~÷ (CERN,CAEN,SACLA¥1 
LU TO PR D2 I 846  +GREENBERG, HUGHES, MINEHARTo NOR(,• [YALE] 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL b6 PRL [E 122B +GIACOMELLI,KVG[A, LEONT[C,LUNDBY + (BNL) I  

S=-I I=I HYPERON STATES (E) 

1% S IGMA+ I I IBO ,  JP= l12÷ )  I = l  I 

SEE STABLE PARTICLE DATA CARO LISTINGS 

2O S IG~A- ( I I ~7 ,  JP= I / 2+ )  I = l  

SEE STABLE PARTICLE DATA CARD LISTINGS 

21 S IGMAO( I I qB ,  JP=L /2+ I  I=1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

. . . . .  , . . . . .  + , , + + , , = ,  

EEmlOUS INCOMPATIBILITIES EXIST BETWEEN DIFFERENT 
MEASUREMENTS OF THE Y~'11385) MASS AND WIDTH. THESE 
INCOMPATIBILITIES ARE AT LEAST PARTIALLY ACCOUNTED FOR 
BY SOME EXPERIMENTS QUOTING UNREALISTICALLY SMALL 

ERRORS. WE CONSISTENTLY INCREASE UNREALISTIC ERRORS BEF~E AVERAGING 
ISEE THE TYPEC NCTE ON K* (892 I ) .  
IN THE LISTINGS BELC~W WE ATTEMPT TO OBTAIN THE BEST VALUES FOR THE 
SEPARATE CHARGE STATE MASSES AND WIDTHS. THdS WE 00 NOT USE RESULTS 
QUOTED FOR'~MEXED. EHJaGES; 
WE NOILCNGER USE EVERY PUBLISHED VALUE BUT AVERAGE ONLY THE MOST 
SIGNIFICANT DETERMINATIONS, NEITHER ~ WE AVERAGE RESULTS FROM 
INCLUSIVE EXPERIMENTS WITH LARGE BACKGROUNDS OR RESULTS WHICH ARE NOT 
ACCOMPANIED BY AT LEAST A DISCUSSION ON EXPERIMENTAL RESOLUTION. 
NEVERTHELESS SYSTEMATIC DIFFERENCES BETWEEN EXPERIMENTS REMAIN (SEE 
TME IDEOGRAMS INSERTED IN THE DATA CARO LISTINGS BELOW). THESE 
DIFFERENCES COULD ARISE FROM INTERFERENCE EFFECTS THAT CHANGE WITH 
PRODUCTION MECHBNISM AND/OR BEAM MOMENTUM° THEY CAN ALSO BE ACCOUNTED 
FOR IN PART BY DIFFERENCES IN THE PARAMETRIZATIONS EMPLOYED (SEE 
BORENSTEIN 74 FOR A DISCUSSION ON THIS POINT). THUS BORENSTEIN 74 USE k 
BREIT-WIGNER WITH ENERGy INDEPENDENT WIDTH+ SINCE A P-WAVE WAS FOUND 
TO GIVE UNSATISFACTORY F ITS.  CAMERON 78 USE THE SAME FORN. 
ON THE OTHER HANO HOLMGRAN 77 OBTAIN A GOOD FIT TO THEIR LAMBOA PI  MASS 
SPECTRUM WITH A P-WAVE BREIT-WIGNER, BUT INCLUDE THE PARTIAL WIDTH FOR 
THE SIGMA PI DECAY MODE IN THE PARAMETRIZATION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M 
M 
N 
N 
N 
M 
M 
M 
X 
N 
M I 
M I 

MO 
MO E 
MO E 
MO 2 3100 IOBO. 2. BORENSTE 74 HBC 0 K-P TO(I3BS]+PIS l l /TT 
MO 2 FROM FIT TO LAM RiO MASS SPECTRUM (IN LAM PIT PI- PIO EVENTSi WITH 
MO 2 WO FIXED AT 34 MEV. 
NO F 500 (1389 .1  ( 3 . 1  BAUBILL IE  79 HBC O K-P AT 8 .25  GEV 1 /80  
MO F FROM FIT TO INCLUSIVE LAMBDA PlO SPECTRUM WITH WIDTH FIXED AT 

43 Y ' 1 (1385 )  MASS (NEVI 

141 ( [ 384 .01  ALSTON 60 HBC ÷ -  K-P 1.1S BEV/C 
(E385 .0 I  BERGE 61 HBC • K-P . 4 - . 85  BEV/C 

38 (1384 ,0 )  MARTIN 61HBC ÷O K2O P .9B BEV/C 
(EB92 ,0 I  ( 7 . 0 )  COLLEY 62 HLBC -O PI- PRP 2.  BEV/C 
(1389 .0 )  ( 3 . 0 )  BALTAY 6S HBC + -  PBAR P O.T BEV/C 7 /66  
( 1392 .0 )  ( 10 .0 )  NUSGRAVE 68 HBC ÷-OPBAR P 3 -4  BEV/C 7 /66  

200 (1884 .B }  ( 2 . 0 )  ATHERTON TE HBE + -  LAM P I+  + C.C.  [E /77  
I9011BBO.)  ( 5 . I  ANMANN 73 DBC + -  K-N 6,5GEV/C I I / T7  
20011386 . )  ATHERTO[ 75 HBC +-OPBAR P 5 .7  GEV/C 1176 
242 (139A , )  (S . ]  D IONIS I  78 HBC + -  K-P TO Y~ K KGAR 3 /79  
IKIIBB3.) (1. )  BANERJEE 79 HBC +- LAM PIT + C.C.  1/80 

$00 (13S8 . )  ( 2 . 1  BANERJEE 79 HBC + -  LAM P I -  + C.C.  1 / 80  
FROR FIT TO INCLUSIVE L&MBOA PI + C.C. SPECTRA 

I06113B1.0) ( 4 . 0 )  CURTIS 63 OSPK 0 P I -P  1 .5  BEV/C 
240 13B5.1 2.E  THOMAS 73 HBC 0 P I -P  TO PIOKOLM 11177 
ERROR ENLARGED BY US TO GAMMA/SORT(N). SEE TYPED NOTE ON Re MASS. 

M+ 2300 1388.5  0 .85  HABIBI  73 HBC + K-P TO 2PI  LAM 9173 
M+ R 3740 (1882 ,  J ( 1 . )  BERTHON 74 HBC + K-P 1263-1863MEV [0 /7~  
M+ R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
M+ 68~6 E3BI.  1. 80RENSTE 74 HBC + K-P TO(13BB)+PIS 10174 
M÷ I (1380 .1  ( 2 * )  BAROAOIN 75 HBC ÷ K- P 14 .3  GEV/C l l l TT  
M+ HI 22K11385.) 13. I BARREIRO 77 HBC + K-P AT A.2  GEV 11/77 
q+ H INCLUDES DATA OF HOLNGREN 7T 
½+ 2594 188S. 1 .  HOLMGREN 77 HBC + K-P AT 4 .2  GEV 11177 
M+ 6900 1381 ,90 .  3 CAMERON TB HBC + K-P O .96 - [ . 36GEV I [ / TT  
M+ I 7K (138~ . )  ( 2 .  I BAUBILLIE 79 HBC • K-P AT B .25  GEV 1 /80  
M+ 2K (1091 . )  ( 2 . )  CAUTIS Tg HYBR • P I • /K -P  l l . 5  GEV 1 /80  
N+ I 100 (1390 . )  ( 2 . )  SUGAHARA 79 HBC @ P l -P  AT 6 GEV/C 1 /80  
M+ 600 (1385 .11  ( 1 . 2 )  BAKER BO HYBR • PI+P T GEV/C 2182e 
M+ 750 (1383 .2 )  ( I .O )  BAKER 80 HYBR + K-P 7 GEV/C 2 /82 *  
M+ 
N+ E I FROM FIT TO INCLUSIVE LANBOA P( SPECTRUM 
N+ ERROR ENLAREED BY US TO GAMMA/SORT(N). SEE TYPED NOTE ON K* MASS. 
M+ . . . . . . . . .  
M+ AVG 1082.29 0 .39  AVERAGE (ERROR INCLUDES SCALE FACTOR OF Io6I 

(SEE IDEOGRAM BELOW ) 

M- 93(1382.01 13.0l DAHL 61DBC - K-D 0.45 BEVIC 11177 
M- E 22411376=01 ( 4 . 4 )  ELY 61 HLBC K-P 1 .11BEV /C  1 [ / 77  
N- 2OO(LBRE.O) ( 6 . 2 )  COOPER 64 HBC R-P 1.4S BEV/C [[17T 
N- E 1086 138S. B 1 .9  HUWE 64 HBC - K-P 1 .15 - I .BOGEV [1 /7T  
N- 1380 1384,D E.O ARMENTERO 65 HBC K-P . 9 - l .B  BEV/C 
M- E 120 (1391 .5 )  ( 2 . 6 )  SMITH 65 HBC l K IP  1 .8  6EV/C 11177 
M- E 58 (189R .8 )  ( 2 . 2 )  SMITH 6S HBC K-P E.95  DEV/C 11177 
M- 15 (1389 .0 )  ( 9 . 01  LONDON 86 HBC - R-P AT 2 .2A  GEV l I /?T 
M- 370 1390.7 2.0 51EGEL N7 HBC R-P AT 2.1GEVIE 10169 
M- lqOO 13gO.7 1 .2  HABIBI  73 HBC - K-P TO 2P[  LAM 9173 
M- E 630 EOBT.[ 1 . 9  THOMAS 73 HDC PI -P  TO PI-K+LM 1L/TT 
M-- R 3060 (1389 . )  ( l , I  BERTHON T4 HGC R-P 1263-1840MEV 10174 
M- R ERRORS STATISTICAL ONLY* RESOLUTION NOT UNFOLOEO. 
M- 2303 1383. 2 .  BORENSTE 76 HBC - K-P TO(1385)+PI5  10174 
M-- I ( 13RB. }  ( 2 . )  BARDAD|N 75 HBC K- P 14 .3  GEV/C 11/T7 
M- HI 12K{1387 . )  ( 3 . 1  BARREIRO 77 HBG - K-P AT 4.2 GEV l | / TT  
N-  H INCLUDES DATA OF ~LMGREN 77 
M- 193 139[. 3. HOLf~REN 77 HBC - K-P AT 4 .2  GEV 11177 
M- 9720 1387,6 O.O CAMERON TB HBC K-P O.9G- I .BbGEV [1 /77  
M- I 4.5K(1383*) ( i . 1  BAUBILLIE 79 HBC - K-P AT 8.25 GEV 1180 
N- I lBO i l 3BO, I  16.1 SUGAHARA 79 HBC P l -P  AT 6 GEVIE 1 /80  
M- 
M- E I FROM FIT TO INCLUSIVE LAMEDA PI SPECTROM 
N- ERROR ENLARGEO BY US TO GARNAISQRT(N). SEE TYPEO NOTE ON K* MASS. 
M- . . . . . . . . .  
M- AVG 1387.44 0.58 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .2 ]  

(SEE IDEOGRAM BELOW ) 

MO F 40 MEV. 
MO . . . . . . . . .  
MO AVG E382.0 2.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF [.AJ 

M÷ E ISA11376 .01  ( 3 . 9 )  ELY 6L HIBC + K-P I . l l  BEV/C [ 1 / 7T  
M+ 1T0 ( ] 375 .0 ) ,  ( 3 . 9 |  COOPER 64 HBE + K-P E.45 BEV/C [[/77 
M+ 859 13B[.O 1 .6  HUWE 64 HBC + K~P 1 .22  8EV/C 
M+ 750 1382.0 1.0 ARMENTERO 65 HBC ÷ K-P .9-1.2 BEV/C 
N+ E ZSOI[3BA.BI (1.9) SMITH 65 HBC + K-P E.B BEV/C 1[/77 
M÷ E 250(1382.6) (E.11 SMITH 65 HBC + K-P 1.15 BEVIC 11177 
N+ E 62 (1383 .0 )  ( 8 . 01  BIRMINGHA 66 HBC ÷ K-P 3 .5  GEV/C 11177 
M+ 138 (1378 .0 )  ( 5 . 0 )  LONDON 66 HBC + K-P 2 ,24  GEV/C 11 /77  
M+ 1260 1384.4  1 .0  SIEGEL 67 HBC + K-P AT 2 .1GEV/C  10169 
M+ 46 {1390 .0 )  ( 6 . 0 )  AGUILAR TO HBC + K-P A GEVESIG,PI 11 /77  
M+ ROD IB82.O 2.0 AGUILAR 72 HDC ÷ K-P TO LAM+PIS |0174 
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Data Card Listings 
For notation, see hey at front of  Listings. 

WEIGHTED AVERAGE = 138229  ± 0 .39  

ERROR SCALED BY 16  

. . . . . . . . . . .  CAMERON 75 HBC 

+ . . . . . . . .  HOLMGREN 77 HBC 

. . . . . . . . . .  BORENSTE 74 HBC 

! - H A B I B I  73  HBC 

AGUILAR 72 HBC 

+ S I E G E L  67  HBC 

I -ARMENTERO 55 HBG 

l H O W E  64 HBC 

1 3 7 5  1 3 8 0  1 3 8 5  1 3 9 0  1 3 9 5  1 ¢ 0 0  

Y ' I ( 13881+  MASS (MEV) 

WEIGHTED AVERAGE = 1367 ,44  ± 0 .$8  

ERROR SCALED BY 22  

C H I S Q  

1 . 7  

7 . 3  

1 7  

2 . 0  

0 . 0  

4 . 5  

0 , 1  

0 . 7  

1 7 . 9  

(CONLEV 
=0 012 )  

1 3 7 5  

CHISQ 

03  - - CAMERON 78 HBC 

e HOLMGREN 77 HBC 

~ /  BORENSTE 7~ HsD 4 . 9  . . . . .  

. . . . . .  THOMAS 73  HBC O , 0 

HABIB I  73 HBC 7 . 4  

I S I E G E L  6 7  HBC 2 , 7  

" + - A R M E N T E R O  6 8  HBC 1 1 . 8  

. . . . .  HUWE 64 HBC 1 , 3 

2 8 , 4  

• (CONLEV 
1 3 8 0  1 3 8 5  1 3 9 0  1 3 9 5  1 4 0 0  =0 000 )  

YR I (13851 -  MASS (MEV) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 IY~ )  - (Y*+I MASS DIFFERENCE (MEV) 

D-÷ R ( 0 . 0 )  (4.21 ELY 61 HLBC e -  K-P [ . I I  BEV/C 8/66 
0-÷ R ( 1 7 . )  ( 7 .1  COOPER 64 HBC K-P 1.43 BEV/C 10/69 
D--÷ R 14o31 12.2) HUWE 64 HBC ~ K-P 1.22 BEV/C 8/66 
D-÷ R (2o0) ( I . 5 1  RRMENTERO 65 HBC K-P . 9 - 1 . Z  BEV/C 8•66 
D-÷ R (7+2) ( 2 ° I )  SMITH 68 HBC +- Kip I . 8  8EVIC 9166 
D-+ R 117.21 I 8 . 0 )  SMITH 65 HBC ÷- K-P 1.95 8EV/C 9/66 
0-+ R ( l l . O l  ( 9 . 0 I  LONDON 66 HBC K-P 2.24 BEV/C 8•66 
D-+ 9°0 6.0  LONDON 66 HEC +-  LAMBDA 3 PI EVTS 7•66 
O-~" R 16 ,3 I  (B.O|  SIEGEL 67 HBC +-  K-P AT 2.1 GEV/C 10/69 
D-+ R (7 .21 (1+8I  HABIBI 73 HBC ÷- K-P TO 2PI LAW 9/73 
D-+ R BETWEEN -2 AND ÷6 CL=.95 80RENSTE 74 HBC K-P TO(I3851+PIS 11/T7 
D-÷ 
D-÷ R REDONDANT WITH DATA IN MASS LISTINGS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 (YtO) - {Yt÷) MASS DIFFERENCE (MEV| 

DO+ R BETWEEN -R AND ÷ ~ +  EL=.95 BORENSTE 74 HBC ÷O K-P TO(1335)+PIS 11/77 
DO÷ R REDL~DANT WITH DATA IN MASS LISTINGS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 ( Y t - )  -- (Y*OI MASS DIFFERENCE (MEVI 

O-O R (E. OI ( 2 . 4 I  THOMAS 73 HBC -0 PI-P TO PI--K÷LN I I177 
O-O R REDUNDANT WITH DATA IN MASS LISTINGS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 Y~I(I3851 WIDTH (MEV) 

161 164.OI ALSTON 60 HBC +-  K-P 1.15 8EV/C 
(40o81 BERGE 61 HBC K-P ° 4 - . 8 3  8EV/C 

W 38 (2O°D) OR LESS MARTIN 61 HBO +O K2O P .98 8EV/C 
W (80.01 l iD.O) EDLLEY 62 HLBC -O PI- PRP E. 8EV/C 
W (26.01 ( 5 . O l  BALTAY 63 HBC + -  PBAR P 3 .7  BEV/C 7/66 
W 138.0|  ( 9 . 0 )  MUSGRAVE 63 HBC +-OPBRR P 3-4 BEV/C 7166 

T 200  {20 .1  ( 4 . )  ATHERTON 71 HBE ÷ -  LAM PI÷ + C,C. 11/77 
T FIT B.W. + PHASE SPACE BCKGRD 

W R 200 (35. I ( 5 . )  ATHERTON Tl  HBC ÷- LAW PI+ + C.C. 11/77 
W R FIT 8.W. AND NO BCKGRD 

190 ( 6 I . l  ( 1 0 . }  AMMANN 73 DBC + -  K-N 4.3GEV/C 11177 
ATHERTONI 75 HBC *--O~AR P 5 .7  GEV/C 11177 W~ 200 (89.1 (83.  l 

D (80 . )  [ lO - )  ALSTON 78 OPWA - 0  KBAR N ONLY 1/78 
W D WITH MASS FIXED AT 1385 MEV° FROM RESULTS OF PARTIAL WAVE ANALYSIS 1/78 
W D OF KBAR N SYSTEM EXTRAPOLATED BELOW THRESHOLD. 1/78 
W 242 (83.)  (E~-} OIONISI T8 HOE +- K-P TO Y* K KBAR 8179 
w I IK ( 3 5 , )  ( Z - )  BANERJEE 79 HBC ~ LAM PI÷ ÷ C.O. 1/80 
w I 860 (36oi ( 4 .1  8ANERJEE 79 HBC +- LAM PI -  ÷ C.C. 1/80 
W I FROM FIT TO INCLUSIVE LAMBDA PI + E.E. SPECTRA 

wo 106 130.Of (9.01 CURTIS 63 OSPK O PI-P 1.3 BEV/C 
WO E 240 39.3 10.2 THOMAS 73 HBC O PI-P TO PIOKOLM 11/77 
WOE ERROR ENLARGED BY US TO 4*GAMMAISQRT(N). SEE TYPED NOTE ON K~ MASS. 
NO C 3100 (33.1 (8°) BORENSTE 74 HE0 D K-P TO(13851+P[S 11/77 
WO C 3100 CONSISTENT kITH WO=W+=W- BORENSTE 74 HBE O K-P TO(1385)~PIS [ i177 

W+ E 154 (48.0) I I6 .O)  
W+ E 170 (51.Of (16.01 
W+ E 839 46.5  6 .4  
w+ E 750 32.0  4 .7  
w+ 8 250 I30.31 ( 7 . 3 )  
W+ E 250 { 3 3 . t 1  (8.31 
W+ E 62 125.0)  132.01 
w+ E 1260 36.0 4.0 
w+ E 46 ( 3 3 . )  120.0) 
W+ 400 32.3 6.0 
W+ E 2300 38.5 3.2 
W÷ R 3740 (88.)  13 . ]  

ELY 61HLBC + K-P I . I 1  8EV/C 11177 
COOPER 64 HBO K-P 1o43 BEV/C 11/77 
HUWE 64 HBC ÷ K-P 1.13-Io3OGEV I1177 
ARMENTERO 63 HEC K-P .95-I.20 GEV 11177 
SMITH 63 HBC + K-P 1,8 BEV/C 11/77 
SMITH 65 HBE K-P 1+93 BEV/C I I / TT  
81RMINGHA 66 HBE + K-P 3 ,3  GEV/C 11/77 
SIEGEL 67 HOG + K-P AT 2.1GEV/C /1177 
AGUILAR 70 HBC K-P 4 GEV/SIG.PI 11/77 
AGUILAR 72 HBC + K-P TO LAM+PIS 10/74 
HABIBI 78 HBC K-P TO 2Pl LAW 11/77 
BERTHON 74 HBC + K--P IZ63-1843MEV 10/74 

w÷ R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
W+ 1 6846 34. 1.6 BORENSTE 74 HBC ÷ K-P TO(I383}+PIS 11277 
W÷ [ RESULTS FROM LAM PI+ P I -  AND LAM Pie P I -  RIO COMBINED BY US. 
w+ I (AO.I (3.8)  8ARDADIN 75 HBC + K- P 14.3 CEV/C Li/77 
w+ HI 22K ( 4 3 . I  (5 .1  8ARREIRO 77 HBE K-P AT 4 .2  OEV /1177 
W÷ H INCLUDES DATA OF HOLMGREN 77 
N+ 2594 34. 8. HOLMGREN 77 HBC + K-P AT 4.2 GEV 11177 
W+ 6900 35.3 1.9 CAMERON 78 HBE ÷ K-P 0.96-1.369EV i i177 
W+ I 7K (37.1 (2 . )  BAUBILLIE 79 HBC + K-P AT 8.25 GEV 1180 
W+ ZK (30.) {4 . )  CAUTIS 79 HYBR PI+IK-P 11.5 GEV 1/80 
W+ I lO0 (BO.I ( 6 . )  SUGAHARA 79 HBC + PI-P AT 6 GEV/C 1180 
w+ 600 ( 4 0 . )  ( 3 . )  BAKER 80 HYBR • P[+B T GEV/C 2182~  
W÷ 750 (37. l ( 2 . )  8AKER 30 HYBR + K-P T GEVIC 2/828 
W+ 
He I FROM FIT TO INCLUSIVE LAMBDA PI SPECTRL~ 
W÷ E ERROR ENLARGED BY US TO 4*GAMMA/SQRT(N)o SEE TYPED NOTE ON R~ MASS. 
4* . . . . . . . . .  
W+ AVG 34.98 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.01 

W- (40.0) OAHL E10BO - K-D 0.43 BEV/E 
w- E 224 [66.01 ( 1 8 . 0 ]  ELY 61HLBC K-P l .  I I  3EV/C 11177 
W- E 200 { 8 8 ° 0 l  (24.01 COOPER 64 HBC K-P 1.88 8EV/C 11/77 
W- 1086 62.0  7.0 HUWE 6R HBC - K-P 1.[3-1.BOGEV 
w- E 1382  38°0 4.1 ARMENTERO 65 HBO K-P . 93 - I . 20  GEV 11/77 
W- E 120 {29.21 (10.61 SMITH 69 HBE - K-P 1.80 8EV/C I I177 
W- E 58 (17.11 18.9} SMITH 63 HBC - K-P 1.93 BEV/C 11/77 
W- E 370 31.0 6.3 SIEGEL 67 HBO K-P AT 2.1GEVJC 11/7F 
w- E 1900  51°9 4.8 HABIBI 73 HBC - K-P TO 2Pl LAM I I / 77  
W- E 630 48.2 7°7 THOMAS 73 HBC - PI-P TO PI-KOLM 11/77 
W- R 3060 (AO.I  I 3 .1  BERTHON T4 HBO K-P 1263-1883NEV 10174 
w- R ERRORS STATISTICAL ONLY. RESOLUTION NOT UNFOLDED. 
W- 1 2303 35. 3. BORENSTE 74 HOC - K-P TOII3851÷PIS 11/7T 
W- 1 RESULTS FROM LAM PI*  P I -  AND LAM PI+ P l -  PlO COMBINED BY US. 
W- I (47.) I6 .1  8ARDADIN 73 HBE - K- P 14.3 GEV/C 11/77 
W- HI 12K (45.) ( 5 . )  BARREIRO 77 HBC K-P AT 4.2 GEV 11/77 
W- H INCLUDES DATA DF HDLMGREN TT 
w- 193 ( 3 5 . ]  lTD.# HOLMGREN 77 HBC - K-P AT 4 .2  GEV 11177 
W- 9720 39.2 [ . 7  CAMERON 78 HBC K-P 0.96-1.369EV 11177 
W- I 4.5K (44.1 ( 4 * )  fiAUBILLIE 79 HBC - K-P AT 8 .85 GEV 1/80 
W- I 130 ( 3 3 . )  (4 .1  SUGAHARA 79 HBE PI-P AT 8 GEV/E E/80 
W- 
w- [ FROM FIT TO INCLUSIVE LAMBOA P[ SPECTRUM 
W- E ERROR ENLARGED BY US TO 8*GAMMAISQRT(NI. SEE TYPED NOTE ON K* ~ASS. 
W- . . . . . . . . .  
W- AVG 39.9 2.R AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.91 

(SEE IDEOGRAM BELOW ) 

/ 
20 

WEIGHTED AVERAGE = 399  i 2 . 4  

ERROR SCALED BY 19  

4 0  

CHISQ 

. . . . . . . . . .  CAMERON 78 HBC 02  

. . . . . . . . . . .  BORENSTE 74 HBC 2 .7  

I . . . . . . .  THOMAS 73 HBC 1 . 2  

. . . . . .  HAB IB I  73 HBC 52  

. . . . . . . . . . .  S I E G E L  67  HBC 1 . 9  

. . . . . . . . . . .  ARMENTERO 65 HBC 0 . 2  

- ~ - ~ - J r - - - - - - - H U W E  64 HBC 1 0 . 0  

2 2 . 3  

( C O N L E V  
60  8 0  = 0 . 0 0 ( )  

Y , l ( 1 3 8 5 ) -  WIDTH (MEV) 

43 Y*1(1383) REAL PART OF POLE PESITIDN 4/75 

RE~ 1379.0 l .O  LICHTENB 74 + EXTRAP HABI8[T3 ~ /75 
RE- 1383.0 1.O LICHTENB 74 - EXTRAP HA818173 4 /78 

A3 Y~1(1383) IMAGINARY PART OF POLE POSITION 4/78 

IN+ 17.8 1o5 LICHTENE 74 ÷ EXTRAP HABIBI?3 4 /75 
I M- 82.8 1o3 LICHTENB 74 EXTRAP HABIB|73 6/73 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43 Y .1 (1383 i  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y'1(1383) INTE LAMBDA Pl 1115+ 139 
P2 Y~1(1388) INTO SIGMA PI 1189+ 139 
P3 Y'1(1385] INTO LAMBOA GAMMA 1E15+ O 
P4 Y*II~BBSI INT~ N KBAR 4934 q~8 
P5 Y$I(13651 INTO SIGMA GAMMA 1197+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see ke~ at front of Listings. 

Baryons 
Z(1385),  -(1480), Z(1560) 

RI 
RI  
R1 
R1 
RI 
01 
ME 
RI 
R1 
RE 
RI 
R1 
RI 
R1 
R( 
R1 
R1 

R2 
R2 

R3 
R3 C 
R3 C 

R4 
R~ 

R5 
R5 

43 Y *1 )1385 }  BRANCHING RATIOS 

Y*1 )1385 )  INTG (SIGMA RI ) / (LAMBDA P [ )  IP2 ) I (P1 )  
(0 .061  (0.0~) BASTIEN 61HBC ÷ -  
10o04) OR LESS ALSTON 6Z HBC +-OK-R 1oE5 BEV/C 
0 .09  0 .04  HUWE 6~ HBC ÷- K-R E .2 -1 .T  GEV 
0 .163  0.0R1 ARMENTERO 65 HEC + -  K-R . 95 -1 .20  GEV 7 /66  
0 .08  0 .06  LONDON 6G HBC ÷ K-P 2 .24  BEV/C 7166 
0 .13  0 .06  PAN 69 HBC ÷ PI+ P - K Y PI 12 /72  
0 .13  0 .0R COLLEY 71 DEC -0  ~-N 1 .5  GEV PROD 10/71 
0 .16  0 ,07  AGUILAR 72 HBC + K-P 3 .9 .~ .6  GOV 10 /76  
0 .18  0 .0~  HAST2 73 NPWA ÷- K-P - 2PI SIG/LM 9 /73  
O.IO 0.0S THOMAS 73 HBC - RI-R TO P1 K Y 9/73 
0.  I 6  0 . 03  BERTHON 7~ HEC + K--P 1263-1843MEV 11/7T 
O . I L  0 . 02  BERTHON 7~ HBC - K-P 1263-1B43MEV 11/77  
0 .21  0 .05  BORENSTE 7~ HBC + K-P TO(1385)+PIS  10 /76  
0.20 0 .06  D[ONISI 70 HBC K-P TO Y* K KBAR 3 /7q  

AVG ° "0~135 ° " O.Ol~  AVERAGE )ERROR INCLUDES SCALE FACTOR OF 1.0) 

Y=I(ISB5) INTD ILAMBOA GAMMAIITOTAL lPSI 
I (0.178 IO.171 MEISNER 72 HBC 0 I EVENT ONLY 1/73 

Y* l ( IB85 )  FROM KBAR N TO LAMBDA Pl  SORT)PItPCI 4 / 75  
+0 .586  0 .319  DEVENISH 74 0 FIXED T DISP REL 6175 

EXTRAPOLATICN OF RARAMETRIZED AMPLITUDE BELOW THRESHOLD 4/75 

Y*111385)" INTO )LAMBDA GAMMA)/ILAMBDA P l )  (P3 ] / )P I )  1 /76  
( 0 . 06 }  OR LESS CL=.90 COL~S 75 HLBC 0 K-P 5T5-qTO MEV l / T6  

V , I l l 385 )  INTO (SIGMA GANMAIIILAMBOA P I )  IPS t / (P l )  1 /76  
( 0 . 05 )  OR LE~S CL=.90 COLAS 75 HLEC O K-P 575-qTO MEV 1 /76  

REFERENCES FOR Y* I (ES858  

ALSTON 60 RRL S 520 
BASTIEN 61PRL  6 702 
BERGE 61 PRL 6 557 
OAHL 6E RRL 6 142 
ELY 61PRL  7 461 
HARTIN 61 PRL 6 283 

ALSTON 62 CERN CONF 3II 
CGLLEY 62 PR 128 1930 
CURTIS 63 PR 132 E7TI 
COOPER 64 RL B 365 
HUWE 66 UGRL-II291 THESIS 

ALSO be PR 180 1824 

ARMENTER 65 PL 19 75 
BALTAY 65 RR 140 BI02T 
MUSGRAVE 65 NC 35 735 
SMITH 65 THESIS (UCLA) 

BIRMINGfl 66 PR 152 1148 
LONDON 66 PR 143 I034  
SIEGEL 67 UCRL I8041  THESIS 
PAN 69 PRL 23 BOB 
AGUILAR TO PRL 25 SE 
ATHERTDN 7I NP B29 477 
CDLLEY T1NP 031 E1 

AGUILAR T2 PR D6 29 
MEISNER 72 NC I2A  62 
AMMANN 73 PRD 7 1345 
MAST2 73 PRD 7 3212 

ALSO 73 PRO 7 5 
HABIBI 73 NEVIS 199(T~ESIS) 

ALSO 73 PURO73, RG. 387 
THOMAS 73 NP 056 15 

BERTHON 74 NC 2 IA  146 
BDRENSTE 7~ PR D9 ~006 
DEVENISH 74 NP BEE 330 
LICHTENB 74 PRD 10 3RE5 

ALSO 74 PRIV .  COMM. 

ATHERTOZ 75 NC 25A E 
B AROADIN 75 NP BgB 4 Ie  
COLAS 75 NP B9I 2S3 

BARREIRO 77 NP BL26 319 
HDLMGREN 77 NP 0119 2E1 
ALSTON 78 PR DID IE2 
C~HERON 78 NP B143 lBg 
OIONISI  78 PL 780 154 

BANERJEE 7g ZPHY C3 [ 
BAUB[LL( 79 NP BlSB 1B 
CAUTIS 79 NP 8156 507 
SUGAHARA 79 NP B156 237 
BAKER BO NP B I66  207 

MALAMUO 64 PL 10 145 
SHAFER ~ RR I34  81372 
HUNGERBU 74 ~RO 10 2051 
WALTER 79 ZPHY C3 Eg 
ACJJILAR 80 ZPHY C6 I09 
BALAND 80 EPHY CB 1ST 
BIAGI 81 ZPHY Cg 305 

+ALVAREZ,EBERHARO,GOOD,GRAZIANOv ÷ (LRL) I 
P BASTIEN,M FERRD-LUZZI,A H ROSENFELD (LRL) 
÷BASTIEN,OAHL,FERRO-LUZZ[,K[RZt  + (LRL) 
÷HORWITZ,MILLER,MURRAY,WHITE (LRL) 
+FUNG,GIDAL,PAN,ROWE•L,WHITE [LRL) J 
+LEIPUNER, CHINOWSKY,SHIVELY, + (BNL,YALE) 

+ALVAREZ,FERRO-LUZZI,ROSENFE•D, * )LRL) 
+GELFANO,NAUENBERG, + (COL~BIA,RUTGERS) JP 
+COFFIN,MEYER,TERWILLIGER (NIGH) J 
÷FILTHUTH,RRIOMAN, MALAMUD, + (CERN,AMST) 
O 0 HUWE (LRL) JP 
O 0 HUWE ILRL)  

ARMENTEROS, + (CERN,HEIDEL,SACLAY) 
+SANOWEISS,TAFT,CULWICK,KORP, ÷ IYALE,BNL) 
+PETMEZAS,+ (B[RM,EERN,EPOL,LOIC,SACLAY) 
L T SMITH (UCLA) 

BIRNINGHAM,GLASGOW.I.C.t OXFORD, RUTHERFORD 
÷RAU*SAMIDS,YAMAMOTD,GDLDBERG,+ (BNL,SYRA) J 
O M SIEGEL (LRL) 
+FORMAN )PENNI I 
÷BARNES, BASSANQ, CHUNG, EISNER,+(BNL,SYRA) 
÷CELNIKIER,CLAYTON,FRENCH,FRISK,÷ (CERN) 
+COX,EASTWOOD,FRY+.. (BIRM+EDIN+GLAS+LOICI 

AGUILAR-BENITEZ,CHUNO,EISNER,SAMIOS (BNL) 
G MEISNER (U NC OREENSBORO÷LBL) 
+EARMDNY,GARFINKEL,GUTAY,+ (PURO÷IUPU) 
+BANGERTER,ALSTDN-GARNJOST.+ (LBLIIJR 
MAST,BANGERTER,ALSTDN-GARNJDST,÷ (LBL ) ] JP  
M.HABIBI (COLUMBIA) 
BALTAY,BRIOGEWATER,COOPER,+ (COLUMBIA+RING) 
THOMAS,ENGLER,FISK,KRAEMER (CARN) JP 

BERTHON,TRISTRAM,+ (CDEF+RH~L÷SACL÷STRB) 
RDRENSTEIN,KALBFLEISCH,STRAND,~ )BNL+MICH) 
OEVENISH, FROGGATT,MARTIN)DESY,NORDITA,LOUCI 
D B LICHTENBERG {INDIANA UNIVERSITY) 
D B LICHTENBERG IINOIANA UNIVERSITY) 

ATHERTON,BAR--NIR,FRENCH (CERN) 
BAROAOIN-OTWINOWSKA÷ (SACLeEPOL+RHEL) 
COLAS,FARWELL,FERRER,SIX (ORSA) 

+BERGE,GANGULI*BLOKZIJL* (CERN+AMST+NIJM) 
+AGUILAR-BENITEZ,KLUYVEB+ (CERN+AMST+NIJM) 
ALSTON-GARNJOST,KENNEY+ {LOL+MHCO÷CERN) 
÷FRANEN,GORAL,BACON, BUTTERWORTH÷)RHEL÷•OIC) 
÷ARMENTEROS,DIAZ (CERN+AMST+NIJR÷OXF) 

÷GANGULI,M~LHOTRA, RAGHAVAN~SUDHAKAR ITIFR) 
BAUBILLIER÷ )BIRM+CERN+GLAS+MSU+LPNP) 
+BALLAM,BOUCHEZ,CARROLL,CHADWICK÷ (SLAC) 
+OCHIAI,FUKUI,COORER+ (KEK+OSKC+KINKI 
+CHIMA,OORNAN,G[BBS,HALL,MILLER÷ (LQIC) 

PAPERS NOT REFERRED TO IN DATA CARDS 

MALANUD, P E SGHLEIN ICERN,UC•A) JP 
B SHAFER, O 0 HUWE (LRL) JP 

HUNGERBUHLER,MAJKA,+ (YALE,FNAL,BNL,PlTT) 
+DECKER+ (BERL+AACH+CERN+SERP+SACL+VIEN) 
AGUILAR-BENITEZ÷ (MADR÷STOH÷CERN÷COEF) 
+POIRET÷IMONS+SERP+SACL÷ALMA-ATA+MOSU÷BE•GI 
+ (BRIS+CAMB+GEVA÷HEID÷LAUS+LOQM+RHELi 

* , , * * * *  , , * * * * * * * *  * * , , * * * * * , .  * * * * * * * * *  * * * , , * *  . * * * * * *= * *  * , , * * * * * * *  * * * * * * * *  

I~(148081 I . . . .  . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . .  S J I BUMPS ....... ' ...... UE ..... s .... o . . . . . . .  i ....... 

PEAKS ARE SEEN IN LAMBDA P) AND SIGMA PI SPECTRA IN 
THE REACTION PI+P TO X+ PI Y AT 1.7 GEV/C. ALSO THE 
V POLARIZATION OSCILLATES IN THE SAME REGION. 

SEE MILLER TO FOR A DISCUSSION OF THIS STATE. HE SUGGESTS A POS- 
SIBLE ALTERNATE EXPLANATION IN TERMS OF A REFLECTION OF N* I I 2 ( I 6?5 )  
DECAY TO LAMBOA Ko HOWEVER, SUCH AN EXPLANATION FOR THE K÷ SIGMA* PIO 
CHANNEL SEEMS UNLIKELY (SEE PAN 70~ IN TERMS OF K~]NN N*3 /211650 l  
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS ~d~ULD ALSO HAVE 
TO ACCOUNT FOR T~E OSCILLATION OF THE Y POLARIZATION IN THE 1480 
MASS REGION. 

HANSON Tl,  WITH FEWER DATA THAN PAN 70, CAN NEITFER CENEIRM NOR 
DENY THE EXISTENCE OF THIS STATE. MAST 75 SEES NC STRUCTURE IN THIS 
MASS REGION IN K- R TO LAMBDA RIO. 
ENGELEN B[ PERFORM A MU~TI-CHANNEL ANALYSIS OF K-P - ->  KO R I -  R AT 
4.2 GEV/E. THEY OBSERVE A B*5 STO. OEV. SIGNAL AT 1480 MBV IN P KOBAE 
WHICH CANNOT BE EXPLAINED AS A REFLECTION OF ANY COMPETING CHANNEL. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2] Y=1(1480) MASS (MEV))PROD. EXP.) 

M I~T9. IO .  PAN 70 HBC + PI+P TO K PI LAM 3 /71  
M I~65 .  15.  PAN 70 HBC + P I + P  TO K PI SIG $ 1 7 1  

1~85. lOB OLINE 73 MPWA K- O TO LM P l -  P 9 /70  
E20(ISBO. I ENGELEN 80 HEC ÷ K-P TO KO P I -  P 2 /82 "  

M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = ToO) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 Y * I ( 1480 )  WIDTH (MEV) (PROD. EXP.)  

W 31.  ~5. PAN TO HBC + PI+P TO K P[ LAM 3 /71  
W 30, ~0. PAN 70 HBC + Pl+P TO K R[ SIG B/71 
W 40. 2O. CLINE 73 NRWA K- D TO LM PI- P 9178 
W 120 80. 20 .  ENGELEN 80 HBC + K-P TO KO P I -  P 2 /82 "  
W . . . . . . . . .  
W AVERAGE MEANINGLESS )SCALE FACTOR = 1.2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 Y$ l I [ 4808  PARTIAL DECAY MODES (PROD* EXP.)  

DECAY MASSES 
PI Y*I ( I480)  INTO N KBAR 938+ 493 
P2 Y.1(1480} INTO LAMBOA PI 1115+ 139 
P3 Y= l i t kBO)  INTO SIGMA PI I189+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23 Y*l(14808 BRANCHING RATIOS [PROD. EXP.) 

RE Y~ I ( ISBO i  INTO (SIGMA PI)/(LAMBOA Pl l  IPSII(R2) 
R I  0 . 82  0 .51  PAN 70 HBC + 3 /71  

R2 Y' l iE480) INTO [PROTON KOBAR)I(LAMBOA PI) IRE)lIME) 
R2 0 .36  0 .25  PAN TO HBC + 3 /71  

R3 Y*I I I4808 INTO {KERR NIITOTAL (P l l  9/73 
R3 SMALL CLINE 73 MPWA K- D TO LM Pl -  P 9/73 

REFERENCES FOR Y*L(14801 (PROD. EXP. I  

PAN 70 PR DE, 49 
CLINE 73 LNC 6 205 
ENGELEN BO NP 5167 61 

Y U-LI PA 69 PBL 23 B06 
YU-LI PA 69 RRL E3 008 
MILLER 70 DUKE 229 
HANSON 71PR D4 1206 
MAST 75 PRO 11 3078 

÷FORMAN,KO,HAGOR)AN,SELOVE (PENN) 
CLINE,LAUMANN,MAPP (WISCONSIN)lIP 
÷HEINEN,K)TTEL,METEGBR+(NIJNSAMST÷CERN÷OXFI 

PAPERS NOT REFERRED TO IN DATA CARDS 

YU-LI PAN, F L ~ORMAN (PENN) I 
YU-LI PAN, F L FORMAN IPENN) i 
D H MILLER (REVIEW TALK(  )PURDUE) 
*KALMUS,LDUIE )LBL) I 
+ALSTON-GARNJDST,BANGERTER÷ (LBL) 

.............. ,I=, .... o ..... E .......... 

RELATED. 
OIONISI 78 OBSERVE A 6 STD. DEVo ENHANCEMENT AT 1553 
MEV IN THE CHARGED (LAMBDAISIGMA PI ) MASS SPECTRA 
FROM K-P - -> LAMBOAISIGMA P( K KBAR AT 4.2 GEV/C. 
IN A CERN ISR EXPERIMENTt LOCKMAN 78 REPORT A NARROW 

6 STO. DEV. ENHANCEMENT AT 1572 MEV IN THE LAMBDA P I÷ IP I -  SYSTEMS 
FROM THE REACTION PP - ->  •AMBDA PI+ P l -  + ANYTHING AT C.Mo ENERGIES 
DF 53 AND 62 DEV. 
THESE ENHANCEPENTS ARE UNLIKELY TO BE ASSOCIATED WITH THE Y*I(15608 
(WHICH HAS NOT BEEN CONFIRMED BY SEVERAL RECENT EXPERIMENTS - SEE 
THE DATA CARD •(STINGS BELOWI. 
CARROLL 76 OBSERVE A BUMP AT 1550 MEV (AS WELL AS AT 1580 MEVI IN THE 
K-N I= I  TOTAL CROSS SECTION, BUT UNCERTAINTIES IN CROSS SECTION 
MEASUREMENTS OUTSIDE 7HE MASS RANGE OF THE EXPERIMENT PRECLUDE 
ESTIMATING ITS SIGNIFICANCE. 
SEE ALSO MEADOWS EO FOR A REVUE OF THIS STATE. 
IN NEED OF CONFIRMATION. OMITTED FROM TABLES. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

80 Y*1(15601 MASS IMEV) (PROD. EXP.{ 

M 121 1553. 7. D[ONIS( 78 HBC ÷- K-P TO Y* K KBAR 3/7g 
M 40 1572. 4 .  LOCKMAN 78 SREC PP TO L P) PI  X 12179 
M . . . . .  
M AVERAGE MEANINGLESS'(SCALE''" FACTOR = 2 .41  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8O Y* l I I 560 )  WIDTH (MEV) (PROD. EXP.I 

W 121 79. 30. DIONISI TB HBC +- K-P TO Y* K KBAR 3/79 
W C 40 15. 6. LOCKMAN 78 SPEC PP TO • Pl P( X IE/7N 
W G OBSERVED WIDTH C~NSISTENT WITH EXPERIMENTAL RESOLUTION. 
H 
W AVERAGE'MEANINGLBSS'(SCALE°''''" FAGTOR = 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BB Y*l[15601 PARTIAL DECAY MODES [PROD. EXP.} 

DECAY ~ASSES 
Pl Y$I(IS60# INTE LAMBDA P( illS+ IB9 
P2 Y* l ( 15601  INTO SIGMA PI 1189+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
E(1560), E(1580), E(1620) 
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Data Card Listings 
For notation, see key at front of  Listings. 

80 Y* [ ( 1560 )  BRANCHING RATIOS {PROD. EXP.) 

RI Y*I(1560} INTO SIGMA PII(SIGMA Pl + LAMBDA PI) (P2)l(Pl+PEI 
RI 0 .35  0.12 DIONISI 78 HBC +-  K-P Tn Y~ K KBAR 3179 

R2 Y*I(1560) INIC ILAMBDA PlI/TOTAL {P l }  
R2 S~EN LDCKMAN 78 SPEE +- PP TO L Ol Pl x 12/79 

REFERENCES FOR Y* I I IB601  (PROD. EXP.) 

DIONISI lB  PL 7BB 154 +ARMENTEROS,DIAZ+ (CERN+AMST+NIJM+DXF)I 
LOCKMAN 78 CEN EPHPE 78-01 +MFYER*RANDER,POSTER,SCHLEIN+ (UCLA+SACL} 

PAPERS NOT REFFRRED TO IN DATA CARDS 

CARROLL 76 PPL 37  BE6 +CHIANG,KYCIA,LI,MJZUR,MICHAEL+ {BNL) |  
MEADOWS BO TORONTO CONF. 283  B.T.MEADDWS (CINC) 

I <,soo)l . . . . . . . . . . . . . . . .  2 - '  I = I  F ~ l  ' 175  

CBSERVED IN K- N [=1 TOTAL CS WITHOUT JP ASSIGNMENT AT 
eNL(LI 78, CARROLL 73, CARROLL 76J AND IN PWA OF K- P 
- -> LAMBDA Pl FOR CM ENERGIES=I560-1600 MEV BY 
LITOHFIELD 74. LITCHFIELD 74 FINDS JP=BI2-. MOT SEEN G 
EMGLER 78 OR BY CAMERON 70 (WITH LARGER STATISTICSI, 
IN KLONG P TO PI+ LAMBOA AND PI+ SIGMAS. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

00 Y~I(15BO) MASS (MEV) 4175 

M L 1582. 6. LITCHFIEL 74 OPWA 0 K- P TO L~M Pl 4175 
M C 1583. ~. CARROLL 76 OPWA I= l  TOTAL CS 2 /77  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CO Y,1(1580) WIDIH (MEV) ~/75 

W L IT. A. LITCHFIEL 74 DPWA 0 K- P TO tam PI 4179 
W C (15.) CARROLL 76 DPWA I=1 TOTAL CS 2 /7T  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

oo Y*I(ISBO} PARTIAL DECAY MODES ~/TB 

DECAY MASSES 
Pl Y~I([580) INTO N KBAR 938+ ~93 
P2 Y~I(IBBOI INTO LAMBDA Pl 1115+ 139 
P8 Y#I(ISBO) INTC SIGMA PI 1189+ 139 

............................................................ 

00 Y t I I ISBO)  BRANCHING RATIOS 4/75 

Rl V~ l ( IBBOJ  INTO (KBAR N) /TOTAL  (P l )  ~ /75  
Rl L +0.03 0.01 LITOHFIEL 74  DPWA KBAR N MULTIC~NL ~175 
R1 L MAIN EFFECT OBSERVED BY LITCHFIELD 7~ IS IN PI LANBDA FINAL STATE, ~/75 
RI L KBAR N AND SIGMA Pl COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL FIT 4/75 
R I  l INCLUDING TOTAL CROSS SECTION DATA (LI  T3 ) .  4 / 75  
RI C TOTAL CROSS SECTION BUMP WITH {J+I/B)X=.O6 SEEN BY CARROLL 76 2177 

R2 Y~I(15BO) FROM KBAB N TO LAMBDA Pl SQRT(PI*P2) ~175 
R2 L +0.10 0.02 LITCHFIEL 74 DPNA 0 K- P TO LAW PI  4175 
R2 NOT SEEN CAMERON 7B HOE + KL P TO P I+  LAM 1278  
R2 NOT SEEN ENGLER 78 HBC ÷ KL P TO PI~ LAW 2177 

R3 Y* I l ISBO)  FRCM KBAR N TO SIGMA Pl  SQRT(P t *PB)  4175  
R3 t +0 .03  O.O~ LITCHFIEL 74 DPWA KBAR N MUL?ICHNL ~ /75  
R3 NOT SEEN CAMERON 78 HBC + KL P TO Ple SIGO 1 /78  
R3 NOT SEEN ENGLER 78 HBC + KL P TO PI+ SIGO 2277 

REFERENCES FOR Y¢1 (1580 )  

LITCHFIE 74 PL 518  509  LITGHFIELD (CERNIIJP 
CARROLL 76 PRL 37 806 +CHIANGeKYCIA,L[~MAZUR,MICHAEL+ (BNL)I 
ENGLER 76 PL 63B  231  +KEYES,KRAEMER,SCHLEREThTANAKA+ (CARN,ANLII 
CAMER~ 78 NP 8132 IBq +CAPILUPPI+  (BGNA+EDIN+CLAS+PISA+RHELII 
ENGLER 78 PR DID 3061  +KEYES,KRAEMER,TANAKA,C~,+ (CARN,ANLI 

PAPERS NOT REFERRED TO IN DATA CARDS 

CARROLL 73 APE BBKLY MID 208 CARROLL,CHIANG,KYCIA,LI,MAZUR,MICHAEL+(BNL)I 
Ll  73 PURDUE CENF. 283 LI (BNL)I 

Note on the Z(1620) 

Thls state was first suggested by CRENNELL 68 

from evidence in the reaction K-n + Z(1620)~w+~ - at 

3.9 GeV/c, with the E(1620) ~ decaying into Aw ~. 

The situation is still far from clear. 

MILLER 70 is a good review of the production 

experiments; there has been no new evidence from 

them since 1970. The evidence is only in the A~ 

channel. CRENNELL 69 clalmed the effect in thls 

channel wlth no evidence seen in KN or KNw. SABRE 

70 studied the same reaction at 3.0 GeV/c wlth com- 

parable statistics and saw no evidence In the A~ 

channel; on the contrary, they believe the effect 

to be a spurious peak resulting from misidentlfied 

E 0 from the production of ~(1670) decaying into 

~0~+. AMMANN 70 studied the same reaction at 4.5 

GeV/c and reported a state at 1640 MeV, again 

decaying only into A~ (no evidence seen in the E~ 

or KN channels). HUNGERBUHLER 74 reported upper 

limits on production cross sections for a 25 GeV/c 

E- beam. 

CARROLL 76 measured the K-p and K-d total 

cross sections from 0.4 to i.i GeV/c and found 

three narrow (10-15 MeV wide) bumps in the I = 1KN 

cross section at 1583, 1608, and 1633 MeV. 

Several partlal-wave analyses have found evl- 

dence for one or two fairly narrow states within 

about 50 MeV of the effect seen in production: see 

the entries for the D13 E(1580), the SII E(1620), 

and the PII E(1660). However, the various analyses 

do not agree on widths or branching ratios. 

In conclusion, clarification of the Z(1620) 

question probably must await more data and a more 

complete understanding of the entire region from 

1600 to 1700 MeV. The closeness of the ~(1620) and 

E(1670) masses suggests that the complications of 

the two regions may be related (see the "Note on 

the E(1670)" below). 

1 (162o)1 . . . . . . . . . . . . . . . . . . . . . .  
THE S l l  STATE AT 1697  HEY REPORTED BY VANHORN 75 IS 
INTERMEDIATE IN MASS BETWEEN THE SIGMAIE620) AND 
SIGMAIITSO|. WE TENTATIVELY LIST IT UNDER SIGMA|ETBO). 
CARROLL 76 SEES TWO BUMPS IN THE I=l  TOTAL CROSS 
SECTIONS NEAR THIS MASS. 

32 Y.1(1620) MASS (MBV) 

N ( |620.|  RIM 71 OPWA K-MATRIX ANAL. 8171 
M 1630.0 (10.0| LANGBEIN 72 IPWA MULTICHANNEL 12/72 
M L 1608 .  8 .  CARROLL 76 DPWA I= l  TOTAL CS 2/77 
M H 1688. 10. CARROLL 76 DPWA 1=1 TOTAL CS 2177 
M l 1 |600 .0 )  ( 6 . 0 I  MORRIS 18 OPWA - K-  N TO LAM P I -  8 / 79  
M L AN EQUALLY GOOD FIT IS OBTAINED WITHOUT INCLUDING THIS RESONANCE. 8/79 
M 
M AVG I6lB.O IO.O AVERAGE (ERROR INCLUDES SCALE FACTOR DF 2.2} 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 Y~I(I620| WIDTH (MEVI 

W (40.) KIM 71DPWA K-MATRIX ANAL. 317l 
W 65.0 (20.01 LANGBEIN 72 IPWA ~LTICHANNEL 12172 
W L (15 . )  CARROLL 76 DRWA I=1  TOTAL CS 2 /77  
W H ( [O.)  CARROLL 76 DPWA lEE TOTAL CS 2277 
W I (87.0| ( lq.O) MORRIS 78 DPWA - K- N TO tam P l -  3 / 79  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 Y*I(16201 PARTIAL DECAY MODES 

DECAY MASSES 
P I  Y~1 (16201  INTO N KBAR 938  + 693  
P2 Y$I l I620;  INTO SIGMA P| 1189+ 189 
P3 Y¢III6ZO) INTO LAMBDA Pl IllS+ 134  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

R [  
R[ 
R I  A 
R1 
BI  L 
R1 H 
RIA  

R2 
R2 
B2 
R2 

R3 
R3 
R3 
R3 [ 

32 Y$[II6201 BRANCHING RATEOS 

Y~1(1620 )  INTO {KBAR N) /TDTAL  (P [ )  
I 0 . 05 )  KIM T I  DPWA K-MATRIX  ANAL. 3 /T I  

0 . 05  OR LESS WONG 71 DPWA K -÷P- -LAM~PI  LO/T1  
0.22 (0.02) LANGBEIN 72 TPWA MULTIOHANNEL I2 /72  

TOTAL CROSS SECTION BUMP WITH (J+I/2]X=.06 SEEN BY CARROLL 76 2/?7 
TOTAL CROSS SECTION BUMP WITH ( J+ I / 2 }X~ .04  SEEN BY CARROLL 76 21TT 
R-MATRIX FIT(NEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE 10 /71  

Y * I ( I 620 )  FROM KBAR N TO SIGMA PI SQRT(PI~P2) 
[0.08) RIM 71DPWA R-MATRIX ANAL. 3 /7 I  
O.4O (O.06) LANGBEIN 72 IFWA MULTIENANNEL 12/72 

~T  SEEN HEPP2 76 OPWA -0  K -  NUC TO SIG P I  Z /77  

Y'1{1620) FROM KBRR N TO LAMBDA P[  SQRT(PI*P3) 
(0.15] KIM 71DPWA K-MATRIX ANAL. 3 /7 I  

NOT SEEN BA[LLON 75 IPWA KBAR N TO LAM P{ 11/75 
(0.]21 (0.02) MORRIS 78 DPWA - K- N TO 1AM PI- 3/79 

REFERENCES FOR Y*1 (1620 ]  

NIM 71PRL 27 356 
ALSO 70 DUKE [ 6 L  

WONG 71 NC ZA 353 
LANGBE[N 72 NP B47 477 

BA ILLCN 75 NP B98 39 
CARROLL 76 PRL 37  806  
HERP2 76 PL 65B  48T 
NORRIS 78 PR D17 55 

VANHORN 75 NP B87 1A5 
ALSO 75 NP B8T E57 

J K K[M (HARV)IJP 
J. K. KIM (HARVIIJP 
N S WONG (YALE)IJP 
+WAGNER (MPIM)IJF 

P. BAILLDN,P. J. LITCHFIELD (CERN,RHEL)IJR 
+CHIANG,KYCIA,LI,MAZUR,MICHAEt~ (BNL(I 
÷BRAUN,GRIMM, STROBELE,THOL+(CERN,HEID,MP(M)[JP 
+ALBRIGHT,COLLERAINE,K|MEL,LANNUTTI IFSU)IJP 

PAPERS NOT REFERRED TO IN OATA CARDS 

A. J .  VAN HORN (LBL ] I JP  
A. J .  VAN HORN (LBL I I JP  

1 6 2 0  MEV REGION - PRODUCTION EXPERIMENTS 

7B Y* I ( L620 ,  JR= ) I =L  PRODUCTION EXPERIMENTS 

SEE TME MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE NEEDS CONFIRMATION. THE RESULTS OF 
ERENNELL 69 AT 3 .9  GEV/E ARE NOT CONFIRMED BY THE SABRE 

COLLABORATION AT 3.0 GEV/C (SABRE 701. HOWEVER IN AN EXPERIMENT AT 
4.5 GEVICe AMMANN 70 SEE A PEAK AT 16~2 MEV WHICH ON TNE BASIS OP 
BRANCHING RATIOS THEy DO NOT ASSOCIATE WITH THE V~1 (1670 ] .  SEE MILLER 
70 FOR A REVIEW CF THESE CONFLICTS. 

....................................................... 

TB Y~I I I620 I  MASS [MEV] (PROD. EXP.) 

M N {1616 .0 )  (B .O )  CRENNELL 68 DBC + -  K-D 3 .9  BEV/C [ I / bE  
M N EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69. 
M 20  161B.  O 3 .0  BLUMENFEL 69  HBC + KO LONG + PROTON 9 /69  
M [8L9.0 8.0 CRENNELL 69 OBC +- K-N TO tAM 3 PI 9169 
M 1642.0 12.0 AMMANN 70 DEC K-N 4.5 GEV/C 9/73 
M . . . . . . . . .  
M AVG 1619.4 3.B AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

78 Y*I[1620) WIDTH (MEV) {PROD. EXP . )  

w N (66 .01  ( 16 .0 I  DRENNELL 68 OBC +- SEE NOTE N ABOVE I l l&8  
w 20 30.0 IO.O BLUMENFEL 89 HBC + 9/69 
W T2.O 22.0 15 .0  ERENNELL 69 OBC +- 9169 
w 55.0 24.0 AMMANN 70 OBE K-N 4.5 GEVIE 9/73 
W . . . . . . . . .  
w AVG 41.3 12.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7B Y .1 (16201  PART IAL  DECAY MODES (PROD. EXP. )  

DECAY MASSES 
P1 Y*E ( I 620 )  INTC N KBAR 93B+ 493  
P2 Y.1(16201 INTO LAMBDA PI  IllS+ 139 
P3 Y=[(1620) INTC Y~II [385) P [  1385+ 139 
P4 Y* l ( L620 )  INTO LANBDA P [  P I  11L5+  139+ 139  
PS Y~ [ (E6201  INTO SIGMA PI  1189+ 139 
P6 Y~1 ( [ 620 )  INTO Y~OI IE05 )  P I  1405+  139 

........................................................... 

18 Y~I{1620] BRANCHING RATIOS (PROD. EXP.] 

RI Y*I(1620) INTE [LAMBOA PI PI)I[LAMBDA P l )  (PB)I(P3) 
R I  18 ( 2 . 5 ]  APPROX BLUMENFEL 69  HBC + 

R2 Y~I[1620) INTO (KBAR N)/{LAMBDA PI) {P i l l (P2 )  
R2 (O .O l  ( 0 . 1 )  CRENNELL 68  DEC + 
R2 0.4 0.4 AMMANN TO DBC K-P 4.5 GEV/G 6 /70  

R3 YtE ( I 620 )  INTO (LAMBOA P [ I /TOTAL  (P2 l  
R3 LARGE CRENNELL 68  DBC +- l l / bB  

R~ Y ' I ( 1620 )  INTO (Y$ l ( 1385 )  PI)IILAMBOA PI )  [PB l / IP2 l  
R4 (0 .2 )  I 0 . 1 )  CRENNELL 68 DOE * -  11 /68  
R~ (0 .31  OR LESS CL= .95  AMMANN TO OEC K--P 4.5 DEV/C 6170  

RS V*1(1620) INTO ISIGMA Pl)/ILANDDA P l )  (PB)IIP21 
R5 ( I . I ) ( 5 5  PC UPPER LIMIT{ AMMANN TO DBC K-N 4.5 GEVIC 9 /73  

R6 Y* l ( 1620 )  INTC (Y *O I I 4O5 )  P I ) / ( LAMBDA P I ]  (P6 ) / (P2 ]  
R6 0.7 0 .4  AMMANN 70 DEC K-P 4.S GEVlC 6170 

REFERENCES FOR Y . I ( 16201  (PROD.  EXP . )  

CRENNELL 68 PRL 2E 64B +DELANEY, FLAMINIO, KABSHONo + (BNL,CUNYI I 
8LUMEP~E 69 PL 29B 58 BLUMENFELD, KALBFLEISCH IBNLJ [ 
CRENNELL 6q LUNO PAPER I83  +KARSHON, L&I. ONEIL, SEARR, + (BNL,CUNY| I 

RESULTS ARE QtOTED IN LEV I  SETT1 6R.  

AMMANN 70 PRL 24 327  + GARFINKEL, C ARNONY. GUTAY,+ (PUROUE,IND) 
ALSO 73 PR D7 1345  AMMANN,CARMONY,GARFENKEL, {PURD+IUPU) 

Baryons 
}~(1620), ~:(1660) 

PAPERS NOT REFERRED TC IN DATA CARDS 

ARMENTER 8B NP BB L83 &RMENTEROS,BAILLDN + (CERN÷HEID+SACL) 
LEVISETT 89 LUND CENF R LEVI SETTI (RAPRORTEURI EFINS 
TRIPP  69  UCRL 19361  R o TR IPP  (LRL )  
ARMENTER 70 DUKE 12B ARMENTERDS,BAILLON + (CERN+HEID+SACL) 
MILLER 70 DUKE 229 O H MILLER (REVIEW TALK I  (PURDUEI 
SABRE TO NR Bl6 201 SABRE COLLAB. (SACLvAMSTIEGNA.REHO,EPOL) 
HUNGERBU 74 PR DIO  2051 HUNGERBUHLER,MAJKA,+ (YALE,FNAL,BNL,PITT) 

I (t.6o) I ..... ,,660 ..... ,2+, ,., 

SEE THE MINI-REVUE AT THE START OF THE Y$ LISTINGS. 

T5 Y~ I I I 6601  MASS (MEV) 

M [500. - -  1600. ARMENTERO 70 HOBO -O K-N TO SIGMA P{ 617Q 
M (1670.) KIM TL DPWA K-MATRIX ANAL. 3 /7 [  
M 1658 .  (4. I HART 73 DPWA EL+CX. .7 - .EGEV/C  2174  
M 2 ( 162 [ . I  LEA 73  DPWA MULTICHNL K-MTRX 9 /73  
M 2 ONLY UNCONSTRAINED STATES FROM TADLE I OF LEA73  ARE IN LISTINGS. 9 /73  
M 1670.0 (20.0) KANE T4 CPWA K-P TO Pl BIG 12181" 
M L (1660 . )  ( 30 .  i BAILLON 75 IPWA KEAR N TO tAM PI 1L/75 
M I FROM SOLUTION I OF BAILLON 75+ NOT PRESENT IN SOLUTION 2 [1175 
M 3 l 1871 . l  { 2 . )  MONTE 75  DPWA O K-  P TO tAM P I  1 /T6  
M 3 FROM SQLUIION 2 OF PONTE 75, NOT PRESENT IN SOLUTICN 1. 1 /76  
M 1668 .  ( 25 . )  VANHORN 75 DPWA O K -  P TO LAM RIO 11 /75  
M 4 1585 .  OR I 597 .  MARTIN 77  DPWA KBAR N MULTIC~NL [1 /77  
M 4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANES 
M 4 PARAMETERS PRCM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1676. (L5.)  RLIC 77  DRMA KBAR N MULTICNNI 1/76 
M 1679. (10.) ALSTON 78 DPWA KBAR N ELASTIC 1/7B 
M 1670.0 (I0.0) GOPAL BO DPBA KBAR N ELASTIC I2/BI* 

...................................................... 

7q Y~ [ { I 660 )  WIDTH (MEV] 

W (50.0) ARMENTERD 70 HOPE -O  K-N TO SIG4A PI 6/70 
8 (SO. )  KIN 71 DPNA K-MATRIX ANAL. 317 I  
w 40. ( IO. )  HART 73 OPWA EL+CX,.T-.8GEV/C 2174 
W 2 (51.BE LEA 73 DPWA MULTICHNL K-MTRX 9 /T3  
W 250 .0  ( 110 .0 )  KANE 74  ~PWA K-P TO P I  S IG 12 /81 "  
W i (80.) (40. ]  BAILLON 75 IPNA KBAR N TO LAM PI 11175 
w 3 [ f l [ . )  ( lO . I  PONTE 75 DPNA O K-  P TO tAM P| 1176 
w 230 .  (168.) {60.) VANHORN 75 DPHA O N- P TO LAM PIO l l lTS 
W 4 202. OR 217. MARTIN lT  DPWA KBAR N MULTICHNL 1 1 / 7 7  
W 120 .  (20.)  RLIC 77 9PWA KBAR N MULTICNNL 1/76 
W 33. l iD . )  ALSTDN 78 OPNA KBAR N ELASTIC [ /78 
W 152.0 {20.0) GOPAL BO OPWA KBAR N ELASTIC 12/81" 

7q Y* I ( 1660 )  PARTIAL DECAY MODES 

DECAY MASSES 
P1 V*I(1889) INTq N KBAR g3B÷ 493 
P2 Y* l ( 1860 )  INTO SIOMA PI 1lEg+ E3g 
P3 Y* I ( I 660 )  INTO LAMBDA Pl  I L l 5+  139  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7~ Y ' 1 (1660 I  BRANCHING RATIOS 

V* [ (E680J  FRDM KERR N TO SIGMA PI  SQRTIP I *P21  
(+0.2) ARMENTERO 70 HOPE -O K-N TO SIGMA PI 6/70 

Rt 
R[ 
RI 
RI 
RI 
R£ 
R[ 
RI 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
RB 
R3 
R3 
R3 

I0.281 KIN 71 DPWA K-MATRIX ANAL. 3/7L 
2 (-0.21) LEA 7B DPWA MULTICHNL K-MTRX 9/73 

-O . I [  {O. OI) KANE T4 DPWA KIP TO Pl SIG 12181* 
NOT SEEN HEPP2 76 OPWA -0 K- NUC TO BIG Pl 2/77 

4 ( -O.BA)OR -0 .37  MARTIN 77 DPWA KBAR N MULTICHNL I 1177  
-0.  I6 (0.03I RLIC 77 DPWA KBAR N MULTICHNL L176 

Y* I I IB6O)  INTO (KBAR NI /TDTAL  (P [ )  
( O . t 4 )  KIN T I  DPWA K--MATRIX ANAL.  3171 

2 (O. IO) LEA 78 DPWA MULTICHNL K-MTRX 9/73 
O. 11 (O. 02) HART 73 DPWA EL~X,*7- .  BGEVIC 2/?4 

4 {0.27)0~ 0.29 MARTIN 77 OPWA KBAR N MULTICHNL 11/77 
E LESS THAN 0.04 RL[C 77 OPWA KBAR N MULTICHNL i17b 
C (KBAR N)/IOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 

O. lO  (O.051 ALSTON 78 DPWA KBAR N ELASTIC LITB 
0 . [ 2  (O .  OB) OOPAL BO OPWA KBAR N ELASTIC  12 /81 .  

Y*l(1660) FROM KBAR N TO LAMBOA PI SQRT[PI*PB] 
(O.OI KIM 7[ DPMA K-MATRIX ANAL. 2/73 

12 (+0.07) LEA 73 OPWA MULTICHNL K-MTRX R173 
[-O.O4I (0.02) @AILLON 75 IPWA KBAR N TO LAM PI [1175 

3 [+0 .161  (0 .01 )  PONTE 75  OPWA 0 K-  P TO tAM P I  I / T&  
0 .12  ( 0 . 12 ]  ( 0 . 04 l  VANHORN T5 DRWA 0 K-  P TO LAM P]O 11 /75  

4 (-O.IO)OR -O . [ I  MARTIN 77 DPNA KBAR N MULTICHNL 11 /T7  
LESS THAN 0.04 RLIC 77 OPWA KBAR N MULTICHNL 1176 

REFERENCES FOR Y$I(1660) 

ARMENTER 70 DUKE 123 ARMENTEROSt BAILLON, ÷ (CERN,HEIDEL)IJP 
KIM 71PRL  27  358  J K RIM {HARVI I JP  

ALSO 70 DUKE 161 J .K .  RIM (HARVIIJP 
HART 73 PURDUE CCNF. 311 +RIEE,BAGASTOW,FUNG,÷ (TENN+UCR÷MASA+BUFFHJP 
LEA 73 NP BSE 77 ÷MARTIN,MOORHOUSE+ IRHEL+LOUC+GLAS÷&ARHUSIIJP 
KANE 74 LBL -2~52  D .F .KANE (LBL I I JP  

BAILLON 75 NP B94 39 P. BAILLON,P. J .  LITEHFIELD (EERN,RHEL)[JP 
P~TE 75 PRD 12 BSg7  +HERT2BACH,BUTT~-SHAF ER+ (MASA÷TENN~UGR)IJP 
VANHORN 75 NP BB7 145 A . J .  VAN HORN (LBL)IJP 

ALSO T5 NP B87 157 A . J .  VAN HORN (LBL)IJR 

HEPP2 76 PL 88B 887 ÷BRAUN+GRIMM,STRDBELE,TF~Le(CERN.HE[D,MPIMJIJP 
MARTIN 77 NP B127 349 MARTIN, PIDCOCK,MOORHDUSE ILOUC÷GLASIIJP 

ALSO 77 NB BL26  266  MARTIN,PIDCOEK [LOUCI 
ALSO 77 NP 8126  285 MARTIN,PIDCOCK (LOUC)IJP 

RLIE TT NP B I I9  362 GOPALtRDSS,VAN H~NtMCRPERSGN÷ (LOIC+RHELIIJR 
ALSTON 78 PR D18 182 ÷KENNEY,POLLARD,ROSS÷ (LBL+MTHO+CERNI I JP  

ALSO 77 PRL 38  lOOT  ALSTO~-GARNJDST~KENNEY (LBL+MTHO+CERN)IJP 
GOPAL eO TORONTO CONF 15q  G.P .GOPAL (RHEL I I JP  
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r(1670) 
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Data Card Listings 
For notation, see key at front of  Listings. 

Note on the ~:(1670> 

Product ion  exper iments :  The measured };ff/ l~T 

branching ratio for produced ~(1670)'s is strongly 

dependent on momentum transfer. Thls was first 

discovered by EBERHARD 69, who suggested the 

existence of two Yl'S with the same mass and quan- 

tum numbers: one with a large E~ [mainly 

A(1405)~] decay mode produced peripherally, and the 

other with a large E~ decay mode produced at larger 

angles. These results were confirmed by AGUILAR- 

BENITEZ 70, ASPELL 74, ESTES 74, and TIMMERMANS 76. 

When determined, the most llkely quantum numbers 

f o r  both the ~ and the A(1405)~ objects are DI3. 

There is also possibly a third YI' the ~(1690) in 

the Listings, with a large A~T/~ branching ratio 

and somewhat larger mass; the large branching ratio 

is the main evidence for its existence, which needs 

confirmation. These topics have been reviewed by 

EBERHARD 73 and by MILLER 70. 

Formation experiments: Two states are also 

observed near this mass in formation experiments. 

One of these, the DI3 ~(1670), has the same quantum 

numbers as those observed in production and has a 

large Z~/Z~ branching ratio. It may well be the 

Z(1670) produced at larger angles (see TIMMEBM_ANS 

76). The other state, the PII Z(1660), has dif- 

ferent quantum numbers from those seen in produc- 

tion, and its ~/~z branching ratio is unknown. 

Thus its relation to the produced Z(1670)'s remains 

obscure. (See also the "Note on the Z(1620)" 

above • ) 

~4 Y~I(16TO, JR:312- )  I = i  |D~ 
1 ( 6 o)1 .......................................... ' - '  

WELL ESTABLISHED RESONANCE. IT HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. 

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ Y*•[167Ol MASS (MEV) 

M 1860 .0  
M 1668 .  ( S.  I 
M 41661 .0 |  ( 2 . 0 ]  
M 1680. 
M 1663 .0  (2.01 
M 1672 .0  
M 1660 .  
M I 6B I .O  {3. O) 
M 1662o0  (5 .0 )  
R I665 .  I lO .  I 
M 1676 .  (2 .  I 
M 16TO* 
M 1675 .0  I 15 .0 )  
M 1670 .0  ( 2 . 0 )  
M 16BB. ( 20 . )  
M C (1671.I  ( 3 . )  
M C FROM SOLUTIeh E OF PONTE 75. 
M D 1165B.) ( 2 . )  
M O FROM EOLUTIO~ 2 OF PONTE 75 .  

BERLEY 64 HBC O K-R TO CAM PlO 7166 
ARMENTER 68  HBC O K-P ELAS.÷CH.EX •1168 
ARMENTE2 68  HBC O K-P TO SIGMA P I  11 /68  
ARMENTE4 69  DBE K-N TO S IG-  RIO I 2 / 68  
ARMENT-5 69 HBC O K-P TO SIGMPI EO 9 /69  
BEBLEY 69  HBC K-P TD S[G P I  5 / 70  
ARMENTER 70  HBC O K-P TO LAM.P I  E4 5 /70  
BRUCKER 70  OBC-  K-N TO SIG 2P I  10 /7 •  
GALT IER I  70 HBD O SIG PItEDPWA 7/70 
GALTIERI 70 HBC 0 LAB° P I ,  EBPWA 7/70 
BUDGEN 71 DPWA LAM PIO.CHS DATA 10171  
KIM 71DPWA K--MAIRIX ANAL* 3 /71  
LANGBEIN 72 IPWA MULTIEHANNEL I2172 
KANE 74  OPWA K-P TO El SIG 12 /81~  
BAILLON 75 IPWA KBAR N TO tAM P4 11175 
PONTE 75 DPWA o K-- P TO CAM PI  1 1 7 6  

1176  
PDNTE 75 OPWA 0 K-  P TO LAM P]  • / 76  

1 /76  
M Ebb9 .  ( [ 2 . )  ( 5 . )  VANHDRN 75  OPWA O K- P TO LAM RIO 1•175 
M (L6BO. l BELLEFON 76 IPWA 0 K- P TO LAM P/ 2/77 
M 1670. 46.3 HEPP2 76 DPWA -0  K- NUE TO SIG PI 2 /77 
M • 1667. OR 1668 .  MARTIN 77 DRWA KBAR N MULTICHNL 11/77 
M i THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M L PARAMETERS FROM THE T-MATRIX POLE AND FROM A ~W FIT[ RESPECTIVELY. 

M I670. ( 5 . }  RLIC 77 DPWA KBAR N MULTILdNL 1/76 
M I679. ( •O . l  ACSTON 78 OPWA KRAR N ELASIIC 1/18 
M 1602.0 ( 5 . 0 )  GOFAL 80 OPWA KBAR N ELASTIC •2181" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~4 Y*•(16701 WIDTH (MEV) 

W 60.0 BERLEY 64 HBC 0 7/66 
W 56. ( 18 . )  ARMENTER 68  HBE O K-P ELAS.+CH.EX I • / 68  
W [44 .0 )  44.0} ARMENTE2 68 HBC 0 K-P TO SIGMA P/ I • / 68  
W 47.0 ARMENTE4 69 DBC K-N TO SIG- PIO •2168 
W m9.O (4 .0 )  ARMENT-5 69 HIE 0 K-P TO SIGMPI ED 9/69 
W 3B.O BERLEY 69 HBC 5/70 
W 50. ARMENTER 70 HBE O K-B TD LAMB.P[ 5170 
W BO.O (•O. Ol BRUCKER 70 OBC-  K-N TO SIG 2PI lO l l •  
W 48.0 (B.Ol GALTIERI 70 HBC O SIG PhEDPWA 7/70 
W 50. ( • 0 . )  GALTIERI 70 H8C 0 LAM. P I ,  EDPWA 7/70 
W 59. ( 4 . 5 )  BUDGEN 7• DPWA LAM PIO 10171 
W 40. KIM 7• DPWA K-MATRIX ANAL. 3 /7 •  
W 65.0 (20.0)  LANGBEIN 72 IPWA MULTICHANNEL •2/72 
W 70. ( 20 . ]  BAXTER 73 DPWA O K- P TO NEUTRALS 10/74 
W 79.0 (6.01 KANE 74 OFWA K-P TO Pl SIG •2 /8 • *  
w 85. (25.) BAILLON 75 IPWA KBAR N TO LAM PI E•/75 
w C 444.) ( • I . }  PONTE 75 DPWA D K- F TO LAN F• 1/76 
W O (76 . )  15. )  PDNTE 75 DPWA 0 K- P TO LAB PI •176 
W 32. ( l i . l  VANHORN 75 DPWA 0 K- P TO LAM P[O 1• /75  
w I 80 . )  BELLEFDN 76 [PWA O K- P TO LAM P/ 2/77 
w 56. 46 (3 . )  HERR2 76 DPWA -O K- NUE TO SIG P/ 2/77 

1 46. OR • MARTIN 77 DPWA KBAR N MULTICHNL • • / 77  
W 50. ( 5 . )  RLIC 77 OPWA KBAR N MULTICHNL • lEa 
W 56. ( 20 . )  ALSTON 78 DPWA KD~R N ELASTIC • /78  
W 79.0 ( iO.O) GOPAL BO DPWA KBAR N ELASTIC •2 /8 • *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

44 Y~•(1670) PARTIAL DECAY MODES 

DECAY MASSES 
P•  Y ' ICE670 )  INTO N KBAR ~BB+ 493  
P2 Y*•41670) INTO LAMBDA PI 11 •5÷  139  
P3 Y*1 (1670 l  INTO SIGMA Pl l • 8q+  139 
P4 Y . I ( • 670 )  INTO LAMBDA P/ Pl 1••5÷ 139+ •39 
P5 Y . I ( • 670 )  IN7O SIGMA Pl Pl [ • 92 *  •39+ I39  
P6 Y '14 •670 )  INTO Y*I(E385J PI S-WAVE 139.1385 
P7 Y '1(1670) INTO Y=O( I4OS)  Pl 1405+ •39 
PB Y~• I •670)  INTO LAMBDA(•5201P[ 139+•520 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A4 Y~1(1670) BRANCHING RATIOS 

R• Y* t (1670)  INTC (KBAR HI /TOTAL  (P I )  
R• (0 .09 )  (0 .02 )  ARMENTER 68 HBC 9 /69  
R1 O.OE (0.02)  ARMENT-5 69 HBE 0 ELAS. +CH.EX. ED 9/69 
R I  O.OT RIM 7• BPWA K-MATRIX ANAL. 3171 
R1 0 . • 0  (0 .03)  LANGBE4N 72 IPWA MULTICHANNEL 12/72 
RI NOT SEEN HART 73 DPWA EL+CX,.7-.BGEVIC 2/74 
R• • (O.OTIOR 0.07 MARTIN 77 OPWA KBAR N MULTICHNL • [ / 77  
R• C (0 .08)  (0 .03)  RLIC 77 DPWA REAR N MULTICHNL 1/76 
RI C IKBAR NJ/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
R• 0.11 (O.03l  ALSTON 78 OPWA KBAR N ELASTIC 1/78 
R1 O.•O (0 .03 }  GOPAL BO DPWA KBAR N ELASTIC 12/81" 

R2 Y* I (1670)  INTC (LAMBDA Pl Pl) ITOTAt (PB) 
RE (0 . • • )  OR LESS ARMENTE3 68  HBC K-P (P•=.091 9 /69  

R3 Y* I ( IBTO |  INTC (SIGMA Pl PI)ITOTAL (P5) 
R3 A 40.14) OR LESS ARMENTEB 6B HBC K-P AND D-P[=.O9 [ [ / 68  
R3 A RATIO ONLY FCR {S|GERII SYSTEM IN I= • ,  WHICH CANNOT BE Y* • ( • 385 l  [ I l bB  

R4 Y ' l i t 670 )  INTE (Y*O(I4OS) PIT/TOTAL (P7) 
R4 I 0 . 06 )  CR LESS ARMENTE3 6B HBE K-P AND D-PI=.09 11168 

R5 Y*•(1670) FREM KBAR N TO LAMBDA PI SQRTIP•*P2) 
R5 2 (e0 .1 )  ARMENTER 70HBC K-P TO LAMB PI 5/70 
R5 2 PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1q69 CONVENTION (SEE TEXT( •0 /74 
R5 +0.09 (O.OZl GALTIERI 70 HBE O tAM. P l ,  EDPWA 7/70 
R5 0° •65  ( 0 . 0 [ )  BUDCEN 71 BPWA LAM RiO 10171 
R5 0.08 RIM 7E DPWA K-MATRIX ANAL. 3/71 
RB 0 . • 3  (0 .03 )  LANGBEIN 72 ]PWA MULTICHANNEL 12172 
R5 +0.10 40.02) BAXTER 73 DPWA O K- P TO NEUTRALS tO/74 
R5 +0.018 0.060 OEVENtSH 74 O FIXED T DISP REL 4/75 
R5 +0.06 (0 .02 )  BAILLON 75 IPkA KBAR N TO LAM Pl I I 175  
R5 C (0 .08 I  (O .O I I  PONTE 75 DPWA O K-  P TO LAB P t  1176  
R5 D (0 .17)  I 0 . 01 )  PDNTE 75 OPWA 0 K- F TO LAM P/ t / 76  
R5 +O.Og IO.OZI VANHORN 75 DPWA O K- P TO LAM PIO t l / 75  
R5 (+0.05)  BELL£FON 76 IPWA 0 K- P TO CAM PI 2/77 
R5 l (~O.OB)OR ÷O.OB MARTIN 77 OPWA KBAR N MULTICHNL •1177  
R5 +O.IO (O.O2) RLIC 77 DPWA KBAR N MULTI£HNL 1176 
R5 F 0 . • 7  (0 .03)  MORRIS 78 DPWA - K- N TO LAB P I -  3/79 
RB F 0 .13  (O.BE) MORRIS 70 DPWA - K- N TO LAM P I -  3179 
R5 F RESULTS ARE WITH AND WITHOUT AN S I t  SIGi1620) IN THE FIT. 

R6 Y'1(1670} FRO~ KBAR N TO SIGMA P/ SQRTIP•$PB) 
R6 (+0 .2 l )  [O. OE) ARMENTE2 68  HBC O OLD DATA t L /68  
Rb ÷0.1~ ARMENTE4 69 DBC 9/60 
Rb ÷0.20 (O.O[)  ARMENT-5 6q HBC 0 NEW DATA 9/69 
Rb +0 . •8  8ERLEY 6g  HBC 5170 
R6 +0o18 (O. O6) GALTIERI 70 HBC 0 S{G PI,EDPWA 7170 
R6 0.15 KIM 71DEWA K-MATRIX ANAL. 317I 
R6 0.23 i0.05) EANGBEIN 72 IPWA MULTICHANNEL •2/72 
R6 +0.21 (O. OB) KANE 74 DPWA K-P TO Pl SIG 1218•t  
R6 ÷0.20 ( 0 . 0 [ I  HERR2 76 DPWA ~0 K- NUC TO SIG P/ 2177 
R6 1 (+O. EBlO~ ÷0 . [ 7  MARTIN 77 DPWA KBAR N MULTICqNL 11/77 
R6 +0.21 (0 .02 )  RLIC 77 OPWA KBAR N MULTICHNL 1176 

R7 Y~[(16701 FROM KBAR N TO Y* I (1385 )  P/ S-WAVE SQRT(P•*P6) 
R1 S (0 . [ 7 }  (0 .02 )  SIMS 68 OBC ~ LAM 2Pl EROS.SIC 10/71 
R1 S SIMS 68 USES CNLY CROSS-SECT. DATA. RESULT USED AS UPPER LIMIT £NLY 3172 
R7 +0 . •1  0.03 PREVOST 74 DPWA O- K-N TO S(13851PI [0174 

RB Y'1(1670) INTO (Y*O(IBO5)PI)~(KBAR N)/TOTAL*~2 (P7*PI )  
R8 (0 .03 )  CR LESS BERLEY 6q HBD 0 K--P .6-- .82 BEVIC 5/70 
RB B 0.007 40.002) BRUCKER 70 DBC ~ K-N TO SIG 2PI •0/71 
R8 B ASSUMING Y*O(IBOS) Pl CROSS SECTION BUMP DUE SOL~Y TO 3 /2 -  MESON. 10 /7 I  

R9 Y ' 1 (1670 )  INTC (Y ' 04 •405 l  P I I / (Y * I ( 1385 I  P [ )  (PT ) / (P6 )  
Re 0 .23  (0 .08 )  8RUCKER 70 ORE - K-N TO SIG 2PI [0171 

R•O Y.1(1670) FROM RBARN TO LAMBDA(1520) P/ SQRT(P[*PB) 
RIO 3 0 .08 •  0.016 CAMERON 77  DPWA O P-WAVE DECAY I178 
RIO 3 CANERON77 UPPER LIMIT ON F-WAVE DECAY IS 0.03 1/78 
RIO 3 ASSUMES LAMBOA(•5201ELASTICITY=.B6. •178 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 

BERLEY 66 DUBNA CONF 1 565 

ARMENTER 68 NP BB Lq5 
ARMENTE1 68 NP 88 183 
ARMENTE2 68 NP B8 223 
ARMENTE8 68 PL 286 52[ 
SIMS 68 PRL 21 1RE3 

ARMENTE4 69 NP BIO 459 
ARMENT-5 69 NP B[4 91 
BERLEY 69 PL 308 430 

ARMENTER 70 DUKE E23 
8RUCKER 70 DUKE 155 
GALTIERI 70 DUKE E73 
BUDGEN 71 CNC 2 E5 
KIN 71 PRL 27 856 

ALSO 70 OUKE E61 

LANGBEIN 72 NP BOT 477 
BAXTER 78 NP 867 125 
HART 73 PURDUE CENF. 311 
DEVENISH 7~ NP B81 380 
K~LNE 74 1BL-2~52 
PREVOST 74 NP 669 246 

8AILLON 75 NP 696 39 
PONTE 75 PRD [2 2597 
VANHORN 75 NP 887 I~5 

ALSO 75 NP BE7 1S7 

8ELLEFON 76 NP 810R 129 
HEPP2 76 PL 6Be 6E7 
CAMERON 77 NP BE31 699 
MARTIN 77 NP 8~27 $69 

ALSO 77 NP B126 266 
ALSO 77 NP 6126 2E5 

RL[C 77 NP BIlq 3E2 

ALSTON 78 PR 018 1E2 
ALSQ 77 PRL 3B IOC7 

MORRIS 78 PR 017 55 
GORAL 80 TORONTO CONP 159 

REFERENCES FOR Y*[(16701 

+CONNOLLY,HART,RAHM,STONEHILL, + (BNLI[JP 

ARMENTEROS,BAILLON + (CERN+HEID+SACLAY)IJP 
ARMENTEROS,BA[LL{TN + (CERN~HEID+SACLAYHJP 
ARMENTEROS+BAILLON + (CERN+HEID+SACLAYIIJP 
ARMENTEROS,DAILLON + (CERN+HEID÷SACLAYII 
SIMS,ALBR[GHT,BARTLEY,MEER+ (FSU,TUFT~BRAN) 

ARHENTEROS,BAILLON,MINTEN ÷ (CERN+SACLAYI J 
ARMENTERDS, BAILLGN, + (CERN.HEIDEL,SAELAYI[JP 
BERLEY,HART,RAHM,WILLIS,YAMAP~TO [BNL) 

ARMENTEROS, BAILLON, + [CERN,HEID} 
+HARR[SDN~SIMS~ALBRIGHT,CHANDLER++ (FSU)I 
A. BARBARO GALTIER[ (LRL]IJP 
0 BUOGEN (DURH)IJP 
J K KIM (HARVIIJP 
J .  Ko KIM IHARVIIJP 

+WAGNER (MPIMI]JP 
BAXTER,BUCKINGHAN,CORBETT,DUNN,+ (OXFORD)IBP 
+RICE~BACASTDWtFUNG~+ (TENN÷UCR+NASA~BUFF]IJP 
DEVEN[SH,FROGGATT,RARTIN(DESYoNDROITA,LOUCI 
O.F.KANE [LSL)IJP 
PREVOST~BARLOUTAUD~+ (S~U~L+CERN+HE[DI 

P, BAILLON,P. J.  LITCHF]ELO (CERN,RHEL)IJR 
+HERTZBACH.BUTTON-SHAFER÷ (MASA+TENN÷UCRIIJP 
A. J .  VRN HORN (LBL)IJP 
A* J,  V~N HORN (LBL)IJP 

DE BELLEFON,BERTF~]N (CDEF)IJP 
+BRAUN~GRI MM, STRDBELE.THOL+(CERN~HEID~MPIM)IJP 
+FRANEKtGOPAL,KALRUS,NCPHERSON+ (RHEL÷LO[C)[JP 
MARTIN,PlDCOCK.MOORHOUSE (LOUC+GLAS)IJP 
MARTIN,PIDCOCK (LOUD( 
MARTIN,PIDCOCK (LOUCI13P 
GOPAL,ROSS,VAN H~N~MCPHERSON+ (LOIC+RHELIIJP 

+KENNEY~POLLARO~ROSS+ (LBL+MTHO+CERN)IJP 
ALSTON-GARNJOST~KENNEY (LBL+MTHO+CERN)IJP 
+ALBRIGHT,COLLERAINE,KIMEL.LANNUTTI (FSU)IJP 
G.P.GOPAL [RHEL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

BASTIENE 68 PRL tO 188 P L BASTIEN. J P BERGE (LRLI IJ 
REPLACED BY BASTIEN 21 BUT SIMILAR AND MORE READILY AVAILABLE. 

BASTIEN2 63 UCRL-10779 THESIS P L BASTIEN (LRL) IJ 
T-ZADEH 63 PRL 11 670 TAHER-ZADEH.PROWSE,SCHLEIN,SLATER~+ [UCLA) JR 

SEE NOTE FOLLOWIkG SCHLEIN 66. 
SGHLEIN 66 UELA-I016 P°E. SCHLEIN, T.G. TRIPPE (UCLAI JR 

REANALYSES DATA OF TAHER-ZADEH 68~ BASTIEN 63 AND ALL PUBLISHED 
LAMBOA Pl CROSS SECTION DATA IN THE LIGHT OF THE NOW KNOWN 
Yti(1775) • REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER- 
ZAOEH ON THE PREFERRED JP ASSIGNMENT (FROM 3 2+ TO 3 (2 -1 . ]  

SMART 66 PRL 17 556 W M SMART,A KERNAN,G E RALMUS,R P FLY (ERL)IJP 
ARMENTER 67 NP B3 592 ARMENTERDS.FERR~]-LU2ZI+ (CERN,HEID,SACLAY) 
PREVOST ?l AMSTERDAM EONF + CHS COLLABORATION (CERN+HEID+SACL) 

J ~ ' ~ ( 1 ~ 1 ~ 0 )  I 5 . . . .  ( ' 6 7 0 ,  JP= ' . . . . .  OO ...... DSS SECT. EXPS. 

BUMPS J sE~ . . . . . . . .  BOIN . . . .  , . . . .  
l 

PROBABLY THERE ARE TWO STATES AT SAME MASS WITH SANE 
QDANTUN NUMBERS. ONE DECAYING INTb SIGMA PI AND LAM8DA 

• #~ PIv THE OTHER INTO YtO(16051 HI. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5E Y ~ [ ( I 6 7 0 )  MASS (MEVt (PROD. EXP.)  

M (1685.0)  ALEXANDER 62 HBD - 0  PI-~ 2 -2 .2  BEV/C 
M 1660.0 IO.O ALVAREZ 63 HBC + K-P 1.51 BEV/C 
M {1665.0 )  (S,O) BUGG 68 CNTR K-P, D TOTAL C.S 
M P 70(E661°I ( 9 . ]  PRIMER 68 HBG + K-P 4 . 6 - 5 .  GEVIC 7/68 
M P SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES MORE DATA) 10E69 
M 1670.0 6.0 AGUILAM 70 HBC SIG.Pl K-P 6 GEV 5E70 
M E668.0 IO.O AGUILAR 70 HBC SI~*BP[ K-P 4GEV 8/70 
N 1665. l .O  APSELL 76 HBC K- P 2.87 GEV/C 4/75 
M 1200 1688+/-2. OR 1683+1-5. BERTHDN 76 HDC 00UASI 2 80DY CS 4E75 
M 5 1670. 6. CARROLL 76 DPWA I=[ TOTAL CS 2/77 
M 5 TOTAL CROSS SECTION BUMP WITH (3+1/2)X=.28 2E77 
M 2 1675. lO. HEPPE 76 DBC - K-N 1.6-1.75 GEV 2177 
M 2 ENHANCEMENTS IN SIG Pt AND SIG PI PI CHANNEL CROSS SECTIONS. 2/77 
M 16B5, TO 1677. TIMMERNA 76 HBC + K- P 6.2 GEV/C 2/77 
M B 150(1668.( (10.1 FERRER BI OMEG - PI-P 9~12 GEVIC 2/82* 
N B BACKWARD PRODUCTION IN LAM8DA P l -  R+ FINAL STATE. 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = t.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 Y~1[1670) WIDTH IMEV) )PROD. EXP.) 

W ( 6 S . O )  ALEXANDER 62 HBC -O 
W ~O.O 10.0 ALVAREZ 63 HBC + 
W (3O.OI (15.01 BUGG 68 CNTR 11166 
W P 70 ( 6 0 . )  (20.1  PRIMER 68 HBC + K-P 4 . 6 - 5 .  GEV/C 7/68 
W IIO.O [2 .0  AGUILAR TO HBC SIG.PI K-P 6 GEV 5/70 
w 135.0 60.0 30.0 AGUILAR 70 HBC SIG.2Pl K-~ 4GEV 5E70 
w 67. 2.4 APSELL 74 HBC K- P 2.87 GEVIC 6/75 
W 5 ( 5 2 . )  CARROLL 76 OPWA 1=1 TOTAL CS 2/77 
w 48. TO 63. TIHMERMA 76 HBC + K- P "~.2 GEVIC Z/T7 
w B 180 ( 9 0 . )  (2O°l  FERRER 81 OWEG - PI-P 9 , t E  GEV/~ 2/82~ 
w SEE THE NOTES ACCOMAANYING THE MASSES QUOTED. 
w . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 3.2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 Y*l(16701 PARTIAL DECAY MODES (PROb. EXP.] 

DECAY MASSES 
PI Y.1(1670) INTE N KBAR $38+ 693 
P2 V * I ( 1 6 7 0 )  INTO LANBDA Pl IllS+ 139 
PB Y*L(1670) INTO SIGMA Pl 1189+ 139 
P6 Y*L([6TO) INTO LAMBDA Pl Pl 1115+ EBg+ I3q 
P5 Yel (1670)  INTO SIGMA Pl Pl I[92+ [89~ [39 
P6 Y * l [ 1 6 7 0 I  INTO Y=I ( I3BSI  PI 1885+ 139 
P7 Yel(16701 INTO Y*O(1605I PI 1405+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 Y*111670I BRANCHING RATIOS (PROD. EXP.I 

R1 Y.1(1670)  INTO (KBAR NIl(SIGMA P l )  
RI O (0.19) OR LESS &LVAREZ 
RI (O.5I+- O.2S OR MORE SMITH 
RI ( 0 , 6 )  OR LESS LONDON 
RI [0 °025}  BUGO 
RI O ( 0 .26 )  BR LESS PRIMER 
RI (0,261 OR LESS BARNES 
RI (O.2I OR LESS AGUILAR 
RI (O, lO) CR LESS BERTHON 
RE ( 0 . 0 8 )  DR LESS TIMMERMA 

R2 Y * [ ( 1 6 7 0 )  INTO (LAMBDA PI)IISIGMA Pl) 
R2 I30 ( I . 20 }  ALVAREZ 

( P I I / I P 3 I  
63 HBC + K-P 1.15 BEV/C 
63 HBC -0 
66 HBC + K-P 2.25 BEV/C 7166 
68 CNTR O ASSUMING J=312 11/66 
6B HBC + K-P 4 . ~ - 5 .  GEV/C 7/68 
69 HBC + K-P 8 ,g -B  GEV/C 10169 
70 HBC 5170 
7~ HBC 00UASI 2 BODY CS 6175 
76 HBC + K- P 6.2 GEV/C 2/TT 

(P21/IP31 
63 HBC + K-P 1,15 BEV/C 

R2 (1.2(  SMITH 63 HBC -O 
R2 O.15 0.07 HUWE 64 HBC + 
R2 0.6 OR LESS LONDON 66 HBC • K-P 2.25 BEVIC 7/66 
R2 33 O.IL 0.06 BUTTON-S 68 HBC + K-R AT [ .T GEV/C iOlb9 
R2 P O (O.l PRIMER 68 HBC + K-P 8.cE-5 GEVIC 10169 
R2 P PRIMER 68 ASSUMED THIS DECAY TO BE ALL Yt(1690)- SEE BARNES 69 FOR 
R2 P NEW INTERPRAFATION OF DATA.[3 TIMES MORE DATA) - 
R2 0 .65 0,15 BARNES 69 HBC + K-P 3 ,9 -5  GEV/C 10169 
R2 (0 .55 )  (O , l [ )  BERTHON 74 HBC O QUASI 2 BODY CS 6175 
R2 0.76 0.09 ESTES 76 HBC O K-P~Z.E+2.6GEV/C 11E75 
R2 ( 0 . 6 5 ) + / -  0.07 OR LESS TIMHERMA 76 HBC + K- P 6,2 GEV/C 2/77 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 3 .7)  

R3 Y*1(1670l INTO (LAMBOA Pl RIll(SIGMA PI)  
R3 90 [0.56) ALVAREZ 
R3 (O.lT) SMITH 
R3 [ 0 . 6 )  OR LESS LONDON 

R6 Y=1(1670) INTO [SIGMA Pl  PIIIISIGMA PI) 
R4 180 10.56) ALVAREZ 
R6 B LARGEST AT SMALL ANGLES ESTES 
R6 2 {O.2)OR LESS HEPP[ 

R5 Y~L(16701 INTO (Y*O(1605) PII/(SIOMA BIT 
RB 50 3. 1.6 LONDON 
RS B P 17 (O.5B] (O. EO) PRIMER 
RB LARGEST AT SMALL ANGLES ESTES 
R5 BO t . 8+ l -O .3  TO O.OB+/-O.O7 TIMMERMA 
RS O DEPENDING GN PRODUCTION ANGLE 

R6 Y t l ( 1 6 7 0 )  INTO (SIGMA PII/(SIGMA Pl HI )  
R6 0.4 CR LESS BIRMINGHA 66 HBC 
R8 0,30 0.15 LONDON 66 HBC 
R6 E BETWEEN 2.5 AND 0.26 EBERHARD 69 HBC 
R6 D DEPENDING ON THE PRODUCTION ANGLE 

(P6I I IPBI  
63 HBC + K-P ( . IS  BEVEC 
63 HBC -O 
66 HBC + K-P AT 2.25 BEVIC 7166 

(PS) / (PB)  
63 HflC + K-P 1 . [ 5  BEV/C 
76 HBC O K-P.2.1+2.BGEV/C 11/75 
76 DEC - K-N 1 . 6 - 1 . 7 5  GEV 2/77 

( P T I / ( P 3 I  
66 HBC + K-P 2.25 BEV/C 7/66 
68 HBC + K-P 6 . 6 - 5 .  GEV/C 7 /68 
74 HEC K-P 2.L+2.6GEV/C 11175 
76 HEC K-P 4 .2  GEV/C 11/77 

IP3 ) / (PS)  
+ K-P AT 3 .5  GEV/C 11167 
+ K-p 2.25 GEVEC 7/66 

K-P AT 2,6 GEV/C 9/69 

R6 B VARIES WITH PROD. ANGLE APSELL 74 HBC + K-P 2.87 OEVlC 4175 
R6 ( [ .391 (O. i6 I  BERTHGN 74 HEC O QUASI E BODY C~ ~/T5 
R6 B APSELL 741 ESTES 74 AND TIMMERMANS 76 FIND STRONG BRANCHING RATIO 
R6 B DEPENDENCE Oh PRODUCTION ANGLE, AS IN EARLIER PROD. EXPERIMENTS. 

R7 Y*I{1670I INTO (Y'8(1405) Pl)I(SIGMA Pl Pl) (PT)E(P5) 
R7 0.90 0.10 0.16 EEERHARD 65 HBC • K-P 2.65 8EV/C 7/66 
R7 [.DO 0.02 APSELL 74 HBC K- p 2.87 GEV/C 6/75 
R7 0.97 O. OB TIMMERMA 76 HBC K~ P 4.2 OEV/C 2/77 
R7 . . . . . . . . .  
R7 AVERAGE MEANINGLESS (SCALE FACTOR = I . 0 )  

R8 Y t I ( I670)  INTO (Y*O(L~DS) R I ) / IY *1 (13851PI )  (RT)IIP6) 
R8 ( 0 . 8 )  OR LESS EBERHARO 65 HBE + K-P 2.45 BEVEL 7/bb 

R9 Y*I(E670) INTO (LAMBDA P( PIll(SIGMA PI PIT (PAIl(PSI 
Rg 0.35 0.2 BIRMINGHA 66 HBC + K-P AT 3.5 GEVIC I1167 

RlO Y*111670) INTO (LAMBDA Pl)/(SIGMA Pl PIT (PB)EIPBI 
RIO ( 0 . 2 )  OR LESS BIRMINGHA 66 HBC + K-P AT 3 .5  GEVEC 11E67 

RII  Y ' l ( (670)  INTC (LAMBDA PI)/(LAMBDA Pl + SIG Pl)  (P2IEIP2÷P3) 
RI|  (0.6) OR LESS AGUILAR 70 NBC S/TO 

R12 Y=1(16701 INTO )Y '1(13851 PI) I (SIGMA PI I  ( P 6 ) / ( P S t  1176 
RIB (0 .2 t )+ l -  0.05 OR LESS TIMMERMA 76 HBC K- P 4.2 GEVIC 2EFT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

51 Y=I(1670) QUANTUM NUMBER DETERMINATION (PROD. EXP.) 

D1 JR=312+ LEVEQUE 65 HBC INTO Y* (1605)+P[  11/68 
03 JR=DE2- EBERHARD 67 HBC + INTO Y~( [405 )  F[ 11168 
04 400 JR=3/2-  8UTTON-SH 68 HBE +-  INTO SIGZERO+Pl l l / A 8  

REFERENCES FOR Y*l(1670t (FRED* EXP.) 

ALEXANDE 62 CERN EONF 320 ALEXANDER, JACOBS.KALBFLEISCH,MILLER.÷ (LRL) ( 
ALVAREZ 63 PRL 10 I8~ +ALSTON,FERRO-LUZZlvHUWE, + (LRL] i 
SMITH 63 ATHENS CBNF 67 G A SMITH (LRL) 
HUWE 66 PR [80 1824(19691 0 0 HUWE (LRL] 
EBERHARO 65 PRL 14 46E +SHIVELY,ROSS,SIEGAL,FIEENEC, ÷ {LRL.ILLI I 

BIRMINGH 66 PR 152 LEAP  81RMINOHAM,GLASGOW,I.E.Y OXFERD,RUTHERFORU 
LONDON 66 PR I63 1034  +RAU.SAMIOS,YAMAMOTO,OOLDBERG,+ IBNL,SYRA) IJ 
BUGG 68 PR 168 1466  +GILMORE,KNIGHT.DAVIES+ IBIRM,CAVE~RHEL)I 
BUTTO~ S 68 PRL 8I  1123 J BUTTON SHAFER (MASA+LRL) JP 
~RIMER 68 aRL 20 610 +GDLDBERD,JAEOER,BARNFS.DORNAN + (SYRA.BNL) 

BARNES 69 BNL 138E3  +CHUNG,EISNER.FLAMINIO* IBNL.SYRA) 
EBERHARD 69 PRL 22 200 ~FRIEDMAN. PRIPSIEINtROSS (LPL) 
AGUILAR 70 PRL 25 58 *BARNES. BASSANO~ CHUNG, EISNER,+IBNLoSYRAI 

APSELL 74 PRO 10 1419  APSELL,FORD,GOUREVITEH+IBRAN.UMO. SYRA,TUFI)I 
8ERTHON 74 NC 21A 146 BERTHON,TRISTRAM,+ (COEF+RHEL+SACL+STRBI 
ESTES 76 LBL-3827 [THESISI R. D. ESIES ILBL) 



Baryons 
z(16 o), z( 75o) 
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Data Card Listings 
For. notation, see key at front of  Listings. 

CARROLL 76 PRL 37 BOB +CHIANG,KYCIA,LI,MAZUR.MICHAEL+ (BNL)I 
HEPPI 76 NP Bl15 82 ÷~RAUN,GRIMM,STROBEIE.THOL+(CERN,HEID,MP[MI[ 
TINMERMA Tb NP BIT2 77 TIMNERMANS,ENGELEN+ [NIJM+CERN+AMST+OXF) JP 
FERRER Bl NP BI7B ~ -73  +TREILLE~R[VET,VOLTE+ iCERN+CDEFeEPOL+LALO} 

PAPERS NOT REFERRED TO IN DATA CARDS 

LEVEQUE 65 PL 18 69  + (SACLAY,EPOL,GLASGOW,LO]C,OXF,RHELI JP 
LEE 66 PRL 17 45 Y Y LEE, D D REEDER, R W HARTUNG (WISE) JP 
EBERHARU 67 PR 163 [ 446  +PR[PSTEIN,SHIVELY,KRUSE~SWANSON (LRL , I LL I I JP  
MILLER 70 DUKE 229 D H MILLER (REVIEW TALK) (PURDUEI 
EBERHARG 73 °UROUE CENF. 247 EBERHARD [LOLl}JR 
HUNGERBU 74 PRO [0  2C5[ HUNGERBUHLER,MAJKA,+ (YALE,FNAL,BNL.PITT) 

BUMPS s ......................... 0 ............... 

~EE NOTE PRECDDING Y* [ ( 1870 )  LISTINGS. SEEN IN  PRO. 
EXPERIMENTS ONLY, MAIN DECAY MODE IS LAMBOA PI -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 Y~1(1690) MASS (MEV) (PRO0, EXP.] 

M 30 (1715 .0 )  ( 12 .0 )  COLLEY 67  HBC + X-P 6 GEV/C 8 /67  
M P @0(1694.01 (2A.O) PRIMER 6B HEC + K-P 4 .6 -5  GEV/C 7/@8 
M P SEE Y#I (1670)  LISTING-AGUILAR 70 WITH THREE TIMES THE DATA OF 
M p PRIMER 6B SHOW THAT THEY HAVE NO EVIDENCE FOR Y=(I690) 
M N (1700.0)  (6 .01 SIMS 68  HBC - K-N TO LAM P} PI 11168 
M N THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
M N AND SHOWS NC UNAMBIGUOUS Y.1(1690) SIGNAL, SUGGESTS JP=51Z+. 
N N SUCH AYe  WOULD LEAD ALL PREVIOUSLY KNOWN Y* TRAJECTORIES. 
M 15 (1698 .0 )  [ 20 .0 )  AOERHOLZ 69 HBC + P I÷P  8 GEV/C 12 /79  
M ~6(1682.0)  ( 2 . 0 )  BLUMENFEL 69 HBC + KO LONG + PROTON 9169 
M (170O, O) {20 .0 )  MOTT 69  HBC + K-P 5.5 GEV/C 9/69 
M F 70(169B.0} (20 .0)  GODOARD 79 HBC PI+P 10 .3  GEV/C 12179 
M S 40(1707.0)  EBB.O) GODOARD 79 HBC + PI+P L0.3 GEV/D 12179 
M F FRCM (LAMB~A P I * I  K+ FINAL STATE. J> I / 2  NOT REQUIRED BY DATA. 
M S FROM {LAMBCA PI+}  (K P I )+  FINAL STATE. J> l l 2  INDICATED, BUT LARGE 
M S BACKGROUND PRECLUDES DEFINITE CONCLUSION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5B Y '~=1( I690)  WIDTH (MEVI )PROD.  EXP . I  

W 30 (tOO.Of 135.0} COLLEY 67 HOE + 8/67 
W P 60 [ I 05 .0 ]  {35 .0 )  PRIMER 68 HSC + 7/68 
W N (62 .0 i  (14 .0)  SIMS @8 HBC SEE NOTE N ABOVE [ I I 6B  
w 15 (142.0 l  (40.01 ADERHOLZ 89 HBC P I+P  B GEV/C 12/79 
W 46 (25 .0 )  (TO. OK 8LUMENFEL 69  HBC + 9 /69 
w (130. O) (25 .0)  MOTT 69  HBC + 9 /69  
w F 70 (240.01 {SO.O) GOODARD 79 HBC + PI+P 10.3 GEVIC 12 /79  
W S 40 (130.0)  (IOO. O) [60.01 GODDARO 79 HBC + PI+P 10.3 GEVIC 12/79 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 Y* l I16901 PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P [  Y , l (  16901 INTC N KSAR 938+ 493  
P2 Y* l (1690)  INTO LAMBDA P[ I I IB+  139 
P3 Y~IIE690) INTC SIGMA PI l iB9+ 139 
P4 Y* l (1690 ]  INTO Y*I(1385) PI  1385+  139 
PB Y=I(E690) INTO LAMBDA PI PI (INCLUDING P4) El lS÷ 139÷ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 Y~I( IEO0) 8RANCHING RATIOS (PROD. EXP.) 

RI Y~[(16901 INTO [KBAR N)I(LAMBDA P I l  (P l ] l l P21  
R1 18 0 .4  O, 2B COLLEY 67  HBC + 6 /30  EVENTS B i l l  
RI ( 0 . 2 )  DR LESS MOTT 69 HBC + 9 /69  
RI SMALL GOODARD 79 HOD PI+P  I 0 . 2  GEV/C I2179 

R2 Y~1(1690~ INTC (SIGMA PTI/(LAMEDA PI )  (P3 ) / (P2 )  
R2 0 ,8  0 ,3  COLLEY 67 HBC + 4 /30  EVENTS 8 /67  
R2 [ 0 . 4 )  DR LESS CL=.O0 MOTT 69  HBC + 9 /69  
R2 SMALL GODDARD 79 HBC PI+P 10.2 GEV/C 12/79 

R3 Y~111690) INTO (Y~1(1385) PII/(LAMBDA PI) (P4} / (P2 ]  
R3 (0 .5 )  DR lESS MOTT 69  HBC + 9/69 

R4 Y* I (1890)  INTO (LAMBDA P} PI) /( tAMBDA PI~ (PSI / [P2)  
R4 0,5 0.25 COtLEY 67 HBC + 15130 EVENTS B/67 
R4 2.O 0.6 BLUMENFEL 69 HBC + 31/15 EVENTS 9/@9 
R4 . . . . . . . . .  
R4 AVG 0 .72  0.53 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 .8 )  

R5 Y*l(16qO) INTO (Y . I ( 1385 )  PI)/(LAMBDA P} P I )  (P4 ) / (P5 )  
R5 SMALL COLLEY 67  HBC ÷ 8/67 
R5 LARGE SIMS 68  HBC - K-N TO L2P[ ll/b8 

REFERENCES FOR YtE( [690)  (PROD. EXP.) 

CDLLEY 67 PL Z4B 4B9 (8[RM,GLAS,LOIC,MUN[CH.OXFORO,RHEL) I 
DERRICK 6T PRL 18 2E6 +FIELDS, LOKEN, AMMAR, (ARGDNNE,NORTHNESF) [ 

REPLACED 8Y MOTT 69 .  
PRIMER 68 PRL 20 610 +GOLDBERGo JAEGER, BARNES. + (SYRACUSE.BNLI [ 
SIMS 68 PRL 21 1~13 +ALBR[GHT, + (FSU,TUFTS.BRANDE[SI I 

ADERHOLZ 69 NP BI1 259 *BARTSCH,  SCHULTE+(AACH+BERL+CERN+CRAC÷WARSII 
BLUMENFE 69 PL 29B 5E B J BLUMENFELO, G R KALBFLEISCH [BNLI ] 
M077 69  PR i77 1966 +AMMAR, DAVIS, KROPAC, +(NORT~EST.ARGONNEI I 

GODOARD 79 PR O19 [350  +KEY,LUSTE,PRENTICE,YDON.GORDON÷ (TNTO+BNL)I,J 

PAPERS NOT REFERRED TO IN DATA CARDS 

AGUILAR 7O PRL 25 58 AGUILAR-BENITEZ,BARNES.BASSANO÷ (BNL÷SYRA) 
COOPER 70 NP B23 6G5 +MANNER.MUSGRAVE.PDLLARD,VOYVOOIC (ANL}I 

I r ( 175o)1  . . . . . . . . . . . . . . . . . . . . . .  
THERE IS EVIDENCE FOR THIS STATE IN MANY PARTIAL- 
WAVE ANALYSES, BUT WITH RATHER WIDE VARIATIONS IN 
THE MASS, WIDTH AND COUPLINGS. THE LATEST ANALYSES 

INDICATED SIGNIFICANT COUPLINGS TO KBAR N AND LAMBOA Pl,  AS WELL AS 
SIGMA ETA WHOSE THRESHOLG IS NEARBY AT L746 MEV {JONES 74 ) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 Y* I ( I 7501  MASS (MEV) 

M NEAR SIGMA ETA THRESHOLD CLINE 67 OBC - K-N TO SIGMA ETA 9166 
M A50UT 1750.0 MEYER 67 RVUE 9169 
M ABOUT 1730.0 ARRENTERO 70 NDBC -O K-N TO LAMBDA P[ 6/70 
M (1757.0)  (EO.O) CONFORTO 7 [  DPWA 0 ELASTIC. CH EXCH 6170 
M (1790. l KIM 71 OPWA K-MATRIX ANAL. 3/71 
N (17gO.  O) ( 15 ,0 )  LANGBE[N 72 IPWA MULTICHANNEL L2172 
M CITE@.) ( IO . )  BAXTER 73 OPWA O K- P TO NEUTRALS 10/74 
M (1785. l ( 12 . )  CHU 74 DBC - FIT SIG- ETA CS I0174 
M l (1760.)  (5 .1  JONES 74 HBC 0 FIT SIGO ETA CS 1/74 
M [1759. I ( [ 0 . )  PREVOST 74 GPWA O- K-N TO SI I3BBIP[  1017@ 
M ] S-WAVE BW FIT TO THRSHLD C.S. ,  NO BKGND. ERRORS STATISTICAL ONLY 1/74 
M A (1780. J (3O. I  BAILLON 75 [PWA KBAR N TO LAM Pl 11/75 
M A FROM SOLUTION t OF BA[LLON 75. 11/75 
M B (1700. }  ( 30 . )  BAILLON 75 IPWA KBAR N TO LAM P} 1176 
M B FROM SOLUTION 2 OF BAILLGN 75. L176 
M ( [ 697 . }  ( 20 . )  ( 10 . l  VANHORN 75 DPHA O K- P TO LAM PIO 11/75 
M (1730.)  BELLEFON 76 IPWA O K- P TO LAM P} 2/77 
M 3 1715. IO. CARROLL 76 DPWA I= I  TOTAL CS 2/77 
M 4 ]BOO. OR [813.  MARTIN 77 DPWA KBAR N MULTIC~NL 11/77 
M 4 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 4 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1770. 15. RLIC 77 DPWA KBAR N MULTIGHNL 1/76 
M 1770. 10. ALSTQN 78 DPWA KBAR N ELASTIC 1/78 

1756 .0  l iD .O)  GOPAL 50 DPHA KBAR N ELASTIC 12 /8 l~  N 
M . . . . . . . . .  
H AVERAGE MEANINGLESS (SCALE FACTOR = 3.0)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

57 Y * [ ( 1750 I  WIDTH {MEV) 

W ABOUT 50.C MEYER 67 RVUE 9169 
W ABOUT BO.O ARMENTERO 70 HOBC -O K-N TO LAMBDA P} 6170 
w (5B .0 )  ( 10 .0 )  CONFORTO 71DPWA O ELAST IC ,  CH EXCH 6 /70  
W (50 . )  RIM 71DPWA K-MATRIX ANAL. 3/7L 
W (lO0.O) (2O.O) LANGBEIN 72 IPWA MUITICHANNEL 12/72 
W (60 . )  (20.1 BAXTER 73 DPWA O K- P TD NEUTRALS L0174 
W (BO.) ( 33 . )  CHU 74 DBC - FIT SIG- ETA CS 10174 
W I ( 92 . }  (7 .1  JONES 74 HBC 0 FIT SIG÷ETA CS 1174 
W (IO@.) (2O. I  PREVOST 74 DPWA O- K-N TO S(13B5)P1 10/7@ 
W A (140.)  130.)  BAILLON 75 [PWA KBAR N TO LAM PI 11175 
W B (160. )  (50. l BAILLON 75 IPWA KBAR N TO LAM P} 117@ 
w (66. l (14.1 (12.1 VANHORN 75 DPWA O K- P TO LAM P]O 11175 
W {110.)  " BELLEFON 76 IPWA O K- P TO LAM P} 2177 
W 3 (10 . )  CARROLL 76 DPWA I= ]  TOTAL CS 2/77 
W 4 117. DR I19 .  MARTIN 77 DPWA KBAR N MULTICHNL L I / 77  
W 60. [ 0 .  RLIC 77 DPWA KBAR N MULTICHNL II7b 
W [61.  20. ALSTON 78 DPWA KBAR N ELASTIC 1/78 
W 64.0 (tO.O) GOPAL BO DRWA KBAR N ELASTIC 1218L~ 
W 
W AVERAGE MEANINGLESS (SCALE FACTOR = 4 .5 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ST Y~I(17501 PARTIAL DECAY MODES 

DECAY MASSES 
P [  Y~L (17501  INTE N KBAR 938+ 493  
P2 Y~[(17501 INTO SIGMA ETA I192+ 548 
P3 Y=I(17501 INTE LAMBDA P} E l i5+ 134 
P4 Y* I ( IT50 )  INTE SIGMA PI 11B9+ 139  
P5 Y*1 (E750 )  INTO S IGMA( I3B5 )  P I  [ 39+L385  
Pb Y* [ (1750)  INTO LAM8OA[1520) Pl 139+1520 

........................................................... 

57 Y~|II75D) BRANCHING RATIOS 

R] Y~E(17501 INTC [KBAR N] /TOTAL  (P I )  
RE IO. I2 )  ( 0 .05 )  CONFORTO 71 DPWA O ELASTIC, CH EXCH A/7O 
RE ( 0 , 8 )  RIM TI  DPWA K-MATRIX ANAL. 3/71 
R] (0°45) (0.051 LANGBEIN 72 IPWA MULTICHANNEL L2/72 
RE 3 TOTAL CROSS SECTION 8UMP WITH (J+LI2)X=.3O SEEN BY CARROLL 76 2177 
RI 4 [O .O@)OR 0.05 MARTIN 77 DPWA KBAR N MULTICHNL L1177 
RI C (O. lS I  {O.O3l RLIC 77 OPNA KBAR N MULTICHNL 1/76 
R[ C (KBAR N)ITOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL BO, 
RE 0 .33  0.05 ALSTON 78 DPWA KBAR N ELASTIC l i T8  
RL O,l@ [0.031 GOPAL BO DPWA KBAR N ELASTIC 121BL~ 

R2 Y t l (1750)  FROM KBAR N INTO SIGMA ETA SQRT(PL*P2) 
R2 SEEN CLINE 69 DBC - THRESHOLD BUMP 9169 
R2 I ( 0 .23 )  (O. OiI  JONES 74 HBC O FIT SIG+ETA CS 1174 

R3 Y*l(17501 FROM KBAR N INTO LAM8OA P} SORT(PlOP3] 
R3 2 l - 0 . 28 I  ARMENTERO 70 IPWA -0  K-N TO LAMBOA PI 6170 
R3 2 PU8LISHED SICk CHANGED TO AGREE WITH LUNO 1969 CONVENTION (SEE TEXT} 10174 
R3 (0 .09)  KIM 71 DPWA K-MATRIX ANAL. 3171 
R3 (O.BO) (0 .05 )  LANGBEIN 72 IPWA MULTICHANNEL L2172 
R3 ( -0 .281 (O.OBI BAXTER 73 DPWA 0 K- P TO NEUTRALS IOIT4 
R3 ( -0 .120 )  ( 0 . 0771  OEVENISH 74 0 F IXED T OISP REL 4 /75  
R3 A ( - 0 . 12 )  (O. OZI BAILLON 75 IPWA KBAR N TO LAM P} 11175 
R3 8 ( -0 .131 (0 .03)  BAILLON 75 [PWA KBAR N TO LAM P} 1/76 
R3 ( -O.13)  (0 .04 )  VANHORN 75 OPWA O K- P TO LAM PIO 11175 
R3 ( - 0 . 12 )  8ELLEFON 76  IPWA 0 K -  P TO LAg  P ]  2 / 77  
R3 4 (-0.1O)OR -0 .09  MARTIN 77 DPWA KBAR N MULTICHNL 11177  
R3 (o .o4 )  (0 .09 )  RLIC 77 DPWA KBAR N MULTICHNL 1176  

R4 Y~1 (1750 )  FROM KBAR N TO SIGMA Pl  SQRT [P t *P4 ]  
R4 (0.161 RIM 71 OPWA K-MATRIX ANAL. 3 /71  

LANGBEIN 72 [PWA NJJLTICHANNEL 12172 R4 (0 .13 )  (0 .02)  
R4 4 [*O.06)OR +0.06 MARTIN 77 DPWA KBAR N MULTIGHNL 11177 
R4 -0 .09  0.05 RLIC 77 DPWA KBAR N MULTICNNL l /T6  

R5 Y '111780 )  FRO~ KBAR N TO S IGMAI I3B5 )  P I  SQRT IP I *P41  
R5 +0.18 O. I5  PREVOST 74 DPWA O- K-N TO S( [385)P I  [0 /7~  

R6 Y=I(1750} FROM KBAR N TO LAMBDA(1520) PI SQRTIPI=P6) 
R6 5 0.032 0.021 CAMERON 77 DPWA O P-WAVE DECAY 1178 
R6 5 ASSUMES LAMBCA(1520) ELASTICITY=.46 1/78 
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Data Card Listings 
For notation, see key at front of  Listings. 

CLINE 
MEYER 
ARMENTER TO DUKE 123 
CCNFORTO 71NP B34 Al 
KIM 71 PRL 27 3SE 

ALSO TO DUKE E61 
LANGBEIN 72 NP 6~7 ~77 

BAXTER 73 NP BE7 125 
CHU 76 NC 20A 35 
JONES 7~ NP B73 141 
OEVENISH 74 NP B81 330 
PREVOST T~ ½R BEg Z~6 

BAILLON 75 NP B94 39 
VANHDP3q 75 NP BET 146 

ALSO 75 NP BR7 157 

BELLEFON T6 NP BIOG 129 
CARROLL 76 PRL 37 8E6 

CAMERON 77 NP 6131 399 
MARTIN 77 NP 8127 349 

ALSO ?T NP f i126  266 
ALSO 77 NP B126 285 

RLIC 77 NP B119 3E2 

ALS~ON 78 PR DIP 182 
ALSO TT PRL 38 tOO7 

GOPAL BO TORONTO CONF 159 

FERRO-LU 66 6ERKELEY CONF 163 
ARRENTER 18 NP BD 183 
ARMENTER 69 LUNO CONF PROEM 
HARRISON 70 FSU-HEP ?D 3 1 

REFERENCES FOR Y*111750) 

67 PL 256 RI CLINE, OLSSON (WISCONSIN)IJP 
67 HEIDELBERG C 117 J MEYER (RAPflORTEUR) (SACLAY)IJP 

ARMENTEROS, BAILLON, ÷ {CERN,HEIDELIIJP 
÷LEVI SETTI,LASINSKI..OBERLACK÷+ (EFI+HEIO)IJP 
J K KIM (HARV) IJP 
J .  g .  KIN (HARV)IJP 
+WAGNER {MPIMIIJR 

BAXTER,BUCKINGHAM. CDRBETT, DUNN~ (OXFOROIIJP 
CHU,BARTLEY,+ (SUNY PLATTSBURGH+TUFTS+BRAN}IJP 
JONES IUo CHICAOOIIJP 
GEVENISH,FROGGATT,NARTIN(DESY,NORDITA,LOUCI 
PREVOST,BARLOUTAUO,+ IS~L+CERN+HEIO| 

P. BAILLON,P. J. LITCHFIELD (CERN,RHEL)IJF 
A. J. VAN HORN (LBL)IdP 
A. J.  VAN HORN (LDLIIJP 

DE BELLEFON~BERTHON (CDEFIIJP 
+CHIANG,KYCIA~LI~MAZUR~M(CHAEL÷ (DNLI[  

+FRANEK,GOPAL,KALMUS,MCPHERSON+ IRHEL+LOICIIJP 
MARTIN,P{DCOCK,MOORHOUSE (LOUC÷OLASIIJP 
NARTEN,RIOCOCK (LOUC| 
MARTIN,PIDCOCK [LOUC|IJP 
GOPALeROSS~VAN H~N~MCPHERSON÷ (LOIC+RHEL)IJP 

+KENNEY,POLLARD,ROSS+ (LDL÷MTHO+CERNIIJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO+CERNIIJR 
G.P.GOPAL (RHEL)IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

M EERRO LUZZ[ )RAPPORTELt~| (CERN| 
ARMENTEROS, BAILLON, + ICERN,HEIDEL,SACLAY)IJP 
ARMENTEROS, BAILLON, + (CERN,HEIDEL,SACLAY)IJP 
W.C. HARRISON (THESIS) (FSUI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

Ix(z' 7o)l'. . . . .  ,,,TTO. 
EVIDENCE FOR THIS STATE NOW RESTS SOLELY ON SOLUTION I 
OF DAILLON 75 - BUT THE LAMBOA P l  PARTIAL WAVE 
AMPLITUOE~ OF THIS SOLUT[~ ARE I~ O~SAGREEMENT WITH 
AMPLITUDES FROM MOST OTHER LAMBDA PI ANALYSES, 

1CO Y-1(1770)  MASS IMEV) 

M 3 [ITT2.OI KANE 72 OPWA K-P TO SIGMA Pl [ 1 /77  
N 3 STATE IS NOT REQUIRED IN KANE 74 WHICH SUPERSEDES KANE 72. L2/81* 

BAILLON TS IPWA KDAR N TO Pl LAM 11175  M I ITTO. 20. 
M I FROM SOLUTION I OF BAILLON 75, NOT PRESENT IN SOLUTION 2. 1/76 
M 2 [1738.) {IO.) RLIC 7T DPWA KBAR N MULYIEHHL I176 
M 2 STATE REQUIRED TO FIT I=1 TOTAL X-SECTION OF CARROLL 76 IN KBAR N 1 2 1 8 1 *  
½ 2 CHA~NEL. NEW K~P POLARIZATEON ANO K- ~£UTRON DIFFERENTIAL X-SECT10N lZ lBL~ 
M 2 DATA ARE ROME CONSISTENT WITH Y*1(1660)  P ' l l  IN GOPAL 80 ANALYSIS, 12/81" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

100 Y .1 [1770)  WIDTH (MEV) 

W 31 (BO, I ~ANE 72 OPWA K-P T~ SIGMA PI EL/IT 
W 80. 30. BAILLON 75 IPWA KBAR N TO PI LAN 11175 
W 2 (72.1 ( iO. I  RLIC 77 OPWA KBAR N MULTICHNL 117b 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

100 Y*1{17701 PARTIAL DECAY MODES 

DECAY MASSES 
PI Y'1[1770) INTO N KERR g3E+ 693  
P2 Y*E(1770) INTO LAMBDA Pl I l I S e  139 
P3 Y*1[1770)  INTO SIGMA P[ 1189+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EOO Y*1(1770) BRANCHING RATIOS 

RI Y * l ( I 7 7 0 )  INTO (KBA~ NI/TOTAL IPI) l / T 6  
gl 2 )0.141 (O. OA) RLIC 77 OPWA KBAR N MULTICHNL l / T b  

R2 Y*IIE7TOI FROM KBAR N INTO LANDOR PI SQRT(PI*P2] 
R~ 1 -0.06 O. OZ EAILLON T5 19WA KSAR N T0 Pl LAH 11/T5 
R2 LESS THSN O.O4 RLIC 77 DPWA KBAR N MULTICHNL 117b 

R3 Y*I(1770) FROM KBAR N INTO SIGMA Pl SQRT(PI*PSI I176 
R3 3 [ - 0 . 1 0 8 )  K&NE 72 OPWA K-P TO EIGMA P1 11/77 
R3 LESS THAN 0 . 0 6  RLIC 77 OPWA KBAR N MULTICHNL 1176 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

REFERENCES FOR Y * l ( I T 7 0 I  

KANE 72 PR 05 15e3 O F KANE (LBLI 
6AILLON 76 NP BqN 3~ p. BAILLONeP° J. LITCHFIELD [CERN,RHEL)IJP 
RLIC TT NP D l l q  362 GOgAL,ROSS.VA~ HOR~,~CPHERS~N* IL~(C*~HEL~IJP 

PAPERS NOT REFERRED TO IN DATA EaRDS 

KANE 76 LBL-24E2 D.F.KANE I L B L I I J P  
CARROLL 7& PRL 37 80~ +CHIANG,KYCIA~LI,MAZUR,MICHAEL,÷ (BNLJl 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

Iz(z77 )l 

Baryons 
z(v 5o), z(177o), z(zv75) 

A5 Y * l ( t T T S ,  JP=5/2-1 I = 1  

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

45 Y*IIIT75} MASS IMEV) 

M [165.0 IO.O GALTIERI 63 DEC 0 g-o 1.51 BEVIC 
M 1756.0 10.0  ARWENTER 65 HBC 0 K-P TO Y*1520 PI 7 / b b  
M ~TBO,O IO,0 6ELL I bb O~ - K-N TO Y*LBZ~ PI Tlbb 
N N 1768.0 2.0 ARMENT-I 68 DPNA 0 ELASTIC, CH ETCH 11168 
M N 1768.0 4 .0  BUGG 68 CNTR K-P, O TOTAL l l / 6 b  
M 1775.0 T.D SMART 68 RVUE -0 K-N TO LAMBDA Pl 7168 
M 1770.0 lO,O COOL 70 CNTR K-P, D TOTAL 10170 
M I765,0 10.O GALTIERI TO OPNA O K-P TO LANDOR PI 7470 
M N 1770o0 3 .0  CONFORTO 7 l  OFWA 0 ELASTICt CH EXCH b/TO 

|LTBS.I KIM T1 OPWA g-~ATRIX ANAL. 3171 
q 1758.7 3 .9  B&RLETTA 72 DPNA 0 KPPI O.8-I.DGEV 12172 

3 (1766 ,0 )  (g .O )  KANE 72 DPNA O g-P TO P[ SIG [O /T I  
M 3 KANE 71 IS SUPEREDED DY KANE 76, 
M N 1770.0 5.0 LANGDEIN 72 I P W A  NULT[CMANNEL [2172 

KANE T6 DPWA K-P TO PI SIG 12181* M 1772.0 (6 .01 
M lTTS. lO.  BAILLON 75 IPWA KBAR N TO LAW PI l i l T S  
M 1776. I0. VANHORN 75 DPWA 0 K- P TO LAW RIO IIITB 

(1765. t BELLEFON 76 [RNA O N- P TO LA~ PI 217T 
M l 1772. OR 1777, MARTIN 77 OPWA KBAR N NULTICHNL 11/77 
M I THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 1 PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M 1776. 5. RLIC 77 OPWA KBAR N MULTICHNL 1/76 
M I777. 5. ALSTON 78 DPWA KBAR N ELASTIC 1178 
M LTT8.O I E . 0 )  DOPAL 80 DPWA KBAR N ELASTIC 12/81*  
M N ERROR STATIST, ONLY- NO ERROR DUE TO PARTICULAR P,W.ANRL, INCLUDED i171 
M . . . . . . . . .  
M AVERAGE MEANINGLESS )SCALE FACTOR = [.D) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 Y * I I I T T 5 I  WIDTH (MEVI 

W 6O.O iO, O GALTIERI 63 OBC 0 
W 70.0 20*0 BELL 2 6& DEC - T/66 
W 128.0 8.0 ARMENT-I 68 DPWA 0 ELASTIE, CH EXCH 11168 
W l lO ,O  7 ,0  BUGG 68 E N T R  K-~,D TOTAL 7/68 
W E46o0 9 .0  SMART 68 RVUE -O 7168 
w IlOD.OI COOL TO CNI~ K-P, O TOTAL IOITO 
W 115.0 I 0 *0  GALTIERI 70 OPWA 0 K-P TO LAM6OA PI 7170  
w 132.O ~0,0 CONFORTO 710PWA O ELASTIC, CH EXCH 61lO 
W (lO0.) KIM 71 OPNA K-HATRIX ANAL, 3471 
W 107.2 10.9 BARLETTA 72 DPWA O LAM(I52OIPl CH. 12176 
W 3 (lEO,O) (68 ,0 |  KANE 72 DPWA 0 K-P TO PI SIG [OITl 
W 123.0 10,0 LANGBEIN 72 IPWA MULTICHANNEL 121T2 
W 156.0 IlO, OI KANE 74 OPNA K-P TO PI SIG 12181* 
w 125. 15. BAILLON 75 IPNA REAR N TO LAM PI 11 /7S  
w 166. 18o VANHORN 75 OPWA 0 X-  P TO LAN RiO I11T5 
W ( t 2 O . )  BELLEFON 76 IPWA 0 K- P TO LAR PI 2/77 
W E tO2. OR 103* MARTIN 77 OPWA KBAR N MULTICHNL 11177 

130. lO.  RLIC 77 OPWA KBAR N MUETICHNL I / F6  
w 116. 10. ALSTON 78 OPWA KBAR N ELASTIC 1178 
w 137.0 (lO,O) GOPAL 80 OPWA KDAR N ELASTIC 1 2 1 8 1 *  
W 
w AVG 117.4 6.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.2) 

(SEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 117 ,4  ± 6 . 2  

ERROR SCALED BY 2 . 2  

. . . . .  ALSTON 

. . . . .  RLIC 

'I • • VANHORN 

. . . .  BA[LLON 

. . . .  L ANGBE I N 

- .BARLETTA 

. . . .  CONFORTO 

~ - .GALTIERI 

- • • SMART 

• • BUGG 

" i~ " . A R M E N T - 1  

- . B E L L  2 

• ~ G A L T I E R [  

50  1 0 0  1 5 0  2 0 0  

Y ' I ( 1 7 7 5 )  WIDTH (MEV) 

C H I S Q  

78 DPWA 0 , 0  

77 DPWA 1 . 6  

75  DPWA 2 . 5  

75  IPWA 0 . 3  

72  |PWA 0 . 3  

72 DPWA 0 . 9  

71 DPWA 2 . 1  

70  DPWA 0 1  

68  RVUE 1 0 . 1  

68  CNTR 1 . 1  

68  DPWA 1 8  

66  OBC 5 , 6  

63  DBC 3 3 . 0  

5 9 . 3  

' (CONLEV 
2 5 0  =O,O00) 

45 Y*111775) PARTIAL DECAY MODES 

DECAY MASSES 
Pl y*i(1775) INTE N KDAR 938+ 493 
P2 Y* I I1775)  INTO LAMEDA PI I115+ 134 
P3 Y~(~TTS)  ~NTO Y~OI1520~ R1 1520+ L39 
P~ Y*1(1775) [NTE Y.1 (1385)  PI O-WAVE 139+1385 
PE Y~I( ITTG) INTO SIGMA Pl 1189+ 139 
PE Y~I(1775) INTO SIGMA ETA 1192+ 548 
P7 Y~I[1TTS) INTO SIGMA P [ P E  l l g Z +  139+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
r(z775) z(z840) 
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Data Card Listings 
For notation, see key at front of  Listings. 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The m a t r i x  below is der ived  f r o m  the e r r o r  m a t r i x  for  the Eitted par t i a l  decay mode 

branch ing  Eractions,  P ,  as Eollows: The diagonal  e l emen t s  are  P. ± 6P.,  where  

5P i = ~ i  ~ , while  the off-dix~onal  e l emen t s  a re  the no rma l i zed  co r r e ix t ion  coeEfi- 

cients (Ap. Spj)/. 6P,1 ' 6P i~ , For the definitions of the individual P. see the l~stings 

above; ordy those Pi  appear ing  in the m a t r i x  a re  a s sumed  in the fi t  to be nonzero and 

are  thuB conatra~ned to add to i .  

P 1 P 2 P 3 P ~ P 5 P 6 
P i . 4 1 3 4 + - . 0 1 5 0  
P 2 - . 0585  .1399+-. Ol3O 
P 3 -.3812 -.0122 .1929+-. 0333 
P ~ - . 3100  .0187 . L2 I~  . 0859+ - .  DO90 
P 5 - .  0879 .0051 . 0334  *0280  . o153+ - .  0064 
P 6 .0555 - . 3436  - . 8286  - , 2512  - . 1878  . 1526+ - , 0347  

4 5  Y*1 (1775 )  BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIEATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

RI Y*I[1775) INTC (KBAR N)/TDTAI (P l l  
Rl ( 0 . 6 )  GALTIERI b3 HBC O K-P RVUE 
RL 0 ,53  0 .09  UHLIG 6T HBC O 9 /6b  
RI  0.45 0.01 ARMENT-f 08 DPWA O ELASTIC, CH EXCH 11 /68  
R1 (0.37) BUGO 66 CNTR II/66 
RI 0 .36  0.02 BRICMANt 70 DPWA SIGTDT,ELAS,CHEX 1/71 
RI (O.~l COOL 70 CNTR K-P, D TOTAL 10/70  
RI 0.36 0 .02  CONFORTD 71DPWA o ELASTIC, CH EXCH 6 /70  
RI (0.42) KIM 71 OPWA K-MATRIX ANAL. 3 /7L  
RI O.3S O. Ol LANGBEIN 72 IPWA MULTICHANNEL ~2172 
RI 1 (0.37IOR 0 .36  MARTIN 77 OPWA KBAR N MULTIEHNL 11/77 
RI C (0 .41 )  (0.03) RLIC 77 DPWA KBAR N MULTICQNL 1/76 
RI C (KBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL DO. 
RI 0.37 0.03 ALSTON 78 DPWA KEAR N ELASTIC ~/78 
RI O.~O [O.O2)  GOPAL BO DPWA KgAR N ELASTIC 12181. 
RL . . . . . . . . .  
RI AVG O.~O7 O. OIB AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.9) 
RI  FIT 0 .413  0 .015 FROM FIT  (ERROR INCLUDES SCALE FACTOR OF 2.6) 

(SEE IDEOGRAM BELOW ] 

/ 
0 .3  O. 

Y '1 (1775 )  

WEIGHTED AVERAGE = 0 ,407  ± 0 ,018  

ERROR SCALED BY 29  

I I  V a l u e s  a b o v e  o f  w e i g h t e d  a v e r a g e ,  
e r r o r ,  a n d  s c a l e  f a c t o r  a r e  f o r  t h e  
r e a d e r ' s  c o n v e n i e n c e  o n l y .  T h e  
d a t a  w e r e  a c t u a l l y  p r o c e s s e d  b y  a 
c o n s t r a i n e d  f i t  p r o g r a m ,  which 

c a l c u l a t e s  i t s  o w n  v a l u e s  o f  ~ 6 ~  
a n d  s c a l e  f a c t o r ,  w h i c h  a r e  d i f f e r -  
e n t  f r o m  t h e  v a l u e s  shown  h e r e .  

. . . . . . . . .  ALSTON 

. . . . . . . . . .  LANGBEIN 

. . . . . . . . . .  GONFORTO 

. . . . . . . . .  8R ICMAN1  

. . . . . . . . .  ARMENT-1  

- - - - U H L I G  

T 
0 _5 06  07  

INTO (KBAR N) /TOTAL  

CHISQ 

78  DPWA 15  

72  IPWA 2 9 

71 DPWA 55  

70  DPWA 5 5 

6B  DPWA 18 .5  

67  HBC 

33 ,9  

(CONLEV 
=0 .000 )  

R2 Y'1(1775) FROM KBAR N INTO LNMBDA PI SQRT(PI*P2) 
R2 -0.Z66 0.017 SMART 68 OPWA -O K-N TO LAMBDA PI 7168  

RZ -0.22 0.03 GALTIER[ 70 DPWA O K-P TO LAMBDA PI 7170 
R2 10.301 KIM 71DPWA K-MATRIX ANAL, 317I 
R2 O. I5 O.O~ LANGBEIN 72 IPNA  MULTICHANNEL i2172 
R2 -0.259 0.048 DEVENISH 74 O FIXED T DISP REL A/75 
Rg -0 .25  O.O2 BAILLON 75 IPWA KBAR N TO LAM P{ 11175 
R2 -D.2B 0.0~ 0.05 VANHORN 75 DPWA O K- P TO LAM PIO 11/75 
R2 (-0.30) BELLEFON 76 IPWA O K- P TO LAM PI 2/77 
R2 I (-O.29)OR -0.28 MARTIN 77 DPWA KBAR N MULTICHNL 11 /77  
R2 -0.28 0 .03  RLIE 77 DPWA KBAR N MULTICHNL [ /76 
R2 . . . . . . . . .  
R2 AVG MOO 0.251 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 
R2 FIT 0.241 0.012 FROM FIT [ERROR INCLUDES SCALE FACTOR OF 1.3} 

R3 Y*I I ITT5) FROM ROAR N INTO Y*O(1520) Pl SORTIPI~P3) 
R3 0 .27  0 .03  ARMENTERO 65 HBC O K-P TB Y*1520 PI  9 / 66  
R3 0.31 0.02 BARLETTA 72 DPWA 0 K-P TO Y'1520 P[ 12/72 
R3 2 -0 .305  O.OlO CAMERON 77 DPWA O K-P TO I { IS20)P I  1178 
R3 2 LISTED RATE COMBINES P- AND F-WAVE DECAYS AND ASSUMES LAMBOAII5201 1 /78  
R3 2 ELAST[CITY=.RA. THE CAMERON 77 RESULTS FOR THE SEPARATE P- AND I/TO 
R3 2 F-WAVE DECAYS ARE -0.303~I- .010 AND -0.037÷/-o014, RESPECTIVELY. 12179 
R3 2 THE SIGNS ARE CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R3 2 CONVENTION. 12 /79  
RS . . . . . . . . .  
R3 AVG MDD 0.3031 0.0086 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
R3 FIT 0.282 0 .023  FROM F IT  (ERROR INCLUDES SCALE FACTOR OF 2.91 

R4 Y ' 1 [ 1775 )  FROM KB~R N TO Y*1 (1388 )  PI  D-WAVE SQRT(PI*PA) 
RA A [ 0 . 241  {O.  O3( ARMENT-2 67 HBC O K-P TO LhM P{ PI 8167 
R~ S (0.32l  (O. O6) SIMS 68 DEC - K--N TO LAM PI P[ I I l 6B  
RA S SIMS 68 USES ONLY CRDSS-SECT. DATA. RESULT USED AS UPPER LIMIT ONLY 8172 
R~ +0.20 0.02 PREVOST 74 OPWA O- K-N TO SIIB85)PI 1017~ 
R4 2 -0.18~ O.Olt CAMERON 78 DPWA o K-P TO SIIBBSIPI 1/78 
R~ 2 CAMERON 78 UPPER LIMIT ON G-WAVE DECAY IS O.O3 1/78 
R~ . . . . . . . . .  
R~ AVG MOD 0.1877 O. OOOb AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.O) 
R4 FIT O. iB8~ 0.009~ FRDM FIT (ERROR INCLUDES SCALE FACTOR OF I.O) 

R5 Y~I{1775) FROM KBAR N INTO SIGMA Pl SQBT(PI*PS) 
R5 ÷0.07 0.02 ARMENTERD 67 DPWA O K-P TO SIGMA Pl i0/7~ 
R5 +0°06 O.O3 GALTIERI 70 OPWA 0 K-P TO SIGMA PI 7/70 
R5 TO.DOT KIM 71 DPWA K-MATRIX ANAL. 2/71 
R5 3 (+O.OT~) (O. OIT) KANE 72 BPWA O K-P TO PI BIG TO/It 
R5 0.09 OR LESS LANGRETN 72 IPWA MULTICHANNEL I2/72 
R5 0.09 (O.Ol) KANE 74 DPWA K-P TO P[ BIG [2 /81.  
R5 I (÷O.O8)OR *O. OB MARTIN 77 DPWA KBAR N MULTICHNL 1[/77 
R5 +0 .13  0.02 RLIC 77 DPWA KBAR N MULTICANL 1/76 
R5 . . . . . . . . .  
R5 AVG O.09B 0.022 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.71 
R5 FIT O.OBO O.Ol? FROM FIT [ERROR INCLUDES SCALE FACTOP OE I .B)  

R6 Y~I(1775) [NTE (LAMBDA PI)/IKBAR N) IP2 ) / (P l )  
R6 0 .33  0 .05  UHLIG 67 HOE O K -P , . 9  GEV/C 9166 
Rb . . . . . . . . .  
R6 FIT 0.339 0.03~ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 

RT Y*I( IT75) INTO (Y*O(152O)PIII(KBAR N) (P31/(Pl l  
R7 0 .28  0 .05  UHLIG 67 HBC O K -P , . 9  GEV/C 9/66 
R7 . . . . . . . . .  
R7 FIT 0.4A7 O. OBB FROM FIT [ERROR INCLUDES SCALE FACTOR OF 3 .3 l  

R8 Y*I( IT75) INTO (Y*I(1385)Pl)1IKBAR NI (PAl l(FIB 
RB 0 .25  0.09 UHLIG 67 HOE O K-P , . 9  OEVIC 9166 
R8 . . . . . . . . .  
R8 FIT O.2OB O. O2S FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2} 

R9 Y~I(1775) INTO (SIGMA P[ PlI/TDTAL (PT) 
R9 P lO. I2) ARMENT-2 68 HDBC -O K-N TO SIG PI P[ 11168 
R9 P FOR ABOUT 314 OF THIS, THE SIGMA PI SYSTEM HAS l=O AND IS ALMOST 
R9 P ENTIRELY Y*O(I520). FOR THE OTHER i / ~ ,  THE SIGMA PI HAS I= l .  THIS 
R~ P IS ABOUT WFAT IS EXPECTED FROM THE KNOWN KATE Y*I(1775) TO Y~I(I385) 
R9 P PI ,  AS SEEN IN LAMBDA Pl PI .  

REFERENCES FOR Y*1(17751  

GALTIERI 63 PL 6 296 
ARMENTER 65 PL 19 3S8 
BELL 1 66 PRL t6 203 
BELL 2 66 UCRL-IbSB6 THESIS 
ARMENTER 67 PL 248 198 
ARMENT-2 67 ZEIT.PHYS.2O2 #86 
UHlIG 6T PR 155 IAg8 

ARMENT-I 68 NP BB (DE 
ARMENT-2 68 NP BB 216 
8UGO 68 PR 168 1466 
SIMS 68 PRL 211R13 
SMART 68 PR 169 1330 

BRICMANI 70 PL 33B 511 
COOL 70 PR DI  IBE7 
GALTIERI 70 DUKE CONF ITB 

CDNFORTO 71NP 83~ 41 
KIN 71PRL 27 ~55 

ALSO 70 DUKE 161 

8ARLETTA 72 NP B40 ~5 
KANE 72 PR D5 1513 
LANOBEIN 72 NP B~7 ~77 
DEVENISH 7~ NP BBI  ~30 
KANE 74 LBL-2~S2 
PREVOST 7~ NP B6~ ~6  

BAILLON 75 NP 894 39 
VANHDRN 75 NP B8T I~S 

ALSO 75 NP B87 157 

A BARBARD-GALTIERI,A HUSSAIN,RD TRIPP [LRL)IJ 
ARMENTEROS, + [CBRN,HEICELDERG,SACLAY)IJP 
R B BELL, R W BIRGE, Y-L PAN, R T PU (LRL(IJP 
R B BELL (LRL)IJP 
ARMENTEROS,FE~RO-LUZZI+ (CERN, HEID,SACLAYIIP 
ARMENTBRDS,FERRO-LUZZI÷ (CERN,HEID,SACLhY) 
+CHARLTON, CUNDON,GLASSER.YOGH,+ (UMD~NRLI 

ARMENTEROS, BAILLON, ÷ (CERN,HEIDEL,SACLAYIIJP 
ARMENTEROS, BAILLON, (CERN~HEIDEL,SACLAT) I 
+GILMORE,KNIGHT,DAVIES÷ (BIRM,CAVE,RHEL)I 
SIMS,ALBRIOHT,RARTLEY,MEERe IFSU,TUFT,BRAN) 
W M SMART (LRL)IJP 

÷FERR~-LUZZI,LAGNAUX (ELAN) 
÷GIACOMELLI, KYCIA, LEONTIC, L I ,  ÷ (BNL) I 
A BABBARD-GNLTIERI (LRLJIJF 

÷LEVI SETTI,LASINSXI..OBERLACK÷÷ (EFI÷HEID)IJP 
J K XIM (HARVI I JP  
J. K. KIM (HARV)IJP 

W.A. BARLETTA (EFT) [JP 
D F KANE {LBL~IJP 
÷WAGNER (MPIM)IJP 
DEVENISH,FROGGATT,MARTINIDESY,NORD(TA,LOUC~ 
O.F.KANE (LBL)IJP 
PREVOST,BhRLOUTAUD,÷ {SACL÷CERN+HEIO) 

P. BAILLDN.P.J. LITCHFIELD (CERN,RHBL)IJP 
A. J. VAN HORN {LBLHJP 
A. J, VAN HORN [LBL)IJP 

BELLEFON 76 NP BIOg 129 
CAMERDN 77 NP B131 399 
MARTIN 77 NP 8127 3A9 

ALSO 77 NP BI28 266 
ALSO 77 NP BL2b 285 

RLIC 77 NP B119 362 

ALSTON 78 PR 018 IE2 
ALSO 77 PRL 38 lOOT 

CAMERON 78 NP Bl~3 l eg  
OOPAL BO TORONTO CONF 159 

DE BELLEFON,BERTHON (CDEFIIJP 
+FRANEK,GOPAL,KALMUS,MCPHERSON+ (RHEL+LOIC)IJP 
MARTIN,PIDCOCK,MO~RHOUSE (LOUC+GLAS)IJP 
MARTIN,PIDCOCK {LOUC) 
MARTIN,PIDCOCE (LOUC)IJP 
GOPAL,ROSS,VAN HORN,MCPHERSDN÷ (LDIC+RHEL(IJP 

+KENNEY,POLLARD,RDSS+ ILBL+MTHO+CERN)[JR 
ALSTON-GARNJOST~KENNEY (LBL+MTHO+CERNIIJP 
+FRANEK,GOPAL,BACON,BUTTERWDRTH~IRHEL÷LOICIIJP 
G.P.OOPAL (RHELIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

FENSTER 66 Pal 17 841 ÷GELFAND,HARMSEN,L-SETTI,÷ {CH IC ,ANL ICERNI I I JP  
- -  FENSTER 66 IS SUPERSEDED BY BRRLETTA 7g 

CONFORTO 68 NP B8 265 +HARNSEN, LASINSKIt + IEHICAGO,HEIDEL)IJP 
SUPERSEDED BY CONFORTO T[.  

HARRISON 70 ESU-HEP TO 3 1 W.C. HARRISON [THESIS) (FSU) 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL) 

I ( a4Ol] . . . . . . . . . . . . . . . . . . . . . .  
SEE THE MINI-REVIEWS PRECEDING THE Y*O'S. 

FOR THE TIME BE[NG, WE LIST ALL RESONANCE CLAIMS IN THE 
PI3 WAVE IN T~E ITOC-19DO MEV MASS REGION TOGETHER UNDER THIS HEADINO. 

01 Y*L([BAO( MASS (MEV) 

M 1840.0 l iD.O) LANGBEIN 72 IPWA MULTICHANNEL 12172 
M L (1720.[ IBO.) BAILLON 75 IPWA KBAR N TO LAM PI 11/75 
M 1 FROM SOLUTID~ 1 OF BAILLON 75, NOT PRESENT IN SOLUTION 2. l lTA 
M 1925.  12OO.) VANHORN 75 OPWA O K- P TD LAM RIO I i / T5  
R 2 1798. OR 1802. MARTIN 77 OPWA KBAR N MUITICHNL 11/77 
M 2 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M g PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
r.( 84o), r.(ta8o), r.(t9ts) 

DE Y*[[]BADI NIDTH )MEV} 

W 1ZO.O (10 .0 )  LANGBEIN 72 IPWA MULT[CHANNEL 12/72 
W 1 (120 . )  (30.) BAILLON 75 IPWA KBAR N TO LAW PI 11 /75  
W 6S. 150 . )  120.1 VANHORN T5 DPWA 0 K- P TO LAM PIO I I / 75  
w Z 93.  OR 93.  MARTEN 77 ORWA KAAB N MULTICH~L [ [ /TT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01 Y*l(L8401 PARTIAL DECAY MODES 

DECAY MASSES 
P[ Y$I[[8~0) [NTE N KBAR 938+ 693 
P2 Y*l(1840J INTO SIGMA PI 1189+ [39 
P3  Y*111840(  INTC LAMBDA P l  1 1 1 5 +  1 3 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O[ Y$[(1840) BRANCHING RATIOS 

Rl  Y5 [ ( 1840 )  INTO (KBAR N}/TOTAL IPE)  
BE 0.37 [0.13| LANGBEIN 72 IPWA MULTICHANNEL 12/72 
R[ 2 (O.O)OR(O.OI MARTIN 77 OPWA KBAR N MULTICHNL l l / ?7  

R2 Y11(18401 FROP KBAR N INTO SIGMA Pl SQRTIPI*P21 
R2 0 .15  I 0o04) LANGBEIN 72 IPWA MULTIONANNEL 12/T2 
82 2 (-O.04)OR -0 .06  MARTIN 77 DPWA KBAR N MULTICHNL 11177 

R3 Y, El18401 FROM K8AR N INTO LAMBOA PI SQRTIPE*P31 
R3 0 *20  | 0 . 04 (  LANGBEIN 72 IPWA MOLTICHANNEL L2/72  
R3 +O. [E2 0 .078  DEVENISM 74 0 FIXED T DISP REL 4 f75  
R3 [ (+0 .11 )  ( 0 . 02 )  BAILLON 75 [PWA KBAR N TO LAMP[  11 /75  
R3 +D,06 (0.04| VANHORN 78 OPWA 0 K- R TO tA~ P]O I I / 75  
R3 2 (+O.00)OR +0 ,03  MARTIN 77 OPRA KBAR N MOLTICHNL [ i /TT 

REFERENEES FOR Y* [ ( 1840 )  

LANGBEIN 72 NP 8A7 477 +WAGNER (MPIM)IJR 
DBVENISH 76 NP BEE 330 DEVENISN, FRODGATT, MARTIN(DESY,NOROITA,LOUC) 
BAILLON 75 NB Bg6 3g P. BAILLON,P. J. LITCHFIELD (CERN,RHEL)IJP 
VANHORN 75  NP B87 14S A* J .  VAN HORN I LBL l I JP  

ALSO 75 NP BB7 [57  A, J .  VAN HORN ILEL ) I JP  

MARTIN 77 NP E127 36g MARTIN,PIDCOCK,MOORHOUSE (LOUC+GLAS)IJP 
ALSO 77 NP 81E6 266 MARTIN,PIDCOCK (LOUCI 
ALSO 77 NP E I26  2EE MARTIN~RIOCOCK (L(~JCIIJP 

****** ..$$,r**** .*****55, ***.$**** ,.55**.5, ,55**$*** $5,=$**** **5**5,5 

.............. 

SEE THE MINI-REVIEW AT THE START OF THE Y5 LISTINGS. 

R RESONANCE IS SUGGESTED BY SEVERAL PARTIAL-WAVE 
ANALYSES ACROSS THIS REGION, BUT WITH WIDE VARIATIONS 
IN THE MASS AND OTHER PARAMETERS, WE LIST HERE 
ALL CLAIMS WHICH LIE WELL ABOVE THE Y5 [ (1770 ) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6T Y*1(1880) MASS (MEVI 

M 1882.0  6O,O SMART 68 DPWA -O K- N TO LAW PI 7/68 
M (1850.0) BAILEY 69 OPWA 0 ELASTIC, CH EXCH IO/TO 
M ABOUT 1850.0 ABMENTERO 70 ]PWA -O ELASTIC, CH EXEH 6/TO 
M 1980.0 50.0 GALTIERI 70 DPNA -0 K- N TO LAB PI 7/70 
M I9ZO, O 3"0.0 LITCHFEEL 70 OPNA -0  R- N TO LAB PI  6 / 7 0  
M 2 ( 1898, ) LEA 73 DPWA MULTICHNL R-MTRX 9 /T3  
M 2 ONLY UNCONSTRAINED STATES FROM TABLE i OF LEA78 ARE IN LISTINGS. 9/73 
M 1 11960.1 (SO* l  BAILLON 75 IPWA KBAR N TO LAM Pl 11/75 
M 1 FROM SOLUTION [ OF BAILLON T5, NOT PRESENT IN SOLUTION 2. 1176 
M 1985. 50,  VANHORN 75 OPWA 0 K- p TO LAM PIG 11175 
M 3 1867. OR 1863.  MARTIN 77 OPWA KBAR N MULTICHNL 11/77  
M 3 THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 8 PARAMETERS FROM THE T-MATRIX POLE AND FROM A O-W FIT, RESPECTIVELY. 
M IR70.D ]O.O CAMERON2 78 DPWA X-P TO ~$1890) N [ 2 / 79  
M 1828.0 12O.O) GOPAL 80 DPWA KBAP N ELASTIC [21815 
M . . . . . . . . .  
M AVERAGE MEANINOEESS (SCALE FACTOR = [.51 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 YsIIIBBO) WIDTH (MEVI 

W 222 ,0  150 .0  SMART 68 OPWA -O K- H TO LAM PI 7268 
W (20~).0) BAILEY 69 DPWA O ELASTIC, OH EXCH 10170 
W ABOUT 30.0 ARMENTERO TO IPWA -0 ELASTIC, CH EXCH 6/70 
W 200.0 50.0 GALTIERI 70 DPWA -O K- t~ TO LAM PI TITO 
W ITO,O 60.0 LITCHFIEL 70 DPWA -0 K- t~ TO LAM PI 6/70 

2 I 2 2 2 . 2 )  LEA 73 OPWA mULTICHNL K-MTRX 9 / 7 3  
l (260. I 140.) 8AILLON 75 IPWA KBAR N TO LAM Pl 11175 

W 22U. 1K, O, VANHORN 75 DPWA 0 K- P TO LAM PIO 11/75 
W 3 216. OR 220.  MARTIN 77 DPWA XBAR N MULTICHNL [ I / 77  
W 80 .0  10 ,0  CAMERON2 78 DPWA K-P TO KSI890)  N 12179 
W 88.0 l IE.O) GOPAL 80 OPWA KBAR N ELASTIC 12/815 
W . . . . . . . . .  
w AVERAGE MEANINGLESS [SCALE FACTOR = 2.2) 

. . . . . . . .  - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

67 Y * I I IBBO]  PARTIAL DEEAY MODES 

DECAY MASSES 
P[ Y* I I IB801  IN70 N K8AR 9 3 8 +  493 
P2 Y=1(1880)  INTO LAMBDA PI 1115+ [3N 
P8 Y,  1(1880)  INTO SIGMA PI 1197+ 139 
P6 Y$1[18801 ENTE N K5(89015 PI WAVE 939+ 891 
P5 Y* [ ( IBBO)  INTO N K~ ' (800) ,  P3 WAVE B3B+ 891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E7 Y*I(1880) BRANCHING RATIOS 

RZ Y~[ [L~BO) INTO (RBAR NIITOTAL (P l )  
R I  I 0 . 22 )  BAILEY 69 DPWA 0 ELASTIC, CH EXEH [0 /70  
RE [0.20) ARMENTEPO 70 IPWA -O ELASTIC, CH EXCH 6 /70  
RI 2 (0 .3 [ )  LEA 73 DPWA MULTICHNL R-MTRX 9/73 
RE 3 ( 0 *27 }0R  0 ,27  MARTIN 77 DPWA KBAR N MULTICHNL 11177 
RI 0 .06  10.02( GOPAL 80 OPWA KBAR N ELASTIC 121815 

R2 YsIII8EO) FROM KBAR N INTO LAMBDA PI 
R2 -O, I I  0.03 
R2 -0 .  OB O. 04 
R2 -0 .  E4 O. 03 
R2 2 ( - 0 . 3O I  
82 -0.169 O . [ I 9  
RZ [ ( -O.  I 2 t  (0.021 
R2 ÷0 .05  0 .07  0.02 
R2 3 I-O,24)OR -0,24 
R2 . . . . . .  . .  
R2 AVERAGE'MEAN[NGLESS (SCALE FACTOR 

R3 YsI[IBBO) FROM KBAR N TO SIGMA 
R3 2 NOT SEEN 
R3 3 (+0.3O)OR +0 .29  

SQRT(PISP2) 
SMART 68 OPWA -0 K- N TO LAM PI 7188 
GALTIEBI 70 DPWA -0 K- N TO LAM PI 7170 
LITCHFIEL TO DPWA -O K~ N TO LAM PI 6/10 
LEA 73 DPWA MULTICHNL K-MTRX 9173 
DEVENISH 74 0 FIXED T DISP REL 4 /75  
BAILLON 75 IPWA KBAR N TO tAM PI I I / 75  
VANHDRN 75 OPWA O K- P TO LAM RIO [I275 
MARTIN 7T DPWA REAR N MULTICHNL 11/77  

= t .  OI 

PI SQRTIP[*P3I  9 / 73  
LEA 73 DPWA MULTICHNL K-MTRX R/73 
MARTIN 77 DRWA REAR N MULTICHNL I I / T7  

R4 YSE(1R80) FROM KBAR N INTO N K* {BgO) ,  P[ WAVE SQRT(P[$P41 
R4 4 - 0 . 05  0 .03  CAMERON2 TB OPNA K-P TO K*N [ 2 / 79  
R4 4 THE SIGN HERE IS CHANGED TO 8E IN ACCORD WITH THE BARYON-FIRST 121T9 
R8 4 CONVENTION, 12179 

R5 Y=[([BBO) FROM KERR N INTO N KsIBRO}, p3 WAVE SQRT(PI*PS) 
R5 +O. [ I  O.O3 CAMERON2 18 DPWA K-P TO KEN 12/T9 

• 5 . *~  * *=~ * * * * *  * * I * * . 5 . *  *= * * *~ * * *  * * *5 *55 * *  * * * * * . 5 . *  =*$ * * * * *$  * * * * *=5 *  

REFERENCES FOR Y* I | tBBO)  

SMART 68 PR [69  E~30 w M SMART (LRLIIJP 
BAILEY 69 THESIS UCRL-5O617 DAVID SAAL BAILEY (LRL LIVERMORE)IJF 
ARMENTER 70 DUKE CONF 123 ARMENTEROS, 8AILLON, + (CERN, HEIDEL I [ JP  
GALT[ERI 70 DUKE CONF 173 A BARBARO-GALTIERI ( LRL ) I JP  
LITCHFIE TO NP 822 289 P J LITCHFIELD IRUTHER~OROIIJP 

LEA 78 NP 856 77 +MARTIN~MOORHOUSE+ (RHEL+LOUC+GLAS+AARHUSIIJP 
DEVENISH T4 NP B81 330 DEVENISH,FROOGATT,NART[N(DESY,NOROITA,LOUCI 
BAILLON 75 NR 894 39 P. BA ILLON.P .J .  L ITEHFIELD (CERN.RHELIIJP 
VANHORN T5 NP 887 CAB A . J .  VAN HORN (LBL ) I JP  

ALSO 75 NP BET 157 A . J .  VAN HORN (LBL I I JP  

MARTIN 77 NP 812T 3Aq MABTIN,PIOCOCK,MOORHDUSE (LOUC+GLASIIJP 
ALSO 77 NP B126 266 MARTIN,PIDCOCK ILOUCI 
ALSO 77 NP 8126 2E5 MARTIN~PIOCOCK (LDUCI IJR 

CAMERON2 78 NR B[A6 387 +FRANEK.GDPAL,KALMUS.MCPHERSON*~(~HEL+EOICIIJP 
GOPAL 80 TORONTO CONF I59  G.P.GOPAL (RHELI IJP  

• ~ * * *  . 5 . * . 5 . 5 .  *=~ * * * * * *  * *~ * * * * * *  $5*55555*  * . 5~ * . 555  *$$ * * * * * *  ~ * * * * *5 .  
t #==$  $$#$¢ t * t .  =$~# I t#$~  =$ t= t *== t  $=#===# t=  l i t e r= t i t  t t ~ t t t $#  =~ t t t t #=  

I . . . .  EEl . . . . . .  12+ ' I = [  F ~  

SEE TVE MINI-REVIEW AT THE START CF THE Y* L ISTINGS.  

TPIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC- 
TION MEASUREMENTS OF COOL 66. IN THIS ENTRY, HOWEVER, 
WE LIST ONLY THE RESULTS FROM PARTIAL-WAVE ANALYSES. 

SEE THE NEXT ENTRY FOR THE PARAMETERS OF PEARS SEEN AREUND 1900-1950 
BEV IN CROSS SECTIONS AND [NVARIANT-MASS DISTRIBUTIONS, WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE FIE WAVE. 
SEE ALSO THE NOTE TO THE NEXT ENTRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4E Y* [ ( I g IS )  MASS (MEV) 

M I902.0 I [ .O  SMART 88 OPWA -0 K-N TO LANBOA PI 7/68 
M IRIO.O 20.0 8ERTHON 70 DPWA 0 K-P TO LAMBDA PI 7170 
M IgOO. O [5 ,0  BERTHON1 70 DPWA O K-P TO SIGMA Pl 10/70 
M N EgS8, O (8,0) BRICMAN[ TO DRWA SIGTOT,ELAS,EHEX I /T [  
M lgDO. O lO .O  COX 70 OPWA - N -N  TO EANBDA P l  6 1 7 0  
N IR05.O B0.0 GALTIERI 70 OPWA O K-P TO LAMfiDA P[ T/70 
M [895.0 IO,O LITCHFIEL 70 DPWA -O K-N TO LANBDA P[ 6/?0 
½ [9[0.  [5 ,  LITCHFIE ?[ DPWA K-P TO KRAR N lOITI 
M 6 I [925.D) (8.0)  KANE 72 DPWA O K-P TO Pl SIG 10/71 
M 6 KANE 72 IS SURERFOEO BY KANE 74 .  
M IB2O,O (5.0)  KANE 74 DRWA K-P TO PI SIG 12/EI5 
M 1920. BO. BAILLON 75 IPWA REAR N TO LAMP[ I i / 75  
M 1916. tO. HEMINGWA 75 DPWA 0 K- P TO KBAR N [ I / 78  
M 1920. E5, 20. VANHORN 7S OPWA O K~ P TO LAM PIO I [ /T5 
M ( l g t 5 .  l BELLEFON 76 IPWA O K- P TO LAM PI  2 /T7 
M 3 IgOO. 8. CORDEN 76 DPWA - K- N TO PI-  LAB 2/77 
M 3 PREFERRED SOLUTION 3, SEE CORDEN 76 FOR OTHFR POSSIBLILITES. 2/77 
M 3 EORDEN T6 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE 
M [ E894. 5. CORDEN[ 77 - K- N TO PI SIG 11177 
M 2 IGOR, 5. EDROEN[ 77 K- N TO ~I SIG I1177 
M 1 THE 2 ENTRIES FOR CORDEN[T7 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS, [ I / 77  

DECLAIS 77 DPWA REAR N TO KBAR N [178 M NOT SEEN 
M 4 1925, CR 1933. MARTIN 77 DPWA KBAR N MULTICHhL 1[177 
M 4 THE TWO ENFR[ES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF RESONANCE 
M 4 PARAMETERS FREM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY, 
M E920. tO, RLIC 77 DPWA KBAR N MULTIEHNL LIT6 
M [987. 20, ALSTON 78 DPWA KBAR N ELASTIC [ /78 
M N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W,ANAL. INELUOED LIT1 
M . . . . . . . . .  
M AVERAGE MEANINGLESS [SCALE FACTOR = 1.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8E Y5[(1915) WIDTH (MEV) 

W A (50.0) 120. Of ARMENTERE 67 DPWA 0 ELASTICt EH EXCH I I / 87  
W 52,0 25,0 SMART 68 CPWA -O K-N TO LNMBDA PI 7168 
w 60 .0  2O.O BERTHON 70 DPWA O K-P TO LAWBDA PI 7 / 70  
W 75.0 20.0 3ERTHONI 70 DPWA O K-p TO SIGMA PI [0170 
W 138.0 [2 .0  8RICMANI TO DPWA SIGTOT,ELAS,CHEX I/T1 
W 77.0 27.0 COX 70 OPWA - K-N TO LAMBDA P[ 6170 
W 70.0 20.0 GALTIERI 70 DPWA 0 K-p TO LANBDA PI 7/70 
W 7O.O 15.0 LITCHFIEL 70 OPWA -O K-N TO LAMBDA PI 6/70 
W 70. EB. L ITCHFIE 7 I  DPWA K-P TO KBAR N I 0 / 71  
w 6 ( [46,0) (22,0] KANE 72 OPWA 0 K-R TO Pl SIG 1017I 
W [62.0 (25.0) KANE 74 DPWA K-P TO Pl SIG 12/815 
w 70. 20. BAILLON 78 IPNA KBAR N TO LAM Pl 21175 
W 85. I5 ,  HEMINGWA 78 DPWA O K- P TO KBAR N I1/15 
W E02. iB.  VANHORN 75 DPWA O K- P TO LAB PIO II173 
W (60.) BELLEFON 76 IPWA O K- P TO LAMP[ 2/77 
W 8 75, [4.  CORDEN 76 OPWA - K- N TO Pl -  LAM 2177 
M I [07.  [4.  CORDENI 77 - K- N TO PI BIG I I / 7T  
W 2 85, LB. COROENE 77 - K- N TO PI BIG l i l t 7  
W 4 I7 [ ,  OR [73. MARTIN 77 OPNA K8AR N MULTICHML 1E/77 
W 180. [0 .  RLIC 77 DPWA KBAR N MULTICHNL 1/76 
W I6 I .  20. ALSTDN 78 OPWA KBAR N ELNSTIC [ /78 
W A LACK ~ DATA PREVENTS FROM DETERMINING UNAMB. THIS ABPLITUDE I I / b7  
W 
W AVERAGE'MEANINGLESS'(SCALE'''''" FACTOR = I . q l  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
~(1915), £(1940) 
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For.notation, see k 

Data Card Listings 
ey at front  o f  Lis,ings. 

46  Y* I ( I g l 51  PARTIAL DECAY MODES 

DECAY MASSES 
Pl Y* I ( I g IS )  [NTE N KBAR g38+ 493 
P2 Y* I I I q l 5 )  INTO LAMEDA P I  1115+ 139 
P3 Y* I (1915)  INTO SIGMA Pl lIED+ 139 
P4 Y~[(1915) INTO Y* I ( I 3B5 )  P[  P-WAVE 139+1385 
P5 Y .1 (1915 )  INTE Y* l ( 1385 )  P l  F-WAVE 139+1885 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

46 Y* I ( I q lB )  BRANCHING RATIOS 

RI  Y,1(I9151 INTE (KBAR N I /TOTAL  (P l l  
R I  A 10.12) (O.Ol)  ARMENTERt 67  DPWA 0 ELASTIC, EH EXCH 11287  
RI O. lB (0 .02 )  BRICMAN[ TO DPWA SIOT~T,ELAS,C~EX 1/71 
RI 0.11 10.03) CONFORTO 710PWA 0 ELASTIC, CH EXCH 6270 
RI 0 .15 (0 .04)  LITCHFIE 71 DPWA K-P •0 KPAR N i0 /71  
RI O. i i  (0 .04 )  HE~INGWA 7fi OPWA 0 K-  ~ T~ KBAR N 11/75 
R I  4 (OlO8)nR O.OB MARTIN 77 DPWA K8AR N MULTICHNL 11/77 
RI C (O.05l  (0 .03)  RLIC 77 DPWA REAR N MULTICHNL 1 /76  
R[ C (KBAR N)/TOTAL FROM RLIC 77 IS SUPERSEDED BY GOPAL 80. 
RI 0 .14 ( 0 . 05 l  ALSTON 78 DPWA KRAR N ELASTIC 1/78 
R1 5 0 .03  (0.Q21 OOPAL BO OPW& KB&~ N ELASTIC 12E8 [ *  
RI 5 MASS AND WIDTH FIXED TO RLIC T7 VALUES DUE TO LOW ELASTICITY. 12 /B l *  

RE Y* I ( l q I 51  FRO~ KBAR N INTO LAMBOA PI  SQRT(P[*P2) 
R2 -0 .08  (0 .02 )  SMART 68 OPWA -0  K-N TO LAMBDA PI 7/~8 
R2 -0 .  I (0 .02)  BEQTHON TO DPWA 0 K-P •D  LAMBDA Pl 7170 
R2 -O. OB (0 .021  COX 70 DPWA - KIN TO LAMBDA Pl 6/70 
R2 -O . l [  (0 .03)  GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7/70 
R2 -0 .07  (0.0151 LITCHFIEL 70 OPWA -o  KIN TO LAM8DA P[ b /70 
R2 -O.DE7 (O. OBbl DEVENISH 74 O FIXED • OISP REL 4/75 
R2 -0 .06  (O.O2} BAILLON 75 IPWA KBA~ N TO LAM Pl 11/75 
R2 -O.OB (0 .02 |  VANHORN 75 DPWA D K1 P TO LAM PIG 11175 
R2 ( - 0 . ( 0 )  BELLEFON 76 IPWA 0 K- P TO LAM P( 2/?7 
R2 B -0 .10  0.01 CORDEN 76 DPWA -- K- N TO P I -  LAM 2/77 
R2 4 (-O.O~}UR -O. Oq MARTIN 77 DPWA KBAR N MULTICHNL I I / 77  
R2 -8 .0~  (0 .03 )  RLIC 77 OPWA KBAR N MULTICHNL i / 7b  

83 ~I(1915) FROW KBAR N I~TD SIGMA P l  SOREIPE*P31 
R3 A (0 .00 )  (0 .01 )  ARMENTERO 67 DPWA 0 K-P TO SIGMA PI  11 /67  
R3 -0 . I 3  (O. B3) BERTHONI 70 DPWA 0 K-P TO SIGMA PI  I 0 / 70  
R3 - 0 . 06  (0 .03(  OALT[ER] 70 OPWA 0 K-P TO SIGMA Pl 7/70 
R3 6 I - 0 . 137 )  (0 .018)  KANE 72 DPWA 0 K-P TO P( S[G 10 /71  
R3 -0 .18  (0 .03 )  KANE 74 DPWA K-P TO R( 81G 12/B1* 
R3 1 ~0 .17  O. BI CDRDEN1 77 - K- N TO PI SIG [ I / 77  
R3 2 -0 .15  0 .02  CORDENI 77 K-  N T0 P I  S IG L1 /77  
R3 4 {-O.05)OR -0 .05  MARTIN 77 DPWA K8AR N MULT[CHNL 11/77 

- 0 . 19  (0 .03)  RLIC 77 DPWA KBAR N MULTICHNL I /7b R5 
R3 . . . . . . . . .  
R3 AVG ~DO 0 .166D  O. OUBB ~V£RAGE (E~RqR [NOLOOES SCALE FAOTOR OF ~ .0 )  

R# Y$1 [ [ g [ 5 }  FROM KBAR N INTO Y* I (EBSS}  P( P-WAVE SQRT(PI*P41 
R4 LESS THAN O.O1 CAMERON 78 DPWA O K-P T0 S(1355)P[ 1/78 

R5 Y'1(19151 FROM KEARN INTO Y* [ (1385)  P( F-WAVE SQRT(PI*PS) 
R5 B +0 .039  0 .009  CAMERON 78 OPWA 0 K-P TO S (1385 )P I  I /E8  
R8 5 THE SIGN IS CHANGED TO BE IN ACCORD WITH THE 8ARYDN-F]RST 12/79 
R5 5 CONVENTION. L2 /79  

REFERENCES FOR Y* [ ( [ ~ IS )  

ARMENTER 67  PL 248 IS8 
ARNENTE1 67 NP B3 592 
SMART 68 PR 16B 1330 

BERTHON 70 NP 820 4E6 
BE~THON1 70 NP 824 417  
BRICMANI 70  PL 03E EE l  
COX 70  NP B Ig  61 
GALT IER [  70 DUKE CONF lTB 
L [TCHF IE  70  NP B22  269  

CONFORTG 71 NP B34 41 
L ITCHF IE  71NP  830  125 
KANE 72 PR D5 1583  
DEVENISH 74 NP BB [  330  
KANE 74 LBL-2452 

BAILLON 75 NP BgA 39 
HEMINGWA 78 NP B91 12 
VANHORN 7B NP B87 145 

ALSO 75 NP BE7 I 57  

BELLEFON 78 NP B [09  128 
CDROEN 76 NP 8104 382 

CDROEN[ 77 NP B l25  E[ 
DECLAIS 77 CERN 77 -15  
MARTIN 77 NP 8127  34g  

ALSO 77 NP B126  266 
ALSO 77 NP B126  285  

RLIC 77 NP B119 362  
ALSTON 78 ~R DID 182  

ALSO 77 PRL 38  1007 

ARMENTEROS,FERRO--LUZZ[÷ ICERB,HEID,SACLAY) 
ARMENTEROS,EERRO-LUZZI÷ (CERN, HEID, SACLAY) 
W M SMART (LRL I I JP  

÷R&NGAN, VRANA,  +(COL FRANCE, RHEL, SACLAVIIJP 
÷VRANA, 8UTTERWORTH, + (CDEF,  RHEL,  SACLAY)IJ 
÷FERRG-LU~ZI,LAGNAUX (CERN) 
÷ISLAM, COLLEY,+ (EIRM, EG(N, GLAS,LOICIIJP 
A 8ARBAR~GALTIERI (LRL)IJP 
P J LITCHFIELD (RUTHEBFORDIIJP 

*LEVI SE•TI,LASINSKI..DBERLACK++ IEEIeHEIDI IJP 
L[TCHFIELDI...+LE8QUOY~÷.. (RHEL÷CDEF÷SACLIIJP 
O FKANE {LBL)IJP 
OEVENISH,ERUGOATT,MARTIN(DES~,NORDITA,t~UC( 
D.F.KANE (LBLI IJP 

P.  BAILLON,P. J .  LITOHFIELD (CERN,RHELIIJP 
HEMINGWAY, EADES,HARMSEN+ (CERN,HEID,MP[MIIJP 
A. J .  VAN HORN (LBL)IJP 
A. J.  VAN HORN (LBLI IJP 

DE 8ELLEFON,8ERTHCN (CDEF I I JP  
+COX,DARTNELL,KENYONIENEALE,SUMOROK÷ (81RM)IJP 

+COX, KENY~N~UNEALE,STUBBS,SU¥~QK+ (B IRMI [ JP  
+OUCHON,LOUVEL,PATRY,SEGUINOT+ (CAEN÷CERN)IJP 
MARTIN,PIDOOCK,MCORHOUSE (LOUC÷GLASIIJP 
MART[N,PIDCOCK (IOUC) 
MARIIN,PIDCOCK (LOUCIIJP 
GOPAL~ROSS,VAN HORN,MCPHER SEN+ (LOIC+RHELIIJP 
+KEN~EY~PDLLARO,ROSS+ (LBL+MTHO+CERN)IJP 
ALSTON-GARNJOST,KENNEY (LBL+MTHO+CERN)IJP 

CAMERON 78 NP BL43 189 *FRANEK,GDPAL,BADON,BUTTERWORTH÷IRHEL÷LOIC)IJP 
GOPAL 80  TORONTO CONF I59  G.P .GOPAL [RHEL I I JP  

PAPERS NOT REFERRED TO IN DATA CARDS 

SMART 66 PRL 17 556  W M SMART,A KERNAN,G E KALMUS,R P ELY (LRL)IJP 
SUPERSEDED BY SMART 68. 

CONFORTO 68 NP 88 26S +HARMSEN, LASINSKI, + (CHICAGO, HBIOEL) 
SUPERSEDED BY CONFDRTO 7 [ .  

1915 MEV REGION - PRODUCTION AND (~ EXP'TS 

2g Y~ I ( I q I 5 ,  JP= ) I = l  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START CF THE Y# LIST[NGS. 

SEE •HE NOTES TO THE Y~1(E915) AND Y=1(1940), WHICH 
IMMEDIATELY PRECEDE AND FOLLOW THIS ENTRY. HERE WE 
LIST ONLY PARAMETERE OF PEAKS SEEN IN CROSS SECTIONS 

AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS-SECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATEO WITH THE F[8 Y * I (E9 [B I  SEEN IN PARTIAL-WAVE 
ANALYSES. 7HE INVARIANT-MASS PEAKS SEEM MORE LIKELY •E BE ASSOCIATED 
WITH THE OL8 Y*(E~40) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 Y * I ( l g IS )  MASS tMEV) [PROD. EXP*) 

M CROSS-SECTION PEAKS - -  
M 1905 .0  5 .0  BUD0 88 C~TR K -P [  D TOTAL 1126b  
M 1906 .D  6 .0  BRICMAN 70  ENTR o TUTAL AND CH EX 6 /70  
M 1912 .0  i 0 . o  COOL EO CNTR K-P~ O TOTAl. 10 /70  

INVARIANT-~ASS-OISTRIBUT(UN PEAKS - -  M 
M ( l g42 .0 )  ( 9 . 0 )  BOOK 65  HBC PEAR P 5 .7  BEV/C 
M 1940 .0  11 .0  AGUILAR 70  HBC ÷ 3 .9 -4 .6  GEVIE  K~ 5 /70  
M 42  1979 .  14 .  BRIEFEL  77  HBC ÷ Xl  K MODE 2 .9K -P  1 /78  
M 8 2OOl Ig [O . I  ( 17 . )  FERRER 810MEO PI-P 9 , ] 2  GEV/C 2182 "  
M B BACKWARD PRODUC•ION IN LAMBDA P l -  K+ FINAL STATE. 
M ELASTIC DCS - -  2/73 
M I 1931. g .  DAD0 72 HBC 0 K-P ELSTC DCS 2 /73  
M [ 07 INDICATED ~Y LEGENORE COEFFS.,G9 NOT RULED OUT. 2173 

M AVERAGE MEANINGLESS (SCALE FACTOR = 2.7)  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 YeI (EB[5}  WIDTH KMEV) (PROD. EXP.I 

W CROSS-SECTION PEAKS - -  
W bO.O 10 .0  BUOG 68 ENTR I1 /66  
w 50lo 12.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
W (30.0)  COOL 70 CNTR Kip,  D TOTAL TO/TO 

INVARIANT-MASS-OISTRIBUTION PEAKS - -  w 
W (3a.O) (20 .0 )  (36 .0 )  BOOK 65 HBC 

90.0 20.0 AGUILAR 70 HBC ÷ 3 .9 - -4 .6  GEV/C K- 5270 W 
W 42 69. 32. 8RIEFEL 77 HBC + X( K MOOE 2.9Klp i278 
w B 200 (87 . )  ( 25 . )  FERRER BI ONEG- PI-P B,E2 GEVID 2/82~ 
w ELASTIC DES - -  2 / 73  
w I 70. E4. DADO 72 HBC 0 K-P ELSTC DOS 2173 
W . . . . . . . . .  
W AVERAGE ~EANINGLESS (SCALE FACTO~ = E.O~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 Y * I ( I gES I  PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P I  Y * I ( I gES I  INTO N KBAR 938+ 493  
P2 Y* [ ( 1915 )  INTO LAMBDA P l  11L5+  E34 
P3 Y~ l (Eg ]5 )  INTO SIGMA Pl [ IBg÷  139  
P4 Y * I ( I g I 51  INTO X( K 13E4+ 493  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

29 Y~ l { [ 915 )  BRANCHING RATIOS (PRO0. EXP.) 

R I  Y=1(1915) IN IE  (KBAR N)/TOTAL (P l )  
R1 THESE VALUES OF ELAS• IC IT IES  ASSUME J=5 /2  - - -  
RI O.OB BUGG 68  CNTR ASSUMING J=5 /2  B /68  
RI 0 ,07  0.02 8RICMAN 70 CNTR 0 TOTAL AND CH EX 6170 
R[ O.O? COOL 70 CNTR K-Of 0 TOTAL iO/7O 
RI  I THIS ELASTICITY ASSUMES J=T /2  2273 
RI  I 0 .62  0.08 DAOO 72 HBE O K-P ELSTC DES 2 f73  
R I  . . . . . . . . .  
R I  AVG O.lO 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 6 .7 l  

R2 Y * [ ( I q I 5 l  [NTE (KBAR N)/(SIGMA E l l  (P I ) I [PB (  
R2 (0 .37 )  OR LESS BARNES 6B HOE + I STAN. OEV. 10 /69  

R3 Y* I ( IQE5 )  INTO (LAMBDA PI ) / IS IGMA P l )  (P2) / (PB)  
R3 (0 .28 t  OR LESS BARNES 69 HBC ÷ I STAN. DEV. 10269 

R4 Y '1 ( [ 915 ]  INTO (X I  K ) /TOTAL  IP4 I  
R4 42  SEEN 8R IEFEL  77  HBC + K-P  2 .87  DEV 1 /78  

BUCK 65 PL 17 16~ 
COOL 6b PRL 16 [228 

SUPERSEDED 8Y COEL 70 .  
BUGG 68 PR 168  1466 
BARNES 69 PRL 22  479  

AGUILAR 70 PRL 25 88 
BRICMAN 70 PL 31B 152 
COOL 70 PR 0 [  1887  
DADO 72 PRL 29 1688 
8RIEFEL ?T PRO 16 2706  
FERRER 81 NP 8178  373 

REFERENCES FOR Y I I ( I g IB (  (PROD. EXP.) 

*00QPEB,FRENOH,R INSUN*  + (CERH,SAOLAY)  t 
eGIACOMELLI,KYDIA,LEONTIC,LI,LUNDBY,+ (BNLI I 

+GILMORE,KNIGHT,DAVIES* (BIRN,CAVE,RHEL)I 
÷FLAMINIO,MONTANET,SAMIOS + (8NL÷SYRA) 

AGUILAR-BENITEZ, BARNES, • (8HL,SYRAI 
+FERRO LOZZI, PERREAU,÷ (CERN~CAEN,SACLAYI 
+GIACOMELLI, KYEIA, LEONTIC. L I ,  ÷ {BNL) I 
÷81RMAN,GGLDBERG,WEISS (HAIFIJP 
+GOUREV|TCH,CHANG+ (BRAN÷Lff~D÷SYRA*TUFTI 
+TREILLE,RIVET,VOLTE÷ (CEBN÷CDEF÷EPOL÷LALOI 

PAPERS NOT REFERRED TO IN DAT~ CARDS 

PRIMER b8 PRL 20  610 ÷GOLO8ERG~JAEGER,BARNES,OORNAM + (SYRA,BNL) 
SL~ERSEDED BY BARNES 69 AND AGUILAR-8ENITEZ 70. 

1 (194o)1 . . . . . . . . . . . . . . . . . . . . . .  

EEE THE MINI-REVIEW AT THE START OF THE Y$ LISTINGS. 

SOME, NOT ALL. PARTIAL WAVE ANALYSES SUGGES• A STATE IN 
7HIS REGION. IT IS PERHAPS ASSOCIATED WITH THE BUMPS 
SEEN IN PRUDUCTION EXPERIRENTS HEAD THES MASS (SEE THE 
PRECEDING ENTRYI. THIS STATE IS NOT RE~JIREO IN 
K- NEUTRON TO (P l  SIGMA)- ANALYSIS OF GOYAL 77. KBAR N 
ANALYSIS (GOPAL 80) WITH K- NEUTRON ELASTIC DATA 
DOES NOT REQUIRE THIS STATE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~B Y .1 (1940 )  MASS [MEV}  

M 1 9 4 0 . 0  5 0 , 0  GALT IEB I  TO DPBA K-  N TO LAMP[  7 /70  
M 1940 .0  40 .0  GALT IER [  70 OPWA K-P TO S(OMA P [  7 / 70  
M 1940.0 30.0 LITCHFIEL 70 OPWA K- N TO DAM P] 7/70 
M 9 ( I 985 .0 )  { 5 . 0 )  KANE 72 OPWA 0 K-P TO P( SIG 10 /7 I  

9 KANE 72 IS  SUPEREOEO BY KANE 74 .  M 
M 2 (1865. |  LEA 73  DPMA MULTICHNL K-MTRX 9/73 
M 2 ONLY UNCONSTRJINED STATES FROM TABLE 1 OF LEA73 ARE IN LISTINGS. B/73 
M [q35.0 (80.0% K&NE 74 DPWA K-P TO PE BIG LZ/BLt 
M 1940. 20. LITCHFI2 74 OPWA O K--P TO L ( [ 520 )P l  10/74 
M 1950 .  20 .  L ITCHF I3  74  DPWA 0 K-P  TO KBAR DEL 10 /74  
M Ig50. 30. BAILLUN ?B lPWA KBAR N TO LAMP[ I I 175  
M 1949. 40. 60. VANHORN 75 OPWA 0 K- P TO LAM PIO 1 [ /75  
H 4 ( 1940 . )  8ELLEFON 76 lPWA 0 K -  P TO LAW P|  B /77  
M 4 SLIGHT BUMP 1N MODUL~S OF F7 WAVE. 2177  
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Data Card Listings 
For notation, see key at front of Listings. 

M 
M 

M lq20 .  50. RLIE 77  DPWA 
M 
M AVERAGE MEANINGLESS KSCALE FACTOR = I.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 1886. OR 1893. MARTIN T7 DPWR KBAR N MULTICHNL [ I /T7  
5 THE TWO ENTRIES FOR MARTIN 7T CORRESPDNO TO EXTRACTION DE RESONANCE 
S PARAMETERS FROM THE T-MATRIX POLE AND FROM A 8-W FIT, RESPEGTIVELY* 

KBAR N MULTICHNL I /7b 

55 V ' l (1960)  WIDTH IMEV) 

W 200.0 50.0 GALTIERI TO OPWA K-  N TO LAM P) 7170 
W 200.0 50.0 GALTIERI 70 DPWA K-P TO SIGMA PI  7170 
W 280.0 40.0 LITCHFIEL TO DPWA K- N TO EAN P) 7110 
w 5 ( 208 .0 )  ( 22 .0 )  KANE 72 DPWA O K-P TO P I  S IC  lO /7 I  
W 2 ( I08.9)  LEA 73 DPWA M~JLTICHNL K-MFRX 9173 
W 350.0 (BO.O) KANE 74  DPWA K-P TO P[ SIG 12/81" 
w 60 .  20 .  L ITCHF I2  76  DPWA 0 K-P  TO L l I 5201P [  IO /T4  
W 70 .  30. 20. LITCHF[3 T40PWA 0 K-P TO KBAR DEL 10/74 
W 150. 75 .  BA[LLON 75 IPWA KBAR N TO LAM P) 1 1 / T 5  
W 160. 70. 40. VANHORN 75 DPWA 0 K- P TO LAM PIO 11/75 
W 5 15T. OR 155. MARTIN 77  DPWA KBAR N MULTICHNL I I / 77  
W 300. BO. RLIC 77 DPWA KBAR N MULTICHNL I /T6 
W [70 .0  25 .0  CAMERONZ 78  DPWA K-P TO K* (8qO)  N 12 /79  
W 
w AVERAGE MEANINGLESS (SCALE FACTOR = 2.3) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58 Y.1(1940] PART IAL  DECAY MODES 

DECAY MASSES 
P1 Y*I(EN4~)) INTC N RBAR 938+ 693 
P2 Y$1 ( [ 940 )  INTO LAHBDA Pl ILL5÷  139 
P3 Y tL [L940 )  INTO SIGMA PI  l lBO÷  135  
P~ Y~1 (L940 )  INTO Y#G( [B2O)  P [  P-WAVF 136÷1520  
P5 Y* I (Eq40 )  INTO Y*O( IBZO)  P I  F-WAVE 134+1520  
P6 Y~1 (1040 )  [NTD KBAR DELTA(12321  S-WAVE 493+1232  
P7 Y t l I I 940 )  INTC KBAR DELTA[12321 D-WAVE 493+1232 
P8 Y$1 (1940 ]  INTO Y~ I I I 3B5 )  P l  S-WAVE 1 3 9 + 1 3 8 5  
P9 Yt[(1940) INTO N K* (B90 )~  $3 WAVE 539+ 891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~8 Y * l I I 9401  BRANCHING RATIOS 

E l  Y$1 (1940 )  INTO (KBAR NI /TOTAL  (E l l  9/75 
Rl  2 [0 .21 )  LEA 73 DPWA MULTICHNL K-MTRX 9173 
RI 5 (O.[4)OR 0.13 MARTIN TT DPWA KBAR N MULTICNNL 11/77 
RI LESS THAN O. O4 RLIE 77 DPWA KBAR N MULTIE~NL 1 /76  
RI NO SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT 0.03 IN THE l i l TS  
R I  ANALYSIS OF FEMINGWAY 75 .  i I / T5  

R2 Y*1 (1940 I  FROM KBAR N INTO IANBDA P l  SQRT(PI~P21 
R2 -0.12 0.04 GALTIERI 70 DPWA K- N TO LAM PI T/70 
R2 -O*I4 0.03 LITCHFIEL 70 DPWA K- N TO LAM PI 7170 
R2 2 (-0.11) LEA 73 DPWA MULTIEHNL K-MTEX 917~ 
R2 -0 .153  0 .070  DEVENISH 74 0 FIXED T DISP REL 4 /75  
R2 -0.04 0.02 BAILLON 75 IPWA KBAR N TO IAM PI 1117S 
R2 -0.05 0.03 O.O2 VANHORN 7S DPWA 0 X-P TO LAM RiO 11115 
R2 5 (-O.15IOR -0 .16  MARTIN 77  OPWA KBAR N MULTICHNL IT / IT  
R2 -0.06 O. OB RLIO 77 DPWA KBAR N NULTICHNL |IT6 
R2 . . . . . . . . .  
R2 AVERAGE MEANINGLESS (SCALE FACTOR = 1.5l 

R3 Y# I I I 940 ]  FROM KBAR N INTO SIGMA PI  SQRTIPI*P3) 
GALTIER[ 70  DPWA R-P TO SIGMA P] 7 /70  R3 - 0 . 12  0.03 

R3 9 [ - 0 . 053 l  ( 0 . 006 )  KANE T2 DPNA O K-P TO PI  S IG 10 /T1  
73 OPWA MULTICHNL K-MTRX 9 /73  R3 2 NOT SEEN LEA 

R3 -0.14 GO. D4) KANE 76 DP~A K-P TO Pl  SIG 12181* 
R3 5 (÷O,Eb)DR ÷O.[6 MARTIN TT OPWA KBAR N MULTICHNL 11/77 

-O.O8 0.04 RLIG 77 DPWA KBAR N MULTICHNL 1 /76  R3 
R3 . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = 1 .0 }  

R4 Y=1(1940) FRDM KBAR N TO Y=O(L5EOI Pl P-MAVE SORT(P[*P~) 
R4 1 - 0 . 1 [  0 . 04  L ITGHF I2  74 DPWA O K-P TO L ( IS201P I  LO/7~  
R4 1 ASSUMES LAMBCA(IEEOI ELASTICITY=.45tSIGN RLTV. TO SI0(2030) DECAY. 10174 
R4 6 LESS THAN 0.03 CAMERON 77 DPWA O K-P TO L(152D)Pl 1178 
R4 6 ASSUMES LAMEDA(1520) ELASTICITY=.46. 1 /78  

R5 Y* I  1940) FROM KBAR N TO Y*O(1520) PI F-WAVE SQRTIPI*P5) 
R5 1 -O .OB  0 .04  L ITCHF ]2  76 DPWA O K-P TO L I i 520 )P I  10 /74  
R5 I ASSUMES LAMBDA(1520) ELASTICITY=.45,SIGN RLTV. TO SIG(2OBOl DECAY. 10/74 
R5 6 0.0E2 0.021 CAMERON 77 DPWA O K-P TO L(E52O)PI 1 /78  
R5 6 ASSUMES LAMBDA(1520 )  ELASTICITY=.46. 1 /78  
R5 . . . . . . . . .  
R5 AVERAGE MEANINGLESS (SCALE FACTOR = I .O) 

R6 Y* l ( l q4O)  FROM KBAR N TO KBAR DELTA(1232 )  S-WAVE SQRTIPI*P6) 
R6 3 -0.16 O. OS LITCHFI3 76 DPWA O K-P TO KBAR DEL 10/76 
R6 3 SIGN RELATIVE TO SIGMA(2O3O] DECAY 10 /74  

R7 Y* I I IQ4O l  FRO~ KBAR N TO KBAR DELTAII232) D-WANE SQRTIPISPTI 
R7 3 - 0 . 14  0 .05  L ITCHF I3  74 GPWA O K-P TO KBAR DEL L0 /74  
RT 3 SIGN RELATIVE TO SIGMA(2030) DECAY IO /T4  

RB y . 1 ( 1 9 ¢ , , 0 )  FROM KBAR N TO Y* I I [385)  P) S-WAVE SQRTIPL*PB)  
RB T ÷0.066 0.025 CAMERON T8 DPWA 0 K-P TO S(1385)Pl 1/78 
R8 T THE SIGN IS CHANGED TO BE IN ACCORD WITH THE BARYOK-FIRST 12/T9 
RB 7 CONVENTION. 12179  

R9 Y$1(1940) FROM KBAR N INTO N K~ (BgO) ,  S3 WAVE SQRT(P I~P9 )  
Rg B -0 .09 O. O2 CAMERONE 78 OPWA K-P TO R*N 12/79 
R5 B UPPER LIMITS ON THE DI  AND D3 WAVES ARE EACH 0.03. [2/79 

***~** ********* ********* *******=* ********* ********* ********~ *$****** 

REFERENCES FOR Y*I(E940I 

GALTIERI 70 DUKE CONF 173 A 5ARBRRO-GALTIERI (LRLliJP 
LITCHFIE 70 NP B22 265 P J LITCHFIELD (RUTHERFORD)IJP 
KANE 72 PR DE 15E3 O F KANE (LBL)IJP 
LEA 73 NP B56 T7 ÷MARTINsMOORHOUSE÷ (RHEL+LOUC+GLAS÷AARHUSIIJP 

DEVENISH 74 NP BBI 330  DEVENISH,FROGGATT,MARTIN(DESY,NORD[TA.LOUC) 
KANE 74 LBL -2452  D .F .KANE (LBL I I JP  
L ITCHF I2  74 NP BT4 19 L ITCHF IELO,HEMINGNAY*BA ILLON,÷  (CERN+HEIO I I JP  
LITCHFI3 74  NP B74 35 LITCHFIELD,HEMINGWAY,EAILLONt~ ICERN+HE[D I I JP  

Baryons 
£(1940),  .(2000) 

BAILLDN 75 NP 854 35 
VANHORN TS NP B87 Ik5 

ALSO 75 NP 887 15T 

BELLEFON 76 NP BlOW 129 
CAMERON TT NP 513L  399  
MARTIN 77 NP B I2T  340 

ALSO 77 NP B I26  266 
ALSO 77 NP B126  285  

RLIC 7T NP B I I 9  3E2 
CAMERON 7B NR BL43  18~ 
CAMERON2 78 NP f i t 46  327 

HEMINGWA 7S NP 591 12 
GOYAL 77 PR 016  2746 

P. BAILLON,P .  J .  L ITCHF IELD  {CERN,RHEL I I JP  
A. J .  VAN HORN (LBL ) I JP  
A .  J .  VAN HORN (LBL ) I JR  

DE BELLEFONtBERT~ff)N (ODEF) I JP  
÷ERANEK,GOPAL,KALMUS,MCPHERSON÷ (RHEL+LOIC)IJR 
MARTIN. PIOCOCK,MDORHOUSE ILOUC÷GLASIIJP 
MARTIN,PIDCOCK (LOUGI 
MARTIN ,P IDCOEK (LOUCI I JP  
GOPAL,RDSSeVAN HORNtMCP~ERSON+ (LO [C+RHEL) I JP  
+FRANEK,GOPAL,BACON~BUTTERWORTH+(RHEL÷LOIE)IJP 
+FRANEKvGOPAL.KALMUSTMCPHERSON~÷IRHEL+LOICIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

HEMINGWAY, EAOES,HARMSEN+ (CERN, HEIO,MPIM)IJP 
+SODHI (DELHI) 

$ * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * *$ * *  * * * * * * * * *  * * * * * * * * *  . i * * * * * , *  * * * * * * * *  

1 (2ooo)1 . . . . . . . . .  o . . . . .  . . . . . .  
NE LIST HERE ALL REPORTEO $11 STATES LYING ABOVE 
THE Y*I(17501 

02 Y* I { 20001  MASS (MEVI  

M 2004. ~O* VANHORfl 75 DPWA O K-P TO LAM PlO IE/75 
H I 1755. OR E834. MARTIN 77 OPWA KBAR N MUtTICHNL LLIT7 
N I THE TWO ENTRIES FOR MARTIN 77 CORRESPOND TO EXTRACTION OF PE SONAN~E 
M [ PARAMETERS FROM THE T-MATRIX POLE AND FROM A B-W FIT, RESPECTIVELY. 
M I955. 15. RLIC 77 DPWA KBAR N MULTICHNL 1/76 
M [944.0 (15.0} GOPAL BO OPWA KBAR N ELASTIC I21BI* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

02 Y*I(20OO) WIDTH (MEV) 

W 116. 40. VANHORN 75 OPWA D K-P TO LAM PlO 11 /75  
w I 413. DR 450. MARTIN 77 DPWA KBAR N MULTICHNL 11/77 
W ITO. 40. RLIC 77 OPWA KBAR N MULTIGHNL 1176 
W 215.0 (25.0) GDPAL 80 OPWA KBAR N ELASTIC 12/81~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C2 Y*I(2ODO) PARTIAL DECAY MODES 

DECAY MASSES 
PI Y*I(20OO) INTE N KBAR 538+ 493 
P2 Y*I(200O) INTO LAMBDA PI  1115+ 134 
P3 Y=I(20001 INTO SIGMA P) 1197" 139 
P4 Yt l I2000} INTO LAMBDA(L520) P) I39+1520 
P5 Y* [ ( 20001  INTO N K~ IBRO) ,  SI  WAVE 939÷  891  
P6 Y t I ( 2OOO)  INTO N K= (890 } ,  D3 WAVE 539÷  BOL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C2 Y * I I 20OO}  BRANCHING RATIOS 

R[  Y * I ( 20OO)  INTC (KBAR N I /TOTAL  {P I )  1 / 76  
R I  l ( 0 . 621OR 0 .57  MARTEN 77 DPWA KBAR N MULTICHNL 11 /TT  
R1 C (0.44I  [O. OS) RLIG 77 DPWA KBAR N MULTIG~NL 1176 
RI C (KBAR N)/TOTAL FROM RL[C Tl IS SUPERSEDED BY GOPAL BO. 
R) 0.51 (O.OSI GOPAL 80 OPWA KBAR N ELASTIC 12181~ 

R2 Y*I(20OO) FROM KBAR N INTO LAMBDA PI SQRTIPl*P2) 
R2 NOT SEEN BAILLDN 75 IPWA KBAR N TO LAM Pl I t /T5 
R2 +0.07 0.02 O.OI VANHORN 75 DPWA 0 K-P TO LA~ PIO II17S 
R2 i [-O.L5)OR -0.18 MARTIN 77 DPWA KBAR N MULTICHNL I 1 / 7 l  
R2 0.08 0.03 RLIC 77 OPWA KBAR N MULTICHNL i176 

R3 Y$1(2OOOI FRCM KBAR N INTO SIGMA PI  SQRT(P1*P31 1/76 
R3 I (÷0.26)0R +0.24 MARTIN 77 OPWA KBAR N MULTICHNL 11/77 
R3 ÷O.2O 0.04 RLIC 7T OPWA KBAR N NULTIEHNL 1176 

R4 Y=L(200O) FRCM KBAR N TO LAMBDA(15201PI SQRT(PI*P4)  
R4 2 +O .OB t  0 .021  CAMERON 7T DPWA 0 P-WAVE DECAY 1 /78  
R4 2 ASSUMES LAMBOA(15201ELASTICITY=O.46. THE SIGN IS CHANGED HERE TO 12/79 
R4 2 BE IN ACCORD WITH THE BARYON--FIRST CONVENTION. I2/Tg 

R5 V*II2OOOI FROP KBAR N INTO N K$(BO0), SI WAVE SQRTIPISPS) 
R5 3 ÷0 .10  0 .02  CAMERON2 78 DPWA K-P TO K IN  12 /79  
R5 3 THE SIGN HERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R5 3 CONVENTION. 12 /79  

R6 Y* I ( 2OO0)  FROM KBAR N INTO N K$ (Bgo I ,  D3 WAVE SORT(RE*RE)  
R6 -0.07 O.O3 CAMERON2 78 DPWA K-P TO K*N 12179 

REFERENCES FOR Yt[(2OOOI 

BAILLON 75 NP 594 39 a .  BAILLON,P. J. LITGHFIELD (CERN.RHELI[JP 
VANHORN TS NP BBT E45 A . J .  VAN HORN (LBLIIJP 

ALSO 75 NP B87 tS?  A . J .  VAN HORN (LBL I I JP  

CAMERON 77 NP B I3 I  359  +F~ANEKtGOPAL°KALMUStMCPHERSON+ (RHEL+EOIC) | JR  
MARTIN 77 NP B127  345  MARTIN,PIDOOCK,M~RHOUSE (LOUC+GLASIIJP 

ALSO 77 NP B126  266  MARTIN .P IDCOCK ILOUG)  
ALSD 77 NP B I26  2R5 MARTIN,P IDCOCK (LDUC) I JP  

RLIC 77 NP B I I9  362 GOPAL,ROSS.VAN HORN~MCPHERSON÷ (LOIC÷RHEL)IJP 
CAMERON2 78 NP B[46 327 ÷FRANEK,GOPAL.KALMUS,MCPHERSON.÷(RHEL+LDICIIJP 
GOPAL 80 TORONTO CONF 159 G .P .GOPAL  (RHEL)IJP 



Baryons 
 .(2030) 

............... / ...... F ~  

SEE THE MINI-REVIEW AT THE START EF THE Y* tISTIHGSo 

THIS ENTRY ONLY INCLUDES RESULTS FROM PARTIAL-WAVE 
~NALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND ]NVARIANT-MASS DISTRIBUTIONS AROUND 2030 MEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALCY THE PARTIAL--NAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE F I7  WAVE. THIS SUPERIORITY 
IS, HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RElY ON BOTH ENTRIES 
FOR PARBMETERS GIVEN IN THE MAIN BARYON TABLE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47 Y* I {B030]  MASS (MEVI 

M (2030o0) (20 .0 )  WOHL 66 HBC 0 K-P TO LAM PIO 
M 2032.0 6.0 SMART 68 OPWA - K-N TO LAMBOA P[ 
M 2030 .0  IO.O BERTHON 70 OPWA 0 K-P TO LAMBDA PI 
M 2035.0 ] 0 . 0  8ERTHONI 70 OPWA 0 K-P TO SIGMA P1 
M 2027.0 6.0 COX 70 DPBA - K-N TO LAMBOA P[ 
N 2010.0 15.0 GALTIERI 70  DPWA 0 K-P TO LAMBDA P[ 
M 2000.0 20.0 GALTIERI 70  DPBA 0 K-P TO SIGMA Pl 
M 2022.0 ~.0 LITCHFIEL 70 DPNA -0  K-N TO LAMBDA P [  
M 2025. [ 5 .  LITCHFIE 710PWA R-P TO KBAR N 
M K 12034.0) 114.0) KANE 72 DPBA 0 K-P TO Pl S[G 
M R KANE 72 IS SUPEREOEO BY KANE 74. 
M 2020.0 (6.01 KANE 74 OPWA K--P TO P[ SIG 
M 2025. lO.  LITCHFI1 74  DPWA 0 K-P TO L(18201PI 
M 2035. i 0 .  LITCHFI2 74 DPWA 0 K-P TO L( ]5201PI  
M 2020. 30 .  LITCHFI3 74  DPWA 0 K-P TO K~AR DEL 
M 2035. I 5 .  BAILLON 75 IPWA KBAR N TO LAMP[ 
M 2038 .  10. HEM[NGW~ 75 DPWA 0 K-  P TO KBAR N 

20A2 .  [ l .  VANHORN 75 DPWA 0 K--P TO LAM P lO M 
N 12030 .1  BE ILEFON 76  (PWA 0 K-  P TQ LAMP[  

COROEN 76 DPBA - K- N TO P I -  LAM M A 2030 .  3 .  
M 4 PREFERRED SOLUTION B, SEE CORDEN 76 FOR OTHER POSSIBLILITES* 
M 4 CORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPtE* 
M C 2030. 10. COROBN2 l ?  - K- N TO K* N 
M 6 2027. T0 2057. GOYAL 77 OPWA - K- N TO SIO PI 
M 20~0. 5. RL[C 77 OPWA KBAR N MULTICHNL 
M 2036.0 (5.0) GOPAL 80 OPWA K8AR N ELASTIC 
M 
M AVERAGE MEANINGLESS ISCALE FACTOR = I .O )  

47  Y * [ ( 20SO)  WIDTH (MEV) 

W (1?0.0)  WOHI 66 HBC 
W 180.0 16.0 SMART 88  OPWA 
W 105.0 30 .0  15.0 BERTHON 70 OPNA 
N 150.0 20.0 BERTHON1 70 OPWA 
W I5B .O  16.0 COX 70  DPWA 
W 115.0 15.0 GALTIERI 70 DPWA 
W [00 .0  40 .0  GALT[ERI 70 OPWA 
W I70 .0  [ 5 . 0  LITCHFIEL 70  DPWA 
W 200. 30 .  LITCHFIE 71 DPWA 
N K ( [ [ 8 . 01  112.01 KANE 72 DPWA 
W [[1.0 ( 5 . 0 )  KANE 74 DPWA 
W 70 .  TO 125 .  L[TCHFII 7~ DPWA 
W 160. 20. LITCHFI2 74  DPWA 
W 200. BO. LITCHFI3 74  DPWA 
W I80 .  20 .  BAILLON 75 IPWA 
W 172. 15. HEMINGWA 75 DPBA 
W 178 .  ] 3 .  VANHOBN 75 DPWA 
W [E60.)  BELLEFON 7B [PWA 
W 4 20 ] .  9 .  CORDEN 76 OPWA 
w C 137 .  40. COROEN2 77 
W 12bO. )  OECLAIS 77 DPWA 
W 6 126. TO 195. GOYAL 77 GPWA 
w Igo. I0. RtIC 77 OPWA 
W 172 .0  110.0) GOPAL 80 DPWA 
W 

W AVERAGE°MEANINOLESS'(SCALE'''''*" FACTOR = 1.6} 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47  Y'112030) PARTIAL DECAY mODES 

PI Y.112030) INTO N KBAR 
P2 Y*I(20BOI INTO LAMBDA PI 
P3 Y'1(2030) INTO SIGMA Pl 
P4 Y* I ( 203O)  INTO X[ K 
P5 Y* I ( 20301  INTO Y tO( IB20 )  P I  P-WAVE 
P6 Y*I(20301 INTO Y*O(15201PI  O-WAVE 
P7  Y* I ( 2030 I  INTO Y*O(15201 PI G-WAVE 
P8 Y~I(2OBO) INTO KBAR DELTA(1232) F-WAVE 
Pg Y*I(20BO) INTO KBAR DELTA(1232) H-WAVE 
PlO Y* I I 2030 )  INTO Y* [ ( IBBS)  P l  F--WAVE 
Pl[ Y* I ( 2OBO|  INTO N K* (BgOh  F1 WAVE 
PI2 Y* I (Z030)  INTO N K* (B90) ,  F3 WAVE 

0 
- K-N TO LAMBDA PI 

0 K-O TO LAMBOA P[ 
0 N-P TO SIGMA P[ 

- K-N TO LAMBOA P[ 
0 K-P TO LAMBOA PI 

K-P TO SIGMA P[ 
- K-N TO LAMBDA P I  

K-P  TO KBAR N 
0 K--P TO Pl BIG 

K-P TO PI SIG 
o K-P TO L ( IB201P I  
0 K-P TO L(1520)PI  
0 K-P TO KBAR DEL 

KBAR N TO tAM Pl 
K-  P TO KBAR N 
K-P TO LAM PIO 

0 K- P TO tAM P[ 
- K- N TO P I -  LAM 
- K -  N TO K*  N 

KBAR N TO KBAR N 
- K -  N TO SIG PI 

KBAR N MULTICHNL 
RBAR N ELASTIC 

DECAY MASSES 
~38+  493  

t i tS÷  134 
1189+  139 
1321÷ 497  

134+1820  
13~+1520  
134+1520  
493+ [23B  
493+LB32  
[ 39÷1385  
g3q~ 891 
939+ 891 

7 /66  
6 /68  
7 /70  

LO /70  
6270  
7 /70  
7 /70  
6 /70  

10171 
[ 0 / 7 l  

12 /8L *  
10 /74  
10174  
10 /74  
11/75 
11/75 
11175 

2 /77  
2 /77  
2 /77  

11177  
1 /78  
1/76 

121BI* 

7/66 
6/68 
7 /70  

10 /70  
61FO 
7 /70  
7 /70  
6 /70  

10 /71  
[0171 
I 2 /B l *  
10 /7~  
10/74 
10174 
11175 
iIIT5 
11/7B 
2/77 
2177 

11/77 
I lTB 
1 /T8  
1176 

[2181" 

A7 Y. I (20301 BRANCHING RATIOS 

RL Yel(2030) INTO (KBAR NI/TOTaL (P I I  
R I  ( 0 . 251  NOHL 66 HBC o K-P CH EX 7 / 8 6  

RI 0 (O. I I )  DAUM 88 CNTR K-P ELA,POL,SIOT 7/70 
R1 D OAUM 68 ASSUMEB I J÷ I12 )~P I  VALUE SEEN IN TOTAL GROSS SECTION. 
R1 0 .17  0 ,04  CAMPBELL 71 DBC - K -  NEUTRON ELAST 1 /71  
RI 0 . [ 8  0.02 LITCHFIE T[ DPWA K-P TO KBAR N 10/71 
R1 O. IB  0.00 HEMINGWA 75 DPWA 0 K- P TO KBAR N [1175 
R[ (O .LS (  OECLAIS 77  DPWA KBAR N TO KBAR N I lTB 
RI C [O.2A) TO.021 RLIC 77 DPWA KBAR N MULTICHNL 1178 
RI  C IKBAR NI/TOTAL FROM RLIC 77 IS SUPERSEDED BY CMOPAL DO. 
RI O. Ig  ( 0 . 03 l  OOPAL BO DPWA KBAR N ELASTIC I 2 / 81 "  
R1 
RI AVERAGE'MEANINGLBSS'(SC~LE''''''" FACTOR = 1 .0 I  

R2 Y* I IB030)  FROM KBAR N INTO LAMBDA Pl SGRTIPI=P2) 
R2 (0 .20)  WOHI 66 HBC O K-P TO LAMBOA Pl 7/66 
R2 +0.21 0.01 SMART 68 DPWA - K-N TO LAMBOA PI 6/88 
R2 +0.2 0.02 BERTHON 70 DPWA 0 K-P TO LAMBDA P[ T/70 
R2 *0 .19  0.01 COX 70 OPWA - K-N TO LAMBOA PI 6 /70 
R2 *0 .15  0.03 OALTIERI 70  OPWA 0 K-P  TO LBM80A PI 7 /70  
R2 +0.20 0.008 LITCHFIEL 70 OPWA -0  K-N TO LAMBOA PI 6 /70  
R2 ÷0 ,195  0 .053  OBVENISH 7~ 0 F IXED T DISP REL 4 /75  
R2 +O.[B 0.02 BAILLON 75 IPWA NBAR N TO LAM P[ [ [ / 75  
R2 *0 .20  0 .0 [  VANHORN 75 OPWA 0 B-P TO tAM PIO 11/75 
RB (0 .20 )  BELLEFON 76 IPWA 0 K- P TO LAM P[ 2/77 
R2 4 *0 .20  O.O[ CORDEN 76 DPWA - K -  N TO P l -  LAM 2/77 
R2 ÷0. I8 0.02 RLIC 77 OPWA KBAR N MULTICHNL 1 /76  
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~3 Y.112030) FROM KBAR N INTO SIGMA PI SQRT(PI*PBP 
R3 L I -O .09 I  10.02) BERTHONI 70 DPWA 0 K-P TO SIGMA PI ~0170 
R3 -0 .052  0 .010  GALTIERI TO DPWA 0 K-P TO SIGMA P1 7 /70  
R3 -O. tO 0 . 0 3  LITCHFIE 7 l  DPWA K-P TO BIG P[ 3172 
R3 L LITCHFIELO 71 IS AN UPDATE OF BERTHON1 70 3 /72  
R3 K ( - 0 .088 )  10.014) KANE 72 DPWA O K-P TO PI SIG [0/11 
R3 - 0 . 10  ( 0 . 0 [ I  KANE 74 DPWA K-P TO Pl BIG 12/81.  
R3 A -O.Og O.OI COROEN1 77 - K- N TO Pl SIG 11/77 
R3 B -0 .00  0.01 CORDENI 77 - K- N TO PI SIG 11177 
R3 A THE 2 ENTRIES FOR CORDENI77 ARE FROM 2 DIFFERENT ACCEPTABLE SLTNS. [ I / 77  
R3 6 ( - 0 . 085 )  (0 .00)  GOYAL 77 DPWA - K- N TO BIG P[ 1178 
R3 6 THIS COUPLING IS EXTRACTED FROM UNNORMALIZEO CATA. 1/78 
R3 -0 . [ 5  0.03 RLIC 77 DPWA KBAR N MULTICHNL 1176 
R3 . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = 2.0)  

R4 Y=I12030) FROM KBAR N INTO XI KTRIP p SQRT(PI*PR) 
R4 (0 .05)  CR LESS 67 RVUE 0 K-P TO X[ K 8267 
R4 (0 .05 )  OR LESS BURGUN 68 DPWA 0 K-P TO X{ K 10159 
R4 (0.0231 MULLER 69 DPWA 0 7/70 

R5 Y*1(2030) FROM KBAR N TO Y*O(1B201 P[ P-WAVE SQRT(PI*PS) 
R5 1 0 .18  0 .04  L [TCHF [1  74 DPWA 0 K-P TO L ( IB20 )P I  10 /74  
R5 1 ASSUMES LAMBEA(1820) ELASTICITY=.6 10174  
R5 O. IA 0.02 CORDEN2 75 BBC - KBAR P l -  NUCLEON 11/75 
R5 . . . . . . . . .  
R5 AVG 0.148 0.018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I .01  

R6 Y.112030) FROM KBAR N TO Y*OI[520) P[ [ } -WAVE SQRT(PI*P6) 
R6 2 0 .14  0.03 LITCHFI2 74 OPWA 0 K-P 70 L(1520)P[ 10 /74  
R6 32  ASSUMES LAMBCA([5201ELASTICITY=.MB [O /T4  
R6 (O . IO I  ( 0 . 03 }  COROEN2 75 ODE - KBRR P I -  NUCLEON [1 /75  
R6 3 UPPER LIMIT II/75 
R6 5 +0 . I [ 4  0.010 CAMERON 77 OPBA 0 K-P TO L(1520)PI  I/TO 
R6 5 ASSUMES LAMBDA(1520) ELASTICITY=.46. THE SIGN I S  CHANGED HERE TO 12/79 
R6 5 BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. 12/79 
R8 . . . . . . . . .  
R6 AVG 0.1166 0.0095 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .o l  

R7 Y'1(2030) FROM KBAR N T0 Y*O(1520) PI G-WAVE SQRTIP[*P7) 
R7 2 0 .02  0.02 LITCHFI2 74 OPWA O K-P TO L(1520)P[ 10274 
R7 2 ASSUMES LAMBDA( [520 )  ELASTICITY=*A5 10 /74  
R7 5 +0. [46  O.O[O CAMERON 77 DPNA 0 K-P TO L(15201PI 1/78 
R7 5 ASSUMES LAMBOA(15201ELAST[CITY=.M&. THE SIGN IS CHANGED HERE TO 12179 
RT 5 BE IN ACCORD WITH THE BARYON-FIRST CONVENTION. [2 /79  
R7 . . . . . . . . .  
R7 AVG 0.121 0.050 AVERAGE (ERROR INCLUDES SCALE FACTOR OE 5.6) 

RB Y~1(20301 FROM KBAR N TO KBAR OELTA(1232) F-WAVE SQRT(PE*PBI 
RB 0 . 1 6  0 . 0 3  LITCHFI3 74 OPWA 0 K-P TO KBAR GEL I 0 / 74  
R8 3 10.17) ( 0 . 03 I  COROEN2 75 DBC - KBAR P[ ~ NUCLEGN 11175 
RB 3 UPPER LIMIT [1275 

Rq Y .112030 )  FROM KBAR N TO KBAR OELTA(1232) H-WAVE SDRT(P[*P9] 
R9 O.O0 0 .  GO LITCHFI3 74 OPWA 0 K-P TO KBAR DE[ 10 /74  

RIO Y.IT2030) FROM KBAR N TO Y* [ (1305)  P( F -NAVE SQRT(PI*PlOl 
RIO 7 +0.153 0.026 CAMERON 78 DPWA O K-P TO S(13B51P{ ( l i b  
RIO 7 THE SIGN IS CHANGED HERE TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
RIO 7 CONVENTION. 12/79 

Rll Y,E(2030) FROM KBAR N INTO N K*(B90) ,  FI WAVE SORT(PC*PIt) 
R I [  -O .OB  0 .01  CORDEN2 77  K-D TO K*N 12 /79  
R I I  8 *0 .06  0 .03  CAMERON2 78 OPWA K-P TO ~ *N  [B /79  
R l l  8 THE SIGN FERE IS CHANGED TO BE IN ACCORD WITH THE BARYON-FIRST 12/79 
R I [  B CONVENTION. 12/79 
R I [  . . . . . . . . .  
R l l  AVG MOO 0.024 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) 

R12 Y ' l (20301 FROM KBAR N INTO N R*(B90) ,  F3 WAVE SQRTIPI=Pl2) 
R12 -0 .12  0.02 CORDEN2 77 K-D TO K*N 12/79 
R[2 9 ~O.OA 0.03 CAMERON2 78 DPWA K-P TO K*N [2179 
R12 9 THE UPPER LIMIT ON THE 03 WAVE IS 0 .03 .  12/79 
R12 . . . . . . . . .  
RI2 AVG MOO 0.095 0.037 AVERAGE (ERROR INCLUDES SCALE FACTOR OE 2.2)  

REFERENCES FOR Y '1(2030)  

WDHL 60 PRL 17 tOT C G WOHL, F T SOLMITZ, M L STEVENSON ( IRLHJP 
TRIPP 67 NP B3 10 + LE ITH ,  + {LRL,SLAC,CERN,HEIDEL,SACLAY) 
BL~GUN BB tip 08 4~7 +MEYER, PAULI,TALLINI + (SACL+CDEF÷RHELI 
DAUM 68 NP 07 19 ÷ERNE,LAGNAUX,SENS,STEUER,UDO (CERN)JP 

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
SMART 68 PR [69  1336 W M SMART {LRL)IJP 
MULLER BB THESIS,UCRL [9372 R A MULLER (LRLI 

BERTHON 70 NP 020 476  +RANGAN, VRANA, +(COL FRANCE, RHEL, SACLAY)IJP 
BERT F~N[ 70 NP 024 ~[7 +VRANA, BUTTERWDRTH, ÷ (CDEF, RHEL, SACLAY)IJP 
COX 70 NP BIg 6[ +ISLAM, COLLEY, + (BIRM,EDIN,GLAS,LOICIIJP 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LRL|IJP 
LITCHFIE 70 NP B2B EGg 

CAMPBELL 71NP B25 75 
LITCHFIE 71NP B30 125 
KANE 72 PR 05 IS13 

DEVENISH 74 NP B81 330  
KANE 74 LBL -2A52  
LITCHFII  74  NP B7A 12 
LITCHF[2 74 NP 87A  ] 9  
L ITCHE13  74  NP B74 3~ 

BA[LLON 75 NP f194 3S 
CDROENB 75 NP BgB BBB 
HEMINGWA 75 NP 091 12 
VANHORN 75 NP BB7 [ 45  

ALSO 75 NP B87 157 
BELLEFON 70 NP BIOg 129 
COROEN 78 NP 0104 382 

CAMERON 77 NP BI3 ]  399  
CDRDENI 77 NP B125  61 
CORDEN2 77 NP 6121 365 
DECLAIS 77 CERN 77-16 
GOYAL 77 PRD 16 2746 
RLIC 77 NP B I t g  362  
CAMERON 78 NP BL43 IB9 

P J LITCHFIELD (RUTHERFOROIIJP 

+MORTON, NEGUS, GOYAL, MILLER (OLAS, LOIC)IJP 
LITCHFIELO,...÷LESQUOY,+.. (R~L÷CDBF+SACL)IJP 
D F KANE (LBL)IJP 

DEVENIBHrFROGGATT, MARTINIDESY,NDRDITAtLOUC) 
DoF.KANE (LBLI IJP 
IITCHFIELD,HEMINGWAY,BA[LLON,+ (CERN+HEID)IJP 
LITCHFIELD~HEMINGWAY,BAILLON~+ (CERN+HEIOIIJP 
LITCHFIELD,HEMINGWAV,BAILLON,+ (CERN+HEIOIIJP 

P. BAILLON,P. J .  LTTCHFIELD (CERN,RHELIIJP 
+COX,OARTNELL,KENYON,DNEALE,SL~OROK+ (BIRM)IJP 
HEMINGWAY, EADES,HaRMSEN+ (CERN,HEIO,MDIM)IJP 
A. J. VAN HORN (LBLI IJP 
A. J .  VAN HORN (LBL(IJP 
DE BELLEFON, BERTHON (EDEFIIJP 
+COX,OARTNELL,KENYON,~NEALE,SUHORDK+ (BIRMIIJP 

÷FRANEK,GOPAL,KALMUSoMCPHERSON+ (~HEL+LDICIIJP 
+COX,KENYON,ONBALE,STUBBS,SUMOROK+ (BIRM)IJP 
÷COX,KENYDN,ONEALE,STUBBS,SUMOROK÷ (BIRM)IJP 
+DUCHON,LOUVEL,PBTRY,SEGUINDT+ ICAEN÷CERN)IJP 
D.P.GOYAL,A.V.SODHI (DELHI UN IV . I I JP  
GOPAL,ROSS,VAN H~N,MCPHERSON+ (LOIC+RHEL}IJP 
+FRANEK,GOPAL,BACON,BUTTERWORTH+(RHEL~LOIC)]JP 

CAMERON2 78 NP 0146 327 eFRANEKtOOPAL.KALMUS,MCPHERSON,+(RHEL+IOIC)IJP 
GOPAL 80 TORONTO CONF [59 G.P.GOPAL (RHELIIJP 
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2030 MEV REGION - PRODUCTION AND OTOT~ EXP'TS 
28 Y* l ( 2030 ,  UP= I I : 1  PRODUCTION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START CF THE Y* LISTINGS. 

SEE THE NOTE TO THE F17  Y 'E l 2030 ) ,  WHICH PRECEDES THIS 
ENTRY. HERE WE L IST  ONLY PARAMETERS OF PEAKS [N  CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS- 

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE Y '1 [2030 ) ,  
BUT MAY CONTAIN A SMALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB- 
LISHED OTHER RESGNANCES IN  THIS REGION.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 Y . I ( 2030 )  MASS (MEV)  (PROD. EXP.) 

M (2022 .0 )  ( 20 .0 l  BLANPIEO 65  CNTR 0 GAMMA P TO K+ Y*  
M 2020.0 7 .0  BUGG 68 CNTR K-P, O TOTAL 6/68 
M 2069.0 4 .0  88ICMAN 70 CNIR 0 TOTAL AND CH EX 6 /70  
M 2025.0 lO.O COOL 70 CNTR K-P. 0 TOTAL 10/70 
M (2025 .0 )  (DO. Of LU 70 CNTR 0 GAMMA P TO N*  Y*  1 /71  
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 2.B) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 Y '1(2030}  WIDTH (MEVI (PROD. EXP.I 

W [120.0)  (20 .0 )  BLANPIED 85 CNTR 0 
W 130 ,0  10 .0  8UGG 68 CNTR 6 /68  
W 126 ,0  I I ,O  BRICMAN 70  CNTR 0 TOTAL AND CH EX 6 /70  
W [65 ,0  COOL 70 CNIR K-P ,  O TOTAL 10/70 
W [DO.O) LU 70  CNTR 0 GAMMA P TO K+ y *  1171 
H . . . . . . . . .  
H AVERAGE MEANINGLESS {SCALE FACTOR = I ,O }  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 Y*I(BO30) PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
PI Y~1 (2030 )  INTO N RBAR 938+ 603  
P2 Y'1(2030) INTC N KBAR PI 938+ 697+ lug 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 Y . I ( 2030 )  BRANCHING RATIOS (PROD. EXP.I 

R I  Y*I(203O) INTO (KBAR NIITOTAL (P1 )  
R1 THESE VALUES OF ELASTICITIES ASSUME J=7 /2  - -  
R1 0.131 BUGG 68 ONTR 6 /68  
RI 0 .27 (0 .02 )  BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70 
R1 0 .12 COOL 70 CNTR K-P~ D TOTAL 10170  

R2 Y ' I ( 2030 )  INTO (KDAR N P I I / TO IAL  (P2 )  
R2 SEEN BOCK HBC 

REFERENCES FOR Y'1(2030)  (PRED. EXP.I 

BLANPIED 65 PRL 14 741 ÷GREENBERG,HUGHES,KITCHING,tU*~ (YALE(CEA}) 
COOL 66 PRL IE  1228 +GIAOOMELLI,KYCIA,LEONT[C,LI,LUND8Y,+ (BNLI I 

SUPERSEDED BY COOL 70 ,  
BUGG 68 PR 168 1866 *GILROREtKNIGHT. + (RHEL,BIRM,CAVE) l 

8RICMAN 70 PL 31B  152 +FERRO LUZZ I ,  PERREAU,+ (CERN,CAEN,SACLAYI 
COOL 70 PR 01 1887 +GIACOMELLI, KYCIA, LEONTICt L I ,  ÷ (8NL) I 
LU 70 PR 02  1886  +GREENBERG, HUGHES, MINEHART, MORT°÷ (YALEI 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

lz(eo o>l .... o o .  . . . . .  , 
1HIS STATE SUGGESTED EY BERTHON 7C NOW FINDS 
CONFIRMATION IN GOPAL 80 WITH NEW K-R POLARIZATION AND 
K- NEUTRON ANGULAR DISTRIBUTIONS. THE VERY BROAD STATE 
SEEN IN KANE 72 IS NOT REQUIRED IN THE LATER (KANE 76) 
JNALYSIS OF P( SIGMA. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36  Y .1 (2070 )  MESS IMEV)  

M ( 2070 . )  ( lO . )  BERTHONI 70  DPWA - K- P TO SIG P I  1 / 71  
M (2057 .01  KANE 72  DPWA K-P TO SIGMA PI 1173 
M 20S1.0 (2S.0]  GOPAL 80 DPWA KBAR N ELASTIC 12/81" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 Y * I ( 207O)  WIDTH (MEV) 

W 1160.) (20. I BE8THONI 7O DFWA - K- P TD SIG P[ 1171 
W [906.0)  KANE 72  DPWA K-P TO SIGMA PI  117B 
W 300 .0  [ 30 ,0 I  GOPAL 80 DPWA KBAR N ELASTIC 12181*  

. . . . . . . . . . . .  - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 Y .1 (2070 )  PARTIAL DECAY MODES 

OECBY MASSES 
Pl Y* I ( 20TOI  INTC N KBAR 938+  ~93  
P2 Y*L (2070 }  INTC SIGMA Pl 1189+  13g 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

34 YOI(2OTO) BRANCHING RATIOS 

R1 Y '1 (2070 )  FROM KBAR N TO SIGMA PI  SQRT(P I *P2 )  
R I  (+0.12) (0.021 BERTHON1 70 DPWA - K- P TO SIG PI  1171 
R I  (+O .106 l  KANE 72 DPWA K--P TO SIGMA Pl  1173 

R2 Y* I ( 2O?O)  INTO (KBAR NI / IOTAL  (P l )  
R2 0 .OB  (0 .031  GOPAL RO OPWA KBAR N ELASTIC 12181*  

Baryons 
 (2030), £(2070), z(2oao), Z(2100) 

REFERENCES FOR Y*I(2070) 

BBRTHONI 70 NP 824 81T +VRANA,BUITERWORTH,+ (CDEF,RHEL, SACLAY)IJP 
KANE 72 P8 D5 15E) D F KANE (LBL) 
GOPAL 80 TDRDNTO CONF 159 G.P,GOPAL (RHBLIIJP 

SEE THE MIN I -REV IEW AT THE START OF THE Y,~ L [ST INGS,  

SUEH A RESONANCE IS  SUGGESTED BY SOME BUT NOT ALL 
PARTEAL-WAVE ANALYSES ACROSS THIS  REGION.  UNTIL  THERE 
)S MORE EV[DENCE,  WE OM[7 THIS STATE FROM THE RA IN  
8ARYON TABLE,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EB Y* I ( 2OBOI  MASS (MEVI 

M (2082.0)  ( 4 . 0 )  COX 70 OPWA - K- N TO LAM P( 6170 
M (2070.0 I  (30 .0)  LITCHFIEL 70 OPWA -0  K- N TO LAM PI 6170 
M 1 2120. 40. 8AILLON 75 IPWA KBAR N TO LAM PI l I / TS  
M 1 FROM SOLUTIOh I OF BAILLON 75. 1176 
M 2 2160. 60.  BAILLON 75 IPWA KBAR N TO LAM PI 1 /76  
M 2 FROM SOLUTICh 2 OF 6AILLON 75. I176 

BELLEFO1 75 DPWA 0 K-  P TO LAM PIO I1175 W 2160 .  30 .  
M 3 2070 .  TO 2120 ,  8ELLEFON 78 [PWA 0 K-  P TO LAW P( 2 /77  
M 3 SUPERSEDES BELLEF01 75 .  2 / 77  
M 6 2091 .  7 .  COROEN 76  DPWA - K -  N TO P I -  LAF 2177  

6 PREFERRED SOLUTION 3 ,  SEE CORDEN 76 FOR OTHER POSSIBLILITES, 2/77 M 
M 6 INCLUDING A DES AT THIS MASS. 2 /77  
M 6 BORDEN 76 INCLUDES THE DATA OF COX 70 AS A SUBSAMPLE. 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1 .6 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

88 Y*IIBOBO) WIDTH (MEV) 

W (87.0)  I2O.O) OOX 70 OPWA - K- N TO LAW P( 6170 
W (250.0)  (60 .0)  LIICHFIEL 70 DPWA -0  K- N TO taM PI 6170 
W I 240. 50. BAILLON 75 IPWA KBAR N TO LAW PI 11175 
W 2 20(1. 50. BAILLON 75 IPWA KBAR N TO LAW P[ 1/76 
w lBO.  20. 8ELLEFOI  75 DPWA 0 R-  P TO LAW PIG 11 /75  
w B ( I 00 . )  BELLEFON 76 IPWA 0 K- P TO LAM PI 2177 
w 6 188 .  4B .  CORDEN 76 DPWA - K -  N TO P [ -  LAV 2177  
W . . . . . . . . .  
w AVERAGE MEANINGLESS (SCALE FACTOR : l .  Ol  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8B Y* l ( 2080 )  PARTIAL  DECAY MODES 

DECAY ~ASSES 
P l  Y= [ (2OBOl  ]NTC N K8AR R38+ 493  
P2 Y* I (2080)  INTO LAMBDA PI 1115+  139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BB Y*I(2OBO) BRANCHING RATIOS 

RI Y*I(20BO) FRCM KBAR N TO LAMBOA PI SQRT(PI*P2) 
R I  ( - 0 . 16 )  ( 0 . 031  COX 70 DPWA - K -  N TO LAW PI  6 / 70  
81 ( -O .ORI  (0 .03)  LITCHF[EL 70 OPWA -0  K- N TO LAM Pl 6 /70  
R( 1 - 0 . 13  O,O~ BAILLON 75 IPWA KBAR N TO LAM P( 11/75 
R( 2 - 0 . 13  0.08 BAILLON 75 IPWA KBAR N TO LAM Pl 1176 
R I  *0 .19  0 .03  BELLEFOI 75 DPWA 0 K- P TO LAM PIG LI ITB 
R I  B ( -0.101 BELLEFON 76 IPW8 0 K- P TO LAM PI 2177 
RI 4 -O. IO 0 .03  COROEN 76 DPWA - K- N TO P I -  CAM 2•77 
R( 
~1 ,VERAGEMEANI~GLESSISC,LE''''" FACTOR: 12~  

REFERENCES FOR Y: { ' I I 2OBO)  

COX 70 NP Blg 61 +ISLAM, COLLEY. * (BIRM,EDIN.GLAS,LOICIIJP 
LIICHFIE 70 NP B22 260  P d LITCHFIELD (RUTHERFORD)]UP 
BA[LLON 75 NP BR4 38 P,  BAILLON,P. J. L[TCHFIELD (CERNtRHEL)IJP 
BELLEFOI 75 NP 890 [ DE BELLEFON,BERTHON,BRUNET+ (CDEF.SACLIIJP 

8ELLEFON 76 NP 8109  12g DE BELLEFON,BERTFW]N (CDEF)IJP 
CORDEN 76 NP EL06 362 +COX,DARTNELL,KENYON,ONEALE,SUMORDK+ (BIRMIIJP 

SEE THE MINI-REVIEW AT THE STAR7 OF THE Y* LISTINGS. 

28 Y* t {BIO0)  MASS (MEV) 

M (2060.0)  (20.0)  GALTIERI 70 DFWA 0 R-P TD LAMBOA F( 7/70 
M (2120.0)  (00 .0)  GALTIERI 70 DPWA O K-P TO SIGMA PI 7•70 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 Y*[ (B[O0) WIDTH (MEV) 

W (70.0)  (30.01 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 7170 
W (135.01 (30.0)  GALTIER[ 70 DPWA 0 K-P TO SIGMA PI 7170 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 Y* I )B IO0)  PARTIAL DECAY MODES 

DECAY MASSES 
P l  Y *1 (2100 )  INTO N KBAR 938+ 493  
P2 Y.1(2100) INTO LAMBDA PI l l l 5÷  134  
P3 Y'1(2100) INTO SIGMA Pl 1189+ 13q 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Baryons 
F(2100), F(2 50), F(2455), 3(2620) 

274 

Data Card Listings 
For. notation, see k ey at f ront  o f  Listings. 

E6 Y , I ( 2100 )  BRANCHING RATIOS 

RI Y* I (2100)  FRC~ KEAR N TO LAMBDA Pl SQRTIOI*P21 
RI ( - 0 . 07 }  (0 .02)  GALTIERI 70 OPWA O K-P TO LA~BDA El 7/70 

R2 Y*[(2IOO) FROM KBAR N TO SIGMA Pl SORT(El*P3) 
R2 (+O.13l 10.02) GALTIERI 70  DPWA 0 K-P TO SIGMA Pl  7 / 70  

REFERENCES FOR Y* I (2100 )  

GALTIERI 70 DUKE CONF 173 A BARRARO-GALTIERI (LRL)IJP 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I I 

' ' l  BUMPS I . . . . . . . . . . . . .  v, . . . . . . . . . . . . . . . . . . . . . . . . . .  s 
IHE PARTIAL-WAVE ANALYSIS RESULTS ARE IO0 WEAK TO 
WARRANT SEPARATING THEM FROM THE PRODUCTION AND CROSS- 
SECTION EXPERIMENTS.  

LASINSKI 71 IN KBAR N, USING A POMERON+RESONANCES MCDEL, AND 
BELLEFCNI 76, BELLEEON 77, AND BELLEFON 78 (COLLEGE DE FRANCE- 
SACLAY GROUP) IN CPWA'S OF KBAR N TO LAMBDA E l ,  SIGMA El ,  AND KBAR N, 
RESPECTIVELY, SUGGEST THE PRESENCE OF TWO RESONANCES AROUND THIS 
MASS VALUE.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4B Y*1(2250) MASS (MEV) (PROD. EXP.) 

M (2245 .0 )  BLANPIED 65  CNTB GAMMA P TO K+ Y*  
M 12299 .01  ( 6 . 0 )  BOCK 65 HBC PBAR P 5.7 BEV/C 
M 2250.0 7 .0  BUGG 68 ENTR K-R ,  D TOTAL 6 /6B  
M 2280. 1 4 , 0  AGUILAR 70 HBC + K- 3 . 9 - 4 . 6  DEVIL 5•70 
M 2237.0 t I .O  BRIEMAN 70 CNTR O TOTAL AND CH EX 6/70 
M 2255.0 tO.O COOL 70 CNTB K-P, D TOTAL iO l lO  
M (2250.0}  (20 .0 )  LU TO CNTR O GAMMA P TO K÷ Y*  I / T l  
M B (2260. )  ( 30 . )  BELLEFOI 75 DPWA D5 WAVE 11 /75  
M B (2215. )  (To . )  BELLEFOl TS OPWA Gg OR H I 1  ~AVE 11/T5 
N B EVIDENCE FOR 2 RESONANCES IN THIS LAMBDA PI DPWA 11/7B 
M 1 2300 .  30 .  BELLEFO2 75 HBE O K-  P TO X I tO  KO 11175  
M V 2251. 30. 20. VANHORN T5 DPWA 0 K~P TO LA ~ PIO IT/TO 
M 2 V VANHORN72 VALUE FROM A DPWA THAT FINDS JP=5/2+- 
M 12260.1 BELLEFON 76 IPWA 0 D5 WAVE 2177 
M 2 (2215.)  BELLEFON T6 IPWA 0 G9 WAVE 2•77 
M 2 SUPERSEDES BELLEFOI  T5* 2 /77  
M 2275 .  20 .  BELLEFON T7 DPWA O D5 WAVE 11177  
M 2215. 20. BELLEFON T7 DPWA O Gg WAVE i i / 77  
M 2270. 50. BELLEFON 78 OPWA 0 05 WAVE 1/78 
M 2210. 30, BELLEFON T8 DPWA O Gg WAVE 1/78 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.41 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W (1BO.O) BLANPIED 65 DNTR GAMMA P TO K+ Y* 
W (E l .O)  (17 .0)  (21 .0)  BOCK 65 HBC PBAR P 5.T GEV/C 
W 230.0 20 .0  BUGG 6B CNTR K-P, D TOTAL 6/68 
W tOO.O 20.0 AGUILAR 70 HBC ÷ K- 3 .9 -4 .6  GEV/C BlED 
W 164.0 5O.O BRICMAN 70 CNTR O TOTAL AND CH EX 6 /70 
W ( lEO .D )  COOL 70  CNTR K -P ,  D TOTAL 10 /70  
W (~25 .0 l  LU 70  CNTR 0 GAMMA P TO K4 Y*  1 /T1  
W B ( lOO.  I ( 20 . )  BELLEFO[  75 DPWA 05 HAVE 11 /7S  
W B 160 . )  ( 40 . )  (2O.P BELLEFO1 7E DPWA Gg OR H l i  WAVE 11/75 
W I 130. 20. BELLEF02 75 HOD O K-- P TO XI*D KO 11/75 
W V 1 9 2 .  30 .  VANHORN 75 DPWA O K-P TO LAW RiO 11/75 
W 2 ( lOO.) BELLEFON 76 IPWA O D5 WAVE 2/77 
W 2 1140.) BELLEFON 76 IPWA O Gg WAVE 2/T7 
W 70. 20. BELLEFON 77 DPWA O 05 WAVE 11/77 
W 60. 20. BELLEFON TT DPWA O G9 WAVE 11177 
W 120. 40. BELLEFON 7B DPWA o 05 WAVE 1128 
W 80. 20. BELLEFON 7B OPWA O G9 WAVE 1178 
W 
W AVERAGE'MEANINGLBSS'ISCALE''''''" FACTOR = 2.7)  

SEE THE NOTES ACCOMPANYING THE MASSBS QUOTED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

48  Y *1 (2250 )  PARTIAL DECAY MODES (PROD. EXP . )  

DECAY MASSES 
P I  Y *112250 )  INTC N KBAR 938+ 493  
P2 Y~I(Z2BO) INTO LAMBDA Pl 1 1 1 5 4  134  
P3 Y*112250 )  INTC SIGMA P( IEBg+ 139  
P4 Y '1 (2250 )  INTD N KBAR P[  938+  497+  139  
P5 Y*1 (22501  INTO X I . 1 / 2 (1530 (  K 1 5 3 3 .  4 9 7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

&B Y*E(2250) BRANCHING RATIOS (PROD. EXP.) 

R I  Y~I(2250} INTO (KBAR NI /TOTAL  (P l l  
RI O.OB 0.02 BELLEFON 7B DPWA 0 05 WAVE 117B 

0.02 O. OL BELLEFON 7B DPWA 0 G9 WAVE I I 7B  Rt 
RI . . . . . . . . .  
RI AVERAGE MEANINGLESS (SCALE FACTOR : 2 . 7 l  

R2 Y*I(22501 FROM KEAR N TO LAMBDA P [  SORT(El*P2) 
R2 (-O.LB)(FDR JP=912-] GALTIERI 70 DPWA K-P TO LAMBDA P( tO/TO 
R2 B (~0.12) (0.031 BELLEF01 75 OPWA 05 HAVE I i / 7~  
R2 B [ - o . og i  (0.021 BELLEFOI 75 DPWA G9 OR H I [  WAVE 11175 
R2 V -0 .16  0.03 VANHORN 75 OPWA 0 K-P TO LAM PIO 11175 
R2 2 ( , 0 . 11 )  BELLEEON 76 IPWA O 05 WAVE 2177 
R2 2 [ -O.  IO) BELLEFDN 76 IPWA 0 G? WAVE 2/77 

SEE T~B NOTES ACCOMPANYING THE MASSES QUOTED 

R3 Y*I(22501 FRCM KBAR N TO SIGMA Pl SORT(El*P3) 
R~ (+D.O7)(FDR JP=gI2- I  GALTIERI 70 DPWA K-P TO SIGMA P1 I 0 / 70  
R3 +0 .06  0 .02  BELLEFON 77  DPWA O D5 WAVE 11 /77  
R3 -0 .03  O. O2 BELLEEON TT DPWA o G9 HAVE 11 /77  
R~ . . . . . . . . .  
R3 AVERAGE MEANINGLESS (SCALE FACTOR = 1.11 

R4 Y* I (2250)  INTO (KBAR N}/(SIGMA E l )  lP l ) / (P3 )  
R4 (O. iB)  OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 10/69 

RB Y*1(22501 INTO (LAMBDA PI l l (S IGMA P l }  (PE I I IP3 )  
R5 (O. tB) DR LESS BARNES 69 HOE + L STAN DEV LIMIT 10/69 

RB 
R6 i 
RB t 

RT 
RT 
R7 
R7 
R7 (0 .42)  COOL 70 CNTR K-Pt O TOTAL 

V*1(2250) FROM K- P TO X I * t12 (153010  KO SQRTIPI*PS) 1117B 
O.Og 0.02 BELLEF02 75 HBC 0 K- P TO XI*O KO 11/75 

SEEN IN DO5 WAVE IN NEUTRAL CHANNEL ONLY. ISDSPIN UNDETERMINED. 11 /75  

Y~I(EEBO) INTO IKBAR N)ITOTAL ( J+ I / 2 I * (P I )  
J IS NOT DETERMINED IN THESE EXPTS. THE FOLLOWING IS ( J+ I / 2 ) *P t .  

(0 .47)  BUGG 68 CNTR 3/78 
10 .16 )  (0 .12)  BRICMAN 70 CNTR 0 TOTAL AND CH EX 3178 

3 /78  

C{](]L 66 PRL 16 1228 
SUPEREOED BY COEL 70 .  

REFERENCES FOR Y=I(2250) (PRED. EXP.) 
+GREENBERG~HUGHES~KITCHING, 4 (YALE(CEA)) 
*EOOPER,FRENCH,KINSON, + (CERN,SACLAY) 
+GILMORE,KNIGHT, ÷ (RHELtBIR~CAVE) [ 
+FLAMINIO,MONTANET,SAMIDS + (BNL+SYRA) 

AGU[LAR-BENITEZ, BARNES, + (BNL,SYRA) 
÷FERRO LUZ21, PERREAU,÷ (CERN,CAEN,SACLAY) 
+GIACONELLI, KYCIA, LEONTIC, L I ,  + (BNL) I 
A EARBARO-OALT[ERI (LRL(IJP 
+DREENBERG, HUGHES, MINEHART, MORT,+ (YALE) 

DE BELLEFOE,BERTHON,BRUNET+ (COEF+SACL)IJP 
DE BELLEFO2.BERTHON,B)LLOIR÷ (CDEF,SACL) 
A. J .  VAN HORN (LBL I I JP  
A. J. VAN HORN (LBL)IJP 

DE BELLEFDN,BERTHON (COEF]IJP 
DE BELLEFON.BERTFW]N,BILLOIR+ (C DEF+SACL)IJP 
÷BERTHON,BILLOIR,BRUNET+ (CDEF÷SACL)IJP 

PAPERS NOT REFERRED TC IN DATA CARDS 

÷G(ACOHELLI,KYC|A,LEONTIC,LI,LUNDBY,÷ (BNL) I 

DAUBER 66 PL 23  154 +SCHLEIN, SLATER, STCRK, TILED (UCLA(LRLI) J 
SUGGESTS J=9/2 RESONANT BEHAVIOR IN SIGMA- PI+, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66. 
DAUM 68 NP BT Ig  +ERNE, LAGNAUX, SINS, STEUER, ODO (CERN)JP 
LASINSKI 71 NP B29 125 T A LASINSKI (EF I I I JP  
HEMINGWA 75 NP Bg I  12 HEMINGWAY, FADES,HARMSEN+ (CERN,HEID,MPIW)IJP 

= B U M P S  , . . . . . . . . . . . . . . . . . . . . . .  s . . . .  O . . . . . .  1 . . . . .  S .  
| I THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN 

THIS MASS REGION FROM THE REACTION GAMMA + P TO K* + MISSING MASS - -  
SEE GREENBERG BE. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 Y *E (2455 )  MASS (MEV) (PROD. EXP. I 

M 2455.0 7 .0  BUGG 68 CNTR K -P ,  0 TOTAL 6 /68  
M 2455.0 IO.O ABRAMS TO CNTR K-P* D TOTAL 10/70 
M . . . . . . . . .  
M AVG 2455.0 5.7 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.0) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 Y~ ' I ( 24551  WIDTH (MEV) (PROD. EXP . I  

w 100.0 20.0 BUGG BB CNTR 6 /68  
w 140.0 ABRAMS 70  CNTR K -P ,  O TOTAL ]0170  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 Y*IJ2ZrE5I PARTIAL DECAY MODES (PROD. EXP.) 

DECAY MASSES 
P I  Y .1 (2455 l  INTC N KBAR 938+ "%93 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

53 Y '1(2455}  BRANCHING RATIOS (PROD. EXP.) 

B1 Y* I ( 2455 )  [NTE (KBAR N) /TDTAL  (P l )  
RI J IS NOT KNOWN. THE FOLLOWING IS I J+112 ) *P l .  
RI ( 0 . 3 )  BUGG 6B CNTR 6/68 
RI O.3g ABRAMS TO CNTR K-P ,  D TOTAL IO /?O  
R( C (0 .05 )  (0 .05 )  BRICMAN 70 CNTR O TOTAL AND CH EX 6/70 
Rt C FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN 
RI C THIS REGION. 

REFERENCES EOR Y* I ( 2~ .55 )  (PRED.  EXP.) 

BUGG 68 PR 16B ~.466 ÷GILMORE,KNIGHT, + IRHEL,BIRM,CAVE) I 
ABRAMS 70 PR IO ~17  +COaLt GIACOMELLI, KYCIA, LECNTICt + (BNLI i 
BRICMAN 70 PL 3 IB  I 52  +FERRO LUZZ [ ,  PERREAU,+ (CERN,CAEN,SACLAY) 

PAPERS NOT REFERRED TO IN DATA CARDS 
ABRAMS 67 PRL I 9  6T8 +COOL,GIACOMELLI,KYCIA,LEDNTIC.LI, + (BNL] 

SUPERSEDED BY ABRAMS 70. 
GREBNBER 68 PRL 20 221 GREENBERG, HUGHESt LU, MINEHART, ÷ (YALE) 

Jz(2 2o)l . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  Ts 
B U M P S  I SEE T . . . . .  1 . . . . .  E . . . . . . . . . . . . . . . . . . . .  S i t  . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 Y*L(ZB2Ol MASS (MEVI (PROD. EXPo) 

M 2620.0 15.0 ABRAMS 70 CNIR K-P, D TOTAL TO/70 
M 2£;42. 22 .  OIBIANCA 75  DBC Xl K Pl  1176 
M . . . . . . . . .  
H AVERAGE MEANINGLESS (SCALE FACTOR = 2.91 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BLANPIED 65 PRL 1¢ 741 
BGCK 65  PL 17  166  
BUDG 68 PR 16B 1466 
~ARNES 69 PRL 22  479  

AOUILAR 70 PBL 25  58 
BRICMAN TO PL 3EB 152 
COOL 70 PR D1 1887 
GALTIERI 70 DUKE CONF 173  
LU 70 PR 02  IB46  

BELLEFOI  75 NP BqO t 
BELLEFO2 75 NC 28A 289 
VANHDRN 75 NP B87 145 

ALSO 75 NP BE7 157 

BELLEFON 7b MR B I0g  t 29  
BELLEFON 77 NE 37A 175 
BELLEFON 7B NC 42A 4C3 
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Data Card Listings 
For notation, see key at front of Listings. 

Szr Y*I£2620) WIDTH (~EV) (PROD. EXP. I 

W (I?B.O) ABRAMS 70 CNIR K-P, D TOTAl 10170 
W 221. BE. OIRIANCA 75 DBC XI K P[ 1/76 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5~ Y=I(2620) PARTIAL DECAY MODES IPROD. EXP.) 

DECAY MASSES 
P l  Y*I(2620( INTO N KBAR ~38+ 493  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S~ Y*I(2620} BRANCHING RATIOS (PROD. EXP.) 

RI Y*II2&20I INTO (REAR N(1TOTAL (P l )  
R( J IS NOT KNOWN. THE FOLLOWING IS ( J+ I I 2 I~P I .  
R1 10 .32 )  ABRAMS 70 CNTR K -P ,  D TOTAL 1D/TD 
RL D.B6 0,12 BRIEMAN 70 CNTR D TOTAl AND CH EX 6/70 

REFERENCES FOR Y*II262Dl (PROD. EXP.I 

ABRAMS 67 PRL [~  678  +COOL,GIACOMELLI.KYCIA,LEONTIC,LI. + ( 8NL I  
SUPERSEDED BY ABRAMS 70 .  

ABRAMS 70 PR [D I~17 +COOL. GIACOMELLI, KYCIA, LEONTIC. + (BNLI I 
BRICNAN 70 PL 31B 152 +FERRO LUZZI, PERREAU.+ (CERN,Cr~EN.SACLAY; 

DIBIA~A ?5 NP BgB 137 DIBIANCA.ENDORFR (CARN) 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I I BUMPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i s  . . . . . .  
ENHANCEMENT IN  LAMBOA RE ANO KBAR N INVARIAN7 MASS 
SPECTRA AND IN MISSING MASS OF NEUTRALS RECOILING 
AGAINST KD. EVIDE~E NOT CONCLUSIVE. OMITTED FROM 
IABLB. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 Y~,E(BOODI MASS (MEV} (PROD. EXP.) 

M (3000 .D )  EHRLICH 66  HBE 0 P I -P  ? .q l  BEV/C 9166  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59 Y= I (BDOD)  PART IAL  DECAY MODEB (PROD.  EXP . )  

OECAY MASSES 
PE Y=|(~DOU) INTO N RBAR 9 3 8 +  ~gB 
P2 Y*I (BODOI INTO LRMBOA Pl I 1 1 5 +  IB9 

REFERENCES FOR Y* I ( 3DOOI  (PROD. EXP.I 

EHRLIEH 66 PR [52 l lgA R EHRLIEH. H SELOVE, H VUTA (PENNIBNE)) I 

BUMPS .......... 2AOE ............... s .... Ev. ENHANCEMENT IN THE REACTION K-P - ->  yw~ p|_ USING DATA 
FROM TWO INDEPENDENT HIGH STATISTICS BUBBLE CHAMBER 
EXPERIMENTS AT 8 .25  AND 6 .5  GEV /C .  THE DOMINANT DECAY 
~ODES ARE INTO MULTI-BODY, MULTI-STRANGE FINAL STATES 
AND THE PRODUCTION IS VIA I=312 BARYON EXCHANGE. I ~ I  
IS FAVORED. 
IN NEED OF CONFIRMATION. OMITTED FROM TABLES. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

118 Y~I(BI7D) MASS [MEV) (PROD, EXP.) 

M 35 3170 .  5. AMIRZAD 79 HBC + K-P TO Y$ PI~ 12179 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l i b  YX ' I ( 31TDJ  WIDTH (MEVI (PROD. EXP.) 

W C 35 {2D.I ER LESS AMIRZAD ?g HBC + K-P TO Y* Pl~ 12179 
W C OBSERVED WIDTH CONSISTENT WITH EXPERIMENTAL RESOLUTION. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l iB  V*l(BiTO| PARTIAL DECAY MODES (PRDO. EXP.) 

DECAY MASSES 
P l  Y$1(31TD) INTO LAMBOA K KBAR + PlONS 
P2 YwwI(BITO) INTO SIGMA K KBAR + PEONS 
P3 Y#I(317D) INTO Xl K + PIONS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IEB Y~[(3170) BRANCHING RATIOS (PROD. EXP.I 

R1 Y~'E(BITD) INTO (LAMBDA K KBAR + PIONSIITOTAL (Pl )  
R I  SEEN AMIRZAO 79 HBC + K-P TO Y* Pl -  12179 

R2 Y t I (B I ID)  INTO (SIGMA K KBAR + PIONSI/TOTAL (P2) 
R~ SEEN AMIRZAO 79 HBC + K-P TO Y=~ P l -  12179 

RB Y*IIBITDI INTO IX [  K + PIONS|/TOTAL IRE) 
RB SEEN AMIRZAO 79 HBE + K-P TO Y* P[ -  12 /79  

REFERENCES FOR Yt I (B I70 I  (PROD. EXP.) 

AMIRZAD 79  PL BgB 125 ANIRZAOEH+ (BIRM+CERN+fiLAS+MSU+LPNP+CAMB+ll 
ALSO 80 TORONTO CONF. 263  J.B.KINSON+ (BIRM+CER~/+ELAS+MSU+LPNP+CAMB+I[ 

Baryons 
Z(3000), Z(3170), EXOTIC HYPERONS, EIs 

EXOTIC HYPERON CROSS SECTION LIMITS 

1HIS IS NOT A COMPLETE LIST. WE TABULATE 
ONLY FROM 1970  ON. 

CS UNITS MICROBARNS 
CS G (2D . (  CR LESS 
CS G ABOVE LIMIT FOR MASS 
CS A (~O.) OR LESS 
CS A ABOVE l IMIT  FOR MASS 
CS X (~.T) OR LESS 
CS X WIDTH < 40 MEV. K~N 
CS Y ( I . ~ (  OR LESS 
ES Y WIDTH < #D MEV. K~N 
CS Z (5.~) ER LESS 
CS Z WIDTH < 60 MEV. K~N 
CS B (8.61 DR LESS 
CS B WIDTH < 60 MEV. K-N 
CS C l IB . ) )  CR LESS 
ES C 
CS O 
CS D 
CS E 
ES E 
CS F 
CS F 
CS H 
CS H 
CS I 
CS I 

GALTIERI 68 DBE - -  K-N TO SG-PI-PIO 7170 
< 2,15 GEV AND WIDTH < 6D MEg- (2.1 GEVIC K-) 71TO 

GALTIERI 68 DEC - -  K-N TO SG-PI-PID 717D 
< 2 .B  GEV AND WIDTH < 120 MEV-  ( 2 . 7  GEVIC K - )  7 / 70  

EL= .90  BR IEFEL  75 DBC - -  K -D 2 .87  GEV/C 3 /79  
- ->  (X l -  P I - I  K+ 

CL= .?O  BBIEFEL  75 DBC - -  K-D 2 .87  GEV/C 3 /79  
- ->  (X I -  P I -  RID) K+ 
CL=,DO BRIEFEL 7E DBC - -  K-O 2.87 GEVIC 3179 

- -> (X l -  PI - )  K+ RID 
CL=.9D KATSOUFI 78 DEC - -  K-D 2.87 GEVIC 3179 

- ->  ISIGMA- P [ - )  Pl+ 
CL=.90 KATSUUFI 78 DBC -- K-D 2.87 GEV/O 3/T9 

WIDTH < 12D MEg. K-N --> (SIGMA- PI-I PI+ 
(6.9) ER LESS CL=.90 KATSDUFI 70 DBC -- K-D 2.B7 GEV/C 3/79 

MASS > 2 OEY. WIDTH < 60 MEV. K-N --> (SIGMA~ PI-) PI+ 
(7.7I OR LESS EL=.90 KATSDUFI 78 DBC -- K-D 2.87 GEV/E B/T9 

MASS > 2 GEV. WIDTH < 120 MEV. K-N --> (SIGMA- PI-( PI+ 
(17.) CR LESS CL=.90 KATSOUFI 7B DBC -- K-D 2.87 GEV/C B/79 

WIDTH < 60 MEV, K~N --> (SIGMA- PI- RIO) PI+ 
(2B.) OR LESS CL=.90 KATSUUFI 7B DBC -- K-D 2.BT GEV/C 3/79 

WIO7H < 120 MEV. K-N --> (SIGMA- PI- PlOT Pl+ 
(2B.) ER LEES CL=.90 KATSOUFI T8 DBC -- K-D Z.BT GEV/C 3/79 

WIDTH < BO MEV. K-N --> (SIGMA- Pl--) Pl- PIO 

REFERENCES FOR EXOTIC HYPERO~S 

GALT IER I  6B PRL 21  573  A .BARBARQ-GALT IER1 ,CHAOWICK 4 I LRL+SLAC)  
BRIEEEL 75 PRO 12 18S9 +GOUREV1TCH,KIRSCH+ (BRAN+UMD÷SYRA+TUFTI I  
KATSOUFI 78 PRD IB 16 KATSOUFIS,CANTERtMANN, SCHNEPS+ (TUFT+BRANT( 

Note on E Resonances 

The ~ resonance situation has always been 

unsettled. Thls is because: (i) E*'s can only be 

produced as a part of a final state, and so the 

analysis is more complicated than if direct forma- 

tion were possible; (2) they are produced wlth 

small cross sections (typically a few ub); and (3) 

the final states are topologically complicated and 

difficult to study wlth electronic techniques. 
, 

Thus In the past our knowledge of E resonances has 

come wholly from bubble chamber experiments, where 

the numbers of events are small. 

Until fairly recently only the E(1530) could 

be considered to be really well established. How- 

ever, the 1978 edition of this Review I saw a major 

improvement in the situation with the results of 

GAY 76 and HEMINGWAY 77. The Z(1820) and E(2030) 

were firmly established as narrow states (widths of 

about 20 MeV), and the spin of the E(1820) was 

found to be 3/2 (TEODORO 78). 

Since then, however, little has changed, 

although there is some evidence for a new E(2370) 

(AMIRZADEH 80, HASSALL 81). There is probably at 

least one other E in the 1850-2000 MeV region, and 

there are indications of several others above 2000 

MeV. Indeed, there should be many E *s below 2500 

MeV, and the broad (and not completely established) 

E(1940) could well be a mixture of several of 

them. 2 For now we are forced to group together 
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disparate observations and await new results. The 

disagreements among experiments are shown in ideo- 

grams i n  the Listings. 

Results from experiments using electronic 

techniques are now becoming available. BIAGI 81 

used the CERN hyperon beam to study inclusive AK 

and ~ mass spectra from 102 and 135 GeV/c E- 

incident on hydrogen and deuterium. They saw a 

large E(1820) signal in AK as well as a peak at 

about 1700 MeV, which might be associated with the 

threshold enhancement seen by DIONISI 78. The 

~(1940) appears as a broad bump in the ~ mass 

spectrum, and there is a very clean ~(1530) signal. 

Preliminary results from the Brookhaven multiparti- 

cle spectrometer were r e p o r t e d  at the T o r o n t o  

Conference (see Ref. 3). The E(1820) is clearly 

seen as a narrow object decaying to ~(1530)~. 

The table below gives our evaluation of the 

present status of the ~ resonances. For a 

detailed review, see MEADOWS 80. 3 

References 

i. Particle Data Group, Phys. Lett. 75___BB, 1 

(1978). 

2. R.J. Hemlngway, in Proceedln~s of the Topical 
Conference on Baryon Resonances (Oxford, 
1976), ed. R.T. Ross and D.H. Saxon. 

B.T. Meadows, in Proceedings of the IV th 

International Conference on Barzon Resonances 
(Toronto, 1980), ed. N. Isgur. 
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STATUS OF X l *  RESONANCES 
THOSE ~ITH AN OVERALL STATUS OF ~ * *  OR ~ $ ~  ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 
IN THE PAST WE HAVE LOWERED OUR STANDARDS FOR XI *  RESDNANCES AND TABULATED 
STATES EVEN THOUGH THEY HAD ONLY DEEN SEEN AT LOW LEVELS OF STATISTICAL 
SIGNIFICANCE. NOW TFAT NEW HIGH STATISTICS DATA IS AVAILABLe, WE HAVE 
ADOPTED SOMEWHAT STRICTER CRITERIA. 

STATUS AS SEEN IN - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OVERALL 
PARTICLE LIJ STATUS XI PI LAW K S[G K XI~ PI OTHER CHANNELS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XI(1317) PET **~* WEAK TO LA M pl 
Xl I1530I  P13 *$$$ *~$~ 
X((1630) * * 
XI (1680I  ~$ 
Xl(182Ot 13 $** * * * *  * * *  
X I ( 1 9 4 D I  * *  * *  * *  
XIIBD3D] 1 * * *  * *  * * *  
Xl l212Ol  * 
Xl{2250) * 3~BODY DECAYS 
X1(2370) 1 ~* 3~BOOY DECAYS 
XIIZO001 $ ¢ • 3~BOOY OECAYS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• ~** GOOD, CLEAR, A~D UNMISTAKABLE. 
• * *  GOOD, BUT IN NEED OF CtARIFICATION OR NOT ABSOLUTELY CERTAIN. 
• * NEEDS CONFIRMATION. 

• WEAK. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

S=-2 I=I/2 HYPERON STATES (E) 

F ~  22 x i - ( 1 3 2 1 ,  JP=I /2  ) I=1 /2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

r ~  23 x I O ( l B l S ,  J p = l / z  ) i =1 /2  

SEE STABLE PARTICLE DATA CARD LISTINGS 

TFIS IS THE ONLY WELL-ESTABLISHED XI*  WHOSE PROPERTIES 
ARE ALL AT LEAST REASONABLY WELL-KNOWN. SPIN-PARITY 
712÷ IS FAVOURED BY THE DATA. 

WE DC N~F USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS 
AND RESCLUTI ON. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~9 11~I/211530I MASS (NEVI 

M MIXED CHARGES 
N 20(1535.1 BERTANZA 62 HBC -0 K-P 2.3 GEVIC 
M 5511529.0) (S,OI PJERROU 62 HDC - 0  K-P 1.8 GEV/C 
M (1532.0I I2.01 8AOIER 64 HBC -0 K-P 3 GEV/C 

M- NEGATIVE CHARGE ONLY 
M- 3B 1535.7 3 . 2  LONDON 06 HBC - K-P 2,24. GEV/C 7/66 
M- 336(15B#.7) (1.1) BALTAY 72 HDC K-P 1.75 GEV 1/73 
M- 185 1536.2 1.6 KIRSCH 72 HBC K-P 2.87GEV/C 2/72 
M- 1535,3 2 ,0  ROSSD 73 HBC - XI KBAR PI {PI~ 2/74, 
M- 4,8{1540.] ( 3 . }  BERTHON 7# HBC - QUASI 2 BODY CS I0/74 
M- 153~.5 1,2 BELLEFO2 75 HBE - K-P TO X[ -  K PI 11175 

M- AVG 1535.18 D.B4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.C) 
M- FIT 153~.97 D.63 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.O) 

MO NEUTRAL CHARGE ONLY 
MO 76 1528.7 i . I  LONOON 66 HOE O K-P 2.24 GEV/C 7/66 
MO 5 q  153L.4 0.8 BADIER 72 HDC O K-P aT 3.9SGEVIC ID/71 
NO 1262 1532.0 0.4 BALTAY 72 HD£ O K-P 1.75 GEV 1173 
MO 324 1531.3 0.6 DORENSTEI 72 HBC O K-P ~.2GEVIC 2/72 
MO 286 1532.3 0.7 KIRSCH 72 HB£ D K~P B.87GEVIC 2/72 
MO 1533.0 l.O ROSS2 73 HBC XI KBAR P ( (p ( )  2174 
MO q7(1533.6) I i . 4 ' )  DERTHON 74 HOE C QUASI 2 BODY CS 10/74 
MO 1532,2 0.7 BELLEFO2 75 HB£ O K-~ TO X I -  K PI 11/75 
MO 80(1527.1 ( 6 . ]  SIXEL 79 HBC 0 INCL. K-P 10 GEV I/DO 
MO 10011535.~ I ~ . (  SIXEL 79 HDC O INCL. K-P I5 GEV 1~SO 
MO I 27D0(1532.1) (0 .6)  DAUBILLIE 81 HOE 0 K-P AT 8.25 GEV 2/82* 
MO [ FIT TO INCLUSIVE SPECTRUM. RESOLUTION (S MEV) NOT UNFOLDED. 
MO ~5D(IS3O.) (1.1 BIAGI 81 SPEC - HYPERON BFAM 2/82~ 
MO . . . . . . . . .  
MO AVG 1531.7B 0.3@ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,4'~ 
MO FIT 1531.B0 0,31 FROM FIT IERROR INCLUDES SCALE FACTOR DF L.3) 

ISEE IDEOGRAM BELOW ) 

WEIGHTED AVERAGE = 153178  ± 0 .34  

ERROR SCALED BY 14  

Values  above of weighted a v e r a g e ,  
e r r o r ,  and sca le  fac tor  are  for  the 
r e a d e r  t B convenience  only,  T h e  

data w e r e  a c t u a l l y  p r o c e s s e d  by a 

c o n s t r a i n e d  fit  p r o g r a m ,  which 
c a l c u l a t e s  its  own va lues  o f  x ,  6 x ,  

and s c a l e  fac tor ,  which are  d i f f e r -  
t fror~ the va lues  shown h e r e .  

CHISO 

I . . . . .  B E L L E F 0 2  75  HBC 

- -  - - R O S S 2  75 HBC 1 . 5  

. . . .  K I R S C H  72 HBC 0 . 5  

. . . .  B O R E N S T E I  72 HBC 0 . 6  

. . . .  BALTAY 72 HBC 03  

. . . .  BAOIER 72 HBC 02  ~ ONDON 66 HBC 7 9  

1 1 . 4  

' , (CONLEV 
1 5 2 6  1 5 3 0  1 5 5 4  1 5 3 8  = D . 0 7 7 )  

X I ' 1 / 2 ( 1 5 3 0 ) 0  MASS ( M E V )  
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Data Card Listings 
For notation, see ke~ at front of Listings. - ' - ( 1 5 3 0 ) ,  

Baryons 
Z ( 1 6 3 0 ) ,  . - ' ( 1 6 8 0 )  

Ag (X I * - I  - (X I *O)  NASS DIFFERENCE (MEV) 

O 5.7 3 .0  PJERROU 65  HBC -O 1.8-,.95 GEV/C 7166 
D R (7.01 (4 .O l  LONDON 66 HEC - 0  2.B~ GEVIC 7E66 
D 2 .0  3.2 MERRILL 66  HBC -O 1 .7 -2 .7  GEVIC 7166  
D 2.7 t .O BALTAY 72 HOG -O R-P 1.75 GEV 1/78 
D R [ 3 , 9 }  ( [ . 81  KIRSCH T2 HBC -D K- P 2.87 GEV/E 2/72 
D R REDUNOANT WITH DATA IN MASS LISTING. 
D . . . . . . . . .  
D AVG 2.92 0.91 AVERAGE tERROR INCLUDES SCALE FAETOR OF {.Of 
D FIT 3. E7 0 .6~  FROM F I T  tERROR INCLUDES SCALE FADTOR OF 1.03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A~ X I * t / 2 (15301  WIDTH (MEV) 

W MIXED C FARGE S 
W 20 (35.1 OR LESS BERTANZA 62 HBC -O K-P 2 .3  GEV/C 

W- NEGATIVE CHARGE ENLV 
W- T .B  3 .5  
W- L6 .2  ~ .6  
w-  8 , 3  3 .E  
w- 9.6 2 .8  
W -  • . . . . . . . .  
w- AVG lO. I I .  g 

WO NEUTRAL CHARGE ONLY 
WO 7.0 2.0 SCHLEIN 63 HBC 
wO 7.0 T.O BERGE b6 HOD 
wo 8 .5  3 .5  LONDON 66  HOE 
wo l / .O  2.0 BAOIER 72 HBC 
NO 9 .0  0 .7  BALTAV 72 HBC 
WO 8 .4  I . 4  BDRENSTEI 72 HBC 
WO I I .O  1.8 KIRSCH T2 HOE 
WO 9.1 2.~ ROSS2 73 HBE 
wo g.B L .2  BELLEFO2 75 HBC 
wo R 8O ( I 9 . )  ( 6 . )  SIXEL 79 HBC 
wo R tO0 (1~ . I  lB . )  SIXEL Tg HBC 

T.8 BALTAY 72 HBC - K-P I .T5  GEV UT3 
KIRSCH 72 HBC X l -  P]%XIO P[ -  2172 
ROSS2 73 HBC XI K~R Pl IP [ )  2/T~ 
BELLEF02 75 HBC - K-P  T[] X I -  N Pl  11175  

AVERAGE (ERROR INCLUDES SCALE FACTOR OE 1.0) 

O 1.8, I.QB GEV/C 
O 1.5-1.7 OEVIC 7 /6B  
0 2.24 GEVIC 7 /66  
O K-P AT 3 .95GEV/C  10171 
0 K-P 1 .75  GEV 1 /T3  
0 x I -  PI+ ~ODE 2172 
0 x [ -  P l÷  2 /72  

x [  KBAR PI  (P I I  2 / 7~  
K--P TO X I -  K PI  1 , / 75  

0 INCL. K-~ lO GEV I /BO  
0 INCL. K-P 16 GEV L/80 

WO I 2700 ( i 2 .B I  ( I . 0 )  BAUBILLIE 8L HBC 0 K-P AT 8.25 GEV 2/82= 
WO I FIT TO INCLUSIVE SPECTRUM. RESOLUTION (5 MEV) NOT UNFOLDED. 
WO R EXPERIMENTAL RESOLUTION OF 15 MEV NOT UNFOLDED. 
WD . . . . . . . . .  
WO AVG 9 .14  0.48 AVERAGE tERROR INCLUDES SCALE FACTOR OF l .O}  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~g XI t I / 2 ( I 530 )  REAL PART OF POLE POSITION ~/75 

RED 1531.6 o.~ LICHTENB 74 0 EXTRAP HABIBIT3 ~IT5 
RE- I53~.A E . l  LICHTENB 74 - EXTRA~ HABIBI73 4175 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aq X I * l / 2 (15303  IMAGINARY PART DF POLE POSITION 4 /75  

IMO ~.~5 0 .35  LICHTENB 7~ O EXTRAP HABIEI73 4/75 
IM- 3 .9  1 .75  3 .9  L ICHTENB 74 ~ EXTRAP HABIBI73 ~ /T5  

~9 X I ' 1 1 2 1 1 5 3 0 }  MARTIAL DECAY VODES 

DECAY MASSES 
BE XI~EIE(L530) INTO XI PI 132E÷ [39 

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION. 
P2 XI~ l /2 (15301 INTO XI GAMMA 1321+ 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~g XI* I /2K15301 BRANCHING RATIOS (MEV) 

R [  XI*l121,530I INTO (XI GAMMA)/TOTAL (P2) 
R, {O.OAl OR LESS CL=.gB KALBFLE[ 75  HBC - K-P AT 2 .18  GE~ 

REFERENCES FOR X I~ I / 2 (1530 )  

BERTANEA 62 PRL 9 180 
PJERREU 62 PRL 9 I i 4  
SCHLEIN 63 PBL I I  IA7 
BAOIER 6~ DUBNA I 593 
PJERRCD 65 PRL [4  ETB 

BERGE 66 PR 147 ~ B  
LONDON 66 PR 143 1034 
MERRILL 66 UCRL- [6455  THESIS 

BAOIER T2 NP 837 ~2g 
BALTAY 72 PL 428 129  

ALSO T3 NEVIS L991THESISl 
BOBENSTE 72 PR DE 1559 
KIRSCH 72 NP B4O 34q 

ROSS2 T3 ~UR~UE DDNF. 355 
BERTHDN 74 NC 21A E46 
LICHTENB 74 PRO IO D865 

ALSO 74 PRIV. COMM. 

BELLEF02 TS NE 28A 28~ 
KALBFLEI 75 PR] IT DE7 
S IXEL  79 NP B I59  125 
BAUBILL I  81NP  B Ig2  l 
BIAGI Bl ZPHY C9 3E5 

+BRISSON,CONNOLLY, GOLCEERG.GRAY.÷(BNL,SYgA) IJ  
÷PROWBE,SCHLEIN,BLATEP,STORK,TIDHO lUCIA) I 
+CARMONy,PJEBROU,$LATER,STORK,TIEHO (UCLAIIJP 
÷DEMOULIN,GOLDBERG, + IEPCL,SAELAY,aBSTI l 
÷SDHLEIN,SLATER,SMITH,STORK,TICHO [UCLAI 

+EBERHARD,HUBBARD,MERPILL,B-SHAFER,* I LRL )  I 
÷RAU, SAMIOS,YAMAMOTO,GOLOOERG,÷ (BNE,SYRAI IJ 
D W MERRILL ILRLI JP 

+BARRELET,CHARLTON,VIDEAU IEPOL)  
÷BRIDGEWATER,COOPER,GEREHNIN,÷ ICOLU+BING} 
HAEIBI (CDLUMBIAI 
BO~ENSTEIN,DANBURG,KALEFLEISDH÷÷ (BNL,~ICH) I 
SCHMIOT÷CHANG,HEMINGWAYIB~AN,UMD~SYRA~TUFT) I 

ROSS,1LOYO,RADOJIC[C (OXFORD) 
BERTHON,TRISTRBM,÷ (DDEF+RPEL+SAEL÷STRBI 
O B LICHTENBERG (INDIANA UNIVERSITY) 
D B LICHTENBERG (INDIANA U~'IVERSITY) 

DE BELLEFON,SERTHON,BILLOIR÷ (CDEF,SACL) 
KALBFLEISCH,STRAND,CHAPMA~ (BNL÷~(CH) 
+BOTTCHER*KLEIN÷ (AACH÷BERL÷CERN~LOIE*VIENI 
BAUBILLIEB÷ iBIRW+CERN÷GLAS÷MSU÷LPNPI 
÷ (BRIS÷CAME÷GEVA÷HEIO÷LAUS÷LOQM+RHEL) 

PAPERS NOT REFER~EO TO IN DATA CARDS 

SHAFER 66 PR [42  BE3 BUTEON-BHAFER,L|NDSEY,MUP~AY,SMITH (LRL( JP 
6 SPIN-PARITY DEIERMINATION. 

HABIBI 73 NEVIS [g~(THESIS| HAB[BI (COLU) 
HUNGERBD 74 PRO [0  20~[ HUNGERBUHLEM,MAJKA,÷ [YALE,FNAL,BNL,PITT) 
BRIEFEL 75 ORD 12 L859 ~GDUREVITCH,KIRSEH~ (BRAN÷UMD÷SYRA÷TUFT) 
8RIEFEL T7 PRO 16 ETOE +GOUREVITCH,EHANO+ (BRANeUMD÷SYRA+TUFT) 
MAZZUCAT 81 NP 8178 I MBEZUCATO,PENNINO÷ (AMST+CERN+NIJ~OXF) 

L176 
l / 7 b  

I z ~ 1 1 ~ 1 6 3 0 U  E, .... 1;(.3 . . . . . . . . .  12 

SEEN ONLY IN  THE X |  P I  CHANNEL. 
IN  NEED OF CDNEIRMAT[ON,  OMITTED FROM THE TABLES.  
BARTSCH 69 SEE A SMALL, BROAD ENHANCEMENT NEA~ 
IE50 MEV - IT IS NOT CLEAR THAT IT IS THE SAME 
PHENOMENON AS BRIEFEL 77, WHO FIND ES=2.6+-0.9 
~ICROBARNS AT 2.87 GEVIC INCIDENT K- MOMENTUm. 

B~  ENSTEIN 72 SEE NO EFFECT IN THIS REGION. THEY FIND 
CS<2 MICROBARNS AT 2.18 GEV/C. 

ROSS 72 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SAME AS THaT 
SEE N BY BRIEFEL 77 (W POSE PRELIMINARY RESULTS ~ERE REPORTED IN 
BMST TO), AND FIND DS=2~-I MICROBARNS AT 3.3 GEVZC. 
BELLEFON 75 FIND A CS OF AROUND TO MIZROBARNS NEAR E GEViC, 
BUT LESS THAN 3 PlCROBARNS AROUND 2.3 OEV/C. 

NOT SEEN BY HASSALL 81 IN A HIGH STATISTICS BUBELE C~A~BER 
EXPERIMENT I46 E~ENTSIM[DROBARN) AT E.5 GEVlC. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 X l l t / 2 (16301  NABS (MEVI 

M 29 160B.  6. ROSS 7E HBC O K-P AT 3 .1 -3 .7  3272 
M 34 1633 .  12 .  BELLEFO2 75 HBC 0 K-P  TO X I -  K PI  11175 
M 31 1624. 3. BPIEFEL 77 NBC O K-P 2.E7 GEV/C I/TO 
M 
M AVERAGE MEANINGLESS (SCALE FACTOR = E.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 x I~ I I 2 (1630 )  WIDTH IMEVI  

w 29 21. 7. ROSS 72  ~BC O X[ -PI÷  K*O(8901  3172 
w 34 40 .  15 .  BELLEFO2 75 NBC 0 K-P  TO X I -  K PI  I I / 7B  
w F 3 I  122.53 BRIEFEL 77 HBC 0 K-P 2.87 GEV/C I /T8  
W F GOODNESS EF FIT INSE~'SITIVE TO VALUES BETWEEN [5 AND 30 MEV. 
W F THE SIGNIFICANCE OF THE EFFECT IS CLAIMED TC BE ABOUT 3 STD. OEV. 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTO~ = [ . [ )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 XI~l12(16303 PARTIAL DECAY MODES 

DEEAY ~ASSES 
PI X I= i / 2 ( I 630 )  INTO XI Pl I32 [÷  I39 

SEEN IN K -  p TO X I -  Pl+ KO AND X I -  RIO K+. 

REFERENCEE EOR X I= [ / 2 ( [B3O l  

ROSS 72 PL 3BB 177 ÷BURAN,LLOYD,MULVEY,RAODJICIC {OXE) I 
BELLEF02 75 NC 28A 289 DE BELLEFON,BERT~N,OILLOIR÷ (EDEF,SAGLI 
BRIEFEL 77 PRO IE 2706 ÷GDUREVITCH,CHANG÷ (ERANTUMO÷BYRA÷TUFT) 

ALSO 70 DUKE CONF. 317 BMST (RRANOEIS÷MAPYLANDeSYRACUSE+TUFTSI 

~APERS NOT REFERRED TO IN DATA CARDS 

APSELL 69 PRL 23  BB4 ÷ IBR~NOEIS, MARYLAND, SYRACUSE. TUPTS) 
SUPERSEEED BY E~ST 70. 

BARTSCH 69 PL 28E 439 • {AACHEN,  ~ERLIN, GERM, LOIC, VIENNA) 
KALBELEI 70 DUKE CDNF 331 G R KALRFLEISCH {~NL} I 

SUMMARIZES EVICENCE FOR ISOSPIN ONE-HALF. 
BORENSTE 72 PR 05 [559 BDRENSTEIN,DANBURG,KALBFLEISCH++ (BNL,MICHI I 
SCHMIDT 73 PURDUE DENF. 363 SCHMIDT (BRANnEISI 
HUNGERDU 7~ PRO TO 2051 HUNGERBUHLER.MAJKA,+ (YALE,FNAL,PNL,PITT) 
BRIEFEL 75 PRO [E  1859 ÷GOUREVITCH,KIRSCH+ (BRAN*UMD÷SYRA÷TUFTI 
HASSALL 81NP 9 1 8 9  397 *ANSORGE,CARTER,NEALE,RUSHBRD~KE÷(CAMB÷MSUI 

I=.(i 8o)I , , , . , ,  . . . . . . . . . . . . . .  ) . . . . .  I ~ 1  

SEEN BY DIONIS[ 78 AS ~ THRESHOLD ENHABDEMENT IN ~OIH 
THE NEUTRAL AND NEGATIVELY CHARGER SIGMA REAR M~SE 
SPECTRA FROM THE REACTIONS K-P -~>  (SIEMA KEARI K P l  
~T ~.2 GEV/C. THE DATA FRrM THE SIGMA KBAR CHANNELS 
~LONE CA~INOT DISTINGUISH BETWEEN A RESONANCE 

INEERPRETATI~K AND A LARGE SCATTERING LENGTH. 
WEAKER EVIDENCE FOR AN ENHANDEMENT AT THE SAME MASS IS SEEN IN THE 

CORRESPONDING LAMEDA KBAR CHANNELS AND A COUPLED CHANNEL ANALYSIS 
YIELDS RESELLS CONSISTENT WITH A NEW XI~. 

THE HYPE~N ~EAM EXPERIMENT OF BIAG[ BI  OBSERVE AN ENHANCEMENT AT 
1700 ~EV IN THE DIFFRACTIVELY PRODUCED LA~BDA K- SYSTEM. A ~EAK IS 
ALSO OBSERVED IN THE LAMBO~ KD MASS BPECTRUM AT I~BO MEV WHICH IS 
CONSISTENT WITH A RESCNANCE OF MASS 1720 MEV DECAYING iNTO SIqMAO 
KO, WiTH T~E GAMMA FROM THE SIGMAO OETAY NOT DETECTED. 
IN NEED OF FOTHER CONFIRMATION. OMITTED FRO~ THE TABEES, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 X I * t / 2 ( I 6EO)  ~ASS IMEV} 

MO NEUTRAL CHAR&E 
~0 F [78(1699.1 (5 .  l DIONISI 78 HBE 0 K-P AT 4.2 DEV/C 3/79 
MO C LB3IIb84.1 15.1 DIONISI 78 NEE O K-P AT 4.2 GEV/C 3/Z9 
MO F FROM FIT TO SIGMA÷ K- SPECTRUM 3/79 
MO C FROM COUPLED CHANNEL ANALYSIS OF SIOUA÷ K- AkD LAMBDA KO EBFCTRA 3/79 

M- NEGATIVE CHARDE 
M- K 45 ( [ 69~ ,1  ( 6 . )  D[ONISI 78 H~C ~ K-P AT ~.B GEV/C 3 /79  
M- K FROM COUPLED CHANNEL ANALYBIS OF SIGMBO K- ~NE LAMBOA K- SPECTRA 5/79 
~ -  H 15011700. I I | 0 .  I BIAG[ B I  EPEC ~ HYPERON BEaM 2 /B2  $ 
M- H FIT TO INCLUSIVE SPECTRU ~ FROM XI-N - - >  LAM ~- X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 X [ * I IB I ISBO}  WIDTH IMEV) 

WO NEUTRAL CHARGE 
wO F 175 (~ . ]  (ED.) O[nNISI 78 ~BE o K-P AT &.2 GEV/C 3/79 
wo C 1B3 (20. I (4 .  I PLONKS[ 78 H~[ ~ K-P AT k .2  GFV/C 3/?q 

W- NEGATIVE CHARGE 
W- K 45 {26 . )  (~ * )  DIONIS[ 78 HB£ - K-P AT 4.2 GEV/C 3/79 
W- H ISO (47 . )  ( 14 . )  ~IADI ~I  SPEC HYPEriON BF~M 2/BE~ 

SEE TEE NOTES ACCOMPANYING THE ~ASSES Qbl=TED 



Baryons 
-'(1680), .=(1820) 

5 xi.112(1680I PARTIAL DECAY MODES 

DECAY MASSES 
Pl X[.112(1880l INTO SIGMA KBAR 1192+ 497 
P2 Xl*I/2IlCBO) INTO LAMBDA KBAR 1115+ 497 
P3 XI*i/2[1880) INTO XI PI 1314+ 134 
P4 X l * l / 2 { 1 6 B 0 }  [NT0 X I ' 1 / 2 ( 1 5 3 0 ]  PI 1533+ 134 
P5 Xl*l /Z(Ib80) INTO Xl PI PI (INCLUDING P4) 1314+ 134+ 134 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 X I * I / 2 ( I C E O )  BRANCHING RATIOS 

R 1  XI*i/2(1680) INTO ISIGMA KBAR)IILAMBDA KBARI (PI)IIP2| 
R[ Z [2.71 [0.9) DIONISI 78 HEC O K-P AT 4 .2  GEV/C 3/79 
R[ N [ 3 . 1 )  i 1 . 4 )  DIONISI 78 H8C - K-P AT 4.2 GEVIC 3/79 
RI Z NEUTRAL CHARGE 
R I  N NEGATIVE CHARGE 

R2 kI*I/2(1680) INTO (XI PI)/(SIGMA KBAR) (P3IIIPl) 
R2 (D.OO) OR LESS DIONISI 78 HBC O K-P AT 4.2 GEV/C 3/79 

R3 XI'1/2(168C} INTO [XI- Pl+ PIOI/(SIGMA KBAR) (P5)/(P1) 
R3 [0.04) OR LESS DIONISI 78 HBC 0 K-P AT 4.2 GEV/C 3/79 

R4 X l * l l 2 l l b80 I  INTO [XI- PI* PI-IIISIGMA KBARI (P5)llPE) 
R4 (0.03) OR LESS DIONISI 78 HBC - K-P AT 4.2 GEV/C 3/79 

RB XI*I/2{1680) INTO (XI*(15301PII/ISIGMA KBARI ( P 4 I / I P l l  
R5 (0.06) OR LESS OIQNISI 78 HOE - K-P AT 4.2 GEV/C 3/79 

****** ~******** ********* ********* ********* ********* ********* ******** 

REFERENCES FOR XI.112{1680) 

DIONISI 78 Pt 808 145 +DIAE,ARMENTEROS+ (CERN+AMST*NIJM+OXF)hJP 
BIAGI 81ZPHY C9 305 + (8RIS+CAMB+GEVA+FEID+LAUS+LOQM+RHEL) 

****** ********* ***~***** ********* ********* ********* ********* ******** 
* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

I i.  IlZ, t.,2O, l . . . . .  i , , , ,  . . . . . . . .  , . . . .  i / B  

WE LIST HERE EVERYTHING REPORTED IN THE MASS RANGE 
1750-1875 MEV. 

The clearest evidence for this state comes 

from GAY 76, who saw an 8 standard-devlatlon peak 

in AK- as well as signals in Z(1530)z and EK. The 

peak is narrow (F = 21 ~ 7 MeV), whereas earlier 

(and much smaller) experiments found widths of up 

to I00 MeV (see the Listings below). 

A spln-parity analysis of the GAY 76 data, but 

with more events (TEODORO 78), favors spin 3/2 but 

cannot make a parity discrimination. 

BIAGI 81 used the CERN hyperon beam to study 

2- interactions in hydrogen and deuterium. The 

diffractively produced AK- system has a broad peak 

(F = 72 ~ 20 HeY) at 1830 MeV on top of a substan- 

tial background. There is also a smaller peak in 

inclusive AK~ spectrum. the 

Neither GAY 76 nor BIAGI 81 saw a peak in the 

~x channel. It is possible that Zx peaks seen in 

this region by some lower-momentum experiments are 

at least partly due to the ~(1940), with a shape 

distorted by the limited phase space available 

(SMITH 65). The situation is further confused 

because some experiments were forced to add several 

different channels together to overcome poor 

statistics (CRENNELL 70, BADIER 71). 
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Data Card Listings 
For notation, see key at front of  Listings. 

50 XI*l/2(1820) MASS (MEVI 

M 11770.0) HALSTEINS O3 FEE -0 K-FR 3.5 GEV/C 
M 30 1814.0 4.0 BADIER 65 HOE 0 LAMBDA KOBAR 
M 29 1817.0 7.0 SMITH I 65 HOE -O LAMBOA REAR 
M 40 1830.0 10.0 ALITTI 69 HBC - tAM, SIG KBAR 9/&9 
M C 25 1830.0 I0. O CRENNELL 70 08C -O 3.8, 3.9 GEV/C 10170 
M C FROM FIT TO INCLUSIVE Xl Pl, Xl Pl Pl AND LAMBOA K- SPECTRA 
M 0 (1828 .01  (12.0) CRENNELL 70 DBC -D 3.6. 3.9 GEVIC IIITT 
M 0 FROM FIT TO INCLUSIVE X( Pl AND Xl PI PI SPECTRA ONLY 
M B 28 1762.0 B.O 8ADIER 72 HBC -0 X[ PI,XIBP[,K Y 10171 
N 8 38 1838.0 5.0 BAOIER 72 HOE -OXl PI,XIZPI,K Y IO/Tl 
M B BADIER 72 ADDS ALL CHANNELS AND DIVIDES PEAK IN LOWER AND HIGHER 
M B MASS REGIONS. THE DATA CAN ALSO BE FITTED WITH A SINGLE BREIT- 
M B WIGNER OF MASS 1800 AND WIDTH 150 MEV. 
M i 30 1821. 5. ROSSI 73 HBC -0 LAMBOA K-/KBARO 2/74 
M 1 LESS SIGNIFICANT ENHANCEMENTS SEEN IN XI*(1530) P[ (M=IBEB,W=lOO) 
M l AND SIGMA KErR (M=IB10*-9.W=IC+-1E). 
M 1807, 27. DIBIANCA 75 OBC l 0 x I 2PI, X[* P[ 1/76 
M 130 1823.0 2.0 GAY 76 HBC - K- P AT 4.2 GEV 2/77 
M 74 1797. 19. BRIEFEL 7T HBC O XI PI [2.87 K-P) 1/78 
M 68 1829. 9. BRIEFEL 77 HBC -o X[[1530)  PI 1/78 
M 39 1860. 14. BRIEFEL 77 HOE - SIGMA- KOBAR 1178 
M 44 IBTO. 9. BRIEFBL 77 HBC O LAMBDA NOBAR 1/78 
M 57 1813. 4. BRIEFEL 77 HBC - LAMBDA K- 1/78 

8IAGI 81 SPEC HYPERON BEAM 2/82. M I 300 1830. 6. 
M I FIT TO INCLUSIVE SPECTRUM FROM X[-N - ->  LAM K- X 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 3.1) 

(SEE IDEOGRAM BELOW I 

L CHISQ 

. . . . . .  BIAG[ 81 SPEC I .8 

+ |  . . . . . . . .  BRIEFEL 77 HBC 4 , 9  
m 

I - ' ~ - - B R I E F E L  77 HBC 2 8 , 6  

~I I . -  B R I E F E L  77  HBC 7 4  

. . . . . .  BR[EFEL 77 HBC 0 , 6  

I l l  . . . . .  BR[EFEL 77 HBC 

. . . . . .  GAY 76 HBC 0 . 3  

'/If . . . .  D I B I A N C A  75 DBC 

. . . .  , ,OSS l  73  . 6c  o o 

I I /  

/ ~  . . . . . .  C R E N N E L L  70  DBC 0 , 7  

. . . . .  A L I T T I  69  HBC 0 . 7  

. . . . . .  S M I T H  1 65  HBC 0 . 5  

. . . .  B A D I E R  65 HBC 3 8 

' (CONLEV 
1 7 0 0  1 7 5 0  1 8 0 0  1 8 5 0  1 9 0 0  1 9 5 0  = 0 . 0 0 0 )  

X I * I / 2 ( 1 8 2 0 )  MASS ( M E V )  

50 X l * l / 2 ( 1 B 2 0 )  

w lEO.O) OR LESS 
W (12.0} (4.0) 
w 30.0 7.0 

55.0 40.0 20.0 w 
W E lO3.O 38.0  24.0 
w 0 (48.0I (36.0) (19.0) 
w B 51.0 13.0 
w B 58.0 13.0 
w 1 30 LZ. 4. 
W 85. 58. 
w 130 21.0 7.0 
w 74 99. 57. 
W 68 52. 34. 
w 39 72. 
w 44 44. 
w 
w 
w 
w 
w 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WIDTH (MEVI 

HALSTEINS 63 FBE -0 K-FR 3.5 GEV/C 
BADIER 65 HBC 0 LAMBDA KOBAR 
SMITH 2 65 HIE -0 LAMBDA KBAR 
ALITTI 69 HBC - tAM. SIG KBAR 9169 
CRENNELL 7O DBC -O 3.8, 3.9 GEV/C 10/70 
CRENNELL 70 DEC -O 3.6. 3.9 GEV/C 11/77 
8ADIER T2 HBC -0 LOWER MASS 10/71 
BADIER 72 HBC -O HIGHER MASS 10171 
ROSSI 73 HBC -O LAMBOA K-IKBARO 2/78 
DIBIANCA 75 DEE -0 XI 2Pl, XI* PI 1/76 
GAY 76 HBC - K- P AT 4.2 GEV 2/77 
BRIEFEL 77 HBC O Xl PI ( 2 . 8 7  K-P) 1/78 
8RIEFEL 77 HBC - 0  X I I I 530 )  PI I/TO 
8RIEFEL 77 HBC - SIGMA- KOBAR 1178 
BRIEFEL 77 HBC O LAMBDA KOBAR 1/78 

17. 
11. 

57 26. l l .  BRIEFEL 77 HOG - LAMBDA K -  
I 800 72. 20. BIAGI 81SPEE - HYPERON BEAM 

*** SEE THE NOTES ACCOMPANYING THE MASSES QUOTED ABOVE. 

AVERAGE MEANINGLESS ISCALE FACTOR = 2.2) 
{SEE IDEOGRAM BELOW i 

1/78 
2182. 

J 
- 5 0  

, ...... B,ACI ., SPEC 52 

-BR[EFEL 77 HBC 2 . 6  

l -BRIEFEL 77 HBC 7 . 2  

-BRIEFEL 77 HBC 

l -8RIEFEL 77 HBC 

. . . . . . . . . . . .  GAY 76 HBC 0 . 6  

i "DIBIANCA 75 OBC 

. . . . . . . . . . . . .  ROSS1 73  HBC 1 2 . 7  

. . . . . . . . .  B A D I E R  72 HBC 6 . 0  

. . . . . . . . .  B A D I E R  72 HBC 3 6  

~ ' - - C R E N N E L L  70 08C 

. . . . . . .  AL ITT I  69 HBC 

~ !  . M I T H  2 65 HBC 

50 1 5 0  2 5 0  

X [ ' 1 / 2 ( 1 8 2 0 )  W I D T H  ( M E V )  

0.3 

38.2 

(CONLEV 

=0 000) 
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Data Card Listings 
For notation, see key at front of Listings. 

50 X I ' 1 /2 (18201  PARTIAL DECAY MODES 

DECAY MASSES 
PI X1*11211820| INTO LAMBDA KBAR 1115+ 697 
P2 xI*[12118201 INTO XI Pl 1381+ 139 
P3 X1$112(1820) INTO SIGMA KBAR 1197÷ 697 
P4 Xl=llB(IBZO) INTO XI=I12(1530) PI 1533+ 139 
P5 XI=1/2(1820I  INTO Xl PI Pl [EXCLUDING P4) 132E+ 139+ E39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FITTED PARTIAL DECAY MODE BI~NCH~I~ Q FRACTIO~ 

The matrix below is derived from the error m a t r i x  Eor the  Eitted par t ia l  decay r~ode 

branching Eractions, Pi' as Eollows: The diagonal elements a r e  P , ± 6 P . ,  where x i 
6p.t = "" t - ~ i  } ' while the of E-dla~onal elements are the normalized correlation coeffi- 

cients <6PiSP j >/(6P i . 6Pj). For the deElnitions oE the individual Pi' see the listings 

above; only tho~e Pi appearing in the ~trix are assumed in the Eit to be nonzero and 

are thus con|tratined to add to I. 

P I P 2 P 3 P 4 
P ] . . 6R76+- *0871  
P 2 - . 7 6 1 2  .1885~- .0529  
P 3 .1335 - . 5880  ,1663+- .  06TT 
P 6 - *8220  .5E l8  - .  500q .16TR+-,  06~T 

50 Xl* l l2{1B2Ol BRANCHING RATIOS 

RI XI*1 /2 (18201 INTO ILAMBDA KBAR)/TOTAL [ P I )  
RE 0 .30 0.15 ALITTI 69 HBC - K-P 3 . 9 - 5 . 0  GEV 9169  
RI . . . . . . . . .  
RE FIT 0.497 0.087 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.81 

R2 XI*112118201 INTO (Xl PII/TOTAL (P2I  
R2 0 .10 0.10 ALITTI 69 HBC - K-P B . 9 - 8 . 0  GEV 9/69 
R2 . . . . . . . . .  
R2 FIT 0.180 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 

R21 XI*1 /2(18801 INTO IXI PII/(LAMBDA KBARI ( P 2 1 / ( P I {  
R21 0.20 0.80 BADIER 65 HBC O K~P AT 8 GEV 7166 
R21 10.361 OR LESS EL=.95 GAY 76 HEC - K- P AT 8,8 GEV 2/77 
R21 . . . . . . . . .  
R2[ FIT 0.38 0.16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I .S I  

R22 X1"1/2{1820)  INTO ( x [  P I ) / I X I ~ I / 2 ( 1 5 3 0 1 P I )  (P2II(P41 
R22 1.5 O-6 066 APBELL 70 HBE O K-P AT 2 .87 GEV 6/70 
R22 . . . . . . . . .  
R22 FIT 1.13 0.36 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

R3 X l * l l2 ( IB2O)  INTO {SIGMA KBARIITOTAL (P3I 
R3 10.021CR LESS TRIPP 67 RVUE 8/67 
R3 0.30 0.15 ALITTI 59 HBC - K-R 3 . 9 - 5 . 0  GEV 9/69 
R3 . . . . . . . . .  
RO FIT 0.146 0.068 FROM FIT {ERROR INCLUDES SCALE FACTOR OF l . l l  

RE1 X1,1 /2 (1820)  INTO [SIGMA KBARII(LAB8OA KBARI  I P O I / l P l l  
RBI 0.26 O.LO GAY 76 HSC - K- P AT 4 .8  GEV 2/TT 
R 31 . . . . . . . . .  
R51 FIT 0.29 O. EO FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 . l )  

RA XI=1/211820I INTO {X I=1 /2 (15301P I I /TOTAL  (PR{ 
R6 0 .30 0.18 ALITTI 69 HBE - K-P 3 . 9 - 5 . 0  GEV 9 /b9  
R4 S (0.25) ER LESS DAUBER 69 HBE K-P 2.7  BEVIC 9/69 
R8 S USES IN PART THE SAME DATA AS SMITH 65 
R6 I NOT SEEN HASSALL 81 HBC K-P 6.5 GEV/C 2182' 
R~ I INCLUDING Xl Pl PI 
R6 . . . . . . . . .  
88 FIT 0.187 0.065 FROM FIT iERRDR INCLUDES SCALE FACTOR OF 1.61 

RBI Xl=l1211820I INTO (XI*115301 BII I ILAM KBAR)  ( P A l l ( P 1 )  
RE1 0.26 0.13 SMITH 1 65 HBC -O R-P 2.65-E.YOGEV 
R61 1.0 0 ,3  GAY 76 HBC - N- P AT 4 .2  GEV 2/77 
R41 . . . . . . . . .  
R4I AVG O.BB 0.27 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.31 
841 FIT 0134 0.18 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.71 

R51 X1"1/2(1820)  INTO (XI PI PIIIILAMBOA KBARI  ( P 5 l l I P l l  
R51 [0.11 CA MORE SMITH l 68 HBE -0 K-P 2.65-2.TOGEV 

R52 xi*I12118201 INTO (Xl Pl P l i / l X I * t / 2 ( 1 5 3 0 1  a l l  IPSI I IPAI  
RS2 L 10.3) 10.51 APSELL 70 HBC 0 K-P AT 2.87 GEV 6170 
R52 L OR LESS. UPPER LIMIT FOR THE 3-80DY DECAY 
R52 CONSISTENT WITH ZERO GAY 76 HEC - K-P AT 4 .2  GEV 11177 

R53 XI'112(18201 INTO (Xl PI Pl {INCLUDING XIt(1530) PI)) / (LAM8OA KBARI 
RS3 (P~+PSI / IP I }  
R53 C (0.141 OR LESS BAOIER 65 HBC O I STD.DEV.LIRII 11177 
R50 C FOR THE DECAY mODE (X l -  Pl+ PlOT ONLY 

REFERENCES FOR XI *112 (18201  

HALSTEIN 68 SIENA CCRF 173 
8AOIER 65 PL 16 [TE 
SMITH 1 65 PRL 14 25 
SMITH 2 65 ATHENS EONF 251 
TRIPP 6T NP BB lO 

USES OATA OF SMITH I. 

ALITTI 69 PRL 22 7~ 
DAUBER 69 PR ZT9 1262 
APSELL 70 PRL 24 777 
CRENNELL 70 PR 10 847 

HALSTEINSLID,÷ (BERGEN,EERN,EPOLIRHEL,LOUC) I 
+OEMOULIN,GOLOBERG, + (EPOL,SACLAY,ARST) I 
+LINDSEY,DUFTDN-SHAFER,MURRAY ILRLIIJP 
G A SMITH, J S LINDSEY (LRLI 
÷ LEITH, * (LRL,8LAC,CERN,HEIDEL,SACLAYI 

+BARNES,FLAMINIO,NETEGER, + IBNt,SYRACUSE) | 
÷BERGE! HUBBARDt MERRILL, MULLER (LRLI 
+ (BRANDEIS, MARYLAND, SYRACUSE, TUFTSI I 
+NARSHON, LAI, ONEALL, SGARRe SCFNJMANNIBNLI 

BADIER 72 NP 837 429 ÷BARRELET,CHARLTGN,VIOEAU IEPOL} 
ROSS( 73 PURDUE CCNF. 8~5 ROSS,LLOYO,RADOJICIO (OXFORD) 

DIBIA~A 75 NP B98 1B7 DIBIANCA,ENOORF (CARNI 
GAY 76 BL 628 477 ÷ARMENTEROS,BERGE,GAVILLET+IAMET*EERN÷NIJMIIJ 
8RIEFEL TT PRO 16 2706  ÷GOUREVITCH,CHANG÷ (BRAN+UMD÷SYRA+TUFI) 

ALSO 70 DUKE CONF. 317 EMST (BR&NDEIS÷MARYLANO+SYRACUSE+IUFTSI 
BIAGI 81 ZPHY C9 305 + IERIS÷CAMB~GEVA÷HEIO÷LAUS+LOQ~+RHELI 
HASSALL BI NP BIBg 357 ~ANSORGE,CARIER,NEALE,RUSHEROOKE*ICANB*MSU) 

Baryons 
-'(1820),-'(t940) 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMITH 64 PRL 13 81 ÷LINDSEY,NURRAY,BUTTON-SHAFER+ (LRL) IJP 
MERRILL 68 PR 167 1208 O W MERRILL, J BUTTON-SHAFER (LRL) 

WEAK EVIDENCE CONCERNING JR. 
APSELL 69 PRL 23 886 + (BRANDEIS, MARYLAND* SYRACUSE, TUFTS| 

SUFERSEOEO BY BRIEFEL T7. 
SCHMIOT 73 PURDUE CENF* 383 SOHMIDT [BRANDEIS) 
BRIEFEL 7S PRO 12 1559  +GDUREVITEH,KIRSEH÷ (BRAN+UND+SYRA÷TUFT) 
TEODORD 78 PL TYB 651 *DIAZ,OIONISI,DLOKZIJL+(ARST+CERN+NIJH+OXEI JP 

,===,=, ~ * * * * = = , =  * * * = = * * * *  , = * * * * * = =  ***===,w=, = * * = , = * * *  , ~ = * = * * , ,  = * * = = , ~ ,  

' " "  i .... 7 S  
= * * =  * * * * = = * * = *  * * = * = * * * *  = = * * = * * = *  * * * * *  * * * * * * * * *  * = * = = = = =  

I " - ( 1 9 4 0 )  I 52 ...... (19,o, 
m ~ 

WE LIST UNDER XI(1940) EVERYTHING REPORTED IN THE MASS 
RANGE 1875-2000 MEV. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~2 XI= l I2 ( I940 )  MASS {MEV) 

M 35 1933.0 16.0  BADIER 65 HBC 0 XI-  PI÷ 
M 27 E980.O 2O.O ALITTI 68 HBC O Xl -  PI÷ 11168 
M 86 1896.0 1 8 . 0  DAUBER 6g HBC - XI PI 11168 
M 8l  1955.0 1A.0 GOLOWASSE 70 HBC - XI PI 10170 
M 29 [956. O 6. O BADIER 72 HBC XI PI ,X[2PI ,K Y i0171 
M 25 1952. ll. ROSS1 73 I x I  PIT- 2174 
N 19OO. t2 .  OIBIANCA 75 EBC xI PI 1/76 
M 139 196I. l B .  BRIEFEL 77 HBC O X I l p I + ( 2 . 8 T  KIp} 1178 
H 46 1936. 28. BRIEFEL TT HBC - XIOPI- (2 ,B? K-P) 1/78 
N 56 1966. 10. 8RIEFEL 7T HBC -O XII1E3OI Pl 1178 
M I 150 1937. 7. BIAGI 81 SPEC 0 h~fPERON BEAN 2182= 
M I FIT TO INCLUSIVE SPECTRUM FROM XI-N - ->  Xl-  PI+ X 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.81 

(SEE IDEOGRAM BELOW ) 

~ . .  C H I S Q  

. . . .  B I A G I  81 SPEC 1 . 0  

~ " .BR IEFEL  77 HBC 4 .0  

- -BR IEFEL  77 HBC 0 . 1  

"BRIEFEL 77 HBC 0 . 9  

I . . . . . .  DIB [ANCA 75 OBC 1 3 . 5  

. . . .  B A D I E R  72 HBC 3 . 9  

- - ' G O L D W A S B E  70 HBC 0 .6  

I / ~ y  " ' t  - -  \ "  " DAUBER 69 HBC 7 .8  

. . . .  A L I T T [  6 6  HBC 0 l 5 

- -  ADLER 85 HBC 0 . 5  

' ( C O N L E V  
1 6 6 0  1 9 0 0  1 9 4 0  1 9 6 0  2 0 2 0  2 0 6 0  = 0 l 0 0 0  ) 

xI.I/2(194o) MASS (MEV) 

58 XI=l /2(1940I  WIDTH (MEV) 

W 55 140.0 35.0 BADIER 65 HBC 0 XI-  RE÷ 
W 27 88.0 AO.O ALITTI 66 HBC 0 XI -  PI÷ EI/68 
w 66 98.0 Z3.O DAUBER 6q HBC - XI P[ LL IO8  
w gl 56.0 26.0 GOLDWASSE 70 HBC Xl Pl lOI/O 
W g9 3S.0 I i .O  BAOIER 72 HBC Xl PI ,XIBPI,K V 10171 
W 38. TO. ROSSI 73 (Xl P I ) -  2174 
W 63. 78. DIBIANCA 75 05C xI ~I 1/76 
W 13g 159. 57. BR[EFEL 77 HBC O X I - P I + ( 2 . 8 7  K-P) 1178 
w 64 87. 26. BRIEFEL 77 HAG - XIOPI-(2.B7 KIpI i178 
w 56 60. 39l BRIEFEL 77 HBC -O X[(E53D) PI 1/78 
w I 1go 60. 8. BIAGI 81 SP EC O FrqPE~ON BEAm 21Eg= 
N . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.5) 

(SEE IDEOGRAM BELOW ) 

- 5 0  50  

CHISQ 

. . . . . . . . . . . .  B IAGI  81 SPEC 0 .4  

. . . . . . . . .  BRIEFEL 77 HBC 0 .0  

I . . . . . . . .  B R I E F E L  77 HBC 1 . 5  

i "BRIEFEL 77 HBC 

. . . . . . .  D IB IANCA 75 DBC 

. . . . . . . . . . .  ROSS1 73  2 . 8  

. . . . . . . . . .  B A D I E R  72  HBC 3 . 3  

. . . . . . . . . . .  GOLDWASSE 70 HBC 0 , 0  

. . . . . .  DAUBER 69 HBC 3 5  

. . . . . . .  AL ITT I  86 HBC 0 .4  ~ - B A D I E R  6 5  HBC 5 . 9  

1 7 . 9  

, ' ' (CONLEV 
150  2 5 0  3 5 0  = 0 0 2 2 )  

X I ' 1 / 2 ( 1 9 4 0 )  W I D T H  ( M E V )  



Baryons 
-'(19,t0), Z(2030), 2(2120) 

52 X l * i / 2 (1940 )  PARTIAL DECAY MODES 

DECAY MASSES 
PI XI$I12[19401 INTO x} PI 1321+ I3g 
P2 X I * 1 / 2 { 1 9 6 0 )  I N T 0  X I * [ I S B O )  PI 1 5 3 3 ÷  1 3 9  
P3 X I * l / 2 (19401  INTO X[ P} PI (EXCLUDING P2) 1321+ [39+ 139 
P4 X l * I I 2 ( 1 9 4 0 )  INTO xIO P I -  1314÷ 139 
P5 X [ *1 /2 (1940 }  INTO XI -  PIO I321÷ 134 
P6 XI~I /B(19401 INTO SIGMA ROAR I i~7+ 497 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E2 X[~1/211940}  BRANCHING RATIOS 

THE XI(1960)  IS SEEN MAINLY IN X} PI AND SOME IN X l (1530}  Ph  IT 
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT ONlY OBSERVED BY HASSALL 81 
WHO SEE A 3 SIGMA EFFECT IN SIGMA KBAR. 

RI X I~ l /2 (19401  INTO {XI P l ) / { X I * 1 2 2 ( 1 5 3 0 )  PI)  ( P E } / { P 2 }  
R[ 2 .8  0 .7  0 .6  APSELL TO HBE O 

R2 X I~ I / 2 ( i 940 )  INTO (Xl Pl P I ) I IX I * I / 2 (1530 )  P I )  (PB( I (P2)  
R2 O.O 0.3 APSELL 70 HBC O 

R3 X I~ l / 2 ( l g4D)  INTO (XIO P I - ) I (X I -  PIO) (PAI I (PS)  
R3 1 25 2.6 6. 1.6 ROSSI 73 (XI  P I ) -  
R3 I THIS BR IS 2 .0 (0 .5 )  FOR AN I=112(I=3/2) XI * {1940 ) .  

R4 X I * l / 2 ( 1 9 4 0 )  INTO (SIGMA KBAR(/TOTAL 
R4 17 POSSIBLY SEEN HASSALL 

6•70 

6170 

217~ 
2174 
2174 

(P6 l  
81 HBC - K-P AT 6.5 GEVIC 2 /82 .  

REFERENCES FOR XI* I1211940}  

BADIER 65 PL 16 l T l  
ALITTI 68 PRL 21 1119 
DAUBER 69 PR 179 1262 
APSELL TO PRL 24 777 
GOLDWASS 70 PR ID Igco 
BADIER 72 NP B37.429 
ROSSI 73 PURDUE CONF. 345 

DIBIANCA 75 NP 898 13T 
BRIEFEL 77 PRO 16 2706 

ALSC 70 DUKE CONF. 3E7 
BIAG[ 8t  EPHY C9 305 
HASSALL B~ NP BlBg ~S7 

APSELL 69 PRL 23 884 
SUPERSEDED BY BMST 70. 

SCHMIDT T3 PURDUE CENF. 363 
BBIEFEL 75 PRO 12 ~859 

+OEHOULIN,GOLDBERG, + (EPEL,SACLAY,AMST) I 
+FLAMINIO,METZGER, RADOJICIC,*(BNL, SYRACUSE) ( 
÷BERGE, HUBBARD, MERRILL, MULLER (LRL) I 
+ (BRANDEIS, MARYLAND, SYRACUSE, TUFTS( I 
E L GOLDWASSER, P F SCHULTZ ( ILL INOIS ]  
+BARRELBT,CHARLTON,VIDEAU (EPOL} 
ROSS, LLOYD,RADOJICIE {OXFORD] 

DIBIANCA,ENDORF {CARN} 
÷GDUREVITCH,CHANG÷ (BBAN*UMD*SYRA÷TUFT) 
BMST (BRANDEIS+MARYLAND+SYRAOUSE÷TUFTS) 
+ (BRIS+CAMB÷GEVA+MEID~LAUS+LDQM÷RHEL) 
+ANSORGE,EARTER,NEALE,RbSHBROOKE÷(CAMB÷MSU} 

PAPERS NOT REFERRED TO IN DATA CARDS 

÷ (BRANDEIS, MARYLAND, SYRACUSE~ TUFTS} 

SEHMIDT {BRANDEIS( 
+GOUREVITEH,KIRSEH÷ [BRAN+UMO÷SYBA+TUFT) 

Iz(2o3o ! . . . . . .  , 2 . 0  . . . . . . .  .... E . . . . .  I = l / 2  

I " " 1  THE EVIDENCE FOR THIS STATE HAS BEEN MUCH IMPROVED 
EY HEMINGWAY T7~ ~HD SEE AN B STB. DEV. ENHANCEMENT 
IN SIGMA KBAR AND A WEAKER COUPLING TO LAMBDA KBAR. 
~LITTI 68 AND HEMINGWAY 77 OBSERVE NO SIGNALS IN THE 

X} P[ P} (OR X { * ( [ 530 )  P I )  CHANNEL, IN CONTRAST TO DIBIANCA 75. THE 
DECAY INTO LAMBDA/SIGMA KBAR PI REPORTED BY BARTSC~ 69 IS ALSO NOT 
CONFIRMED BY HEMINOWAY IT .  
A MOMENTS ANALYSIS OF THE HEMINGWAY 77 DATA INO(EATES T~AT THE SPIN 
IS GREATER THAN OR EQUAL TO 5/2 AT A LEVEL DE 3 STD. OEVIATIONS. 

68  XI * [ / 2 (2030 (  MASS (MEV} 

M 42 2030.0 10.0 ALITTI 69 HOE - K-P 3 .9 -5  BEV/C 9/69 
M 40 2058.0 17.O BARTSCH 69 HBC -0 K -p 10 GEVIE 9/69 
M 15 20[9. 7. ROSS} 73 HOE -O SIGMA KBAR 22T4 
M 204~. B. DIBIANEA 75 DBC -0  XI 2Pl,  XI= P} 1276 
M 200 2024. 2. HEMINGWAY 77 HBC - K-P AT 4.2 GEV [I177 
M . . . . . . . . .  
M AVERAGE MEANINGLESS (SCALE FACTOR = 1.5) 

(SEE IDEOGRAM BELOW ) 

. . . . . . . . .  HEMINGWAY 77 HBC 

. . . . . . .  D I B I A N C A  75  OBC 

. . . . . . . . . . . . .  ROSS1 73  HBC 

8 A R T S C H  69 HBO 

. . . . . . . . . .  AL ITT I  69 HBC 

2 0 0 0  2 0 2 0  2 0 4 0  2 0 6 0  2 0 8 0  2 1 0 0  

X I ' 1 / 2 ( 2 0 3 0 )  MASS ( M E V )  

C H I S Q  

0 . 4  

5 . 5  

O , 8  

0 . 2  

6 . 9  

( C O N L E V  
= 0 ,  0 7 5 )  

280 

Data Card Listings 
For notation, see key at front of Listings. 

68 ~ I t l / 2 (2O3O)  WIDTH (MEV{ 

W ~5,0 40,0 20.0 AL I I I I  69 HBC - K-R 3 .9 -5  BEV/C 9169 
W 57.0 30 ,0  BARTSCH 69 HBC -O K-P lO GEVIC 9/69 
N 15 33, 17. ROSS[ 73 HBC - 0  SIGMA KBAR 211~ 
W 60. 24. DIBIANCA 75 DBC -O XI 2PI ,  X I *  P} 1276 
W 200 16. 5. HEMINGWAY T7 HOE - K-P AT 4.2 GEV i1177 
W 
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.21 

(SEE IDEOGRAM BELOW ) 

C H I S Q  

0 . 8  

2 . 7  

0 . 5  

1 . 5  

0 . 7  

8 . 2  

( C O N L E V  
= 0 .  1 8 4 )  

| - ~ - -  . . . . . . . . . . . .  HEMINGWAY 77 HBC 

i l l  
. . . . . . . .  ROSS1 73  HBC 

. . . . . .  69 HBC 

- 5 o  o 50 1oo ~5o 

X I ' I / 2 ( 2 0 3 0 )  W I D T H  ( M E V )  

68 X I '112(2030)  PARTIAL DECAY MODES 

DECAY MASSES 
Pl X I ' 112(2030)  INTO X[ PC 1321" 139 
P2 X I ' 112 [2030 )  INTO LAMBDA KBAR 1115+ 497 
P3 X l . 1 / 2 (2030 }  INTO SIGMA KBAR I197+ 497 
P4 XI* l /2(BOBO) INTO X [ ' i 12 [1530 )  P[ 1533+ 139 
P5 XI* l /2 (2OBO) INTO XI P} PI (EXCLUDING P4) 1321÷ 139+ 139 
P6 X[ '112(20301 INTO LAMBDA KBAR PI I l l S÷  497+ 139 
P7 X I~ l /2 (2O30}  INTO SIGMA KBAR PI 1189+ 497+ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EB X{~I12{2030)  BRANCHING RATIOS 

RI XI* l /2 (2OBO} INTO (Xl  PI)/IMODES P[ TO PAl (PIII(PE+PB+PB+PA} 
R[ (O. BO) OR LESS ALITTI 6g BBC - I STD DEV LIMIT 9/69 

R I I  X I * I / 2 (203O)  INTO ( x I  P I I / (S IGMA KBAR) (P I ) / [P3 )  
R I I  ( 0 .19 )  DR LESS CL=.95 HEMINGWAY 7T HBE - K-P AT 4 .2  GEV ] ] / 7T  

R2 X[*122(2030)  INTO CLAM KBAR)/(NODES Pl TO P4) (P2)/IPI+P2+P3+P4) 
R2 0.25 0.15 ALITTI 69 HBC - K-P 3 .9 -5  BEV/C 9169 

R21 XI~l /2(2OBO) INTO (LAMBDA KBAR)/(SIGMA KBAR}  (P2 ) I IP3 }  
R2I 0 .22 0.09 HEMINGWAY 7T HBC - K-P AT 4 .2  GEV 11/77 

R3 XI*112(2030)  INTO (SIG KBAR}/(MODES Pl TO P4) (P3II IPI÷P2+P3+PA) 
RB 0.75 0 .20  ALITTI 69 HBC - K-P 3 .9 -5  BEV/C 9/69 

R4 X[~112(20301 INTO IX } *  Pl)IIMODES Pl TO P4) (P4)/(PI+P2*P3+P4) 
R4 I0 .  I5 )  OR LESS AL[TTI 69 HBC - 1 STD DEV LIMIT 9169 

RAI X]* I /212O3Ol  INTO IX} PC PI INCLUDING X I *  PI } / (SIGMA KBAR) 
R4[ (P4+PS) / (P3)  
R41 C (O . I I )  OR LESS EL=.95 HEMINGWAY 77 HBC - K-P AT 4.2 GEV [ t i T7  
R4I C FOR THE DECAY MODE {X I -  PI+ P l - )  ONLY 

R6 X I~ I /2 (2D30)  INTO (LAMBDA KBAR PI}/TOTAL (P6) 
R6 SEEN BARTSCH 69 HBC K-P AT IO GEV l l / T7  

R61 XI* I /2 (2OBO) INTO [LAMBDA KBAP PI) / [S[GMA KBAR} (P6} / (R3)  
R61 i 0 . 32 }  DR LESS CL=.95 HEMINGWAY 77 HBE - K-P AT 4 .2  GEV 11/77 

R7 XI* t /Z(2OBO) INTO (SIGMA KBAR PI)ITOTAL (P7) 
R7 SEEN BARTSEH 69 HBE K-P AT I0  GEV 11/77 

R71 X I * [ 12 (2030 l  INTO (SIGMA KBAR P I I / IS IGMA KBAP)  (PT) I {P3)  
R7[ C (0.041 OR LESS CL=.B5 HEMINGWAY T7 HBE - K-P AT 4 .2  GEV 11177 
R71 C FOR THE OECAY MODE (SIGMA+- K- P I -+ )  ONLY 

REFERENCES FOR XI * l l 2 (2O3O}  

ALITT[ 69 PRL 22 79 +BARNES,FLAMINIO,MEIZGER, + [BNL,SYRACUSE} l 
BARTSEH 69 PL EBB 439 * {AACHEN, BERLIN, CERN, LOIE, VIENNA( 
ROSSt 73 PURDUE CONF. 345 RDSS,LLOYD,RADOJICIC (OXFORD) 

D [B IA~A  75 NP BOB 137 DIBIANCA,ENDORF (EARN} 
HEMINOWA 77 PL 6BE I97 HEBINGWAY,ARMENTEROS÷ (AMST*CERN*NIJM÷OXEI IJ  

ALSO 76 PL 628 41T GAY,ARMENTEROS,BERGE+ (AMST+EERN+NIJM} 

IZ( l O l . . . . . . . . .  . . . . . . . . . . . .  ,2 
l " " !  

THIS EFFECT IS REPORTED IN GAY 76 AS A 
FOUR STANDARD DEVIATION ENHANCEMENT IN 
LA~BDA K- .  AN ANALYSIS OF THE SAME DATA BY 
YEMINGWAY 77, BUT WITH ADDITIONAL STATISTICS, 

POINTS OUT THAT TFE SIGNIFICANCE OF THE ENHANCEMENT IS GREATLY REDUCED 
IF A RESTRICTIVE FOUR-MOMENTUM CUT (U-CUTI IS MADE. THIS SUGGESTS 
AN ANOMALOUS PRODUCTION MECHANISM IF THE STATE IS ~ENUINE. 
CHLIAPNIKOV 79 REPORT A BUMP OF E8 EVENTS AT 2137 MEV IN AN INCLUSIVE 
ANTI-LAMBDA K+ SPECTRUM FROM K÷P INTERACTIONS AT 32 GEV/C. THE K~ ARE 
NOT UNIQUELY IDENTIFIED. BUMPS WITH LOWER NUMBERS ~F EVENTS ARE ALSO 
REPORTED AT 2240, 2830, AND 2540 MEV. 
IN NEED OF CONFIRMATION, OMITTED FROM TABLES. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front o/Listings. 

Baryons 
 (2120), _-(2250), . (2370), ,7.(2500), 0- 

103 XI~L /2 (21201NASS (NEV) 

M 2123.0  7.0 GAY 76 HBC - K- P AT 4 , 2  GEV 2 /77  
M 18 (2 [37 . )  { 4 . )  CHLIAPNIK 79 HBC + ANTI-LANBO~ K+ 1 /80  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

103 x I~ I /2 [2120)  WIDTH (MEV) 

w 25 .0  12 .0  GAY 76 HBC - K- P AT 6 . 2  GEV 2/77 
w 18 (20.) DR LESS CHLIAPNIK 79 HBC ANTI-LAMBOA K÷ LIBO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EOB XI=L/212110) PARTIAL DECAY MOCES 

DECAY MASSES 
Pl X I * l l 2 (2 IZO)  INTO LAMBDR KBAR 1115" 497 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

103 X I * I / 2 (212O)  BRANCHING RATIOS 

R1 XI~I/2(212D) INTO (LANBDA KBAR)ITOTAL (P I )  
R1 SEEN GAY 76 HBC - K- P AT 6 .2  GEV 2 /77  

REFERENCES FOR X I t l / 2 (212O)  

GAY 76 PL 628 477 +ARMENTEROS,8ERGE,GAVILLET÷IAMST÷CERN*NIJN)I 
HENINGWA T7 PL 688 197 HEMINGWAY,ARNENTEROS~ (AMST*CERN÷NIJN*OXF) 
C HLIAPNI 79 NP 8158 253 CHLIAPNIKOVtGEROYUKOV÷ (SERP÷BELG÷NONS) 

Iz(   o)112 . . . .  . . . . . . .  i 
I ' ' 1  THE EVIUENCE FON THE8 STATE IS WEAK. 8ARFSEH 69 SEE 

A EUMP OF NOT MUCH ~TATISTICAL SIGNIFICANCE IN LANBOA- 
KEAR-PI, SIGNA-KBAR-PI, AND X[-P[-P! MASS SPECTRA. 
80LDWASSER 70 SEE A NARROWER BUMP IN XI -P I -P I  AT A 
HIGHER MASS. NOT SEEN BY FL~SSALL 8L WITH 45 
EVENTS/MICROBARN AT 6 .5  GEV/C. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2B XI*I/21Z2501 MASS (MEV) 

N 35 2244 .0  52 .0  BABTBCH 69 HBC K-P lO GEV/C 9169 
N 18 E295.0 15 .0  DOLOWASSE TO HBC - R-P 5 .5  GEV/C IO/TO 
M . . . . . . . . .  
N AVERAGE NEAN]NGLESS (SCALE FACTOR = E.O) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 X I *L /2 (2250 ]  WIDTH (MEVI 

w 180.0 8O.O 8ARTSCH 69 H8C 9/69 
W LESS THAN 30.0 GOLDWASSE 70 HBC - K-P 5.8 GEV/C 10/70 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 X I~1 /2 (2250 )  PARTIAL DECAY NODES 

DECAY mASSES 
P1 X I * l / 2 (2250 )  INTO Xl E l  PI L381÷ 189÷ 139 
P2 X I * l / 2 (E250 )  INTO LAMBDA KBAR PI  E l l 5+  697+ 139 
P3 X [ t 1 / 2 [ 2250 )  INTO SIGMA KBA8 PI  1197,  697+ I 39  

REFERENCES FOB X I ' 1 / 2 (2250 )  

8ARTSCH 69 PL 281 ~39 + (AACHEN, BERLIN, CERN, LOIE, VIENNA) 
GELDWASS 70 PR LD 1960 E L GOLDWASSER, P F SCHULTZ (ILLINOIS) 

PAPERS NOT REFER~ED TO IN DATA CARDS 

HASSALL 81NP  BIB9 ~17 +ANSORGE+CARTER,NEALE,RUSHBRECKE+(CAMB÷MSU) 

Iz(   o)l . . . .  1,22  . . . . . .  , o 1 2  
I - | 

SEEN 8Y ANIRZADEH 88 AND HASSBLL 81 IN THE CHARGED AND 
NEUTRAL LAMBDA/SIGNA KBAR Pl MASS SPECTRA FROM THE 
REACTIONS K-P - ->  X I t  K AND XI= K Pl. ARIRZAOEH 80 ALSO 
OBSERVE A SMALL EFFECT AT THE SAME MASS IN THE OMEGA- K 

MASS SPECTRUM. KINSON 80 RE-ANALYSE THE DATA OF ANIRZADEH 80 BUT WITH 
50 PER CENT MORE STATISTICS. 
IN NEED OF FURTHER CONFIRMATION. OMITTED FRON TABLES. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l e t  X I~L I2 (8B7O l  MASS (MEVI 

N 96 2373. 8. AMIRZAO 80 HBC -O K-F AT 8 .28  GEV 1 /80  
M 50(2870.) HASSALL 8 l  H8C -O K-P AT 6.5 GEV/C 2/82 = 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IS1 X I * [ 12 (2370 )  WIDTH (MEV) 

W 94 80. 25 .  AN[RZAD 80 HBC -O K-P AT 8 .29  GEV 1 /80  
W 50 (BO. I  HASSALL 81HEC -O K-P AT 6 ,5  GEV/C 2 /82~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

131 X I *L /2 (23TO)  PARTIAL DECAY MODES 

DECAY MASSES 
PE X I t L / 2 (23TO)  INTO LANEDA KSAR PI  ( INCL .  P4+P6) [118+ 697+ L39 
P2 x I=1 /2 (2370 )  INTO 81GNE KEAR PI  ( INCL ,  PS÷PE) [197+ 897÷ LB9 
P3 X I * I /E I237G)  INTO OMEDA- K 1672÷ 697 
P4 X I t l / 2123701  INTO LAMBDA K tBARI892 )  ILLS÷ 89 l  
PS X I *112 (2370 )  INTO SIGMA K*8AR(8g2)  [ 197 "  891 
P6 X I=1 /2 (23701  INTO Y= I (13851K8AR 1385 ,  A97 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

131 X I *L /Z (2370 )  BRANCHING RATIOS 

R I  X I * I / Z (2ETO)  INTO (LANBDA KBAR P I I /TOTAL  (P I )  
RI  SEEN ANIRZAD 80 HBC -0  K-P AT 8 ,25  GEV I / 8Q  

R2 X [ *L /E I2STD)  INTO )SIGMA NEAR P I I /TOTAL  (PE) 
R2 SEEN AMIRZAD 80 HBC -O K-P AT 8 .28  GEV I /CO 

R3 X Ie I / 21237D |  INTO (LAMBDAZS[GNA KBAR PI I /TOTAL (P I÷PE)  
R3 50 SEEN HASSALE 81 HeC -0  K-P AT 6 .5  GEV/C 2182 "  

84 X I *L /2 (2Z7O)  INTO (OMEGA- K)/TOTAL (PB) 
R4 O.OE 0 .06  KINSON 80 HBC - K-F AT 8 .25  GEV 2 /82 *  

R5 X I *1 /2 (2370 )  INTO (LANBDAISIGMA K*BAR(892)  )/TOTAL (P4~5 )  
85 0 .22  0 .13  KINSON 80 HBC l K-P AT 8 .28  GEV 2 /82=  

86 X I *1 /2 (2370 )  INTO (YS l ( t 385 )  KBAR)/TDTAL (PE) 
86 0 .12  0.  G8 KINSDN 80 NBC - K-P AT 8 .25  GEV 2 /82 *  

t ~ t *$ t  t t = t~ i * t  ~ t * * *#= * t  t * t= *= t * *  ==~ i t t t *=  *As t i r * t=  *~ * t= t~==  * t * t *$ * t  

REFERENCES FOR X [ ' 1 / 2 (2370 )  

AMIRZAD EO FL 908 328 ANIRZADEH+ (BIRN÷CERN÷GLAS+NSU+LPNP)I 
ALSO EO KINSDN 

K[NSON 80 TORONTO CONF. 263 J ,B,KINSON÷ I8IRN*CERN~GLAS÷NSU÷LFNPI[ 
HASSALL 81 NP 8189 397 +ANSONGE,CARTER,NEALE,RUSHBROOKE÷(CANE+NSU) 

t t i l i t  $ t t i  ~ t$$  t t t l ~ t i t t  t t t ~ t t t t t  t t t i t t t t t  t t t t t t t t i  t t ~ t i t t i  t i t t t t t $  

t i 

lz(2 00)1 99 x l , 2 2 8 0  . . . . .  . . . . .  

IT IS QUITE POSSIBLE THAT THE REASIEN T~E EXPERIMENTS 
EISAGREE ABOUT THE MASS AND WIDTH IS THAT THEY ARE 
SEEING DIFFERENT X I=S .  FOR NON, HOWEVER, WE GROUP 

THEm TOGETHER. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

99 XI*EI2(2500) MASS (MEV) 

M 30 2430.0  20 .0  ACITTI 69 HBC - K-P 4 .6 -8  GEV/C 9 /69  
N 45 2500 .0  10 .0  BARTSCH 69 HBC -O K-P IO GEV/C 9 /69  
M 2398. 27 .  DIEIANCA 75 DEC Xl 2PI 1 /76  
M . . . . . . . . .  
R AVERAGE MEANINGLESS (SCALE FACTOR = 8.2) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

99 X I * I / 2 (ESOO)  WIDTH (MEV) 

w 150.0  60 .0  4O.O AL ITT I  69 HBC - 9 / 69  
w 59.0 27.0 8ARTSCH 69 HBC -0 9/69 
W 78. 69 .  DIBIANEA 75 DBE Xl 2PI 1176 
W . . . . . . . . .  
W AVERAGE MEANINGLESS (SCALE FACTOR = 1.1) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

99 X l t L I 2 (2EOOl  PARTIAL DECAY MODES 

DECAY MASSES 
P l  X I * l /E (2SO8)  INTO XI  PI 1381 .  139 
P2 x I * I / 2 (2SOOt  INTO LAMBDA K8AR 1115+ 697 
P8 XI$1/2(2EOO} INTO SIGMA KBAR |197÷ 897 
P4 X I * l t 2 {25001  INTO x I$1 /211530 )  PI 1SEE+ 139 
PS X I=1 /2 (2508 )  INTO LAMEOA (OR SIGMA) KBAR El I l l S+  4q7*  139 
P6 X I * I / 2 (2EOO)  INTO XI Pl PI I121+ 139÷ 139 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~9 X )11 /2 (2500 )  BRANCHING RATIOS 

R1 X I ' l / 2 (2500 )  INTO (X I  P I ) / IMODES P[  THRU P4) (P I I / (P I+PZ÷PE÷P4)  
RI | 0 . 5 i  C8 LESS ALITTI 69 HBC I STD OEV LIMIT 9/69 

82 X I t l / 2 (2SOOI  INTO (tAM KBAR)/(MODES PI  THRU P4) (P2 ) / IP I *P2*PB+P4)  
82 0 .5  0°2 ALITTI 69 HBC - 9 /69  

83 X I t I / 2 (2500 )  INTO (DIG KBARIIIMODES FI THRU PG) (PB I / IP I+P2*PE*P4 )  
88 8°S 0 .2  AL [TT I  69 HBC - 9 / 69  

84 X l t l / 2 (2500 ]  INTO (X [~  PI I / (MOOES P l  THRU P4) (PR I I IP I+P2÷P3*P4 )  
84 (0.8)  08 LESS AL ITT I  69 HBC I STO DEV LIMIT 9169 

RS XI~IIE(ESOG) INTO (LAMBDA (DR SIGMA) KBAR Pl)/TOTAL 
RS [PC) 
RS SEEN EABTSCH 69 HBC -O 9/69 

86 XI~IIZ(2500) INTO (XI PI  Pl)ITOTAL IPE I  
86 SEEN 8ARTBCH 69 HBC -0 9169 

REFERENCES FOR X I *1 /2 (2800 )  

=ALITTI 69 PRL 22 7g +BARNES,FLAMINIOtNETZGEP~ ÷ (BNL~SYRACUSE) I 
BARTSCH 69 PL 288 489 + [AACHEN, BERLIN, CORN, LOIC, VIENNAi 

OIBIANCA 75 NP B98 [37 DIBIANCAtENOORF (EARN) 

S=-3 I=O HYPERON STATE (fl) 
* = 

24 OMEGA- I t675 .  JP=B/2+)  lEO 

EEE STABLE PARTICLE DATA CARD LISTINGS 



Baryons 
* E~(2450), o A~, A b, DIBARYONS 

CHARMED BARYONS 

33 k AMBDA/C+(2282. JP= } 

SEE STABLE PARTICLE DATA C~RD LISTINGS 

i = 

/Zo(2450)/,, . . . . . .  , . . . . . . . . . .  , 

TEE SIGMA/C DECAYS TO LAMBDAIC P I ,  AND THE SCHIS~ IN 
~ASSES HERE REFLECTS THAT IN MEASUREt~ENTS OF THE 
L~MBDA/C ~ASS (THE HIGHER ~ASSES ARE PRESENTLY 
F~VORED). THE IMPRESSIVE AGREEMENT ON THE SIGMA/C- 
La'~Oa/C MASS DIFFFpFNcI ST~T?~ICLY [~IDICATES THIS T F) 

BE THE CASE, RATFER THAN THAT TWO STATES (THE S[GMA/C AND Y*/C] 
ARE BEING OBSERVED. 

THIS PARTICLE IS AT ABOUT THE 2-AND~II2-STAR LEVEL. A DEFINITIVE 
EXPERIMENT IS NEEDED. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

104 S IGNA/C (2450) MASS (MEVI 

N 1 2z~26.0 12.0 CAZZDL[ 75 HBC ++ NU P IN BNL 7 FT 31T7 
M 9 (2460.O) KNAPP 76 SPEC GAMMA BE 11181" 
M 1 12~39.) DR MORE @ARISH 77 DEC NU D IN I2-FT 3177 
'4 & 2425.0 1B.B BALTAY 7q HLBC ++ NU NE-H IN IS -F I  12/79 
N I 2457.0 Z*.B CALICCHI~ 80 HBC + NU P IN fiEBC-TST 1 1 / 8 1 "  
N 1 2¢B~.0 5.B BDSETTI B2 HBO ++ Nu p IN ~FBC }182. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IC~ (SIGNA/CI-ILAMBDA/C÷) 'AASS DIFFERENCE (MEV) 

O 1 166.0 15.0 CAZZ(]E[ 75 HBC ++ NU P IN BNL 7-FT l l / g l *  
D 6 168.0 3.0 EALTRY 79 HLBC ++ NU NE-H IN 15~FT 12/79 
E) I 168.0 B.O CALICCHIO 80 HBC * NU P IN BEBC-TS[ t1181* 
D 1 166.0 E,B BDSETTI 82 NBC NU P IN BEB£ 3/B2" 

............................................................. 

[04 SIGMA/C{2450) PARTIAL DECAY MODES 

DECAY MASSES 
Pl SIGMA/CI245Bl INTO LANBDA/C+ PI 22B2+ IB9 

REFERENCES FOR SI~.MAICI2#50) 

CAZZOLI 75 PRL B~ 1125 
KNAPP 76 PRL 37 8E2 
~ARISH 77 PR 015 I 
BALTAy 79 OPL 42 [721 
CALICCHI BO PL 93B 5 2 1  
B~SBTTI 82 OL [OBg 2 3 4  

DERUJULA 75 PR 012 t47 
LEE 77 PR D15 157 
TR[LLING 81PRBL T5 B7 

+CNOPS,CONNOLLY,LOUTTIT,MURTACH. + (BNLI 
+LEE.LEUNO, SMITH, + (CDLU+HAWA+ILL+FNALI 
+DERRICK,DDMBECK,NUSGRAVE, ÷ (ANL+PUROI 
÷CAROUMBALIS,FRENCH,HIBBS. + (CDLU+BNLII 
+ {BARI+BIRM~BRUX+CERN+EPOL÷RNEL+SACL+LOUC) 
+GRAESSLER, + [AACH+BONN+CERN+M~IM+DXF) 

THEORY AND REVIEW 

+GEDRGI,GLASHOW (HARVI 
+QUIGG,ROSNER (FNAL) 
G H TRILLING (LBL} 

* * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  
* * * * * *  s * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  * * * * * * * *  

BOTTOM (BEAUTY) BARYON 

r ~  AO LAmBOA/BO(BSO0, JP= I 

~ , ~  SEE STABLE PARTICLE DATA CARD LISTINGS 

Note on Dibaryon Resonances 

(by L.D. Roper, Virginia Polytechnic Institute and 
State University) 

The first modern theoretical discussion of 

dibary0n resonances was probably by Oakes. 1 The 

first experimental hint of them was in a Ap invari- 
2 

ant mass distribution by Dahl, and in NN partial- 

analyses by Arndt 3 for the ID 2 state in a pp wave 

analysis. [The notation is (2S+I)Lj, partlal-wave 

where S is the total spin, L is the orbital angular 

momentum, and J is the total angular momentum.] 
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Data Card Listings 
For notation, see key at f ront  o f  Listings. 

Dibaryon popularity rose dramatically in 1977 

when strong energy dependence was unexpectedly 

observed in pp polarization experiments at 
4 

Argonne. Also, in that year and the next, Hosh- 

izaki claimed the existence of dibaryon resonances 

in a pp partial-wave analysis. 5 In the same year 

Jaffe gave a detailed theoretical treatment of 
6 

multi-quark states. 

Since the last issue of this Review some new 
7 

pp and np polarization experiments have been 

reported which, along with other new and old NN 

scattering data, have been newly partial-wave 

analyzed. 8 There are also partial-wave analyses 

(given in the Listings) of ~d elastic, ~d ÷ ~pn, 

pp + ~d, and yd + pn scattering. Most of these 

strongly indicate the existence of dibaryon reso- 

nances in the ID 2 and 3F 3 nucleon-nucleon states, 

possible resonances in the IS0, and some indicate 

3S 1 3P 1, 3P 2, 3D , or  ' 3 IF3' IG 4 states. 

The Paull principle restricts two nucleons to 

be in one of the following states: 

I=0: (3SI,3DI) IPI,302,(3D3,3G3),IF3,3 G , 
' 4 "'" 

I=i: IS0,3P0,3PI,(3P2,3F2),ID2,3F3,(3F4,3H4),... 

Here the states that couple together (same JP) are 

enclosed in parentheses. Similarly, only certain 

quantum number sets are allowed for AA, etc. 

In the Listings below, we separate the deter- 

minations of pole positions and Breit-Wigner param- 

eters. To be a resonance, the pole must occur on 

the second sheet for the elastic channel; it may be 

a bound state or resonance for inelastic channels. 

The advantages of pole parameters over Breit-Wigner 

parameters are discussed briefly in the "Note on 

N's and A's." 

The idea that exotic resonances are really 

"pseudo-resonances "9 has recently taken a new 
i0 

turn. The idea is that box diagrams (e.g., 

involving NA in NN scattering) create resonance- 

like loops in the Argand diagram without resonance 

poles actually existing. The question is whether 

poles would be created when one unitarized the box 

diagrams in order to calculate physical scattering 

amplitudes. Kloet and TJon I0 have recently shown 

that a model exists in which, indeed, that is the 

case. However, resonance hunters should definitely 
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
DIBARYONS 

report pole positions rather than looping Argand 

diagrams in the future. All who still suggest that 

ID 2 or 3F 3 resonance-like structure is due the NN 

to some dynamics other than resonances must take 

their case to the world collection of NN scattering 

data in the form of a detailed partial-wave 

analysis. 

The dinucleon resonances also communicate with 

the 7d and wd channels. There is not much yd data, 

and the multipole analysis does not yield much cer- 

tainty about which dibaryons are involved. In the 

~d case, uncertainties abound and the partlal-wave 

analysis yields poor fits compared to the analyses 

of NN data. Nevertheless, the existence of 

dibaryons appears to be corroborated by the Yd and 

wd data. 

Only a few papers about strange dlbaryon 

states have appeared since the last issue of this 

Review. It appears that the S=-I dominant reso- 

nance is in the 3S I state, an SU(3) partner of the 

deuteron. An excellent review of the S=-I situa- 

tion is given by Dalitz, II who concludes that the 

3S I resonance pole probably exists. S=-I 

For a more detailed recent review of 

dibaryons, see Hoshlzaki. 12 
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DIBARYONS 

[s=o D[BARYONS l 
iF6 BARYI3N NUMBER 2, STRANGENESS O STATES 

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR TYPES 
OF ANALYSES-- 

GOPN CAMMA D -> P N PARTIAL-WAVE ANALYSIS RESONANCE 
PARa~ETRIZATION 

NN FIT TO NN ELASTIC PARTIAL-WAVE ANALYSIS RESULTS 
NNF FIT TO NN FORWARD AMPLITUDES 
PID P I -  D ELASTIC PARTIAL-WAVE ANALYSIS RESONATE 

PARAMETRIZATION 
RIDE P l -  D -> PI~ P N AMPLITUDE ANALYSIS RESONANCE 

PARAMETRIZATION 
PRPD P P -> P l -  D PARTIAL-WAVE ANALYSIS RESONANCE 

PARAMETRIZATION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INN(2170) { ll=l, 'D,I 
106 ~=2, S=O, lO2  - -  BR~IT-WIGNER MAR~ (MFV) 

BREIT-WIGNER MASS APPROXIMATELY EQUALS RE(POLE POSITION). 

M (2170. I HOSHIZAKI 79 NN 1D2 ASSUMED BCOGRND I IBZ t  
M {2180.}  ARVIEUX 80 PIG 1D2 1/82" 
M A (2185.)  KAMO 80 PPPD lO2 1/22*  
M (2170. I HOFTIEEE 81 RIDE 102 1 /82 .  
M B (2140.)  KANAI 81 RID ID2 SOL. B AND C 1 /82 .  
M 
M A KAMO BO DID NET TRY FITS WITH FEWER THAN SIX RESONANCES. 1 /82 .  
M B KANAI 81 FIT WITH NO RESONANCES WAS VERY POOR AND DID NOT TRY 1/82" 
M 2 OTHER FITS WITH FEWER THAN FOUR RESDNANCES. I /BE* 

EC6 B=2, S=O, tD2 - -  2REIT-WIGNER WIDTH (MEVI 

BREIT-WIGNER WI DT H APPROXIMATELy EQUALS 2 TIMES I M(POLE PnSITION). 

w 109. TO 150. HOSHIZAKI T9 NN 1D2 ASSUMED BCKGRNG 1/82"  
w A I L3~ . )  KAMO 80 PPPD IO2  I / 8Z *  
w (75.1 HOFTIEZE 81P ID [  tO2 L/BE* 
W B (5b . )  KANAI 81 RID ID2 SOL. B 1 /82 .  
w B [ 54 . )  KANAI  8 I  P ID  ID2  SOL. C 1 /BE*  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

126 2=2, S=O, ID2 - -  BNEIT-WIGNER ELASIICITY 

BREIT-WIGNE~ ELASTICITY APPROXIMATELY EQUALS 
ABS(RES[DUE OF POLE)IIMIPOLE POS.). 

RI (O. I I  HOSHIZAKI 7g NN LOB 1282" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Data Card Listings 
For notation, see key at front of Listings. 

106 0 :2 ,  S:O, tOE - -  RE(POLE POSITIONI (MEV] 

REIPOLE PESITION[ APPROXIMATELY EQUALS BREIT-WIGNER MASS. 

RE 1 2 0 4 5 , )  8HANDARI 81NN ID2 K-MATRIX FIT 1 /82"  
RE (2135.)  BHANOARI 81NN 102 M-M~TRIX FIT 1 /82"  
RE ( 2 1 5 0 ,  l EDWARDS 81 NN ID2 K-MATRIX FIE 1/82" 
RE C ( 2 1 5 3 . )  KLOET 81 NN tO2 POT. MODEL FIT 1182" 
RE 
RE C K L O S T  81 OOES NOT SHOW GOODNESS OF F I T  TO I 02 .  1 2 8 2 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0 6  B:2, S:O, 102 - -  IM(POLE POSITION) (MEVI 

IM(POLE PCSITIONI APPROXIMATELY EQUALS BREIT-WIGNER WIDTH DIVIDED 
BY 2. 

IM ( [10 .1  BHANOAR[ 81 NN 102 K-MATRIX FIT I182"  
IM 1 9 0 . 1  BHANOARI 81  NN 1 0 2  M-MATRIX F I T  1 / 8 2 -  
[M (56.1 EDWARDS BE NN 102 ~-NAT~IX FIT 1 / 8 2 "  
IM C [ # 6 . )  KLOET 81  NN 102 POT. MODEL FIT 1182. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

IE6 8=2, S=O, 1D2 - -  ABS(RESIBUEIIIM(PCLE PDSITIONI 

ABS(RES)IINIPOLE POSITION) APPROXIMATELY EQUALS BREIT-WIGNBR 
ELASTICITY. 

RES (0.1751 BHANDARI 8[  NN 102 K-MaTRIX FIT E/82* 
RES [ 0 . 2 )  BHANDAR[ 8 1 N N  1 0 2  M-MATRIX FIT 1 / 8 2 "  
RES ( 0 . 2 9 )  EOWBRDS 81NN 102 K-MATRIX FIT 1 /82"  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INN(2250) 1 I I:z, %1 
106 8=2, S=O, 313 - -  8REIT-WIGNER MASS {MEV) 

M D { 2 3 g 0 . )  GREIN 7 8  NNF 3 F 3  1 / 8 2 "  
M (8220. t HOSHIZAKI 7 8  NN 3 F 3  ASSUMED BCKGRND 1 /82 .  
M 1 2 2 R O .  I A R V I E U X  8 0  P I D  3 F 3  1 / 8 2 .  
M E 2260. (FIXED) IKEDA 80  GDPN 3F3 SOL. A L/82= 
M 2 2 9 6 .  1 I .  [KEOA 8 0  GOPN 3 F 3  SOL. A' 1/82" 
M 2 3 0 T .  12. [KEDA 80 GDPN 3 F 3  SOL. B ' '  1 / 8 2 .  
M A 12185.) KAMO 80 PPPD 3 F 3  1/82~ 
q B (2E68.) K A N A I  81 PIO 3 F 3  SOL. 8 AND C 1 /82"  
M 
M O GREIN 78 SEES NO I02 RESONANCE. 1/82"  
M E [KEOA 80 GIVES TWO OTHER SOLUTIONS WITH POORER FITS TO DATA. 1/82"  

106  8 :2 ,  S=O, 3 E 3  - -  BREIT-WIGNER WIOTF (MEV) 

W D [ 2 9 0 .  I G R E I N  7 8  NNF 3 F 3  1182" 
W 50. TO IO0. HDSHIZAKI 7 8  NM 3 F 3  ASSUMED BCKGRND 1/82"  
W E 200. (FIXED( [KEDA 8 0  GOPN 3F3 SOL. A 1 / 8 2 .  
W IT7. 3 2 .  IKEDA 80 GDPN 3F3 SOL. A' 1/82"  
W 213. 54. IKEDA 80 GDPN 3F3 SOL. B ' '  1182" 
W A (81 . )  KAMO 80 PPPO 3 F 3  1/82"  
N B (181. )  KANAI 81 R I D  3 F 3  SOL. B 1 1 8 2 .  
w 8 (171. )  KANAI 81 RID 3 F 3  S O L .  C 1 /82 '  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

106 B=2t S=O, 3F3 - -  8REIT-WIGNER ELASTICITY 

RE (0 .2 [  HDSHIZAKI 7 8  NN 3 F 3  1 / 8 2 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

106 B=2. S=O, 3 F 3  - -  R E ( P O L E  POSITION) {MEV} 

RE (2190.)  8HANDARI BI NN 3 F 3  K-MAIRIX FIT 1 /82 '  
RE (2215.)  BHANDARI 81  NN 3 F 3  M--MATRIX FIT 1 /82"  
RE (2185. )  EDWARDS 81  NN 3 F 3  K-MATRIX F I I  1 /82"  
RE ( 2 1 7 5 . )  K L O E T  81 NN 3F3 POT. MODEL FIT 1 / 8 2 "  

I06 B=2, S=O, 3 F 3  - -  [M(POLE POSITION) (MEV) 

(M {65 . )  BHANOARI 81 NN 3 F 3  K~MATR[X FIT 1/82 m 
IM ( T O . )  B H A N O A R I  81  NN 3 F 3  M-MATRIX PIT 1 /82"  
[M (?0 . }  EDWARDS 81 NN 3F8 K~MATRIX FIT 1 /82"  
IM  ( 4 8 .  l K L O E T  81 NN 3 F 3  P O T .  MODEL F I T  1 / 8 2 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

106 8=2, S=O. 3 F 3  - -  ABSIRESIOUE)IIM(POLE POSITION) 

RES ( O .  I S l  8HANDARI 81 NN 3 F 3  K-MATRIX FIT 1 / 8 2 ,  
RES (0.150 BHANO~RI 81 NN 3 F 3  M-MATRIX F I T  1/82(' 
RES {0 .30 )  EDWARDS 81 NN 3 1 3  K-MATRIX FIT 1182" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

> 
lO~ 8=2. S=O MISEELL. -= 8"EIT-~IBNER ~ASS (MEV) 

4 (2250. I GREIN 80 " ;~F 3 S I  DR 303 1182" 
M (2 IgO. )  HASHIUOTQ BONN IF [  ASSUMED ~CKGRND 1182" 
4 ( 2 3 5 2 .  l ( 6 q . I  I K E D A  8 0  GDPN 3 8 1  S O L .  A 1 1 8 2 "  
M 2380. (F[)ED) IKBDA 80 GOPN 351S~L.  A' 1182" 

{2290oi ( 16 . )  IKEDA 80 GDEN 3P2 SOL. C 1182" 
2380. ( F I X E D I  IKEOA 80 GDPN 3St SOL. C 1 1 8 2 "  

M ( 2 3 7 7 . )  l i T . )  |KEDA 80  GDPN 3 D 3  SOL. B ' '  I182 • 
M A (2100*) KAMO 80  PPRD 1 S 0  1 / 8 2 "  
M ( 2 1 1 7 . (  KAMO RO PPgD 3P2 1182" 

F ( 2 1 4 8 . }  KAMO qO PPPD 3 F 2  11~2" 
M (? l~O.)  KAMP 80 pop~ 3p1 ] / ~ Z *  

4 D (2290. I  KANAI 8I  RID 3P2 SOL. B 1182" 
M (2300.)  KANAI 81 RIO 3P2 SOL. C 1 /82 .  
M (2510.)  KANAI 81 PIO IGA S O L .  8 1 /82"  
M ( 2 5 3 0 . )  KANA[ 81  PIO 150 SOL. C 1 / 8 2 .  
M 
M F 3F2 RESONANCE INDICATES 3P2 RESONANCE BECAUSE THEY ~RE C O U P L E D .  1/82"  

106  B=2, S:O MISCELL. - -  8REIT-WIBNER WIDTH (MEV) 

w (lOO. I 
w (50. I 
w (368. l ( 69 . )  
w 200. [FIXED) 
W (263. l (55.1 
W 200. (FIXED) 
w 1 2 1 4 . 1  (52.) 
W A ( 3 I S . )  
w t 5 8 . I  
W F ( 5 . }  
w (51 . )  
w B ( 1 3 9 . )  
w 8 ( 1 5 0 . 1  
W 8 (122. )  
W B ( 6 6 . [  

GREIN 80 NNF 3SI OR 3D3 1/82"  
HASHI½OTO 80 NN IF3 ASSUMED BCKGRND 1/02"  
IKEOA 8 0  GDPN 0Si SOL. A 1 / 8 2 "  
IKBDA 80 GDPN 381 SOL. A' 1 /82"  
IKEDA 80  GDPN 3P2 SOL. C 1182" 
I K E O A  80  GDPN 3 S l  S O L .  C 1 / 8 2 "  
IKEOA 80 GOPN 3 D 3  SOL. B'' I 182"  
KA~O 80 PPPO ISO 1182. 
KAMO 80 PPPD 3P2 1/82"  
KAMO 80 PPPD 3 F 2  1182. 
KARO 8 0  PPPD 3 P E  1 1 8 2 .  
KmNAI  81 P I D  3 R 2  S O L .  8 1 / 8 2 "  
KANAI 81 PIG 3P2 SOL. C 1182. 
KANAI 81 R I D  I G 4  SOL. B 1182. 
KANAI 8 1 P l O  ISO S O L .  C 1 / 8 2 "  

106 B=2, S=O MISCELL. - -  BREIT-WIBNER ELASTICITY 

R[ (0.120 HASHIMOTO 8 0  NN IF3 ASSUMED BCKGRMD 1/82"  

REFERENCES FOR 8=2, S=O STATES 

GREIN 78 NP B137 173 
H O S H I Z A K  T8  PTP 60 1 7 9 6  
H O S H I Z A K  7 9  aTP 8 1  1 2 9  
ARVIEUX 8 0  NP AOEO 20E 
G R E I N  8 0  Pk 9 6 8  1 7 6  
HASHIMOT 80  PTP 6 6  I 6 0 3  
[ K E D A  BO NP B [ 7 2  5 0 9  
KAMO 80 LNC 29 289 

ALSO 80  PTP 64 2 1 4 4  

BHANDAR[ 81 PRL 4 6  1111 
EDWARDS 81PR D23 i~78 
HOFTIEZE 81 PR £23 ROT 
KANAI 81 PTP 65 286 
K L O E T  8 1 P L  1 0 6 8  24  

W.GREIN.P.KROLL (KARL+WUPP) 
N.HOSHIZAKI (KYOT) 
N • HOSN I ZAK I ( KYOT ) 
J.ARVIEUX,A.8.RINAT (GREN*REHO*SACL) 
W.GRE IN,A °KRONI G, P.KROLL { SIN÷WUPP) 
K • HASH] MOTO. N. HOSH I ZAK I ( KYOT l 
• ARAI, FUJI I ,FUJ I I ,  I WASAK[+ ( TOKY÷KEK+ I NUS[ 
H.KAMO, W.WATAR I iOSAK) 
KAMO. WATAR I .YONE EAWA (OSAK÷HI RO) 

• ARNDT. ROP ER.VERWEST (VPI÷TAMUI 
B. J .  EDWARDS { ANL ] 
+BBKER, EL E MENT, DRAGDSE T+ (R ICE*HOUS÷BDNNI 
÷MI NAKA.NAKAMURA÷ (TMU +KAGO÷TWAS÷ S &GA) 
W.M.KLOET,J.A°TJQN { RUTG*UTRE [ 

PAPERS NOT REFERRED TO (N OAT8 CARDS 

HIDAKA T7  PL 708 8 7 9  +BERETVAStNIELD.SPINKA÷ I A N L )  
FRASCAR[ 80 PL 9 1 E  3 ~ 5  ÷8R[SSAUO,OIDELEZtPERR[N+ (IPN+GREN*NEUC) 
KUBODERA 80 JPG 6 1 7 1  ÷LDCHER,MYHRER,THOMAS (SIN*NORD÷TRIUI 
ARGAN 81 PRL R8 96 +AUOIT,DEBOTTON*FAURE~MARTIN (58CL) 
ARVIEUX 81 PL 103@ 9 0  J.ARVIEUX ( G R E N + S A C L )  
BOLGER 81 PRL 4 6  I O T  ÷BDSCHITZ.PROBSTLE,SMITN (KARL*SIN÷BRLA÷) 
GREIN 81 JPG 7 I355 W.GREIN,M.LOCHER (SIN) 
HOLT 81  PRL 4 7  612 +SPECHT,STEPHENSON,ZEIOMAN+ (ANL÷L/~SL+) 
KLOET 81 NP 8 3 6 4  3 4 6  W.KLOET,R.SILBAR (RUTG÷LASLI 
BTNEHART 81 PRL 4A lIE5 +BOSWELL,DaVIS,DAY,MCCARTHY÷ (VIRG+LBSL) 
MIZUTANI 81  PI 1078 177 ÷FAYARO.LAMOT.NAHABETIAN ( L Y O N ÷ R E G E )  
RINAT 81 P l  104~ I82 A.RINAT,JoARVIEUX (GREN÷REHO÷SaCL) 
TAMAS 81 NP 8358 3847 G.TAMAS (SACL) 

ICE BARYON NUMaER E. STRANGENESS - I  STATES 

I N  THE8 SECTIEN WE USE THE FOLLOWING ABBREVIATIONS FOR TYPES 
DF ANALYSES-- 

LPIM LAVBDA-P INVARIANT MASS 
LNIM LAMBOA-N INVARIANT MASS 
SPIM SIGMA-P INVARIANT MASS 
BB BARYON-BARYON SCATTERING COMBINED A~PLITUDE ANALYSIS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

%1 
[07 8=2, S = - I  - -  8REIT-WIGNER MASS (MEV) 

BREIT-WIGNER MASS APPROXIMATELY EQUALS R E ( P O L E  POSITION). 

M I 2098. 6 .  COHN 64 LNIM Q:O 
M H 12126.) CLINE 68 LPIM 3SI O=I 
M H (2180.)  ALEXANDER 69 LP[M Q:t  
M J {2130. ]  JAIN 60 LPIM O=t 
M H 2128.7 0.2 TAN 69 LPIM 0=1 
M H ( 2 1 8 8 . 8 )  ( 0 . 7 )  T a N  6 q  L P I M  O = t  
M H (2129. l EASTWOOO 71LP lM O : i  
M K 2127. I °  SINS 71LP[M LNI~ Q=O,[ 
M L 2125.2 2°5 SHAHBAZ[ 7 3  LPIM 0:1 
M L 12251.41 ( 3 . 9 (  SHAHBAZI 73 LP[M O: i  
M M 1 2 1 1 5 . )  SODHI  75 LPIM Q=I 
M H 2129.0 0.4 BRAUN 77 LPIM O=I 
M N (2130.)  GDYAL 78 LPIM Q : I  

0 I2320. )  GOYAL 80 E91M Q:O 

M I SIGMA- D TO LAMBDA N T. 

M J GEYAL 71 RAISES 00UBTS ABOUT THE EXPERIMENTAL PROCEDUPE USEO 
M J IN JAIN 69. JAIN STUDIED K- EMULSION TO LAMBOA P. 

M K K- C TO E l -  LAMRDA P, E l -  LAM80A P I *  N, AND El-- LAMBDA PIO P. 

M L N P TO LAMB£A P × FOR # IN CARBON 12. 

4 M K- 8 TO P l -  PIO LAMBDA P. 

M N GOYAL 78 SEES ANOTHER UNCERTAIN PEAK AT 2198-22|0 MEV. 
M N K- B T] 2P)-- E l *  LAMBDA P. 

W 0 K- D TO Ple P I -  SIGMA- P. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 8 2 "  
1 / 8 2 .  
1182 .  
1 1 8 2 .  
1 / 8 2 ,  
1 / 8 2 ,  
[ 1 8 2 ,  
1 / 8 2 "  
1182 .  
1182 ,  
1182" 
1 /82 .  
1/82~ 
1 1 8 2 ,  

1 / 8 2 .  

1/82"  
1 / 8 2 "  

1182 "  

] 1 8 2 '  

1/82"  

1/82" 
[ / 8 2 *  

1 1 8 2 "  
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Data Card Listings 
For notation, see key at front of Listings. 

Baryons 
DIBARYONS 

w I 
w H 
w J (20.) 
w H 7.0 O.b 
w H (9.1)  (2.4)  
W H ( [ 0 . )  
W K 8. [ .  
w L 20 .6  5 .2  
w L 12 [ . [ )  15.4) 
W M ( tSO.  } 
W H 5.9 l,E 
w o 125 . )  

ICT B=2, S~-1 - -  RREIT-WIGNER WIDTH (MEVI 

BREIT-WIGNER WIDTH APPROXIMATELY EQUALS 2 TIMES IMIPOLE POSITION). 

20° [ 0 .  EDHN 64 LP IM  Q=O [/82~ 
LO. CR LESS CL INE  68  LPIM 3SI Q=I 1 /82~  

JA IN  09  LPIM O=l  1/82. 
TAN b9  LPIM Q:! 1/82" 
TAN 69 LPlM Q=I  1/82~ 
EASTWOOD TI LPIM q=I [ / 82 .  

1 / 82~  SIM~ 7[ lPIM ~=I 
SHAHBAZI 73 LPIM O=I 2125 PEAK 1182" 
SHAHfiAZI 73 LPlM g=I 2251 PEAK l iB2* 
SODHI 75 LP IM Q=I 1/82' 
BRAUN 77 LRIM 0=1 1/82~ 
GOYAL 80 SP|M O=O 1/82~ 

lET B=2, S=-t - -  RE(POLE POSITIDNI (MEV) 

REIPGLE PCSITIONI APPROXIMATELY EQUALS EREIT-WIGNER ~ASS. 

RE G 12132.) NAGELS 79 EE 3St Q=I 
RE G (2 IB l . )  NAGELS 79 EE 3S[ Q=O 
RE H (2[29.)  DOSCH 80 LPlM 3SI Q:I  
RE (2127*) TAKAHASHI 80 DB ~S [  Q=O,[,2 
RE (2[48.)  TAKAHASHI BO BB IP Q=O,I,2 
RE 
RE G NAGELS 7g REPORTS POLE POSITION FOR TWO DIFFERENT ~S[ CHARGE 
RE G STATES. 
RE H K -  D TO P l~  LAMBDA P .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lOT B=2, S= - I  - -  IMIPOLE POSITICN) (MEN) 

[MIPOCE 9CSITION) APPROXIMATELY EQUALS BREIT-WIGNER WIDTH DIVIDED 
BY 2. 

IM G 12.4) NAGELS 79 BB 3El Q=I 
IN G (2.6) NAGELS 79 EB 3El Q=D 
IM H (5.1 DOSEH BO LPIM 3S1 Q=[ 
IM (9.1 TAKAHASHI 80 BB 3S1 Q:O~L~2 
IM (8.)  TA~AHASHI BO BB [P Q=O,[,2 

REFERENCES FOR B=2. S=-I STATES 

CDHN 6~ PRL 22  668  
CL INE  68 PRL 20 1452 
ALEXANDE 69 PRL 22 483  
JA IN  69 PR lET  1816 
TAN 6g PRL 23  BS5 
EASTN~D 71 PR D3 26C3 
SIMS 71 DR 03  1162 
SHAHBAZI 73 NP 353  I q  

SDDHI 75 NP BgT ~03 
BRAUN 77 NP B [ 2 6  45  
GDYAL 78 PR DIE 948  
NAGELS 79 PR D2O 1633 
OOSCH 80 ZPC 3 2~g 
GOYAL 80 PTP 64  700  
TAKAHASH 8O NP A336 3~7 

H°D.COHN,K.H.BNATT,W.M.~UGG IORNL+TENNI 
D.CLINE,R.LAUMANN,J.MAPP (WISCI  
ALEXANDER~NALL~JEW~KALM~S,KERNAN (LBL+UCR} 
P*L.JAIN (BUFF) 
T.H.TAN (SLACI 
• FRY,HEATHCOTE.ISLAN+ IBIRM+EDIN+GLAS+LOIC) 
+O'NEAL,ALRRIGHT,BRUCKER*LANUTTI (FSU)  
B°SHAHBAZIAN,A.TIMONINA (JINR) 

A.SODH[,O. GOYAL (DELHI  
÷GRIMM,HEPP.STROEEELE~TNOEL* IHEID+MPIM) 
D.GOVAL.AoSOONI (DELHI  
M.NAGELS~T.RIJKEN.JoDESWART (NIJM) 
H.DOSCH.I.STAMATESCU INE ID I  
D.GOYAL,J°MISRA (OELHI 
TAKAHASHI.IWAMUKA~KIMORA,KUME (TOKYI  

1182 '  
[ / 82~  
[ 182 "  
1 / 82 "  
1 / 82 "  

[ 1 8 2 "  
1182 '  
1182 "  

J IBE*  
1 /82e  
1 /82 .  
1 / 82 "  
[ / 82 *  

PAPERS NOT REFERRED TO IN DATA CARDS 

P.A.PIROUE (PRINT 
÷KASHORN,SH~PIRA+ IREHD+HEID) 
+DERRICK,FIELDS,HYMAN~KEYES (NWES~ANLI 
D.P.GOYAL (DELHI 
+ALEXANDER,CHAN,GAPOSCHKIN,TRILLING (LBL) 
H.G.DOSCH,V.HEPP (HE ID )  
T. MIZUNO (TDKY) 
+VANDERVELOE-WICDUET.WICKENS÷ (LOUC+BRUX) 

(ROMA+SACL+VANDI 
M.KIMURA,Y.IWAMURA~Y.TAKAHASHI (TOKY)  
G .TOKER,A .GAL ,J *E ISENEERG (HEBREW+TELA) 

PIROUE 64 PL E l  164 
ALEXANDE 68 PR 173  [ 452  
RUNNEL 70  PR D2 98  
GOYAL T [  PP 03  [ 259  
KADYK 7 [  NP B27 13 
GOSCH 78 PR D IE  ~071 
MIZUNO 79 P IP  a2  [ 691  
ROOSEN 79 NE B~9 21T 
D'AGDSTI 8I PL LONB 330 
KIMURA 8L PTP 65 64g 
TDKER 8 [  NP A362  405 

> 
tee BARYON NUMBER 2, STRANGENESS -2 STATES 

IN THIS SECTION WE USE THE FOLLOWING ABBREVIATIONS FOR MEASURED 
QUANTITIES-- 

XPIM XI-P INVARIANT MASS 
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Appendix I 

TEST OF AI =1/2 RULE FOR HYPERON DECAYS 

O. E. Overseth 

University of Michigan 

1. Nonleptonic decay Amplitudes 

In this edition we again use the new convention for the ampli- 

tudes A and B adopted in 1973. Some theorists have suggested that 

dimensionless amplitudes are more useful to them than the ones 

appearing in the literature. Berge I used a convention with A and B in 

units of sec -1/2. Samios 2 used a convention which gave A and B in 

units of (MeV-sec) -1/2. Following is the convention suggested by 

Jackson 3, which gives dimensionless A and B. 

The effective Lagrangian density for nonleptonic hyperon decays 

(B 1 ~ B 2 + 7r) can be written 

Lcf t = GUc2[¢2(A+Bs,5)C, IIOr , 

where G= 10-5rap -2 is a coupling constant characteristic of first-order 

weak decays, ac is the charged pion mass, and A and B arc dimension- 

less complex numbers giving the relative amplitudes of the parity- 

violating and parity-conserving decays, respectively. The matrix ")'5 is 

to be taken in the Pauli form,-Y5= [OioI / .  Theinvariantampli- 

tude for the decay is 

M = G#c2[ ~(p)(A+B3,5)u(P) ], 

where P is the 4-momentum of the decaying hypcron of mass M, and p 

is the 4-momentum of the baryon decay product of mass m. With the 

normalization convention, fiiui = 2mi, the Pauli form of the matrix 

clement in the rest frame of the decaying hyperon is 

M = Ggc2<X21 ~ A  + 2V~(E-m)B~ . ClJxl > ,  

where E is the total energy of the final baryon and Cl is a unit vector in 

the direction of motion of the final baryon. Comparison with Sec. V[ D 

of the text shows that the amplitudes s and p defined there are propor- 

tional to A and B: 

s ~ A- = (M+m)2_,2  A- '  

Here ~ is the mass of the pion entering the decay. The parameters c¢, 

fl, and ~, can therefore be expressed in terms of A and B, rather than s 

and p, if desired. 

The decay rate for B 1 ~ B 2 + 7r is 

G 2 4 
I'=~ c {[ (M+m'2-u2 ],A,2 + [ (M-m)2-~2 ],B,2} 

q M 2 M 2 ' 
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where q is the c.m. momentum of the decay products. For reference, 

the dimensionless constant in this expression has the value (G2u.c4/8,r) 

= 1.9488>(10 -15 

Table I summarizes the amplitudes A and B for the nonleptonic 

decays of the A, 2;, and ~, hyperons. These amplitudes have been cal- 

culated by using the experimental data for mean lives, branching 

ratios, and the decay asymmetry a given in the Stable Particle Table of 

this Review. Time-reversal invariance is assumed and final-state 

interactions are neglected, so A and B are taken to be relatively real. 

The subscript on the hyperon refers to the sign of the decaying pion. 

The statistical correlation coefficient 

<AAAB> 
CAB = g<zLA2><AB2 > 

is also given. The absolute signs of A and B have been assigned, using 

the following convention. Taking A(A°) as positive, the other S-wave 

decay amplitudes are chosen to give an approximate fit to the triangu- 

lar relationships 

"¢'}A(•:) + A(Z +) = A(Z-) and k/'3A(Z +) + A(AO) = 2A(Z~) . 

The signs of the B amplitudes relative to those of the corresponding A 

amplitudes are determined by the sign of the appropriate a decay 

parameter. 

Table I 

M ~ m +/.t A B CAB 

A 0 ~ p + rr- 1.47__.0.01 9.98+0.24 --0.289 

A 0 ~ n + rr 0 -1.07+0.01 -7.14___0.56 -0.740 

Z + ~ n + 7r + 0.06+0.01 19.07_.+0.07 -0.038 

Z + ~ p + 7r 0 1.48+0.05 -12.04___0.58 0.982 

~- ~ n + 7r- 1.93-+0.01 -0.65-+0.07 0.003 

,-0 7r 0 -0  ~ A + 1.55___0.03 -5.56_+0.33 -0.148 

~ -  ~ A + 7r- 2.04_-0.01 -7.49-+0.28 0.237 

2. Tests of the A I = I / 2  Rule 

(a) A Decay 

For A decay the A I = l / 2  rule predicts that r 0 / r _  ~ 0.50 and ct o 

= a_. In order to determine the magnitude of possible AI=3/2 

amplitudes present we write the linear expressions 4 for the AI=3/2 A- 

and B-wave amplitudes in terms of Aa, where Act is the measured value 

of ao/a_ minus the predicted value, and in terms of AF similarly 

defined. Evaluating these we find 
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Aa = -1 .54  (A3/A 1) + 1.61(B3/BI), 

AF = 1.84 (A3/A I) + 0.25(B3/BI). 

Graphically this is equivalent to closing the Z triangle when the ampli- 

tudes are plotted on A, B axes. Including AI>__3/2 amplitudes in 

decay analysis, the "Z  triangle" relationship becomes 

Here the AI=3/2  amplitudes are expressed relative to the A I ~ I / 2  

amplitudes. The numerical values of the coeflieients depend on the 

ratio B/A. The uncertainties in the coefficients are small compared to 

the uncertainties in Aa and AF. Final-state r N  interactions have been 

included in these relations but have a very small effect. From the 

Stable Particle Table, 

Ac~ = 0.006+_0.066, AF=0.058+__0.012 , 

and hence 

and 

(A3/AI) = 0.027_+0.008 

(B3/BI) = 0.030_+0.037 . 

2 
vr2 A o + A  + - A _  = - 3  2 ~  A 3 + -  ~ -  A 5 , 

where A 3 and A 5 are A1=3/2 and A1=5/2 amplitudes, respectively. 

There is a similar equation for the B amplitudes. From Table l, 

V~ Ao + A+ - A_ = 0.22_+0.09 

and 

xcr2 B o + B+ - B_ = 2.7_+1.0 . 

If we neglect the AI=5/2  amplitudes and assume all amplitudes to be 

real we can solve for possible AI=3/2  amplitudes. The result is 

A3 
- -  = -0.061 _+0.024 
A_ 

The possible 3% AI~3 /2  A-wave amplitude is due to the disagreement 

of decay rates with prediction. At this level the results are sensitive to 

electromagnetic corrections. However, in A decay the phase space 

correction and the other radiative corrections appear to be about equal 

in magnitude and have opposite signs, 5'6 and hence cancel each other 

in the correction to the decay rates. 

(b) ~ Decay 

The analysis for E decay is very similar to that for A decay. If 

the A I = I / 2  rule is valid, F0 (E0) /F - ( ,  " - )  = 0.50 and a 0 = a- .  For 

this case the expressions linear in Alffi3/2 A- and B-wave amplitudes 

are 4 

Aa = 1.35(A3/A I) - 1.35(B3/BI) , 

AF = - I . 4 3 ( A 3 / A  1) - 0.07(B3/B 1) • 

From the Stable Particle Table, 

Aa = -0.05_+0.06, 

and we find 

and 

AF = 0.066-0.020, 

(A3/A1) = -0.046_+0.014 

(B3/B|) = -0.01_+0.04. 

(c) ~ Decay 

The traditional test of the A l = I / 2  rule in Z decay is that the 

amplitudes satisfy the relationship 

+ < - < = o 

and 

B 3 
- -  = -0.074+0.027 . 
B +  

Thus for hyperon decay, present experimental data limit AIffi3/2 

amplitudes to less than about 5%. 

3. The Lee-Sugawara Relation 

From Table I the Lee-Sugawara relation, 7,8 V~Z~ + A °_-  2 X -  

= 0, is satisfied to -0.05__.0.11 for the A amplitudes, and to 4.1+-1.8 

for the B amplitudes. 
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A p p e n d i x  II  

A SU(3) CLASSIFICATION OF BARYON RESONANCES 

A. Barbaro-Galtieri 

Lawrence Berkeley Laboratory 

It is established that a symmetry higher than SU(3) is necessary 

to classify the known baryon resonances. However, many higher- 

symmetry schemes have been proposed, and even for SU(6) various 

versions exist (for a review see Dalitzl). Since it is not clear which 

one of these schemes best fits the data, we do not review them here, but 

we report once again fits of baryon states into SU(3) multiplets. 

For the reader's convenience, we collect here the relevant formu- 

lae. 

Exact SU(3) symmetry predicts that all the members of a multi- 

plet should have the same mass and the same couplings for decays into 

other multiplets. It has been found, however, that the members of the 

octet of stable baryons lie within 20% of their mean mass; therefore a 

symmetry-breaking interaction has been introduced by Gell-Mann and 

Okubo independently. 2 In addition, for the isospin-0 vector mesons (w 

and ¢), an additional symmetry-breaking interaction has been intro- 

duced by Sakurai 3 to take care of octet-singlet mixing. The relevant 

formulae for masses and decay rates are given below. 

Broken SU(3) gives: 

Decuplet 

Octet 

Octet- 
singlet 
mixing 

Mass Formulae 

A -  Z = Z - X  = X -  fl GMO (1) 

2 ( N + ~  = 3A+Z GMO (2) 

A -  M s Mixing 
sin2# = A - A  - - - - S -  angle"  (3) 

MS ~ 2(N + E )  - Z 
3 GMO (4) 

Here GMO stands for the Gell-Mann-Okubo formula; the particle sym- 

bol indicates its mass. The formulae would be the same if squared 

masses were used. For the nonet case, A is the "mostly-octet" parti- 

cle, A' is the "mostly-singlet" particle. 

Decay Rates 

In terms of a relativistically invariant matrix element T, the 

decay rate for 2-body decay of a resonance of mass M R is 

ITI2R2 
r oc MR , (5) 

where R2=k/M R is the 2-body phase space factor. Since the numerator 

is an invariant, and since I" must transform as l /E,  we introduce the 

denominator MR.5 

For meson decays (see below) the rates are calculated according 

to Eq. (5); for baryon resonance decays into 1/2 + baryons and 0- 

mesons, one next takes into account the fact that spin sums in ~T[ 2 
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introduce another factor MR, canceling the I/M R. 

with 

We are then left 

r = ITI2k M N , for baryons (59 
M R 

= ITI 2k 
MR 2 M 2 ,  for mesons. (5-) 

The powers of the nucleon mass M N or M 2 have been introduced so 

that we can treat IT[ as dimensionless. 

JTI 2 contains centrifugal barrier factors, which we call B e. We 

then have 

Decuplet } 
Singlet 

Octet 

M~ 
F ~ (eg)2Be(k)-;-7'--" k (6) 

M R 

M N 
F = (CDgD+cFgF)2Bt(k) ~ k (7) 

Octet- / A = G8cos0 + Glsin0 
singlet ( A' 
mixing ~ -GBsin# + GlCOS0 

with G 8 ~cDgD+cFg F 

G 1 = clg 1. 

(8) 

(9) 

Here c i are the SU(3) coefficients with the sign convention adopted in 

this article [see note in the Table of SU(3) lsoscalar Factors and Fig. 

2 in the text]. M N is the nucleon mass, M R is the resonance mass for 

which F is calculated, k is the center-of-mass momentum for the chan- 

nel being considered, and gi are the relevant couplings. For the case 

of singlet-octet mixing, Eq. (8) has to be used in conjunction with (6) 

and (~/). G 8 and G 1 represent the couplings for the multiplet, and A 

and A' represent the couplings for the physical states. 

The relation between gD, gF, and the parameter a is 

[ ] a =  1 +  V/~ gF - T  (lO) 

Exact SU(3) predicts that the couplings gi for all the members of 

a multiplet are the same; however, since the symmetry is broken for 

the masses, it is probably broken for the widths. In the case of the 

3/2 + decuplet, broken SU(3) sum rules have been derived by Becchi, 6 

Gupta, 7 and Konuma 8 independently. The form derived by Gupta 

relates the gi for the members of the decuplet by the relation 

2(A + .~) = 31g*(ATr) + Z*(.~r), ( l l )  

where 2~*(Arr) is the coupling for the Z(1385) --* An-decay and Z*(.,Yar) 

is the coupling for the decay .Z(1385) ~ .~r. 

As mentioned in the text (See. IV B) the determination of the 

relative signs of resonant amplitudes can be useful in making an SU(3) 



assignment of resonances. In fact the resonant amplitude T oc 

oc GeGi, where the subscript e refers to the elastic channel and the G e, 

G i are the couplings of Eqs. (6) through (9). Assuming that all gi are 

positive, the sign of the G i are dependent upon the sign of the 

Clebsch-Gordan coefficients c i. Once a sign convention is adopted (we 

use the Levi-Setti 9 convention, see Fig. 2 in the text) and the signs for 

a Z state (1=1) and a A state (I=0) of known SU(3) assignment have 

been chosen for reference, the signs of all the other amplitudes can be 

useful in determining multiplet assignments. For exact SU(3) all the 

decays of members of a decuplet have the same sign. For octets the 

relative sign depends upon the value of gD/gF and the mixing angle, as 

seen from Eqs. (7) through (9). 

Fits to the Data 

Fits of baryon decay rates within SU(3) can be found in, among 

others, papers by Tripp, 10'11 Levi-Setti, 9 Samios, 12 and Plane. 13 

More recent fits were made by Barbaro-Galtieri14 and Samios.15 A fit 

of the decay rates within SU(6)w may be found in Litchfield et al. 16 

Analysis of the baryon mass spectrum using the quark shell model has 

been done by Jones et al. 17 An analysis of baryon couplings in a 

quark model with chromodynamics has been done recently by Koniuk 

and Isgur. 18 

For our SU(3) analysis in fitting the data a choice for B e has to 

be made. Plane 13 tried two forms for Be: 

(a) The form B e = (k r ) /De(b ) ,  r being the radius of interac- 

tion and D e the polynomials in kr given by Blatt and Weisskopf. 19 

Usually r is taken to be I fermi. 10 
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(b) The form B e = k e. 

However, for final results form (b) was chosen. A discussion of the 

differences among these two forms has been given by Barbaro- 

Galtieri. 20. As shown in Ref. 20, not only the values of the couplings, 

gi, depend upon the form used for B e, but also the value obtained for 

the mixing angle. For the 3/2- singlet, A(1520), and the isospin-0 

member of the octet, A(1690), the mixing angles obtained in the two 

cases were 

5+3'6) ° , 0 a =(-16.1+111~)°,0 b = ( -27 .  -3.4 

in disagreement by a few standard deviations. However, if a radius of 

interaction of r = 0.15 fermi was used for form (a), the two values of 

0 agreed. This value of r does not fit resonance shapes when used in 

the Breit-Wigner resonant form. Samios 15 used form (b) for B e. 

Table I is a summary of the fits made by us (update of Barbaro- 

Gahieri |4) using the barrier factor form (a) and exact SU(3). The 

values of the masses, widths, and amplitudes used in the fits are taken 

from this edition's Tables and Listings. 

1/2- Nonet (Baryon-Eta Resonances) 

For this honer Eq. (7) was multiplied by the factor 

~RR: MB 

where M B is the decay baryon and MR-MB=568 MeV is the difference 

of the mean 1 /2 -  and 1/2 + baryon octet masses. This kinematic fac- 

tor comes from PCAC arguments (i.e., the assumption that the axial 

Table I. SU(3) baryon multiplets with two or more known members, Values of 0 and a 
[defined by Eqs. (8) and (10)] are the result of fits made to all the measured 2-body decay 
rates of each mutiplet. 

JP Octet members a Singlet 0(deg) b a 

1/2- N(1535) A(1670) 7_.(1750) [.-'(1737)] A(1405) -31_+ 7 /0.50_+.06"~ c 
[~(1850)1 -22 + 11 [0.56-+. 11J 

3/2- N(1520) Z(1670) [E(1819)] A(1520) -21-+ 3 0.31+_.04 

5/2- N(1675) 7_,(1775) 1.18-+.04 
5/2 + N(1680) 7.(1915) A(2110) 0.70_+.03 

A(1690) 

A(1830) 
A(1820) [X(2069) ] 22 + 5 

Decuplet members d gl0 

3/2 + A(1232) 7_.(1385) X(1530) fl- 1.0-1.5 x2/DF=58/3 
7/2 + A(1950) .7_,(2030) 

a Masses in parentheses are the nominal masses used in the Baryon Table. The E members 
have masses as calculated by using F_.qs. (1) and (2) with the mixing angle 0 derived from 
the decay widths. 

b See text for a discussion of the 1/2- mixing angle. 
c The first values of 0 and a are obtained by using a plus sign for the amplitudes of both 

N(1535) - NT/ and A(1670) ~ A~. The second values use a minus sign for the second 
amplitude. Both fits, however, have a bad x 2, mostly due to the two baryon-~ amplitudes. 

d Coupling constants updated from Rcf. 14, using new --'-(1530) data. 



vector current remains an octet in the presence of symmetry breaking) 

and it was advocated by Graham. 21 For the 1 / 2 -  nonet it was used in 

this form first by GelI-Mann. 22 The couplings for the A(1405) to the 

NK. and ;~r channels are the same as those used in Ref. 14. 

3/2 + Decuplet 

The agreement among the coupling constants obtained for the 

four rates in this decuplet is very bad. The fit made using form (a) for 

B e has ×2=58 for 3 degrees of freedom; the one made with form (b) 

for B e has x2/DF=13/3.  The broken SU(3) relation (11), however, is 

very well satisfied. 

B. SU(3) CLASSIFICATION OF MESON RESONANCES 

All of the discussion above applies, except that for bosons the 

GMO formula is usually applied to the square of the masses, as 

opposed to the first power for fermions. Thus for example, Eq. (2) 

becomes 

4~. = 3~ + ~-. (2') 

The symbol I~ was introduced by Glashow and Socolow 4 for the square 

of the K mass, etc. 

Because of the difference between Eqs. (5') and (5"), there is 

also an extra factor of (MN/MR) in Eqs. (6) and (7). The three esta- 

blished nonets (0-, 1-, 2 +) and their mixing angles are listed at the 

bottom of the Meson Table. 

C. FLAVOR SYMMETRY BREAKING 
IN A UNITARY MIXING SCHEME 

M. Roos 

University of Helsinki 

Because of unitarity, the GMO formula is an approximation, 

which breaks down especially for broad resonances. The imaginary 

part of the mass matrix M 2 is related to the widths, and for mesons is 

of the form 23-25 

Im Mi;(s) = Im Ilij(s) = ~giabgjabka2/+ls- l /2F(ka ) (12) 
ab 

where i and j are resonance indices, H the hadronic self-energy 

diagram, giab the coupling constant for the channel i ~ ab, and F a 

hadronic form factor. Only the real part of M 2 approximately satisfies 

the GMO mass formula. More generally, one can assume Re M 2 to be 

given by quark masses in a bare-mass term plus a. hadronic mass shift 

Re Ilij(s) satisfying analyticity constraints. In general, Ilij(s) is non- 

diagonal and breaks flavor symmetry through the different threshold 

positions. It is diagonalized by a complex orthogonal matrix which 

determines the generally complex mixing angles. The imaginary part 

of a mixing angle is related to the overlap between the resonance. 23 
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The masses and widths are given respectively by the real and i~la- 

ginary parts of the eigenvalues of M 2. 

In this way one can, using both masses and widths as d~ta, 

within the same framework, determine 26 both the deviation 6 from 

ideal mixing (i.e., 0 = 35.3 ° + 6) and the QA-QB mixing angle ~b 

listed at the end of the Meson Table. 
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Appendix III 

GROWTH OF INFORMATION 

From time to time we have presented figures demonstrating the 

amount of experimental work which has gone into spectroscopy, and 

the amount of new information available as a result. The 1982 ver- 

sions of these figures are shown as Figs. 1 and 2. 

Figure 1 is a simple count of the number of meson resonances 

listed in the Tables, categorized as those "understood" -- i.e., all 

quantum numbers are believed known -- and those simply "listed". A 

rapid rec~nt increase in both of these categories occurred because of 

the discovery of the J/~b and related particles. 
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Fig. 1. Number of meson resonances listed in the Tables 
(dashed line) and those for which all quantum numbars are 
known (solid line), as a function of year of publication of the 
Review of Particle Proparties. 
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In Figure 2 we present similar information for the baryon reso- 

nances, but coneantrat¢ here on the "growth of understanding". That 

is, the n u m b e r  of known baryons (we include for this figure only those 

with known JP) has g.rown only very slowly with time (dashed line); 

the real progress has hacn in the measurement of the p r o p e r t i e s  of 

those baryons. Therefore we show as the solid line a count of the 

number of baryonic properties -- mass, width, and branching ratios. 

Most of these results are from partial-wave analyses. 

A history of the values of some of the constants in the Review of 

Particle Properties is presented in Figs. 3-7. It may b¢ said that one 

can estimate the age of a high energy physicist by asking him or her 

the mass of the A. If the answer is 1115.44 MeV, he probably was 

dccp into his graduate training in 1965. 

Fig. 2. Total amount of information (mass + width + branch- 
ing ratios) on baryon rcsonaneas listed in the Tables, restricted 
to those with well-established JP (solid line). Dashed line 
shows numbers of such resonances listed. Abscissa shows year 
of publication of Review of Particle Properties. 

A history of this sort has more than whimsical value. We may 

use it as a guide to develop a "f¢¢1" for the reliability of current 

values. In Fig. 3 we show how the generally acocpted values for the 

speed of light and a couple of other constants have changed with time. 

The "generally accepted value" is usually an average over several 

experiments, performed by a compiler (in Fig. 3, the compiler is other 



than the Particle Data Group in all eases, although we do quote the 

compiled results). The abscissa on all these figures is the date of pub- 

lication of the value shown. Clearly there is a general progression 

toward better understanding -- at least as measured by the size of the 

error bars. However, the size of the error bars does not tell the full 

story, as we can see by the frequency with which the "best"  value has 

changed by more than one standard deviation. Changes in these values 

can come from several sources: a new experimental measurement, re- 

evaluation of an old measurement (which can come about if a previ- 

ously unrecognized source of bias is discovered and corrected, or if a 

new value for one of the input constants, e.g. the electric charge, is 

available), or a change in the averaging procedure. 

In Fig. 4 we show the history of some masses (including the A, 

for radioactive A dating of your colleagues), based on averages which 

we ourselves performed. These are adapted from those originally 

presented by Rosenfeld 1 in 1975. The publication date refers to the 

publication of the Review of Particle Properties. 

In Fig. 5 we show the best estimates for the lifetimes of some of 

the particles stable against strong decay. These and subsequent figures 

have been compiled since publication of the Rosenfeld article. 1 In Fig. 

6 we show the widths of some of the resonances, and in Fig. 7, the 

values of some of the branching fractions. All values are taken from 

the Tables. Before 1964, very few branching fractions were listed in 

the Tables. In all cases, a representative sample is chosen, usually 

from those with a lot of activity (a limited number of special requests 

for a more complete set of such figures may be honored, for those seri- 

ously interested in the history of the "best"  values of physical con- 

stants). In each figure, the heavy inner error bar represents the statist- 

ical error computed in the averaging procedure, and the thin outer 

error bars, when present, indicate the increase in the error due to the 

"scale factor". The scale factor is described in the introductory text, 

Sec. VII. It represents an attempt to quantify the increase in the 

uncertainty which is present in the ease of experiments which disagree 

by more than a certain amount. In the case where the error represents 

an "educated guess," rather than a calculation, the inner error bar is 

absent. 

On the whole, the number of times the values have changed by 

more than one standard deviation over the years is remarkably few. 
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Even those branching fractions which involve rare decays and which 

are therefore presumably difficult to measure (Fig. 7) are, for the most 

part, within one or two standard deviations in 1978 of their value in 

any year since 1960. This is in spite of the vast amount of new experi- 

mental input, and indicates the general reliability of the results. 

Of course, the data points for a given quantity are hardly 

independent of each other, but those differing by several years fre- 

quently have quite different experimental input. The relative lack of 

change is a comment both on the experiments and on the averaging 

procedures. We, of course, are responsible only for the averages 

(except Fig. 3). These averages entail considerable exercise of judg- 

ment: there are conflicting experiments, experiments with impossibly 

small errors, "preliminary" results, and so forth. Statistical pro- 

cedures will tell us that two experiments do not agree; they do not give 

a clue as to which (if either) is a good representation of the truth. 

Major decisions, and their motivations, are usually discussed on a 

case-by-case basis in the Data Card Listings; general comments may be 

found in Sec. II of the text and in Rosenfeld 1. Note that, ocoasion- 

ally, the error bars increase from one publication to the next. This is 

usually the result of decision making by the compiler, e.g., to cease 

using a particular result, or because of new results in poor agreement 

with the old results. 

We show these figures not only to demonstrate that there is not 

much change in these averages in the usual case, but also to show that 

there exist cases with relatively large changes. There is a psychologi- 

cal danger in preparing tables of "r ight"  answers. The old joke about 

the experimenter who fights the systematics until he or she gets the 

"right" answer (read "agrees with previous experiments"), and then 

publishes, contains a germ of truth (presumably, those who compile 

and average experimental results are also not immune to this disease). 

A result can disagree with the average of all previous experiments by 

five standard deviations, and still be right. Hence, perhaps it is of 

value to show that large changes can (and do) sometimes occur. 

Reference 
1. A.H.  Rosenfeld, Ann. Rev. Nucl. Sci. 25, 555 (1975). 
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